
Energy, Mines and 
Resources Canada 

cm 
3:ll 
S96 
1988 
omlm 

Énergie, Mines et 
Ressources Canada 

Supplementary Control 
Surveys 

Canada Centre for Surveying 
Ottawa, Canada. 

Geodetic Survey 
1988 

eburgoyn
Black



SUPPLEMENTARY CONTROL SURVEYS 

GEODETIC SURVEY OF CANADA 
CANADA CENTRE FOR SURVEYING 

ENERGY, MINES AND RESOURCES CANADA . 

1988 

J 



No information c ontained in this manual may be used for the purpose of publicity or 
advertising . 

Mention of a commerc i a l company or product by na me does not constitute a n e ndorsement 
by the Geodet ic Survey of Canada. 



FOREWQRP 

Supplementary control surveys are those which augment the 
primary horizontal and vertical control networks. Their 
principal purposes are to increase network density and to 
provide survey control necessary for mapping. These purposes 
often overlap, giving rise to the term "multi-purpose" 
control. Supplementary control surveys are classified in 
accordance wi th SPECIFICATIONS AND RECOMMENDATIONS FOR 
CONTROL SURVEYS AND SURVEY MARKERS (Specification Series 
1978) . 

This manual describes the survey techniques and procedures 
used by the Geodetic Survey Division, Canada Centre for 
Surveying, Department of Energy, Mines and Resources, 
Canada, in establishing supplementary control surveys. It 
includes the planning and preparation of field survey 
projects, field methods and techniques used and the 
processing of survey data. 
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1 

1 SUR VEY CONTROL FOR MAPP ING 

1.1 

1.1.1 

control Reguirements 

Introducti on 

Surv e y control n e eded f or t h e Nationa l Topographie Series 
(NTS) mapping program i s supplied by the Geodetic Survey 
Divis i on . Control r e quirements are d et ermined by 
Top ogr aphical Survey Division, the National mapp i ng a ge ncy. 

The main thrust in National mapping i s completion of the NTS 
1 : 50 000 scale coverage and r ecompilation or revis ion of 
e xi st ing s ub - standard or out - of- da t e map s. Reference to 
mapping control i n this chapter i mplies a scale of 1 : 50 000 , 
unless otherwise stated. 

The density and placement of control needed for a mapping 
project is subject to a number of variables; f or example, the 
size and shape of the block to be mapped and the scale and 
direction of the mapping photography . These factors determine 
the approximate locations of the required control. 

Th e s urve yor plans his s urvey to meet these requirements . 
Minor changes may be made in the field as to the placement and 
r equested density; major variations require prior approval by 
the Topographical Survey Division. 

1 . 1.2 Horizontal Control for Mapping 

The minimum horizontal control required for a mapping project 
is one point in each corner of the block to be mapped . The 
points should be in t he first and last models of the 
photographie flight lines. This also applies to irregular
s h a ped are as. Additional c ontrol points are placed outside 
t h e per i meter of the are a t o be mapped, a s c lose t o t he edge 
a s practicable, and are spaced at a di s tance not e xceeding 
e ight times the distance between exposures of the compilation 
photos. There are usually additional existing points that may 
be u s ed to verify the aero-t r iangulation block a djustment . 

All horizontal control e stabli s hed for mapping must include 
redundant field observations and be integrated wi th the 
geodetic network . The accuracy specifications are : 

DISTANCE BETvr.c:EN AI..J..a'W31E HORIZONTAL 

CONTROL POINTS AroJPACY ( ld) 

1 km to 8 km l.0m 
8 km to 30 km 1.4 m 

30 km or =eater 1.6 m 

Table 1 - 1 Horizontal Control Accuracy for 
1 : 50 000 NTS Mapping (GSD 80-5) 
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1.1. 3 Vertical Control for Mapping 

Vertical control points for mapping are normally established 
in straight lines running at right angles to the photographie 
flight lines and spaced four to six overlaps apart. Two 
vertical control points are required for each stereo photo 
model to be controlled. These are normally placed in the 
comrnon overlaps between flight lines. If it becomes necessary 
to position a control point outside the common overlap between 
adjacent flight lines, an additional point is required on the 
second flight line. Control point images should not be less 
than 2.0 cm from the edge of a photomodel or 2.5 cm from the 
corner. In addition, vertical control is needed on the first 
and last model of each flight line. Other factors, such as 
the size and number of lakes, are considered when deciding how 
much control i s required. Large lakes can be used in 
levelling a photogrammetric black adjustment even wi thout 
knowing their elevations. 

When selecting a mapping control point the surveyor must keep 
in mind that water surfaces themselves cannot be used by the 
photogrammetric machine operators for vertical control. They 
must be able to discern some relief on the model . In addition 
the water level at the time of the survey may differ frorn that 
when the mapping photography was taken. This can sornetimes be 
ascertained by cornparing the actual shoreline with the one on 
the mapping photo. A note regarding this should be made on 
the photograph and in the notebook. 

For the Northern Aerial Survey Data Base (NASDB) the vertical 
control accuracy, with respect to the control being used, 
varies according to the contour interval and the· extent of 
tree caver. 

VERTICAL CONTROL 
CONTOUR INTERVAL TYPE OF COVER ACCURACY ( lcr) 

10 rn 
10 m 
20 m 
20 rn 
40 rn 

Table 1-2 

clear 1.5 rn 
wooded 3.0 rn 
clear 3.0 m 
wooded 4.0 rn 
-- 4.0 rn 

Vertical Control Accuracy for NASDB 
(GSD 82-7) 

For the Southern Aerial Survey Data Base, the requ ire d 
standard deviation for vertical control is 0.6 m (GSD 82-7). 
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1. 2 .1 

3 

Site Selection and Preparation 

Introduction 

Field conditions often dictate that survey station sites be 
prepared prior to the actual surveying. On projects for which 
helicopters are being used for transport, for example inertial 
surveys, for which the smooth and uninterrupted progress of 
the survey is critical, it is essential that site preparation 
be completed before the survey begins. 

1. 2. 2 Site Selection 

Satisfactory site selection implies the choice of a location 
that is suitable for the subsequent surveying and mapping 
process. It also implies that the site is suitable for 
hel icopter landing and take-off, if required, and that the 
station can be adequately marked, targetted and photo
identified. On some surveys it is also essential that sites 
be intervisible to permit angle and distance measurements. 

1. 2. 3 Access to Private Property 

Many Geodetic horizontal control stations are on private 
property. Station sites may not be visited or work done 
without the permission of the landowner or his representative. 
In the course of the work, surveyors who deal with landowners 
or their representatives must act fairly and diplomatically. 

They must identify themselves, state why access is required, 
how long work will continue at the station and negotiate 
payment, if any, for right of access, rental of land and for 
trees that may have to be eut, etc. If dealt with 
diplomatically, most landowners will permit access without 
payment. It has been recent practice at Geodetic Survey to 
pay landowners for access when such access is detrimental to 
the use of the land. Even when large survey t owers are 
erected for a considerable length of time, payments exceeding 
$100.00 are rare. All payments must be in the form of rental 
of land or purchase of materials - never as compensati on for 
damage. Field officers are not authorized to pay compensation 
of any kind. 

1. 2. 4 Site Preparation 

When helicopters are to be used on the survey, a landing area 
at least 25 m in •diameter should be completely cleared of bush 
and obstructions to ground level. A level and firm landing 
area is essential. The use of landing platforms should be 
avoided but, if necèssary, should measure at least 3.5 m by 
3 . 5 m, and must be secured to withstand the downdraft of a 
helicopter. In addition to the clearing of a landing area, a 
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take-off and landing path not less than 25 m wide should be 
cleared of obstructions above a 15° angle from the centre of 
the clearing. The take - off path should be oriented into and 
away from the prevailing wind , usually NW and SE. If the 
station is to be surveyed by the Inertial Surveying System 
(ISS), the survey markers should be placed on level ground so 
that the helicopter can land in any direction, facing the 
survey marker, no further than one metre from the marker . 

. 
1. 2. 5 Survey Markers 

Survey markers used on supplementary control surveys include 
those recommended in "Specifications and Recommendations for 
Cont r ol Surveys and Survey Markers", (S & M, 1978) and also a 
number of other markers which, though adequate for mapping 
control, may not meet the rigid requirements for higher-order 
surveys. This permits more flexibility in the choice of a 
survey site by providing a broader range of marker types 
suitable for different ground conditions. 

A more comprehensive listing of marker types is in Appendix B 
(page B-1) . 

If a station is required at a site where an acceptable marker 
already exists, the existing marker should be used to avoid 
confusion. A unique number will be assigned to the existing 
marker (unless it already has one) and other station numbers 
on it will be used as the station name. Reference markers are 
not generally installed unless so specified in the field 
survey instructions. Azimuth stations will be marked with 
appropriate horizontal control survey markers. 

Markers for ISS stations are not to be placed within 10 m of 
any obstacle that protrudes more than 1 . 5 m above ground 
level, e.g. a fence, etc., nor shall any marker be placed 
beneath overhead wires if there is a possibility that the 
stations will be visited by helicopter or if a tower may be 
required. 

Tops of survey markers placed in areas that may be cultivated 
should be at least 30 cm below the s urface and should be 
referenced. 

1. 2. 6 Marker Identification 

Accurate photo-identification of survey control points 
intended for mapping is essential . The points must be 
identifiable on the aerial photography to be used in the 
compilation of the map. This is accomplished by targetting 
the points, photographing them from the air and transferring 
the target images stereoscopically to the high altitude 
mapping photographs (diapositives). This is discussed further 
in 1.2.7 and 1.3. 
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1. 2. 7 Targettina 

Identification photography of targets must not be covered by 
shadows. If the control point is in a clearing surrounded by 
trees, the clearing must be sufficiently large so that shadows 
will not fall on the target. A target is useful only if its 
image can be transferred to the mapping photography. This may 
not be possible if the terrain has undergone major changes as 
the resul t of forest fires, seasonal snow cover, logging, 
mining, erosion, etc., which have occurred since the mapping 
photography was flown. The mapping photography should be 
checked stereoscopically, on site, to verify that the site can 
be identified and plotted. It may be necessary to survey an 
auxiliary point for targetting if the area of the survey 
station is not suitable. If this is necessary, a target will 
be placed on the main station and one of different shape at 
the auxiliary station. A sketch showing both targets is to be 
drawn and must forma part of the permanent record of the 
station. 

Sorne terrain types are unsuitable because targets placed on 
them may not be visible on the identification photography. 
Generally, land types which appear white on photographs, such 
as sand, some types of rock, caribou moss, are unsuitable 
unless a dark target is used. 

Experience has shown that white is the preferred colour for 
the target material, and best results are obtained when it is 
used on a dark background. If a black target i s used on a 
white background, its size should be doubled. There is image 
spread in the negative emulsion of the film and a black 
target's image on a white background is smaller than that of a 
white target of equal size on a black background. 

Three target shapes recommended are: panels in the shape of 
the letter T, a cross, and the letter Y (legs at 120°). The Y 
shape is preferred as it can be most easily seen on a 
photograph. 

Target size can be calculated from the formula: 

where 

ft 
tg= 

f 

tg is the target diameter in metres; 

(1-1) 

h is the flying height of the identification 
photography in metres; 
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t is the diameter of the image size that can be 
seen on the photograph in millimetres (usually 0.5 
mm, but as small as 0.3 mm under ideal conditions); 

f is the focal length in millimetres. 

For additional information on target dimensions and 
photography specifications refer to Appendices Alto A4. 

Two types of target material generally used are 8-gauge vinyl 
sheets and cotton cloth. Successful e xperiments have been 
carried out using biodegradable paper where the targets must 
later be removed. This material can be obtained on special 
order through Technical Field Support Services (TFSS). Vinyl 
is much heavier and more difficult to handle than the cott on 
cloth. The latter is preferable when helicopter transport is 
required. The reflective qualities of the materials are about 
the same. 

The target panels should be carefully aligned with respect to 
the survey marker. A tripod spread out on the ground with 
legs extended helps in placing Y-type targets at the proper 
angle and distance from the marker. 

1.3 

1.3.1 

Identification Photography 

Introduction 

Stereoscopic photo coverage of mapping control points is 
recommended to facilitate accurate transfer of the target 
images to high - altitude mapping photography. This coverage 
usually consists of short flight lines over the target s o that 
stereo-pairs of photos at a predetermined height are obtained. 

1.3.2 Cameras 

Several types of cameras are used for identification 
photography; a brief description of each follows. 

The Hasselblad MK70 is equipped with a Biogon 60 mm lens with 
auto-diaphragm control, MK70/200 magazine, auto film winder, 
intervalometer, and reseau grid. The reseau grid is a glas s 
plate on which is etched an accurate grid of small crosses 
that are reproduced on the negative. These etched lines are 
calibrated and provide a means t o measure film distortion as 
well as a means of relating the position of the target t o 
identifiable points on the photograph photogrammetrically. 
The identification photography taken with the Hasselblad, with 
reseau grid, can be used directly in the aerotriangulation 
adjustment. This is useful in cases where the target cannot 
be transferred but where the photo has other features which 
can be identified on the mapping photography. The film wind 
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motor is powered by two internal rechargeable 6V batteries. 
The shutter speeds can be varied from one second to 1 /500 of a 
second and the focussing range is from 0.9 m to infinity. The 
magazine holds enough Plus X film for 150 exposures, and has a 
pressure plate. The shutter can be released either by a 
release button or by the intervalometer at predetermined 
intervals. 

The Vinten camera has a 44 mm focal length, f2 lens, and a 
fixed shutter speed of 1/1000 of a second. The magazine holds 
59 m of usable thin base film, sufficient for 890 exposures. 
An intervalometer is supplied with the camera and must be 
connected to the camera to take pictures at timed intervals. 
Single frames can be taken using a release button on a cable. 
The film advance is driven by a D.C. motor powered by a 24-
volt battery. The lens is focused at infinity. A General 
Electric exposure meter Type PR3 is suitable for use with the 
Vinten camera. 

The Pentax MX has a focal length of 20 mm and uses standard 35 
mm film of 36 exposures. The camerais equipped with an aut o 
film winder that can be attached to the camera and is powered 
by an internal battery. Shutter speeds vary from 1 second t o 
1/1000 of a second. 

The Ricoh Hi-color 35 has a focal length of 35 mm and uses 
standard 35 mm film of 36 exposures. The shutter speed can be 
varied from 1/30 to 1/300 of a second and the diaphragm is 
controlled automatically. 

The Vinten and Hasselblad cameras use Tri-X and Plus-X 
aerographic film, 70 mm perforations, type II. Thè film must 
be hand-wound on spools for the Hasselblad camera. Kodak Tri
X film is recommended for the 35 mm cameras. Film should be 
stored in a dry, cool place and should not be used beyond the 
date of expiry. The film can be frozen to stop deterioration, 
and the time that it is in cold storage can be added t o the 
date of expiry. 

A mount has been constructed for the Hasselblad camera that 
fi ts under the Jet Ranger and Hughes 50 0 helicopters. The 
Vinten and 35 mm cameras are usually mounted internally in the 
helicopters and the pictures taken through an aperture in the 
bubble. Photo-identifications from fixed wing aircraft are 
normally carried out using aircraft with camera hatches. 

1. 3. 3 Aerial Photography 

The scale of the identification photography should not exceed 
2 times the scale of the mapping photography. However, a 
maximum of up to 2 1/2 times can be tolerated. The flyi ng 
height (above ground), required to obtain the desired scale, 
can be computed from the formula: 



where 

h = f 
s 

8 

(1-2) 

h = the flying height of the aircraft in metres 
above the ground 

s = the required scale ratio of the photography 

f = the focal length in metres 

For example: 

f = 020 metre (Pentax) 

1 
s = 30000 

.02 0 
h = 113 0000 = .020 X 30,00 0 = 600 meters 

For a graph of flying height in feet versus phot o scale, see 
Appendix A (page A2 - 1) . 

Identification photography should be taken at normal cruising 
speeds, with expo sures timed to produce 80% forward overlap . 
Sorne identifiable feature s houl d be in the photograph to 
enable the phot og raph to be matched wi th the mapp in g 
photography. At least five exposures should be taken. Tw o 
cameras should be employed to provide backup. 

The interval that will produce a 60% overlap can be computed 
from the formula: 

where 

i = 1.44ah 
vf 

i = the interval in seconds between exposures 

(1-3) 

a= the length of the exposed portion of the film 
in millimetres (Vinten 57 mm, Hasselblad 51 mm 

h = the flying height in metres above groundlevel 

v = the velocity of the aircraft in km/hour 

f = the focal length of the camera in millimetres. 
For 80% overlap change the constant from 1.4 4 t o 
0 .7 2. 
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An extra picture should be taken at the end of the run because 
the intervalometer may not have completed i t s cycle when 
turned off and a double exposure can occur on the last 
picture. One-half metre of unexposed film should be left at 
the end of each exposed roll to allow for a stepwedge by the 
developer. 

Pictures should not be taken at shutter speeds slower than 
1/500 of a second from fixed-wing aircraft, and preferably at 
greater speeds from a helicopter because of the vibration. An 
exposure meter is recommended for cameras with manually
controlled diaphragms. 

In a fixed-wing aircraft the pilot's view of the target is 
often obscured by the nose of the plane. If there are no 
reference points on line the plane may drift and it is 
possible to miss the target. One alternative is to fly a 
course at right angles to the intended photo flight direction. 
At 3 to 6 km from the target, the target will be visible from 
the side of the aircraft. When it is at right angles (abeam) 
make a right-angle turn in the direction of the target and 
hold the heading. Turn the camera on after the turn. (Pilots 
are very adept at flying "traffic pattern", that is, a series 
of right-angle turns.) 

Camera lenses should be checked frequently for the presence of 
dirt, oil, or water and cleaned with lens tissue as required. 

1. 3. 4 ASA Ratinas and Processina of 70 mm Film 

Initial Processing 

Unless arrangements are made to do field-processing, the films 
from the two cameras will be forwarded to the Section Chief in 
Ottawa in separate shipments. Processing will be initiated 
and will follow one of three routes: 

a) For 70 mm film, where a rapid service is necessary, the 
Section Chief may arrange processing to the negative stage 
through Mapping and Charting Establishment (MCE). 

b) Normal processing of 70 mm film will be done through the 
National Air Photo Library using a standard requisition 
form. 

c) Processing of 35 mm film will be done through the Canadian 
Government Photo Centre using their order form. One print 
of each negative, at contact size, is to be ordered. 
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Two types of 70 mm film are presently used by Geodetic Survey 
- Plus-X and Tri-X Aerographic Film (Estar Base) 2403. 
Unexposed film should be handled in total darkness; do not use 
any safe lights. 

ASA rating for Plus-X films is 400, and 800 for Tri-X. These 
ratings apply if the film is processed under the following 
conditions. 

Processing: Chemistry 885 
No. of racks 2 
Machine speed: 3.66 m/min . (12 feet per 

minute) 
Developing Temperature: 29.4°C (85°F) 

The film should be sent to the National Air Photo Library for 
processing. Each can of exposed fil m should be labelled 
showing the type of film, ASA rating used, the length of fil m 
on the roll and the processing chemistry to be used. A 
covering memo should accompany the film giving all particulars 
of the film, including batch number, ASA rating used, camera 
type, average flying height, length of exposed film, length of 
unexposed film and number of contact prints required. The 
information on the can is required as the accompanying memo 
does not always reach the processor. 

1. 3 . 5 Photography Records, Annotation, Transmission and 
Storaae 

Apppendix D, page Dl -1 shows a sample field film log . 

Annotation 

The main identificati on photography (normally the 70mm) will 
have the following annotation added by the field section 
involved, in black drawing ink, to one negative of the stereo 
pair showing the target: 

a) a 2 cm triangle centered over the target ; 

b) a north arrow; 

c) the station number; and 

d) the roll number, including the year and field officer 's 
initial (i.e. 83-S-01 stands for roll 1 by Smith in 1983) 

Auxiliary identification photography (i.e. 35 mm) will be 
annotated, as above, directly on the print. Vertical control 
points may only have oblique photographs of the station. The 
location of these stations should be transferred and pin
pricked on the 9 x 9 mapping photography. 
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Final Processing 

Those frames on the 70 mm rolls that are to be used for 
identification purposes (stereo pair of each target), will be 
listed and returned to the National Air Photo Library (NAPL) 
for final proce ss ing, by the field section in vol ved. Two 
contact prints and one film positive of each negative listed 
will be obtained. Rolls of film are not to be eut. 

Transmission of Data to the Topoaraphical Survey Division 

All film positives, prints and negatives, index maps, aerial 
photographs, descriptions and film logs, will be filed with 
Data Services Section. A copy of the film log, film positive, 
aerial photographs and one copy of the prints, shall be 
forwarded immediately by Data Services Section to the 
Topographical Survey Division with a request for assessment. 

Storaae of Data 

Once the identification photography has been returned from the 
Topographical Survey Division, Data Services Section will 
ensure its secure storage. 

a) One copy of each print and film positive of horizontal 
control points will be stored in hard copy (Monument Record 
Cards). 

b) 

c) 

Negative 
stored in 

roll s of 7 0 mm and 35 mm photographs wi 11 be 
a climate-controlled fire resistant vault. 

The 9 x 9 aerial photographs, oblique photos 
prints with control points identified on them, 
stored with the Data Services Section. 

or other 
will be 

d) In cases where t he only identification of a vertical point 
(altimeter traverses, etc.) is the marking on a 9 x 9 mapping 
photo, these photos are to be micro -filmed and the negative 
stored in the climate-controlled fire resistan t vault 
mentioned in (b) 



12 

2 

2.1 

PLANNING AND PREPARATION 

Project Initiation 

Requests for supplementary control surveys originate from 
federal and provincial governmental agencies and the private 
sector. 

All requests are considered by the Director, the Assistant 
Director (Surveys) ~nd the Section Chief, in relation to the 
Division's approved Long Term Activity Plan, the resources 
available, and the Division's mandate. 

A project, upon approval, is assigned to a field officer who 
assumes responsibility for the planning and execution of the 
project. 

2.2 selection of suryey Methods 

The accuracy and density of existing horizontal and vertical 
control is evaluated in relation to the accuracy required in 
the new surve y , to ascertain if additional framework control 
will be needed. The choi ce of survey methods and instruments 
to be used are based on several factors, such as: 

a) accuracy required; 

b) terrain type; 

c) control density needed; 

d) economy ; 

e) usefulness of c ontrol beyond immediate requirement . 

Once the survey methods and instruments have been selected, 
several other factors must be considered in the detailed 
planning of the project . 

2.3 

2.3.1 

Office Preparation 

Survey Plannino 

Careful attention to 
that a field survey 
Following are some 
planning: 

detail in planning will help to ensure 
progresses smoothly and efficiently. 
of the steps which will assist in 

a) Determine the number of survey points required and plot 
the approximate locations of these on a map showing the 
existing control. 
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b) Estimate the distances to be traversed by each of the 
various survey methods to be employed. 

c) Order all maps, air photographs, station descriptions, 
coordinates, elevations, etc. that will be needed. Maps 
are supplied by the Canada Map Office, photographs by the 
National Air Photo Library and control data by the Data 
Services Section. Do not overlook control data that may 
be available from provincial and municipal sources. 

d) Decide on markers best suited to the terrain and type of 
survey and determine the quantity required. 

e) Determine the photo-identification and targetting needs of 
the survey. 

f) Decide where auxiliary surveys will be required 
(e.g. azimuth determination, eccentric ties, etc.). 

2.3.2 Personnel 

Determine a) the number of people and the skills needed for 
the survey work and computations, and b) other personnel 
necessary for specialized and general operational support. 

2.3.3 Transoortation 

a) Decide on the means of moving personnel and equipment. 

b) Estimate the aircraft support and number of flying hours 
required. 

c) Determine the size and locations of fuel caches. 

d) Determine the number and types of ground vehicles. 

2 .3.4 Accommodation 

The location of field headquarters will influence the 
select ion and type of accommodation. Where no local 
accommodation is available, trailers or camping facilities 
must be provided. 

2.3.5 Cost Estimates 

A detailed cost estimate must be made of the surve y (Form 
EMR. 11 Rev. Deé. 72) and submitted for approval. This 
estimate includes salaries and overtime for casual employees, 
accommodation and daily allowances where applicable, fuel 
costs, equipment maintenance, freight and shipping costs and 
all other operating costs for the survey. 
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2.3.6 Eauiornent. Supplies 

a) Prepare a requisition 
supplied by Technical 
Specialized equiprnent 
ordered well in advance 

forrn for all 
Field Support 
not available 
of the date it 

equipment 
-Services 
at TFSS 

to be 
(TFSS) . 

must be 
is needed. 

b) Obtain all necessary survey data recording 
forms, notebooks, tape cassettes and disks. 

c) Complete and submit a field stationery list for 
all supplies. 

2.3.7 Administration 

a) Prepare contract specifications 
requirements and submit these to the 
Supply and Services (DSS) for tender. 

for aircraft 
Department of 

b) Obtain all working permits required when working in the 
territories, national and provincial parks, and other 
restricted areas. Advance authorization may be required 
for aircraft flights crossing the Canada - U. S. A. border' . 
This is normally handled by the air carrier. If the air 
carrier has a class 9 licence he does not require 
additional authorization. 

c) Arrange for firearm permits, where appropriate. 

d) Submit the final cost estimat e for approval together with 
a request for a bank account, (refer to General 
Instructions f o r Field Parties manual) . 

e) Prepare a projected work progress schedule. 

f) Prepare a logistics schedule for the various phases of the 
operation. 

g) Arrange travel schedules, airline reservations and motel 
accommodation for personnel. 

h) Inspect all technical, scientific or survey equipment 
and arrange for all necessary testing and calibration 
before shipping. 
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3.1 
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FIELD SURVEY OBSERVATIONS 

Introduction 

Instrumentation and observing procedures are usually chosen 
to elirninate or rninirnize the effects of randorn and systernatic 
errors in observations. The cornpetent observer must rnake 
every effort to en sure that blunders are detected . This 
requires sorne forrn of observational redundancy. Observation 
repetition does not ensure redundancy nor does agreement 
between repeated observations indicate the presence or 
absence of a blunder. For exarnple, repeated rneasurernents of 
an angle to a wrong target will not indicate the presence of 
this blunder. 

The intent of this section is to stress the importance of 
applying independent checks on all 6bservations s o that a 
blunder does not go undetected. 

3.2 Blunder Detection 

3. 2 .1 Source s 

A blunder rnay occur during 
processing phases of a survey. 

a) observina 

the observing, recording 
Cornrnon blunders include: 

or 

rnisidentification of one or more of the points involved, 
e. g. s ight ing the wrong target; or set t ing up on a 
reference rnarker or other nearby station. 

rnistakes in reading the instrument for exarnple, 
concentrating on the smallest divisions and rnisreading the 
whole units (degrees, rnetres, etc.) . 

instrumental - blunders can arise from irnproper use of the 
instruments. For exarnple, irnproper levelling, reading the 
vertical circle instead of the horizontal, etc . Any 
deviation frorn the accepted procedures for use of a 
particular instrument rnay produce a blunder . 

b) recording 

incornpleteness - lack of essential information . For 
exarnple, vertical angles are rneasured to two stations 
which are at about the sarne elevation, but station 
identifiers are not included in the field notes. It rnay 
be impossib le to decide which angle applies t o which 
station. 
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data recording - a blunder may be caused by lack of 
clarity in notekeeping or by mis-recording observations 
(eg. transposing numbers). Notes, in addition to being 
accurate and complete, must be clear and legible. 

c) data processing 

interpretation - in processing field datait should not be 
necessary to interpret field notes. Recorded data must be 
legible and unambiguous. Too often various 
interpretations must be tried to find one which does not 
yield a blunder. 

abstracting - a very common blunder in processing datais 
caused by incorrectly abstracting or copying field data. 
All data transfers should be checked independentl y and 
initialled. 

d) original notes 

all original field notes must be retained and filed. Any 
notes which are copied should be labelled as copies. 

3.2.2 Observation Redundancy 

Redundancy may be provided by the geometry of the survey or 
by independent observations . The geometry allows a 
computational check for a blunder, as in the angular 
misclosure of a triangle or the misclosure of a level loop. 
Observations provide blunder checks when they are independent 
of the observation being verified, e.g. a cross-line on an 
al timeter traverse gi ves an independent value for 'the common 
point elevation and hence a check on gross errors. 

Often, the redundancy is obvious and is part of the survey; 
for example, on an EDM traverse, one would not think of not 
closing the traverse both in scale and orientation. Mapping 
control points or azimuth lines which are set out from the 
main traverse must be confirmed by an independent measurement 
(e.g. offset distance and angles). 

Measuring a distance in both metric and imperial units (a 
feature possible with many EDM instruments) provides a 
limited blunder check on the distance. Of course, any marker 
misidentification or instrumental blunder may still go 
undetected. 

The observer must introduce sufficient measurements to allow 
geometrical principles (triangle closure, etc.) to provide a 
computational check on observations. 
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3.2.3 Distance Measurement 

Distance measurements include those made by a variety of EDM 
devices as well as by steel or invar tapes . When making 
distance measurements, the following precautions should be 
taken: 

a) Measure the distance from both ends or re - measure the 
distance in two different units and compare results. 

b) For taped distances, repeat the measurements using a 
different reference or zero mark or different observers. 

c) For electro-optical measurements, the use of a 25 cm bar 
is recommended. This will give two measured distances 
which should differ by 25 cm thus providing an independent 
check. 

d) A variation of the above (c) is to set the instrument 
eccentric at right angles to the line and remeasure all 
distances involved. 

e) Never "dial in" zero error or met corrections; instead 
record the uncorrected slope distance and all other 
information such as meteorological readings, instrument 
heights, etc. which will be required later to correct the 
measurement. "Dialed-in" data usually cannot be verified. 

Regardless of the care taken, a single measurement usually 
cannot be considered blunder-free until satisfactorily 
combined with other observations in some geometric model. 

3.2.4 Anale Measurement 

Angle measurements are relatively easy to keep blunder-free 
provided recommended observing procedures are followed. As 
with length measurements, blunders caused by occupying the 
wrong point or the improper use of the equipment can be 
avoided only through extreme care and attention. 

When making angle measurements, the following precautions 
should be taken: 

a) Ensure the theodolite is level and the plate level bubble 
is well-adjusted. The bubble should be checked before and 
after each measurement. It should never be re - levelled 
during a set. The set should be discarded, the instrument 
re-levelled, and the set remeasured if a dislevelment 
occurs. 
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b) Maintain a record of telescope collimation error by noting 
the difference between direct and reverse readings. One 
might spot a blunder by noting a drastic change in this 
difference. 

c) Reduce angles on site. The measurements should be reduced 
to ensure there are no blunders present. Pay attention to 
the degrees and minutes as well as noting the spread in 
seconds. 

d) When target identification is doubt ful, take steps to 
rectify the problem. If there is doubt that the target 
light observed is the correct one, have someone flash the 
light on / off in a prescribed sequence. Make sure the 
notes include any doubts about the target. If the 
traverse closure indicates a blunder , this will give an 
indication of where to reobserve. 
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4.1 

4 .1.1 

VERTICAL C0NTR0L 

Levelling 

Introduction 
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Lower-order levelling implies an accuracy of third-order or 
lower (Ref. S & M, 1978), and provides vertical control for 
mapping and other lower- order surveys. 

4 .1. 2 Instrumentation 

A standard surveying level is used, such as the ZEISS Ni2, 
WILD N2, KERN GK2A, etc. Both split-bubble types orthose 
with automatic compensators are acceptable, but the latter 
has become more popular due to ease and speed of operation. 
Fixed-leg tripods are desirable, but not essential for lower
order work. 

Rods should be graduated in metric units. Invar rods are n ot 
necessary. The rod is held plumb with the aid of a small 
hand-held rod level. 

Portable metal turning points are used if stable points such 
as rock outcrops, cernent curbs, etc. are unavailable. A 
bench mark chisel is necessary with bench marks having the 
shank installed horizontally. Adjustment pins for adjusting 
the level may be required. 

4 .1. 3 Procedures 

The starting bench mark is inspected for damage or possible 
movement, and the description updated if necessary. The 
instrument must be set up on stable ground. This is 
particularly important when using automatic levels because 
slow sinking of the level will be automatically compensated 
for and therefore may not be detected. Where ground 
conditions are unstable ( swampy are as for example) , two 
rodmen are required to avoid delay between backsight and 
foresight readings. It is essential that only stable turning 
points be used. 

Foresight and backsight distances should be balanced -
careful pacing is usually adequate. If three-wire levelling 
is used, the stadia measurements can be used to balance 
sights. Sight lengths should not be longer than one hundred 
(100) metres. The level must be checked periodically and 
adjusted if necessary. (Ref. 4. 1. 6 and Appendix C) . 
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Temporary bench marks (TBMs) should be established to reduce 
the distance between bench marks to sections 1 to 1.5 km 
long. This allows individual sections to be re-levelled, 
rather than the entire line, when unacceptable misclosures 
occur. The TBM' s should be stable abjects such as rock 
outcrops, railroad ties and rails, bridge abutments, etc. and 
should be easily identifiable and clearly marked to 
facilitate recovery. 

The Level line must have redundancy: i.e. it must either 
close on the initial bench mark or terminate on a second 
bench mark. One-way lines from a bench mark to an unknown 
point provide no check on the levelling and are unacceptable. 

4 .1. 4 Recordina Data 

Level notes are to be recorded on form ses 78-6. Appendix D 
(page D5 - 1) gives detailed instructions on using this form, 
as well as an example. Form ses 78-6 provides a duplicate 
copy of field notes as they are recorded. This copy should 
be stored separately from the original for safe keeping. 

4 .1. 5 Accuracies 

The following lower-order specifications are used to 
determine whether a loop or line misclosure is acceptable: 

Third-Order 
Fourth- Order 

± 24 mm✓K or 0.10 ft✓M 
± 120 mm✓K or 0.5 ft✓M 

where K (M) is the one-way distance between sté;:.rting and 
closing bench marks in kilometres (miles). Sections having 
misclosures which exceed these limits must be re-levelled, 
and the suspect values rejected. 

For more detailed information on levelling procedures, refer 
to (S & M, 1978) and (S & M, 1983). 

4 .1. 6 Sources of Error 

Successful levelling requires that instruments be in good 
adjustment and handled with care. The level must be checked 
at least once a week, or whenever it is suspected that damage 
may have occurred (i.e. from a fall) Simple field 
procedures can be carried out to adjust the level. 



The major error sources 
proper field procedures. 
considered: 

a) collimation error 
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in levelling can be minimized by 
The following errors should be 

This error occurs when the line of sight is not 
perpendicular to the plumb-line as defined by the level 
bubble or automatic compensator. The same error occurs in 
both backsight and foresight readings, and is self
cancelling when the two sight lengths are equal. Since 
sight balancing is approximate, it is essential that the 
level be well-adjusted. Appendix C gives detailed 
instructions on performing the "two-peg test" necessary to 
check and adjust the level collimation. 

b) temperature effects 

Whenever possible, the instrument should be shaded from 
direct sunlight to avoid errors resulting where one part 
of the instrument near one end of the bubble is at a 
higher temperature than the other. Automatic levels are 
less affected by direct sunlight. 

c) sinking of rod and instrument 

Because backsight and foresight readings are not taken 
simultaneousl y, the stability of rod and instrument is 
important . Care must be taken to select firm and stable 
ground for turni ng points and the tripod. Avoid excessive 
delays between backsight and foresight readings. This is 
particularly important when automatic levels • are being 
used as the sinking may not be detected. 

d) rod errors 

In lower-order levelling, rod graduation errors and 
temperature expansion effects are usually not considered 
to be significant . The rod zero error is important only 
when two rods are being used. If the zero graduations of 
the rods differ, then care must be taken to avoid 
accumulati on of this error. When two rods are used one 
rod should be used for the backsight atone setup and for 
the foresight on the next setup. If this pattern is 
repeated for an entire line, having an even number of 
setups, the accumulated error between bench marks will be 
minimized. The same rod should always be used on bench 
mark ties. 
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e) non vertical rods 

This is a serious error even for lower- order levelling. 
For a rod reading of 2 metres and an inclination error of 
3 degrees from the vertical, a reading error of 2.7 mm is 
introduced (Cooper, 1971) . The error is easily eliminated 
by using a well - adjusted rod level. When one is not 
available, the rod should be swung slowly back and forth, 
towards and away from the instrument, and the lowest rod 
r e ading recorded: This reading c orresponds to that which 
would be obtained if the r od were vertical. 

f) centering bubble 

The adjustment of the centering bubble is of particular 
importance for automatic levels. If it is significantly 
out of adjustment, the mislevelment error will e xceed the 
range of the automatic compensator and result in erroneous 
readings. Adjustment of the centering bubble is simple. 
The bubble is centered using the levelling screws and the 
level rotated 180 degrees in the horizontal plane. The 
amount the bubble moves off-centre is twice the centering 
bubble error. The adjustment pin i s used to move the 
bubble half- way back to c entre, and the levelling screws 
are used to complete the centering. This procedure is 
repeated until the bubble does not move appreciably off
centre as the level is rotated through 180 degrees. The 
spherical rod- level bubble should also be checked and 
adjusted if necessary. To adjust this bubble, set up the 
level about 50 m from the rod. Turn the face of the rod 
90° to the line-of-sight, centre the bubble and compare 
the verticality of the rod with the vertical line on the 
telescope ret icle. If the rod i s more than O. 2 ° ( 1 cm) 
off vertical correct for 1/2 the mislevelment using the 
adjusting screws . Check wi th the face of the rod 
perpendicular to the line- of- sight. 

4.2 Trigonometric Heighting 

4. 2 .1 Introduction 

Tr igonomet ri c height ing i s a method of det ermin ing th e 
difference in height between two stations by observing zenith 
distances (or vertical angles), given the slope distance 
between them. 
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Fundarnental height control is norrnally provided by levelling 
between bench marks. This is often not an econornical rnethod 
of providing lower-order vertical control for medium and 
srnall scale topographie rnapping. Mapping control rnay be 
provided by trigonornetric heighting or other vertical control 
techniques, e.g. altirnetry, ISS. The rnethod chosen depends 
prirnarily on the cost and the accuracy required. 
Trigonornetric heighting has particular advantages for 
providing height differences along EDM traverses as it can 
readily be cornbined with horizontal control rneasurernents. 

4.2.2 Instrumentation 

Zenith distances are rneasured using one-second reading 
theodolites (WILD T2A, KERN DKM2A, etc.). Sorne of the se 
theodolites are equipped with automatic compensators that 
provide a correct reference for the vertical circle if the 
instrument is properly levelled. 

Targets are normally lights, although measurements may be 
made to other types of targets such as: target sets, signal 
cloth, top of tower, cairn, range pole, etc. The observer 
should choose the target which is most easily bisected by the 
horizontal cross hair. He must ensure that the correct 
target height is measured and recorded. 

A steel measuring tape is used to measure the instrument and 
target heights to an accuracy of 0.01 m. 

4.2.3 Procedures 

Simultaneous reciprocal zenith distance measuremènt is the 
most accurate trigonometric heighting technique. At any 
given time refraction conditions are usually the same at each 
end of a relatively short line (less than 10 km); therefore, 
the coefficient of refraction will be about the same at both 
stations. The curvature and refraction corrections will tend 
to cancel each other when the forward and backward zenith 
distances are meaned. The only corrections required for 
simultaneous reciprocal zenith distances are instrument and 
target height corrections. 

Strict attention must be paid to observing reciprocal angles 
simultaneously. Refraction may change rapidly, so 
observations should be completed at both ends of the line 
wi thin the same one-minute per iod. At least four sets of 
angles are to be read. A set consists of readings taken in 
both the direct and reverse positions. Radio communication 
should be used for the synchronization of the readings. 
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Observations should not be taken during unstable atmospheric 
conditions, e.g. dawn or dusk. Figure 4-1 represents typical 
fluctuations in the coefficient of refraction (k) in a 24-
hour period. 

The most stable conditions are likely to occur just after 
mid-day or the middle of the night. 

The quality of results also depends on the length of line and 
the topography. The accuracy of the observations decreases 
as the length of line increases, but generally results 
equivalent to fourth-order spirit heighting are obtainable on 
lines less than 15 km. Because atmospheric refraction varies 
considerably close to the ground, grazing lines of sight must 
be avoided. This may require shorter lines or the use of 
towers. 

î 
m 

0 .05 

0 hrs 
Midnight 

12 hrs 
Middoy 

24 hrs 
Midnight Time 

Figure 4-1 - Coefficient of Refraction Fluctuations 

The following procedures for observing simultaneous 
reciprocal zenith distances are recornrnended: 

a) Both observers ensure that their lights are pointed 
correctly, their instruments are levelled and target and 
instrument heights recorded before observations begin. 
When the observers are ready, the signal to begin 
observations will be given by radio, or by other means 
when radio communication is not possible. Lights should 
be masked to provide the s rnallest visible target. 
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b) Observations normally consist of four sets of direct and 
reverse pointings. At each pointing, the vertical circle 
bubble will be checked (for instruments without automatic 
compensators), the angle read, and the value and time of 
the observation recorded in the field book (see Appendix 
D, p. D4 - 1, 2, 3). For each set of observations, the 
di fference between the sum of the direct and reverse 
pointings and 360° (for l" reading instruments) will 
provide a measure of the vertical collimation error. This 
should be consistent over the period of observations. A 
large change in collimation may indicate a pointing error 
or that the instrument is off-level. 

c) Both observations in a set will be reduced to a mean 
zenith distance. The zenith distances for all four sets 
will normally fall within an 8 arc-second range. When 
this range is exceeded, or when the observer suspects 
observations of inferior quality, additional sets of 
observations should be made. 

d) Both observers should complete observations within a 
minute in time of each other. When reobservations are 
required for one observer, they must be made by both 
observers to maintain simultaneity. 

4. 2. 4 Recordino 

Sample booking forms are included in Appendix D, pages D4 - 1, 
D4-3 along with brief instructions regarding the use of these 
forms. 

The daily observations are checked after returning to the 
base camp, and abstracts are made of the relevant 
information, including those values that are suspect. 
Entries to the abstract sheets and computations are to be 
checked and initialled. 

4.2.5 Comoutations 

4.2.5.1 Simultaneous Reciprocal Zenith Distances 

Sample computation forms are included in Appendix D, page D6-
1. Elevation differences are computed from observed zenith 
distances using the following formula: 
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Refer to Figure 4- 2. 

~h = h2 - h1 ( 4- 1) 

(Z2 - Z1) (01 + t1) (02 + t2) 
D s in 2 + 2 2 

where h1 = elevation of station 1 i n metres 

h2 = e levation of s tation 2 in metres 

D = s lope d i stan ce between s tat i ons in metres 

Z1 = observed zenith distance from station 1 to 
station 2 

Z2 = observed zenith distance from station 2 to 
station 1 

t1 = height of telescope at station 1 in metres 

t2 = height of telescope at station 2 in metres 

01 = height of target at station 1 in metres 

02 = height of target at station 2 in metres 

Figure 4-2 Simultaneous Reciprocal Zenith Distances 
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The earth curvature and refraction 
ignored because observations have 
simultaneous and reciprocal. 

corrections have been 
been assumed to be 

4.2.5.2 Non-reciprocal zenith Distances 

Non-reciprocal angles and non-simultaneous reciprocals are 
seldom used, due to poor accuracy and unreliability, 
therefore detailed computation procedures are not included 
here. 

If non-reciprocal angles are measured, the two main 
corrections are for curvature and refraction. Computation 
procedures for all necessary corrections are detailed in many 
Surveying and Geodesy books to which readers are referred. 
(ex. Geodesy, Bomford, Third Edition, 1977). 

4.2.6 Accuracy 

Trigonometric heighting by simultaneous reciprocal vertical 
angles can meet fourth-order spirit heighting specifications 
(S & M, 1978, 0 . 38 m in 10 km) . Line lengths should not 
e xceed 15 km. The accuracy varies inversely with the line 
length and, for simple field adjustments on a closed figure, 
the misclosures can be distributed as a ratio of the line 
length to the total length of traverse. 

4. 2. 7 Instrument Errors 

There are essentially five instrument misadjustments that may 
be corrected by the observer: 

1) Vertical axis not vertical. 

2) Horizontal collimation error. 

3) Inclination of the cross hairs. 

4) Vertical circle index error. 

5) Optical plummet off- line. 

Only two of these, the inclination of the cross hairs and 
vertical circle index error, have any significant effect on 
vertical angle results. 

4.2.7.1 Inclination of Cross Hairs 

This problem can be eliminated during observations by always 
bisecting the target at the same point on the cross hair. 
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If after the telescope is transitted, the target is again 
bisected by the same point on the cross hair, the mean of 
direct and reverse pointings will be free of this error. 

Although the foregoing observing technique will eliminate 
this error, if the inclination of the cross hair is 
noticeable, the following instrument adjustments should be 
made: 

1) Level the instrument carefully. 

2) Select a good target and bisect it with the vertical hair. 

3) Using the vertical tangent screw, rotate the telescope 
about the transit horizontal axis. If the hair moves off 
the target, loosen the cross hair or reticle locking 
screws and rotate the reticle until the vertical hair 
stays on the target as the telescope is rotated about the 
transit horizontal axis. Tighten the locking screws. 

4) Repeat the test until the adjustment is complete. 

Note that if this adjustment is carried out, the horizontal 
collimation error will have to be checked, and adjusted if 
necessary. 

4.2.7.2 Vertical Circle Index Error {Vertical collimation 
errorl 

Vertical collimation error is present if the vertical circle 
reading is not zero when the telescope is horizontal. A 
certain amount of collimation error is usually present and 
can be cancelled by observing on both direct and reverse 
pointings. Although in theory a large collimation error can 
be tolerated, in practice it should be reduced so that the 
surveyor can detect whether a gross error has occurred in his 
readings while observations are being carried out. 

The usual adjustment method for theodolites with vertical 
circle bubbles is the following: 

1) Level the instrument carefully. 

2) Select a distant clear target. Bisect 
carefully centre the vertical circle bubble, 
vertical angle. 

3) Repeat step 2 on the reverse pointing. 

the target, 
and read the 
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4) If there is no collimation error, the sum of the two 
readings will equal 360°, within normal observing errors. 
The difference between this sum and 360 ° represents 
approximately twice the collimation error. 

5) Halve this value to estimate the actual error. Calculate 
the c orrect circle reading by adding or subtracting the 

• collimation error and, with the telescope still on reverse 
pointing, set the proper circle reading using the 
micrometer and vertical circle levelling screw . 

6) This will cause the vertical circle bubble to run off 
centre. Bring it back t oits central position using the 
capstan headed adjusting screws. 

7) Repeat the above procedures with different targets until 
the collimation error is less than 5" for a l" reading 
theodolite. 

The collimation error should be constantly monitored during 
observations as mentioned in step 4 above, and should remain 
relatively constant. This adjustment is not applicable to 
instruments with automatic compensators. 

4.3 Altirneter Traye rsing 

4.3.1 Introduction 

Altimeter traversing is used to provide vertical control for 
mapping at 1:50 000 scale. This method of surveying provides 
relatively accurate and inexpensive control, provided that 
the procedures and techniques recommended in this section are 
followed. 

4.3.2 Instrumentation 

Geodetic Survey uses Wallace & Tiernan (W & T) altimeters for 
altimetric traversing. These are direct reading instruments, 
graduated in feet or metres and having an annular mirror so 
that parallax may be eliminated by superimposing the pointer 
on i ts reflected image when reading. The dial on each 
instrument is custom made. Negative readings are avoided by 
shifting the scale so that a reading of 1000 feet is obtained 
at sea level. The instrument is calibrated so that the 
altitude relates to pressure in accordance with Table No. 51 
of the Fifth Revised Edition, Smithsonian Meteorological 
Tables (Smithsonian, 1939). The mechanism of the W & T 
altimeter is compensated for the effects of instrument 
temperature. For normal instrument temperature fluctuations, 
corrections need not be applied. A correction graph for each 
instrument is on the instrument cover. 
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A desiccant condition indicator on the altimeter dial turns 
pink when the desiccant needs replacing . If fresh desiccant 
is not available the old desiccant can be rejuvenated by 
drying at 1so·c for ten minutes. 

Three basic types of W & T altimeters having the same 
mechanism are models FA- 181, FA-185, and FA- 112. These 
differ only in the type of carrying case. They can be 
ordered to cover rêl.nges of 4000, 7000 or 16 000 feet (type 
FA-112 is not available in the 4000 - foot range) . When an 
altimeter with a narrow range is required, an FA-176 with a 
range of 2000 feet is available. Altimeters with dials in 
metric units are also available . 

When using helicopters for altimeter traversing, temperature 
probes with digital readouts - which indicate humidity as 
well as dry temperature should be used rather than 
thermometers. 

4. 3. 3 Calibration 

Altimeters are calibrated once a year using either 
Paroscientific Model 230 - AS-002 or Bell and Howell model 4-
461-0003 digital barometers as a standard. The digital 
barometers are, in turn, calibrated by the National Research 
Council. 

The 4000-foot range altimeters are calibrated at 200-foot 
intervals, 7000-foot altimeters at 500-foot intervals, and 
the 16000-foot altimeters at 1000-foot intervals. The 
altimeters are exercised in a pressure chamber and readings 
are taken as pressure is decreased, then exercised again and 
read as pressure is increased. The readings are recorded on 
"Altimeter Comparisons" form No. 17 - 2-78 and corrections and 
correction graphs are obtained using the Hewlett-Packard 
(HP)-87 computer and HP-7470A printer. Correction graphs are 
plotted as an output from the computer. 

Before shipping, altimeters should be inspected for possible 
air leaks around the gasket under the window, and any leak 
found must be sealed. In addition, the rubber vent cap on 
the cover must be closed if the altimeter is to be 
transported at altitudes above its dial range. On arrival at 
their destination, altimeters should be inspected for damage, 
and should be compared in groups of 3 or 4 by connecting 
their vents to a manifold, reducing pressure by means of a 
hand pump, and comparing their readings at successive changes 
in pressure. 
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4 . 3 . 4 Principles 

W & T altimeters used by Geodetic Survey are graduated in 
feet and are calibrated with respect to Smithsonian 
Meteorological Table 51 for an altitude-pressure relationship 
from the following formula: (Smithsonian, 1939) 

where 

Tms Po 
Z = 62583.69 283 log P (4-2) 

Z = pressure altitude in feet 

Po = Pressure of standard atmosphere (29.9" of mercury 
or 1012.53 millibars) 

P = pressure at any level, same unit as Po 

Tms = 

Tms 

Tms 
283 

mean temperature of air column between 
P and Po, in degrees Kelvin for a standard 
temperature of 10 ° C 

273°K + 1 0°C = 283°K, and 

1 

Equation (4-2) is applicable to a column of dry air with a 
temperature of 10°C. Corrections must be made for any 
variation of the density of the air due to temperature and 
relative humidity (vapour pressure). The small correction 
due to changes in the gravity field may be ignored. 

Temperature correction to be applied is obtained from 
(Brombacher, 1944): 

where 

dh 
Tc= 3.5406 (Tm-10) 100 0 (4-3) 

Tc = 

Tm = 

dh = 

temperature correction in feet 

mean temperature of the air column in ·c 

differerice in height measured by the altimeter 
between the two stations observed 
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With an increase of water vapour, the air becomes lighter 
than dry air and the correction for humidity is (Brombacher, 
194 4) : 

where 

correction for humidity in feet 

the mean value of the ratio of water 

vapour pressure to the corresponding air 
pressure. 

( 4-4} 

He = the height of the air column corrected for 
temperature (dh + Tc} in feet. 

When the difference in height along an altimeter traverse is 
less than 150 metres, this correction is usually ignored. 

Altimeter readings taken inside a helicopter are als o 
affected by changes in cabin pressure, caused by changes to 
the heater or vent control settings, changes in the 
helicopter blade pitch and in the wind velocity. It is 
corrunon practice to land the helicopter facing into the wind. 

Atmospheric pressure is not stable but va~ies with 
meteorological changes. In a low pressure air mass, the wind 
circulates counter-clockwise; in a high pressure mass, 
clockwise; and the wind direction near the ground is tangent 
to the isobars. The size of an air mass can vary from 
several hundred miles to a few miles in diameter and its 
velocity can vary from zero to about thirty or so miles per 
hour . 

. Figure 4-3 shows an area covered by a low pressure air mass 
where three-altimeter traverses are considered. Even though 
the traverse C-G would have a high residual correction, one 
would expect it to give good results. The residual 
correction for traverse C- D would be very small, but the 
elevations in the middle of the traverse would be inaccurate. 
Good results would be obtained from traverse C-K. 

The wind velocity at each traverse station should be 
recorded. This will give an indication of the position of 
the isobars. 



33 

When facing into the wind the rate of change of pressure will 
increase on the left by an amount that can be calculated from 
the formula (Crone, 1961) 

where 

1008 

/ 

G = 
V sin <l> 

403 

G = pressure gradient in millibars per mile 

V = wind velocity in m.p.h. 

<j> latitude 

1007 

( 4-5) 

1/ 

ISOBAR ---

WIND DIRECTION -

ALTIMETER TRAVERSES - - - - -

Figure 4-3 - Cyclonic Circulation in 
Northern Hemisphere 
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For example, let us take traverse C-G in Figure 4-3 and 
assume the following: 

Latitude= 60° 
Traverse length = 36 miles 
Wind velocity = 30 MPH 
Traverse is at right angles to the isobars (maximum 
correction) 

G = 30 x4003. 866 = 0. 064 mb/mile 

For a 36-mile traverse, the pressure difference is 

0.064 X 36 = 2.3 rnb 

A millibar is approximately equal to 30'. Therefore one 
could expect a residual correction on this traverse of 2.3 x 
30 = 69 feet. 

Formula (4-5) is approximate and, though not normally used in 
the calculation of an altimeter traverse, is useful in 
determining the magnitude of the residual correction to be 
expected. 

The movement of the air mass can be detected by recording the 
readings of a bank of altimeters (minimum 2) at a base 
station. The change in these readings with time is used to 
compute a gradient correction for an altimeter traverse. 
When gradient corrections are applied to the roving altimeter 
readings, it is assumed that the pressure varies throughout 
the area in the same manner as at the base station. This is 
seldom the case. If the air mass represented in Figure 4-3 
moved in a southerly direction, the pressure at base B1 would 
be decreasing while increasing at B2. Applying the gradient 
correct ions from B2 to line C-G would be incorrect. 
Therefore, unless the base station is in the immediate area 
of the traverse, i t is better not to apply the gradient 
correction in the computation; it will be corrected for in 
the residual correction. 

The elapsed flying time between altimeter stations is usually 
less than five minutes, and between control less than one 
hour. In one hour, the gradient correction rarely exceeds 
fifteen feet. Gradient correction graphs should always be 
plotted, whether the corrections are applied or not, as they 
indicate pressure fluctuations which, if too erratic, may 
result in the traverse having to be rerun. 
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4.3.5 Procedures 

The Geodetic Survey Division employs a technique called the 
"Doucette Modified Topographical Method" to compute 
elevations by al timetry. The traverse starts at a known 
elevation, and the difference in height between the known and 
first traverse point is obtained by differencing the 
altimeter readings at each point. This difference, corrected 
for variation in the density of the air column (temperature 
correction), is then added to the known elevation to derive 
the elevation of the first traverse point. This point, in 
turn, is considered to be one of known elevation and the 
traverse continues . The last point in the traverse is one of 
known elevation and the difference between the computed value 
and the known value, called the "residual correction", is 
distributed back through the traverse as a function of 
distance from the starting point divided by the total 
traverse distance. 
A helicopter is used for transportation. Suitable control 
elevations and fuel stations must be available or established 
before the altimeter traverse is run. The progress of an 
altimeter traverse should be uninterrupted once begun. A 
traverse should be run in a fairly straight line between 
points of known elevation. Time, temperature, humidity and 
al t imeter readings are recorded at each p o int incl uding 
control points. 

The traverses are run in one direction on one day and in the 
reverse direction on a different day. Identifiable features 
(lakes) are used f or traverse points or temporary markers are 
left to ensure that the same points are used on each run. 

The following procedures are recommended: 

a) As an aid to identification on the mapping photography, 
take a Polaroid picture on approach about 0.5 to 1.0 km 
from the traverse point. 

b) Read and record air temperature and humidity before 
landing to avoid the effect of surface heat radiation on 
the thermometers. Readings of digital meteorological 
equipment (temperature °C and humidity) are to be taken 
after flying at about 40 metres above ground level for a 
period of about 1 minute. The meteorological equipment 
needs a flow of air through it for accurate temperature 
and humidity observations. 

c) Land on the point where an elevation is required facin g 
into the wind. 
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d) Have the pilot reduce the blade pitch to zero and maintain 
a constant rotor R.P.M. 

e) After about 3 0 seconds, read and record 
altimeters and the time of the reading. 
approximate wind speed and direction. 

the three 
Note the 

f) Identi fy the point on the mapping photo and on the 
Polaroid picture: 

g) Leave a marker on the ground to ensure recovery of the 
point on subsequent traverse runs, if lakes are not used 
for traverse points. 

h) On leaving the station, take an additional Polaroid 
picture if the original picture was not satisfactory. 

i) Proceed to the next•station. 

j) Read and record altimeters twice on all control stations, 
with a separation of about one minute between readings. 

4.3.6 Major Factors Affecting ouality of Altimeter 
Traversina 

a) Altimeters 

Three al timeters should be observed when traversing. 
These altimeters should be selected on the basis of 
calibration graphs, those with the most linear and 
constant correction being favoured. Only altimeters whose 
pointers remain steady under the vibrating conditions in a 
helicopter should be used. In the helicopter, always take 
readings under similar conditions, i.e. no pitch on rotor 
blades and approximately the same rotor R.P .M. This 
maintains the same helicopter induced pressure at each 
station. Tests should be made to determine the difference 
between readings taken in the helicopter and those taken 
at ground level with no effect from the helicopter blades. 
This difference may be needed when reading outside the 
helicopter on a bench mark or trig. station (see 
Helicopter/Ground Corrections, section 4.3.6 h). 

b) Pressure Gradient 

Atmospheric pressure at any point varies with time. A 
graph can be plotted of base barometer readings versus 
time. If this graph is a straight line or nearly s o , 
traverse results should be good. If it is too erratic, 
the traverse should be rerun under more stable weather 
conditions. 
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c) weather 

Make general notes on weather conditions. If the wind 
direction suddenly changes by an appreciable amount, it 
indicates that atmospheric conditions are unsuitable for 
altimeter traversing. 

d) .T.iID..e. 

Delays must be avoided on altimeter traverses to lessen 
the effects of large variations in atmospheric pressure. 
If it is necessary to stop for fuel, lunch, etc., always 
make such stops at a point of known elevation. Take 
readings when landing and again before leaving. 

e) Temperature 

On a sunny day temperatures observed close to the ground 
are usually not representative and will give a false 
correction in traverse computations. The temperature 
required is that of the free air without local heating or 
cooling effects. 

f) Selection of Traverse Routes 

Where possible, traverse routes should follow a straight 
line and the new points selected should all be at 
approximately the same elevation. Ideally, the elevation 
difference between any two traverse points should be less 
than 300 m. 

g) Point Selection and Identification 

Altimeter points are preselected by careful stereoscopic 
inspection of the mapping photography to ensure the choice 
of stereoscopically-identifiable points. A 2. 5 cm 
diameter circle is used to indicate the position of 
proposed points on the mapping photography. Once 
occupied, points must be accurately marked on the 
photographs. This is usually done by a small pinprick. 
If a point selected is the highest or lowest point of a 
feature, then the point should be marked with a circle 
rather than a pinprick on the mapping photograph. The 
plotter operator can identify the highest point of a 
feature stereoscopically, but it is important that a 
notation "the highest point" refers, in fact, to the 
highest point. A hand level should be used to resolve any 
doubt. 
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h) Helicopter/Ground Corrections 

Normally all observations are made from within the 
helicopter. When it is not possible to land directly on a 
station, the usual practice is to land nearby and read the 
altimeters sitting on t he station mark. It is then 
necessary to apply a correction to make these readings 
consistent with those taken in the helicopter. This 
correction will be dependent on the type of helicopter, 
the rotor blade conditions at observations (R.P.M. and 
pitch) and the location of the altimeters within the 
helicopter. 

It has been found that calibrations for some Hughes 500D 
helicopters are not consistent, and vary unacceptably. 

To determine the difference in readings taken inside the 
helicopter and those away from the influence of the 
helicopter blades, readings of three altimeters are taken 
in the helicopter with no blade pitch and a constant 
R.P.M. and again outside the helicopter about 20 metres 
away. A minimum of 10 sets of readings are observed. 
This correction should be determined for each individual 
helicopter. 

4.3.7 Recording 

Form SCS85-1R (see Appendix D, page D7-1) is used to list the 
altimeter traverse data for input to an HP-9830 or Apple IIe 
computer for computation. 

A brief description of the station should be entered on the 
form to help clarify the station's position, for example, 
water level, highest point of hill, low point of saddle, etc. 
Also, any change of weather, such as cloud cover, wind 
direction and strength should be noted. The wind direction 
and velocity can be shown on the format the top of the page .. 
Any c hanges in direction or velocity should be included in 
the notes column of form SCS85-1R . 

After complet ion of the day' s traversing, the "Lawnikanis 
North" and "East" columns are completed. The readings are 
taken from the "Lawnikanis Photo Pin Pointer Mark II" to 
facilitate locating the station to the nearest millimetre on 
a copy of the aerial photo, should the original be lost. 
Position the transparency with the lettered side on the same 
edge as the photograph number. Align the heavy centre lines 
with the fiducial marks and centre the transparency on the 
photograph. Read and record the grid coordinates to the 
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nearest millimetre . (Estimate to the nearest tenth of the 
centimetre grid) . For e xamp le, a station located in the 
centre of the lower square would be recorded as 01.5 x A0.5. 
The headings "North" and "East" refer to the Pin Pointer -
not to the actual direction of north and east. 

4.3.8 Computations - Doucette Method 

Altimeter traverses begin and end on points of known 
elevation. The first point is used to determine the 
elevation of the second, which in turn is used to determine 
the elevation of the third, and the traverse progresses to 
the final point of known elevation. The closing error 
(residual) is then distributed back through the computed 
elevations. 

Final elevations are computed from: 

where 

Elevi = elevation of any station (feet) 

Elevi-1 = elevation of previous station (feet) 

Alti = mean altimeter reading at station i (feet) 

Alti-1 = mean altimeter reading at previous station(feet) 

temperature correction (°C) 

_3 (Tempi + TemPi-1) 
= 3.5406 x 10 ----.....----- -10 (Alti - Alti-1) 

(Smithsonian, 1939, Table 52) 

HCi = humidity correction 

e = 0.376 - (Alti - Alti-1) (Brombacher, 1944) p 

where e is the mean pressure of vapour in the air column and 

pis the mean barometric pressure 

RCi = residual correction at station i 

d; 
= Total residual correction x d Total 
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where di is the distance from the starting control 
point to station; and 

dis the distance between control stations 

The Geodetic Survey Division computes altimeter traverses on 
a number of programmable calculators or micro-computers 
(HP9830A, Apple IIe,. TI-59) . 

4.3.9 Accuracy 

Elevations by al timetric traverse may be obtained wi th a 
standard deviation of at least 1.5 metres provided that: 

a) a battery of three precise altimeters is read at each 
station. Only altimeters having the most consistent 
calibration graphs are selected for use; 

b) the elevation difference between the lowest and highest 
stations in the traverse is less than 300 metres and 
temperature corrections are applied; 

c) the traverse stations are in a relatively straight line 
between control stations - the corridor should not be 
wider than O. 1 times the distance between the control 
points; 

d) the distance between control points is less than 60 
kilometres. This can be extended to 100 kilometres if 
altimetric tie lines are run across the middle of the 
traverse to provide additional control; 

e) the traverses are run on two di fferent days, and the 
computed elevation difference obtained for any point does 
not exceed 3.0 metres; 

f) the weather conditions are stable, the wind steady and 
less than 30 kilometres per hour; 

g) the traverses are run rapidly without interruption at a 
steady rate of progress of about 70 kilometres per hour; 

h) all altimeter traverses have at least one external check 
station. 

A blunder in reading one of the altimeters will be flagged in 
the computer output. A misreading of all three altimeters at 
a station, by the same amount, will go undetected unless the 
elevation of the station is determined again by running the 
traverse a second time. 
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4.4 Inertial surveying 

Since 1975 much of the control needed for mapping, especially 
south of latitude 60 ·, has been provided by inertial 
surveying. An Inertial Survey System (ISS) is regarded as a 
total survey system that can provide three dimensional 
control - latitude, longitude and elevation. In addition, 
its potential to provide deflection and gravity data has been 
demonstrated. 

Elevations determined by inertial surveying are usually 
classed as equivalent to fourth-order spirit levelling. In 
general, elevations provided by ISS are considered to have an 
accuracy better than 50 cm relative to control, where 
traverses are 80 to 100 km long, stations are spaced 8 to 10 
km apart, zero updates (ZUPT) are at 4 minute intervals, and 
mode of transport is a helicopter. 

Inertial surveying is described in more detail in Chapter 
5. 3. 

4.5 Ground Elevation Meter 

The Ground Elevation Meter (GEM) consists of a four-wheel 
drive truck with four wheel steering capability. A fifth 
wheel houses a velocity pulse generator (a pendulum device 
which measures changes in slope angle) and a computer which 
accepts the input inclination and velocity signals and 
computes relative elevations. 

The GEM has been used by Geodetic Survey since 197 5 to 
provide vertical control for mapping. 

The survey procedures involve four basic steps: planning, 
reconnaissance, ca libration and traversing. A traverse 
consists of nulling the system at a starting control point 
and driving to, and recording data at each pre-arranged 
point, including the terminal control point. Traverses are 
kept under 50 kilometres in length. At least one check point 
of known elevation is required on each traverse. 

The misclosure at a terminal bench mark is considered to be 
caused by systematic errors (wheel slippage and pendulum 
drift) and is distributed through the traverse as a linear 
function of distance. The mean of forward and back adjusted 
elevation determinations represents the final field value for 
each new point. 

Experience at the Geodetic Survey of Canada indicates that 
elevations, with a relative accuracy of 50 centimetres or 
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less, can b~ achieved using current procedures . 

Because this survey method i s becoming obsolete details are 
not included in this manual . 

4.6 Doppler satellite Heighting 

Doppler processing software computes positions in an X, Y, Z 
coordinate system or in a latitude, longitude and height 
ellipsoidal coordinate system. 

The height is always the height of the survey marker above 
the reference ellipsoid. Usually the processing software 
allows the user to specify the desired e llipsoid by the semi
minor and semi-major axes and the position of its origin in 
relation to the earth's centre of gravity . 

It is generally accepted that this ellipsoid height is as 
accurate as the horizontal position. 

To obtain the Doppler- derived orthometric height (elevation 
above mean sea level) the appropriate geoid- ellipsoid 
separation must be applied. In general, the resultant 
accuracy of the Doppler-derived orthometric height is a 
function of: 

a) the accuracy of the applied geoid separation at each site, 

b) the accuracy of the known orthometric heights at the 
Doppler base stations, 

c) the location of each new station in relation tD the base 
stations , 

d) the Doppler positioning techniques used. 

Doppler positi oning is described in more detail in Section 
5.2. 

4.7 

4. 7 .1 

Sea Level Referencing 

Introduction 

When vertical control is to be tied to sea level, the time 
and date of the observation must be recorded. Using tidal 
information, the height of the sea surface with respect to 
mean sea level may be computed and used to control a vertical 
survey. 

Mention is made here of this aspect of heighting because it 
is used extensively in Northern Canada, particularly in the 
Arctic Islands where other forms of vertical control are 
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absent. 

4. 7. 2 Technical Information 

Fluctuations in the height of the sea surface are mainly 
periodic and predictable. Therefore, height at a specified 
time can be predicted. There are four major tide types: 

a) Semi-diurnal tide - two complete oscillations daily with 
the two high water levels (and also the two low water 
levels) having similar heights; 

b) Mixed, rnainly semi-diurnal tide - two complete tidal 
oscillations daily, but with unequal tidal heights and 
irregular intervals between extreme levels; 

c) Mixed, mainly diurnal tide usually 
oscillations daily, but with significant 
height and time; 

two complete 
inequali ty in 

d) Diurnal tide - one complete oscillation daily. 

Generally, tidal height predictions are based on long term 
(usually in excess of one year) observations of the sea level 
at tide gauges. The accuracy of prediction is dependent on 
how far from the tide gauge an observation is made. Tidal 
characteristics a few kilometres along the coast from a tide 
gauge may be quite different from those at the gauge. 

Predictions are made using tables published under the 
authority of the Canadian Hydrographie Service. These are 
published annually, as "Canadian Tide and Current Tables", in 
six volumes. Each volume relates to specific geographical 
limits (Figure 4-4). In addition, the publication "Water 
Levels - Tidal Highs and Lows" is published in one volume, 
usually two years after tidal observations are taken, and 
gives observed tidal heights. It can be used to estimate the 
accuracy of the predictions mentioned above. For areas of 
the arctic not listed in the tide tables information may be 
available from Marine Environment Services, 200 Kent Street, 
Ottawa, Ontario, KlA 0E6. 

The following basic definitions should be noted: 

Reference ports: ports for which predictions are made 
in the form of daily tables of times 
and corresponding water heights. 

Secondary ports: ports for which differences intimes 
and heights, with respect to a 
reference port, are predicted. 
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Differences: 

Datum: 
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the adjustments which are applied to 
the predictions at reference ports to 
obtain predictions at secondary ports. 

datum for predictions is Chart Datum. 
The Canadian Hydrographie Service has 
adopted the plane of lowest normal 
large tides, and tidal heights refer 
to this datum. Mean sea level 
elevations can be obtained by 
subtracting the height of mean water 
level from the computed height of 
tide. 

Prediction of Tide Height and Elevation 

Predicted tide levels for reference and secondary ports at 
regular time intervals are published. Levels for 
intermediate times may be interpolated using a simple cosine 
function. 

NOTE: Time given in reference and secondary ports tables is 
standard time for the geographical area of the port . 

4.7.3 .1 Prediction of Tide Height at Reference Port 
(Refer to Figure 4-5) 

Given to = standard time of observation 

Determine ho = height of tide at Reference Port at time t o 

Where t1 = time from tables immediately before to 

t2 = time fr om tables immediately after to 

h1 = height of tide at t1 from tables 

h2 = height of tide at t2 from tables 

h2 - hl 
X = range of tide divided by two = 2 

to - t1 
a t2 t1 180 

Y X COS (X 

X 
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VOLUME !5 

GEOGRAPHICAL 
LIMITES GEOGRAPHIQUES 

Figure 4-4 - Canadian Tide and Current Tables 

Therefore , 

ho - h 1 + x cos a x 

ho h 1 + x (1 - cos a) 

hO hl + (h2 - hl) 
2 

( 1 - cos a) (4 - 7) 



46 

T i me He i gh t 

............................ h 1 

X r ., ............. ho 

y 

. L 

. . . ........ . ..... t2 ... .. ........... . .......... .. ........ h2 

Figure 4-5 Interpolation of Tide Levels 

For e xarnple, an observation of water level was made at Bay 
Head on July 2 at 18 : 20 hours (daylight saving tirne). Using 
the tide tables , the following datais obtained : 

to = 18 : 20 - 1 : 00 = 17 : 20 standard tirne 

t1 = 16: 00 , h1 = 0 . 24 rn 

t2 = 22 : 30, h2 = 4 . 51 rn 

17 : 20 - 16 : 00 . 
0: = 16 : 00 X 180 36 . 923 22 : 30 -

( 4. 51 - 0 . 24) . 
h O 0 . 24 + ( 1 - cos 36 . 923) 2 
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ho 0.67 m 

NOTE: This is the height of tide at to with respect to 
chart datum. From tables, it is found that the mean 
water level at Bay Head is 1. 7 metres. Therefore, 
the approximate height of tide with respect to mean 
sea level is 0.67 m - 1.7m, or -1.03 m. 

4.7.3.2 Prediction of Tide Height Using a Secondary Port 

a) Given the date and the standard time of observation of 
water level, determine the nearest secondary port. 

b) From tables, abstract the following information concerning 
the secondary port: 

E = time difference, higher water 
F = height of mean tide, higher water 
G = height of large tide, higher water 
H = time difference, lower water 
I = mean tide, lower water 
J = large tide, lower water 
K = mean water level 

NOTE the corresponding reference port. 

c) From tables, abstract the f ollowing data concerning the 
reference port: 

A = high water mean tide 
B high water large tide 
C = low water mean tide 
D = low water large tide 
L = FROM time (time immediately preceding the time of 

observation from daily tables) 
M = tide height at time L 
N = TO time 
0 = tide height at time N 

NOTE: When abstracting the information, the time differences 
from the secondary port for the high and low tides must 
be added to the respective high and low tide times of 
the reference port. Check whether the time of 
observation falls within these corrected times. If it 
does not, the next (either earlier or later) TO and FROM 
times and tides must be used to obtain the correct 
result. 
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d) If M > 8 (FROM high tide TO low tide) 

Compute T: 

NOTE: 

NOTE: 

NOTE: 

T = (M - A) (G - F) + F + M 
B - .A 

IF A = B, THEN T 

Compute U: 

(8 - Ç) (J -u = 
D - C 

If D = C, then U 

F 
= 

Il + 

+ G 
2 

+ 

I + 8 

I + J 
2 

M 

+ 8 

V 

w 

L + E 

N + H 

where Vis c orrected time for high water 

where W is corrected time for low water 

If M $ 8, (FROM low tide TO high tide) 

Compute T: 

T = (M - C) (J - I) + I + M 
D - C 

I + J 
If D = C, then T = + M 2 

Compute U: 

(8 - A) (G - F) 
u = + F + 8 

B - A 

NOTE: If A= B, then U F + G + 8 . 

2 

V L + H, where Vis corrected time for low water 
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W = N + E, where W is corrected time for high water 

e) Compute sea surface height with respect to mean sea level 
at time of observation, Z. 

h = cos [180° X (Z - V) l 
(W - V) 

(T - U) (T + U) _ K 
X 2 + 2 (4-8) 

NOTE: All times must be expressed in hours and decimals of 
hours. Strict attention must be paid to algebraic 
signs. 

Example of Sea Level Tie at Chesterfield Inlet 

Given: Observation to sea surface on August 19, 1976 at 14:4 0 
daylight saving time, Z = standard time = 14:40 - 1: 00 
= 13:40 standard time. 

a) The secondary port is Chesterfield Inlet, the reference 
port is Churchill. 

b) From tables, data for Chesterfield Inlet (secondary port): 

c) 

E = -3:47 = -3.7 833 

H = - 3 : 48 = -3. 8 

K = 2.40 

From tables, data for 

A = 4.10 m 

D = 0.00 m L = 

M = 3 .5 m N = 

e 1. 7 m 

F = - 0 .3 0 m 

I = 0.20 m 

Churchill (reference 

B = 4.60 m 

13:55 = 13.916 hours 

19:45 = 19.75 hours 

G = - 0 . 50 m 

J = 0 . 50 m 

port): 

C = 0 .7 0 m 

d) Since M > 8, then observation is FROM high tide TO low 
tide, and 

T = (3.5 - 4.10) (-0.5 - (-0.3)) + (-0. 3 ) + 3 _5 3 _44 (4. 6 - 4.1) 

u ( 1. 7 0,7) (0.5 - 0.2) + 0 .2 + 1.7 
(0 - 0.7) 

1. 4 7 
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V 13.916 + (-3.783) 10.133 

W 19.75 + (-3.8) 15.95 
Z 13.667 and falls within FROM and TO tirnes chosen. 

e) 

h cos [180" x(13 .667-10.133) ]x/3.44-1.47)+(3.44+1.47)-2.40 
(15.95 - 10.133) 2 2 

h = -0.27 rnetre 

NOTE: This height is with respect to rnean sea level and not 
chart daturn. The mean water level (K - 2.40) has 
already been subtracted. 
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5 .1.1 Introduction 

With the advent of Electronic Distance Measurement (EDM) 
capability in the late 1950s, the use of traversing as a 
means to provide survey control increased enormously. 
Traversing could be used economically to provide control 
densification and became a particularly useful method of 
establishing map control in the mountains. This rnethod of 
surveying was used extensively at Geodetic Survey prior to 
the development of the Doppler satellite and the inertial 
positioning capabilities in the mid-1970s. 

EDM traversing is still used by Geodetic Survey, though much 
less frequently. 

5 .1.2 Instruments and Equipment 

A theodolite and EDM unit are the principal instruments used 
for traversing. 

Theodolite 

Normally, one arc-second resolution theodolites are required 
to achieve second-order survey control accuracy. Three 
different models are currently in use at the Geodetic Survey: 
the Wild T2, Wild T2A and the Kern DKM2A. The latter two 
offer the advantage of an automatic compensator fo~ indexing 
the vertical circle. 

EDM Equipment 

There are two groups of EDM instruments used for traversing: 
microwave and electro-optical. The basic design and 
operating principles of both types are explained in section 
5.1.4. Microwave instruments in current use in the Geodetic 
Survey are the Tellurometer CA 1000 and Microfix l00C. The 
tellurometer :MRA3 and earlier models were extensively used in 
the past. 

a) Meteorological Instruments 

Atrnospheric pressure and humidity observations are 
necessary for computing "met corrections" to distances 
measured electro-magnetically. Three types of 
psychrometers are used to measure humidity - the sling , 
the electric and the digital. 
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The sling psychrometer consists of dry and wet bulb 
thermometers mounted to pivot about a handle. These may 
be swung through the air by hand at a constant rate to 
allow an even flow of air over the wet bulb . The second 
type has an electric fan which circulates air over both 
the wet and dry bulb thermometers. In both cases readings 
are taken after 2 or 3 minutes of operation so that a 
minimum wet bulb reading will be obtained. Electronic 
digital equipment provides a digital readout in less time. 

Atmospheric pressure is usually measured using a light
weight aneroid barometer. 

b) Targets - Sightina 

Several types of sighting targets are commonly used for 
horizontal and vertical angle measurements. One type is a 
12 V sealed beam light enclosed in a wooden box. The 
light is equipped with a rheostat to allow variation of 
brightness, a circuit breaker to permit flashing, and a 
painting sight. There are two mounting assemblies, one to 
mount the light on top of a survey tripod for centering 
over a station for horizontal angle measuring; the second 
has a ball-joint and steel clamp for attaching to a tripod 
leg when simultaneous vertical angles are to be measured. 

A second target type consists of a 12 V sealed beam in an 
aluminum frame. The frame has a flat aluminum lip which 
slides between the base of the transit and top of the 
tripod. When the transit securing screw is tightened the 
lamp assembly is also se cure. This target is also 
equipped with a rheostat, a circuit breaker and -a painting 
sight. 

A third target, also a sealed beam unit in an aluminum 
housing, is mounted on an inexpensive disposable tripod, 
usually left on the backsight station. 

These targets are used for medium and long distance 
sighting (in excess of 1 km). 

c) Tapes - Measurino 

A three-metre and fifty-metre steel tape form part of the 
survey equipment. The former is for measuring instrument 
and target heights, the latter for measuring to nearby 
survey points, reference points, eccentric stations, etc. 
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d) Power Supo l y 

Twelve - volt batteries supply power to electronic distance
measuring (EDM) equipment and target lights. The 
following types of batteries are used: 

• disposable dry ·cells; 

• nickel-cadm~um (NiCad) batteries. These are reliable, 
clean, spill-proof and non-corrosive but they are 
heavy and relatively expensive; 

• motor-cycle type lead-acid batteries. These have 
slightl y less capacity, about half the weight of the 
NiCad and are about one-tenth the cost. This type is 
prone to spillage and is not suitable for 
aircraft transporting; 

• rechargeable internal batteries. Most modern EDM 
instruments are equipped with these. They are 
usually adequate for short-term operation . 

e) Traversing EQuipment 

Each member of an EDM traverse party needs the following 
equipment: 

• 1 theodolite, usually Kern DKM2A, Wild T2 or Wild 
T2A 

• 1 Kern or Wild Tripod 

• 1 Kern or Wild Adapter 

• 1 12 V sealed beam signal light 

• 1 emergency signal mirror 

• 1 CA 1000 Master Tellurometer 

or 

• 1 CA 1000 Remote Tellurometer 

or 

• 1 Microfix l00C 

or 

• 1MRA3 Tellurometer 
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• 1 12 V battery 

• 1 backpack 

• 1 aneroid barometer 

• 1 psychrometer 

• 1 die set to.stamp station nurnbers 

• Supply of station markers 

• Survival equipment for hinterland areas 

• Target material for photo-identification 

• 1 35 mm camera to photograph station sites on ground 

• 1 radio receiver-transmitter such as a Motorola PT300 
or SBXll 

• 1 set of emergency flares 

• 1 field notebook 

• 1 first-aid kit, pocket type 

• 1 compass 

In addition, the survey party has a portable core drill and 
two photo-identification cameras. 

Geodetic Survey usually operates three-person traverse crews 
eliminating the need to have unmanned backsight targets. 

5 .1. 3 Traversing Elements 

The following general elements should be considered in the 
initial planning and design of a traverse. 

5. 1 . 3 . 1 Accuracy 

See Table 5-3, EDM Instrument Accuracies. 

A survey station position is classified according to whether 
the semi - major axis of the 95 percent confidence region for 
position difference, with respect to adjacent stations of the 
traverse, is less than or equal to: 

r = C (d + 0.2) (S & M, 1978) (5-1) 
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r is the radius of the semi-major axis of the 95% 
confidence region in centimetres 

d is the distance in kilometres to the adjacent 

station 

C is a constant 

For second-order horizontal control, C is assigned a value of 
5, for third-order C = 12. 

5.1.3.2 Traverse Design and Geometry 

The size of the computed confidence regions for position 
differences depends on the accuracy of field measurements and 
the geometric configuration of the traverse network. The 
network must be homogeneous, have redundancy, and be well
shaped. The following factors should be considered when 
designing a network: 

a) loop traverses (starting and terminating at the same 
point) should be avoided as they do not provide checks on 
possible scale errors within the traverses; 

b) traverses must follow a relatively straight line in order 
to minimize the influence of the errors in angular 
measurement. Angular deflections should be less than 30° 
frorn the straight line; 

c) short traverse courses should be avoided as it is 
difficult to carry an accurate azimuth through them. As a 
general rule, the ratio of the longest course to the 
shortest should be less than 5; 

d) direct connections should be made to adjacent existing 
horizontal control stations. They serve to strengthen the 
network, to provide a check on azimuth, and to integrate 
the survey; 

e) the absolute orientation of the traverse must be closely 
controlled. Starting and ending azimuths may be derived 
from direct connections to a previously established 
higher-order control network. In addition, control 
azimuths must be provided at least every six course along 
the traverse by independent astro or gyro observations, or 
by tying to an adjacent network. 
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5.1.3.3 Pre-analysis 

Although the preceding guidelines increase the likelihood 
that second-order relative accuracy will be achieved, the 
final accuracy will depend to a large extent on the type of 
instruments and procedures used. An assessment of the 
accuracy that may be obtained on a proposed traverse can be 
derived from the results of a rigorous least square 
adjustment of the fictitious or simulated observations. 
Madel observations (distance and direction measurements) may 
be coded for a proposed traverse design and, together with a 
priori estimates of observation accuracy, may form the input 
to a simulated least squares adjustment. The computed 95% 
confidence regions from the simulation will give an 
indication of the relative accuracies likely to be achieved. 

5.1.3.4 Reconnaissance 

Pre-selection of traverse routes and station sites by ground 
reconnaissance is usually uneconomical. If the survey is to 
provide control for mapping, the mapping requirements largely 
govern route and station site selecti on. 

Careful stereoscopic study of aerial photography will help 
to determine if traverse stations are intervisible and are 
accessible by car or helicopter. 

5. 1. 3. 5 Site Selection 

Ease of recovery of a survey marker and ease of accurate 
photo-identification are important factors in site ~election. 

Markers should be placed at the highest point of land or 
where there is a distinctive identifiable topographical 
feature. Side-hills or extensive f.eatureless areas are 
unsuitable for mapping control. 

5.1.3.6 Station Marking 

The type of survey marker used depends largely on ground 
conditions. A Geodetic Survey bronze tablet, cemented into a 
drill hole in bedrock or into a large boulder, is preferred. 

A light-weight, portable, gasoline-powered, diarnond bit drill 
is recommended for drilling in rock. Bronze markers are 
cemented into the drill-holes using quick-drying cernent. If 
no rock is present, a one-metre minimum length iron bar with 
a stamped aluminum cap may be driven into the ground to serve 
as the marker. Other acceptable markers recomrnended by 
Geodetic Survey are listed in (S & M, 1978) and some others 
are listed in Appendix B, pages B-1 and B-2. 
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5 .1. 4 Electronic Distance Measurement 

The term electronic distance measurement (EDM) includes both 
microwave and electro-optical types of measurements. 

5.1.4.1 Princioles 

Microwave instruments use carrier wavelengths in the 1 cm to 
10 cm range. This type of instrument is not significantly 
affected by a variety of atmospheric conditions - fog, haze, 
smoke, etc. Consequently, measurements may be made under 
adverse weather conditions. 

Electro-optical instruments employ helium-neon laser light 
(visible), or infrared light (which is invisible and is 
produced by a gallium-arsenide diode) as carriers. 
Generally, shorter carrier wavelengths permit more accurate 
measurement. 

EDM instruments utilize a modulated carrier frequency. This 
modulated carrier wave is transmitted from one end of the 
line to be measured, reflected at the other end back to the 
transmitting instrument where the phase difference between 
the transmitted and returned modulating frequency is 
measured. 

The distance D between the transmitting instrument and the 
reflect or is derived by t he formula : 

where 

D = _ç_T__ (Saastamoinen, 1967) 
2n 

D = distance in metres 

(5-2) 

c = velocity of light in a vacuum= 299,792,458 metres 
per second 

T observed time in seconds 

n = refractive index along ray path 

5.1.4.2 Measuring Procedures 

Distance measurements by EDM should be made from each end of 
the line. Coarse distance readings and meteorological 
observations of pressure and wet and dry temperatures are 
taken at the beginning and end of distance measuring. 
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The following tabulation indicates the observing requirements 
for distance measurement using different instruments, and the 
accuracies to be expected. The accuracies are expressed as 
±. (A+B), where A is a constant errer and B is distance 
dependent, and reflect a one sigma estimate. The values of A 
and B have been derived from analysis of observed data 
obtained from field work with the instruments over several 
years and from the manufacturer' s information. A double 
measurement is one measured from bath ends of a line. 

ACCURACY MAXIMUM 
INSTRUMENT REMARKS RANGE 

±A (cm) ±8 (ppm) KM 

MRA 3 5.2 5.2 Double measurements 50-70 
13 cavities 

CA 1000 3.0 10.0 Double measurements 30 
7 frequencies 

Microfix lOOC 1. 5 3.0 Double measurements 60 
10 frequencies 

Ranger IV 1.0 2.4 20 measurements 12 
Ranger V 1.0 2.4 20 measurements 24 
Rangemaster II 1.0 1. 2 20 measurements 60 
Rangemaster III 1.0 1.2 20 measurements 60 

Table 5-1 EDM Instrument Accuracies 

5.1.4.3 Measurement Corrections 

The following corrections are applied to measured distances. 

a) Refraction 

The velocity of electro - magnetic wave propagati on in a 
vacuum is 299,792,458 metres/second (Rapp, 1983). In an 
atmosphere the velocity is slightly less than this value. 
The ratio of the tw o velocities is the refractive inde x 
(n) of the medium through which the waves are travelling. 

n = 

n 

velocity in a vacuum 
velocity in medium 

103.49 (p-e ) 86 . 26 5748 _ 6 l+ [ (t+273.15) +(t+273.15){l+(t+273 . 15)}e]•lO (5- 3) 
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where 

p = atmospheric pressure in mm Hg 

t = temperature in °C 

e = partial water vapour pressure in mm Hg 

Under normal conditions, this formulais accurate to ±1 part 
in 10 7 , and in extreme conditions it is good to ±1 ppm. 

The value of n for normal atmospheric conditions is 
approximately 1.000325 and is calculated from temperature, 
pressure and relative humidity readings taken at both ends of 
the measured line. A mean value for the refractive index is 
assumed to apply to the complete length of the line. Pressure 
to ±3 mb and temperature to ±0.2°C are measured . Programs 
for calculating atmospheric corrections for both microwave 
and electro-optical measurements are available for use with 
field computers. 

b) Zero Error Correction 

A zero error is the difference between the electronic 
centre of the instrument and the centering marks used to 
plumb the instrument over the survey station. 

The internal distance the signal travels in the instrument 
is normally longer than the direct distance between the 
point of arrival of the signal and the centering mark. 
Manufacturers supply the zero error information that 
should be algebraically added to the measured distance to 
compensate for the difference. However, it has been found 
that the zero error may vary over the life of an 
instrument. This variance is normally small in electro
optical equipment but larger in the microwave types. It 
may be verified by measuring several distances on a 
calibration baseline. Distances varying from 50 to 1000 
metres are recommended for electro-optical and 200 to 1000 
metres for microwave type equipment. 

If known distances are not available, the zero correction 
can be determined using a method of subdivided distances. 
Establish and mark four stations A,B,C and D, in a 
straight line on flat ground, see Figure 5-1. 

The total distance AD and the distance AB, BC, 
measured with the instrument to be calibrated. 
that the zero correction (Z) is constant for each 
distance , the value can be calculated as follows: 

CD, are 
Assuming 
measured 
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2Z = AD - (AB + BC + CD) (5-4) 

If the distances are measured in all combinations, the zero 
error can be derived from: 

2Z = AC - (AB+ BC) 
2Z = BD - (BC + CD) 

A B C D 

Figure 5-1 - Zero Errer Determination 

NOTE: The measured distances must be corrected for refraction 
and slope be fore calculating Z. The zero error is the 
combined error for a pair of microwave instruments and 
includes the reflector constant in the case of electr o
optical instruments. 

c) Freauency Calibration 

Frequencies of EDM instruments are calibrated in the 
Geodetic Survey's electronics laboratory before and after 
every field season and whenever an instrument is returned 
to the lab for servicing. Frequency corrections are 
applied at the end of the field season. 

d) Multiple Path Errors (Ground Swing) 

Error due to multiple path may occur when measurements 
are being made over highly reflective surfaces such as 
ice, water, etc. The reflected rays do not follow the 
most direct path between the transmitting and receiving 
units. A series of readings observed over a range of 
carrier frequencies tends to vary cyclically about the 
true value. The multiple path effect is more pronounced 
with a wider signal beam. With an MRA-3, for 
example,errors up to 50 cm may result from multiple path. 
When strong multi-path signals are detected their effect 
may be reduced by moving one or both EDM units 
horizontally or vertically from the path of secondary 
reflections. 
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e) Eccentric Error 

EDM equipment should be levelled for all measurements. If 
the instrument is not level, an eccentric error will be 
introduced. 

f) Reflector Constant 

The reflector constant is the effective distance between 
the physical and optical center of the reflector. Because 
of transmission characteristics of the various reflector 
materials this may or may not be the actual physical 
difference. Various reflector types are listed below with 
their associated constants. 

Reflector Type 

AGA Corner Prism 
Plastic Reflector 
White Bond Paper 

Reflector Constant 

-0.03 m 
variable 
0.00m 

Table 5-2 - Reflector Constants 

A reflector constant may be determined by using the reflector 
to measure a distance which is already known accurately. 

Reflector Constant = Distance (known) - Distance· Measured (5-5) 
corrected for meteorological effects, 
zero error, etc.) 

Another method which can be used when no known distance is 
available: 

1) place a sheet of white bond paper at a convenient distance 
(50 metres) from the instrument and take a set of 
observations; 

2) place the reflector to be calibrated in precisely the same 
position and take a set of observations; 

Reflector Constant = Distance (paper) - Distance (reflector) 
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5.1.5 Horizontal Angle Measurement 

NOTE: For vertical angle measurement, refer to section 4.2, 
Trigonometric Heighting. 

5.1.5.1 Introduction 

The direction method for measuring horizontal angles is 
recommended. In this method the direction to each station is 
measured clockwise from one line which is considered the 
initial line. The angle between any two points is the 
difference between the directions to them. 

Terminology 

Observation - the horizontal circle reading for one pointing 
of the theodolite. 

~ - a series of observations on two or more targets, so 
that: 

a) the setting of the horizontal circle remains constant, 

b) an observation is made on each target successively in 
clockwise order beginning with the initial line. With the 
telescope reversed (on reverse clamp) each target is 
observed consecutively in counter clockwise order 
beginning with the target last sighted. 

5.1.5.2 Angle Measuring Technigue 

Second-order horizontal angle measurement specifications 
require that at least six sets of angles be measured at each 
station (S & M, 1978). The practice at Geodetic Survey is to 
measure eight sets. These are evenly distributed on the 
horizontal circle to minimize circle graduation errors. 

To eliminate the small error caused by creep in some 
instruments, the following procedure has been adopted. 

Three stations, A, Band C are occupied with the theodolite 
set up at B. The angle ABC is measured (four sets) using BA 
as the initial line. Then the complementary angle CBA is 
measured (four sets) using BC as the initial line (Figure 5-
2). 
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A 

B 

Figure 5-2 - Angle Measuring Technique to Determine 
Circle Creep 

By using this technique, any error caused by horizontal 
circle creep may be estimated by differencing the sum of the 
two observed angles from 360°. This refinement improves loop 
closures for only a slight cost in extra time. If t he eight 
sets of angles have a spread greater than 10 seconds, four 
additional sets are observed; two each on the different 
backsights. 

5 . 1.5.3 Observing Procedures 

1) Identify the station marker and record accurately the 
information stamped on the marker. Positive 
identification is essential . A photo or tracing of the 
marker showing the markings removes all doubt. 

2) Set up the tripod and instrument over the marker , centre 
and level the instrument. Check for stability by pointing 
on a target walking around the tripod and verifying that 
the cross- hair has not moved off the target . 
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3) Point on the initial station and set the circle 
appropriate setting. The micrometer does not have 
set on a prescribed setting but should vary from 
set. 

to the 
to be 

set to 

4) Repoint the telescope by turning the slow-motion screw 
clockwise against the pressure of the spring. Fine 
painting to all targets must always be done in this 
manner. 

5) Read the circle and micrometer and record the readings. 

6) Point on the next station to the right. Read the circle 
and micrometer and record the readings. 

7) Continue this procedure clockwise until the last station 
in the group has been read. 

8) Transit the telescope and repoint on the last station 
sighted. Read the circle and micrometer and record the 
readings. 

9) Sight and read on each station, moving counter-clockwise 
until the initial station is reached. 

A A 

D D 

Figure 5-3 - Horizontal Angle Measurements 
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(1) first four sets: A= initial station 
D final station 

(2) second four sets: D = initial station 
C = final station 

This completed the first set. Advance the circle setting by 
22° 30' (8 sets are to be observed) and start the second set. 
Advance the same amount for every consecutive set until 4 
sets are measured. After half the measurement is completed 
(4 sets), point on the final station, set the circle to the 
next setting, and measure 4 sets of complementary angles 
clockwise. 

5.1.5.4 cornmon Sources of Error 

Assuming that the theodolite is in good adjustment, the 
following procedures are designed to eliminate or minimize 
errors. 

SOURCES OF ERROR CORRECTION PROCEDURE 

a) Centering Centering rod bubble or optical plummet 
should be checked frequently and the 
instrument recentered if necessary. This 
must onlv be done between sets. 

b) Line of collimation not A set consisting of direct and reverse 
coincident with telescope (clamp left andclarnp right) readings is 
axis measured . 

c) Parallax Careful focussinq. 
d) Circle graduation error Minimized by observing a series of sets (6 

to 8) spread evenly around the horizontal 
circle. 

Table 5-3 Horizontal Angle Errer Sources 

5.1. 6 Field Data Recording 

A loose-leaf field record notebook is used to record field 
survey data. Individual note-keeping formats are used for 
recording horizontal angles, vertical angles, distance 
measurements, spirit levelling, photo-identification details, 
etc. and are prepared in bilingual form. Each page consists 
of an original and a copy as a precaution against loss. 

It is important that all headings of the field notes be 
completed including - occupied station number, target station 
number, date, observer's name, instrument numbers, instrument 
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height, target height, eccentricities, etc. A sketch should 
show the relation of the station occupied to connecting 
stations, subsidiary station (side shots), reference marks, 
topographie features, etc. 

Forms used for EDM traversing are: 

Horizontal Angles 
Vertical Angles 
Tellurometer Distance 
Record 

- Form ses 78-2 (Appendix D, p.D2) 
- Form ses 78-5 (Appendi x D, p.D4) 
- Form ses 78-3 (Appendix D, p.D3) 

5.1.6.1 Field Data Security 

Survey notes are checked at the end of each days's work and 
initialled by the checker. An abstract of the datais 
prepared and the original copy of the notes is sent to HQ . 

The duplicate copy is retained in the field-office and is 
used for field computations. This procedure is followed to 
provide backup notes in case of accidental loss o r 
destruction of field data. 

5.1. 7 Personnel 

EDM traverse parties consist of either two or three pers an s 
and may be serviced adequately by one helicopter. Flying 
time is greater for the three-person crew. If a fl y i ng 
contract is based on minimum flying hours per month, both 
types of crews can opera te well within the minimu ms. 
Generally, the three-person crew will be more productive. 

5 .1. 8 Field Computations 

Field reductions and computations are required to determine 
preliminary positions and to detect errors in observed data. 
A small programmable computer is used for most field 
computations. 

5.1.8.1 Distance Measurement Reduction 

Section 5 .1. 4. 3 explained the computations for zero a nd 
refraction corrections for both microwave and electro-optical 
measuring equipment. The se corrections must be applied 
before measured distances are reduced further. EDM 
measurements must be corrected for slope, then reduced to sea 
level distances before they may be used to compute positi on s 
on the reference ellipsoid. In field computations, the 
geoid/ellipsoid separation is usually ignored. 
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The general reduction model used is: 

DH h2 h4 
S + D - [R] - [

2
D + 803 ] + A.C. (Saastamoinen, 1967 (5- 6) 

where 

S = sea level 

D = distance, corrected for meteorological 
observations 

R = radius of curvature = 6356584 / (1.0 - 0.0067866 sin2~) 

where 

H 

h 

A.C. 

, (hl + h2) 
mean elevation 

2 

elevation difference (h1 - h2) 

elevation station 1 + height of instrument 1 

= elevation station 2 + height of instrument 2 

latitude of working area (degrees only) 

(Saastomoinen, 1967) 

arc curvature correction 

(Saastomoinen, 1967) 

(5-7) 

K the coefficient of refraction 

K the sea level chord distance =D 

For microwave, an average value of K = 0.25 may be used, then 

3 -16 
A.C. = 5.7 D X 10 

A.C. 5.7 D3 X lo-16 
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For light rays, an average value of K = 0.2 may be used, then 

6.5 D3 X 10-16 

In equation (5-6), the expression 

[_DlL) 

R 
reduces the slope length of the line from the mean elevation 
of the line, H, to the slope length at sea level. 

(5-8) 

reduces the sea level slope length to the horizontal chord 
distance. 

The last term of the model, arc curvature, is added to sea 
level horizontal chord distance to determine the sea level 
arc distance. Arc curvature correction differs for microwave 
and electro-optical equipment. 

5.1.8.2 Horizontal Angle Reduction 

No corrections are applied to horizontal angles for fiel d 
computations. A standard deviation of 2. 0 seconds is 
satisfactory from six sets of observed angles. (Note: It is 
common practice at Geodetic Suvey to observe eight sets). 
The reduction of vertical angles is explained in 4.2.5. 

5.1.8.3 Eccentric Measurernent Reduction 

Corrections to distances and angles measured eccentrically 
are based on approximate formulae. They are onl y accurate 
for relatively short offsets on long lines, where the angle 
at the distant station between the main station and eccentric 
is less than 30 minutes of arc. Wherever possible, eccentric 
observations should be avoided. 

a) Reduction of distance measured eccentrically 

The following approximate formula may be used to reduce 
distances rneasured eccentrically: 

S = S + d cos A (5- 9) 



where 

s = 

s = 

d = 

A = 

A 
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required distance, station 1 to station 2 

observed eccentric distance, station 1 to station 2 

eccentric horizontal distance, s t ation 1 to 
eccentric station 

angle measured at main station from station 2 to 
eccentric station 

1 2 

Figure 5-4 - Reduction of Eccentric Distances 

b) Reduction of directions measured eccentrically 

This becomes necessary when the theodolite is placed 
somewhere other than on the main station . The correction 
is caluclated by the following formula: 

C = d sin A 
0.0048481S 12 

arc- seconds (5-10) 



where 
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C = correction in seconds to the direction measured 
from the eccentric station= ç 

d the eccentric distance (horizontal) in metres 

A angle measured to station 2 from the eccentric 
station and referred to the main station (1) as 
initial 

S12 distance of line between station 1 and target 
station 

NOTE: This formulais accurate to ±0.01 seconds for 
corrections smaller than 30 minutes of arc. 

Figure 5-5 - Reduction of Eccentric Directions 
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c) Reduction of directions measured to eccentric taraets 
(Fig. 5-6) 

Direction corrections to eccentric targets are comput ed 
from the formula: 

where 

C = d sin A 
0 . 0048481S 12 

arc seconds (5-11) 

A = angle measured at the target station from 
station 1 as initial to the eccentric 
target 

C = correction in seconds to the direction 
measured to the eccentric target from 
station 1 

d = horizontal distance fr om target stati on to 
eccentric target 

horizontal distance between main station and 
target station 

Ecc 

Figure 5-6 - Reduction of Direction to Eccentric 
Target 
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5.1.8.4 Miscellaneous Comoutations 

Two other computations related to EDM traversing a~e required 
in the field. These are: 

a) the Direct geodetic computation where, given the latitude 
and longitude of a station and the azimuth and reduced sea 
level length to a second station, the coordinates of this 
second station and the back azimuth are obtained . 

b) the Inverse geodetic computation where, given the latitude 
and longitude of two points, the distance and azimuth 
between them is obtained. 

The reference ellipsoid used for the computatins has been the 
Clarke 1866, and will become the WGS 84 after 1986. Geodetic 
Survey has developed programs for use with portable TI-59 
computers for these computations by field-survey parties. 

5.1.8.5 Traverse Misclosures 

As stated in 5. 1. 3. 1, for second-order traversing the 
required standard of relative positional accuracy is an error 
ellipse whose semi-major a xis, expressed at the 95 percent 
confidence level with respect to other stations in the 
traverse, is less than 5 (d + 0. 2) cm, where d is the 
distance in kilometres between stations (S & M, 1978). 

Two empirical "rules of thumb" may be used as quality checks. 
The linear misclosure must not be greater than 1:40 000, and 
the azimuth misclosure not greater than 5"✓N, wher~ N is the 
number of sides in the traverse. Normally, both are readily 
obtained when recommended observation practices are used. 
The misclosures must be obtained for both forward and back 
traverse computations. The linear misclosures will be 
different but the azimuth misclosures will be the same if no 
computati on blunders e xist . 

5.1.8.6 Checkina Procedures 

A blunder in observations can sometimes escape detection 
(e. g. an angle observed to a wrong target) . The field 
reduction of data should not be considered complete until the 
reduced directions and distances have been scrutinized for 
consistency. The main checking procedure involves the 
calculation of azimuth and position misclosures along the 
traverse. 
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The sum, in degrees, of the inner angles in a closed figure 
is equal to (N -2) x 180° + spherical excess, where N is the 
number of angles. If the azimuth misclosure is greater than 
5"✓N, then either a blunder or systematic error accumulation 
may be suspected. 

Assume a traverse begins at a known point (A) and proceeds to 
another known point (G), starting and finishing at known 
azimuths, and a blunder is present in the angle at station D 
(see Figure 5-7). 

Angufor error ot D 

Figure 5-7 

computed , A ta G' 

computed, G to A
1 

~ Contrai Stations 

Isolation of an Angle Blunder 

The coordinates of Gare calculated progressively starting 
from the position A (assumed known) and the starting azimuth 
(also assumed known) and terminating at a computed point G, 
i.e. G'. Theoretically, the differences between the 
coordinates of Gand those computed should equal zero. The 
actual misclosures (q>G - <l>G,) and (Î,,G - ÀG,), expressed in 
metres, should be better than 1:40 000. This ratio is 
computed using the formula: 

[ ( q>G , - q>G) 2 + ( ÀG , - ÀG) 2 ] 1 / 2 

L 
(5-12) 



74 

where L = the total length of the traverse from point A to G, 

(<j>G, <j>G) latitude difference converted to metres 

(ÀG' - ÀG) longitude difference converted to metres 

To compute traverse misclosures, observed horizontal angles 
must be used. The angles must never be adjusted prior to 
evaluation of the accuracy of the traverse. 

Angular blunders in a traverse may be detected by computing 
the traverse coordinates from both ends. A blunder may have 
occurred where the coordinates of a station have the same 
values, see Figure 5-7. 

5.1.9 Least Squares Adjustment 

After preliminary computations are checked, the observed data 
are used as input to the horizontal least squares adjustment 
program "GANET". 

Input consists of three sets of information: geographic 
positions, observed directions /azimuth and sea level reduced 
distances with associated weights or variances. 

a) Geographic Coordinates 

Station numbers and names with published, calculated, or 
map scaled posisitons for each station involved in the 
survey are input. Code 04 input format is used .. 

b) Observed Directions/Azimuths 

Observed directions and azimuths in clockwise order are 
input for each station. The code for azimuths i$ 03, 
directions are coded 01. 

c) Sea Level Reduced Distances 

Sea level distances between stations are coded 02. 

Additional information is available from the guide for 
program "GANET" (Beattie, 1978). 
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5. 2 Doppler satellite Positioninq 

5.2.1 Introduction 

The navy Navigational Satellite System (NNSS), or Transit 
System, was developed from research initially carried out by 
F.T. McLure in the United States. A process was developed 
whereby ground positions could be determined, using the 
Doppler effect on radio signals from satellites in a known 
orbit. 

At present (1986), there are six operational Transit 
satellites. They travel about 1000 km above the earth's 
surface in a polar orbit, and complete an orbit in about 1 
hour 46 minutes. During the period of one orbit, the earth 
rotates about 26.8° (Boal, 1983). 

To an observer on the earth at 45° latitude, an example of 
the apparent motion of successive passes of satellite 50 
follows: 

PASS ELEVATION CLOSEST 
# AT CLOSEST RISE APPROACH SET 

APPROACH TIME (C.A.) TIME DIRECTION 
(C.A.) TIME 

1 2. 5:41 5:45 5:48 E 146. 
2 31· 7:27 7:36 7:45 E 17 0· 
3 s2 · 9:15 9:25 9:35 E 170 · 
4 09· 11:05 11: 12 11: 19 W 211· 

Table 5-4 - Apparent Motion of Successive Satellite 
Passes 

The first pass, for example, is travelling from north to 
south on the east side of the observer's meridian, it rises 
above the horizon at 05 :41 and reaches a maximum e levation 
angle of 2° at closest approach to the observer at 05:45 and 
drops below the horizon at 5:48. 

Only those passes for which a satellite rises above 15° 
elevation at closest approach are used for positioning. In 
the example, there are two potenitally usable passes . As the 
earth rotates 180° a similar situation exists e xcept that, 
for this satellite, the direction is now from south to north. 

Because of convergence of the satellite orbits over the north 
and south poles, the number of good passes increases as the 
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observer' s latitude increases. The number of potenitally 
good passes per satellite per day vAries from about 21 at the 
equator to more than 13 at latitudes 74· to 90'. 

The Transit System is operated by the U.S. Navy Astronautics 
Group at Point Mugu, California. Additional tracking 
stations are in Maine, Minnesota and Hawaii. New predicted 
orbital data from these tracking stations are injected into 
the satellite memory at 12 to 16 - hour intervals. These 
satellite orbital parameters are then transmitted back to 
earth every 2 minutes by the satellite until new data is 
injected. 

The NNSS was first used by Geodetic Survey in 1973, and since 
that time has been used to provide first-order horizontal 
control and secondary survey densification. 

5.2.2 Princip l es 

The concept and technology of Doppler satellite positioning 
is complex and beyond the scope of this manual. Readers who 
require detailed information are referred to (Boal, 1983). A 
brief explanation follows. 

The satellites are in known orbits, that is, the position of 
a satellite is known at any epoch. A "Doppler count" is 
accumulated in the receiver for each 4.6 second interval of 
time. A new accumulation is started every 2 minutes. This 
count is the difference, on each of the frequencies, between 
the number of cycles of the radio wave received from th e 
satellite and the number generated by the receiver' s 
reference oscillator in a 4. 6 second period. These counts, 
along with orbital data and timing information from th e 
satellite, are recorded on cassettes and later processed by 
sophisticated computer programs. Since the Doppler count is 
proportional to the change in range to the satellite, 
distance differences may be derived between the satellite an d 
the receiving antenna every two minutes. To increase the 
number of "measurements", most software makes use of 30-
second rather than two - minute accumulated Doppler counts. 
Thus, from a known orbit and computed distance differences, 
the coordinates of a receiving antenna can be determined. To 
resolve ambiguities, the surveyor needs to know whether his 
position is east or west of the orbit plane. 

The observation techniques consist of point positioning a nd 
translocation using short arc or semi-short arc reducti on 
procedures. Point positioning requires one receiver onl y . 
Translocation requires two or more receivers a nd occuptation 
of one or more base (known) stations at the same time t he 
required stations are occupied. 
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All data collected by Geodetic Survey is processed in semi
short arc mode using program GEODOP (Kouba and Boal, 1975). 

5.2.3 Instrumentation 

Several makes of Doppler satellite receivers are manufactured 
in North America. At present, the Geodetic Survey uses those 
made by the Canadian Marconi Co. Ltd., models CMA 722B and 
CMA 761. 

Datais collected on a digital cassette unit (DCU) 

The CMA 722B receivers operate on an 115-volt A.C. power 
source and require frequent attention when in operation. The 
CMMA 761 receivers require a 12-volt power source and may be 
operated unattended under the receiver' s microprocessor 
control. 

The equipment at each "automatic" or unattended station 
incl udes an antenna, a CMA 7 61 recei ver, a DCU and an 
environmental sensing unit (ESU) to collect meteorological 
information. the CMA 722B cannot be used with an ESU and 
"mets" must be observed conventionally. 

Geodetic Survey's CMA 722B units have been interfaced with 
Apple II computers to automate them for use on base stations. 
They record both "raw" (4.6 second) and majority-voted (30-
second) data (Quek et al, 1985). 

5.2.4 Field Procedures 

When translocation techniques are used, the selected base 
stations are normally part of the primary or secondary 
Doppler densification networks and are selected for a project 
on the basis of accessibility, power supply, accommodation 
for equipment and personnel, proximity to the survey area and 
the field headquarter, and freedom from electromagnetic or 
physical interference. Several methods of observing may be 
used. For details, the reader is referred to (Boal, 1983). 

The precise crystal oscillators in the receiver must be 
completely warmed before usable satellite data can be 
collected. Experience has shown that this requires 
continuous power to the oscillator of the 722B for about 72 
hours and to the 761 for about 24 hours. 

A CMA 722B receiver searches continuously by sweeping a 
frequency range and will lock onto and collect data from any 
Transit satellite. Satellites that conflict with other 
Transit satellites may be included. The CMA 722B/Apple II 
receivers can be programmed to lock onto selected satellite 
passes. 



78 

The CMA 761 receiver software can predict the rise time and 
elevation angle of each satellite pass and selects those 
passes that will likely provide good data. The software will 
turn the receiver on, pickup and track a satellite, store 
raw data on cassette tape, majority-vote and store data in 
computer memory, attempt a 3-D position fix, and then turn 
the receiver off to wait for the next pass. The number of 
successful passes, good fixes and other statistics are 
indicated on a display that can be examined by the operator 
at any time. 

At each new station at least 40 good fixes, as determined by 
the CMA 761 software, should be collected. This requires 
from 2 to 3,½ days at 45 • latitude and from l¾ to 2,½ days at 
7 5 • latitude. The two main factors affecting the number of 
good fixes per day are theconflicts betweeri satellites and 
the amount of data rejected due to ionospheric activity. 

Experience has indicated that the number of good fixes, as a 
percentage of the total number of passes identified for 
tracking over a three-day period, can vary from 55 to 85 
percent. Also, it has been found that all receivers working 
in an area at the same time show about the same percentage on 
any given day. 

The Geodetic Survey specifications required 20 passes at each 
new station which are in common with both base stations, in 
the final multi-station solution. 

During post-processing, coordinates are computed for the 
location of the Doppler antenna. The antenna, mounted on a 
tripod or tower, must be plumbed over the survey marker, and 
the height of the antenna recorded s o that the reduced 
coordinates are those of the survey marker. See Appendix D, 
p. Dl5 for sample field station note form (PHC-76, 1985) and 
explanation. 

5.2.5 Computations 

Field checking of the CMA 722B data may be accomplished by 
reading the data using an HP-2100 computer. The CMA 722B 
receiver also has a self-test feature which simulates a 
satellite pass to check all parts of the circuitry. 

Data collected by the CMA 761 receivers are first 
automatically checked by the receiver software at the 
station, by attempting to compute a 3-D fix after each pass. 
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The cassettes are checked in the field- office to verify th a~ 
they are readable and that raw data have been correctly 
recorded. This can be accomplished by reading the data into 
a CMA 761 receiver or a mini-computer for processing with a 
3- D position fix program. 

The HP-9816 computer is now used to compute single or multi 
station position fixes as a check on the data from the CMA 
761 and CMA 722B/Apple II receivers. The HP-9816 multi 
station program (GEODOP) is limited to about 5 stations (GSD, 
1985). 

Before shipping the data to Ottawa, the cassettes from both 
types of receivers are duplicated in the field as insurance 
against loss. An alternative method of safeguarding the CMA 
761 datais to "dump" the passes of majority - voted data from 
the receiver slave memory to a separate cassette. This 
cassette can then be retained in the field when the raw data 
cassette is shipped to Ottawa. 

Post - processing of the observed Doppler satellite data 
involves four major steps: 

a) majority-voting (MJV) 
to condense and edi t the raw data recorded by the 
receiver, 

b) :pre:pocessing (PREDOP) (Lawnikanis, 197 6) 
to screen out geometrically unacceptable passes, to 
include meteorological information and to prepare 
adjustment input data; 

c) single station solution (GEODOP) (Kouba, Boal, 1975) 
uses all passes recorded by a receiver at a particular 
site to screen out statistically unacceptable data, to 
evaluate receiver performance, and to prepare the edited 
data file; 

d) multistation solution (GEODOP) 
uses data files retained from step (c) to produce a three
dimensional network whose coordinates are consistent for 
all stations observed during a particular time period. 
These coordinate values have to undergo further 
transformation to bring them to the local geodetic 
coordinate system being used at the base stations. 

5.2.6 Accuracies 

At the 95% confidence level, using translocation methods, 
first-order results can be obtained between Doppler stations 
at spacings greater than about 58 km, and second- order at 
spacings greater than about 22 km. Prerequisites are 
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suitable base stations, meteorological data for each station , 
and a minimum of 20 good passes in common between each new 
station and both base stations. 

5.3 

5.3.1 

Inertial surveying 

Int roduct ion 

The Inertial Survey System (ISS), used by the Geodetic 
Survey, was manufactured by the Litton Corporation, 
California. The system was originally intended to provide 
rapid economical mapping control, with accuracies of two to 
three metres. Subsequent developments in adjustment software 
and survey procedures yield results of sub- metre accuracy. 

In 1976, the first large grid-type project using ISS was 
undertaken in Southern Alberta. The data was simultaneously 
adjusted and classified as second or third-order using error 
ellipse information. Second-order relative accuracy is now 
achieved if procedural guidlines are strictly followed and 
station spacings are not less than 8 km. 

5.3.2 Princi12les 

The ISS uses accelerometers to measure acceleration along 
each of three orthogonal axes, gyroscopes to maintain the 
orientation of the system, and computer software to measure 
and double integrate the accelerometer information into 
distance travelled. Thus the ISS measures positional change 
from one station to the next. By starting and ending on 
points of known coordinates, the sytem can interpolate 
between them, and provide coordinates of the intermediate 
points. 

A more detailed description of the operating principles is 
available from Geodetic Survey on request. 

5.3.3 Instrumentation 

The Litton Auto Survey System (LASS II), used by the Geodetic 
Survey since 1984, comprises five major components. 

a) Inertial Measuring Unit {IMU) 

This component contains an inertial platform consisting of 
two, two-degrees - of-freedom gyros and three orthgonally
mounted accelerometers set in four gimbal mounts, which 
isolate the platform from all horizontal and vertical motion. 
The IMU also contains power supplies, torque motors and other 
components necessary to maintain the inertial platform in 
constant attitude relative toits reference frame. The IMU 
senses vehicle motion relative toits reference frame, the 
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Data Processing Unit (DPU) assimilates and evaluates data 
from the IMU and sends information back to the IMU and to 
other components. 

b) Data Processing unit {DPUl 

This component is a digital computer which contains 32K 
work memory, a control processor, input/ output control 
logic and a power supply. 

c) Control and Display Panel {CDUl 

This unit is the interface between operator and system. 
It allows the operator to enter and recall data and to 
monitor the system status and pertinent functions. It 
also provides a visual display of the system's status. 

d) Data Storaae unit {DSUl 

The DSU is a mgentic cassette recorder. It has three main 
functions: record the survey data, record computer 
software programs and load the software programs into the 
computer. 

e) Power Supply Unit (PSU) 

The PSU converts +28 volts D.C. auxiliary input into 28 
volt D.C. regulated, 28 volts D.C. unregulated, 115 volt 
A.C. 4 00 Hz, 26 volt A.C. 400 Hz, and 5 volts D.C. It 
supplies the appropriate power to all other system 
components. 

5.3.4 Auxiliary Equipment 

a) Mini-cassette Control Unit {MCCUl 

Its primary functi on is to actas an interface permitting 
communication with the computer and the loading of 
diagnostic programs, calibration data and operational 
programs. 

b) Alternators 

These 28 volts D.C., 100 amp. alternators supply power to 
the ISS when coupled with a 24-28 volts battery. In 
developed areas, they are mounted on vehicles; in remote 
areas, on 7 1/2 HP or 10 HP Briggs & Stratton engines. 
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c) Racks 

Racks, approved by Transport Canada, have been designed 
for ISS equipment installation in a Hughes 500 helicopter. 
They are easily adaptable to ground vehicles. 

d) Power Panel 

This was specially designed to permit use of the system in 
a helicopter. It consists of two diodes and cables to 
connect the system PSU and the aircraft 28 volts power. 
The main purpose of the diodes is to protect the aircraft 
generator and auxiliary generators when changing from one 
power source to the other. 

e) Offset Device 

This consists of a protractor mounted on the aircraft 
antenna. The center of the protractor is set upas the 
system reference point, and offsets (bearing, distance, 
elevation) to a survey point are measured from this 
reference point using a measuring tape and plurnb bob. 

A digitized Eccentricity Measurement System (EMS) is being 
devel oped at Geodetic Survey to improve accuracy and 
reduce the possibility of human error in recording . The 
unit consists of three shaft encoders for angles, a 
position displacement transducer for distance, a 
microprocessor, a printer and an inclinometer. The unit 
is mounted on the helicopter and a retractable flexible 
wire is pulled out and put on the station marker . When a 
switch button on the EMS is pushed, the slope distance, 
horizontal angle a nd vertical angle are automatically 
entered in the miroprocessor and the bearing angle, 
horizontal distance and difference in elevation are 
printed out. If the station marker is below ground level, 
a 0.5 metre rod is used for access to the marker and this 
is compensated for in the processor. The inclinometer 
automatically compensates for any mislevellment of the 
system (e.g. helicpter not level). 

f) DC Power Supply 

This is a 220 volts, 3-phase input and 28 volts D.C., 150-
ampere output regulated power supply. This unit is used 
only in the lab for system maintenance, calibration and 
personnel training. 
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g) D. C. Power Suoply (Christie) 

This is a 115 volts input, 28 volts D.C . , 50 - ampere 
output. It is used in the field for maintenance and 
c ontinuous running of the system during testing and static 
calibrations. 

Other miscellaneous equipment includes: 

- a metal detector to help find buried markers, 
- measuring tapes, 3- metre and 100- metre, 
- plumb bob. 

A) Forward and Back Agreement: 

Line Length 

< 80 kms . 
80 - 100 kms. 
> 100 krn s. 

Delta H, <j) , 

1. 50 m 
1. 7 5 rn 
2. 00 rn 

B) On lines flown more than once 
means should agree to: 

(forward and back) the 

< 80 krns. 
80 - 100 krns. 
> 100 kms. 

C) Mean of cros s checks and control check s : 

1.0 0 m 
1 . 20 m 
1. 50 m 

À 

All line lengths ~ 1. 00 

5.3.5 

Table 5-5 - ISS Field Specifications 

Field Specifications 

Geodetic Survey uses inertial surveying pr i marily to 
establish sec on d and third - order multi - purpose survey 
control. To achieve this accuracy, procedures an d 
specifications have been developed to overcome system 
limitations and to provide survey redundancy while still 
maintaining an acceptable cost/production balance. 

a) Site Preparation 

Before a n inertial survey is begun, marker sites must be 
selected and prepared. For detailed specifications refer t o 
"Sp ecification s f o r IS S Site Preparations" (Geodetic Survey , 
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1980) 

b) straigbt Line Traverse 

Because of the heading sensitivity of the Litton Inertial 
Survey System, all traverses must be run in a straight or 
nearly straight line to achieve maximum accuracies. The 
maximum deviation may be computed using the following 
empirical formula: 

d = ~ 
12 

where 
d deviation in kilometres (perpendicular 

distance from station to line joining any two 
stations on the traverse) 

t distance between any two stations on the 
traverse in kilometres. 

c) Traverse Lenaths 

The two main components of the inertial survey system, 
gyros and accelerometers, have inherent errors which 
accumula te with time. The se errors can be corrected or 
controlled over short periods by the software and by 
carefull y following recommended survey procedures. The 
maximum recommended traverse length is 8 0 to 100 
kilometres with at least one check point located on the 
traverse, when the system is mounted in a helicopter. 

d) Zero Velocity Update {ZUPT} 

A procedure to control error growth is used whereby the 
system is brought to a null or zero velocity state at 
regular intervals (i.e. 4 minutes) With helicopter 
transport this relates t o a station spacing of about 10 
km. 

e) Station Spacina 

The spacing of stations is nota limitation of the system 
and can vary with the user' s requirement. The relative 
accuracy station to station may, however, be less than 
second-order with spacings of less than about 8 
kilometres. 
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D Time and Turning 

When traversing, it is very important that time is not 
lost searching for stations as this will cause the 
measuring accuracy to deteriorate. The heading 
sensitivity of the equipment requires that the changes in 
vehicle direction on a traverse be kept to a minimum. 

g) Alignment 

A half hour minimum alignment must be completed each day 
be fore the daily traversing can start. This alignment 
must meet the specifications outline in the "ISS 
Operator's Manual and Guide" (Geodetic Survey, 1986). 

h) Calibration 

The system must be calibrated within the local working 
area for accelerometer scale and misalignment errors. 
This is accomplished by using control that is oriented 
North-South and East-West. For full details on dynarnic 
calibration refer to (Geodetic Survey, 1986). 

i) Control 

All traverses must be controlled at each end by reliable 
Geodetic horizontal and vertical control, or by other ISS 
positions and elevations already established. 

j) Other Considerations 

More details on the following: alignments, calibrations, 
system station marking, track / range, running a traverse, 
etc. are available from Geodetic Survey. 

k) Survey Desian 

A grid pattern of station spacing, indicated in Figure 5-
8, is the standard design employed by Geodetic Survey when 
establishing multi - purpose ISS area control. This pattern 
meets the Topographical Survey Division's 1:50,000 mapping 
requirements when the mapping photography flight lines are 
flown in an east-west direction. 

When a grid pattern is not required or is impractical, an 
alternative is a single-line traverse run in both 
directions (Figure 5-9). A known point near the centre of 
the traverse is essential to provide an independent check 
on results. 
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5.3.6 Operational Requirements 

a) Personnel 

Depending on the size of the project, the time of the 
year, the number of inertial systems and aircraft, and the 
geographic location, the crew size may very from 5 to 10 
persons, including aircrew. 

b) Station descriptions and coordinates for all new and 
existing stations must be available. Coordinates for new 
station should be scaled from 1:50,000 maps. To minimize 
the time lost on a traverse, all stations to be occupied 
should be targetted in advance to permit easy sighting 
from the air. 

c) Any control point that is inaccessible by helicopter must 
have an accessible eccentric station established. 

d) Bulk turbo fuel should be cached before field operations 
begin in isolated areas. 

5.3.7 Daily rss Procedures 

Figure 5-10 illustrates the sequence of events of an ISS 
daily field survey operation. The recording forms required 
at each step are noted. Sample forms are included in 
Appendix D, pp.D8 to D12. 

5.3.8 Field Computations 

All field processing of ISS datais done using an HP - 87 
micro-computer. Field processing consists of the 
following: 

a) The mission datais smoothed for each traverse, including 
editi ng of operator-entered information at each point. 
Both the raw and smoothed traverses are printed and stored 
on floppy disks. 

b) The forward and back smoothed traverses are merged to 
determine whether the traverse differences are acceptable. 
Another program lists the station positions and 
elevations from the smoothed traverses, computes the 
overall means and the differences from the mean. This 
program is also used to determine data acceptability. 

c) A nine-track copy tape of the raw data is made and 
verified in a format sui table for final processing. A 
"Pads Software Package", (Lawnikanis 1986), is available for 
documentation and instructions on the use of these 
programs. 
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5.3.9 Office Computations 

Figure 5 - 11 illustrates the steps involved in the p ost-field 
adjustrnent and analysis of IS S data. 

FIELD 
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9-TRACK 
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SMOOTHED DATA 
01 SC - FïLE 

ISS NUM ISS DAT 
MEANS ALL , /SS CHK 

Figure 5-11 
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ISS Data Processing 
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Data collected in the field are stored on 
raw data tapes during ISS missions. 

Raw data are smoothed in the field using 
the HP-87 computer. 

Copy and raw disks are made in the field 
from raw data casssettes. 

Da a from copy disks are transferred in 
the field onto 9-track tape using the HP-
87 computer. This tape is then shipped 
back from the field and stored in the 
computer tape library. 

From the 9-track tape, an initial 
"ISSDAT" is run on the computer using a 
program called "ISSDAT". 
This initial "ISSDAT" is only an 
alignment summary; traverses are listed 
by alignment identification. 

Traverses have not been adjusted at this 
stage. This program is useful as a 
preliminary data check on the 9-track 
data. 

"ISSDAT" is rerun smoothing the 
horizontal and vertical traverses. 

Ou put from "ISSDAT" contains all the 
information from an initial "ISSDAT" 
di v ided into individual traverses, 
horizontal and vertical. The traverses 
are checked and the necessary corrections 
are made e. g. wrong offset, incorrect 
station, etc. 

To aid in the correction of data from 
"ISSDAT", program "ISSCHK" is run. 
Output from "ISSCHK" contains: 

- a table listing individual marks and 
their deviations from the mean, 

- forward/back traverse differences, 
- known control checks, 
- other useful information. 
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Final "ISSDAT" is run with the necessary 
corrections to the data. 

Final smoothed traverses are stored on 
file and used as input to the program 
"ISSNUM". 

"ISSNUM" is run replacing the five-digit 
STORE station numbers used in the field 
with the DATA unique data bank numbers. 

Output from "ISSNUM" is an update file 
used as input to the free adjustment for 
the horizontal, and in "ISSPOS" for the 
vertical. 

"ISSPOS" and "GANET" are used to run an 
initial free adjustment. The free 
adjustment points out: 

1) errors in control, 
2) poor traverses, 
3) eccentric stations. 

Should any correction have to be made, the free adjustment is 
rerun. 

Corrections are made to the "ISSNUM" file which is the input 
to the free adjustment. The final ADJUSTMENT free adjustment 
is stored on file and is used as input coordinates for the 
MAY '76 and NAD'27 adjustments. 

If the vertical adjustment is being done, program "ISSPOS" is 
used. The output from "ISSPOS" is used as input to 
"LEVELOB". 

Final coordinates and elvations for the adjustment are 
collected from the Data Services Section. 

Final fixed ajustments using "GANET" and "LEVELOB" are run 
on the computer. Catalogued files from these adjustments 
contain final coordinates. 
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5.3.10 system Maintenance 

Maintenance consists of three steps: 

a) determination of faults; 

b) isolation of the fault to a Line Replaceable Unit (LRU) 
(i.e. cables, CDU, DPU, IMU, DSU, PSU); 

c) further isolation of the fault in the LRU to broken 
wires, bad switches, bad circuit boards, etc. 

While determining the fault, i t is important to note the 
actual symptom and not to make assumptions. Problems in one 
area can manifest themselves in other areas. 

Once the fault is isolated, LRUs may be changed until the 
problem is c orrected . Attempts may then be made to pinpoint 
the fault within that unit. If circuit boards are involved, 
they are interchanged until the faulty board is identified. 
Minor repairs such as broken wires, bad switches, replacement 
of integrated and other solid state circuits can be done "in
house". Gyro and accelerometer replacement is carried out by 
the manufacturer. 

5.4 Aerodist 

Aerodist was used by the Surveys and Mapping Branch between 
1962 and 1973. After 1965, it was used to establish primary 
control over an area of 1.6 million square kilometres. Th is 
corresponds to about 16% of the land area of Canada. An 
additional half million square km was controlled for mapping 
before 1965. Doppler Satellite Positioning replaced Aerodist 
in 1974. 

5. 4 .1 Description 

Aerodist is lightweight electronic distance measuring 
equipment capable of high relative accuracy and a range of 
about 140 km, aircraft to ground. The master 
equipment,carried in a DC-3 aircraft could measure to either 
two or three ground stations simultaneously. Aerodist was 
built by Tellurometer of South Africa and works on the same 
principle of phase comparison as the Tellurometer. In 
addition to the aerodist equipment, a Wild RC - 8 aerial 
camera, an Air Profile Recorder (for heighting the aircraft 
and to establish ground elevation), automated meteorological 
equipment ( to establish the refractive index of radio waves) 
were carried in the aircraft. The aircrew consisted of a 
pilot, co-pilot, navigator, air profile recorder operator and 
two aerodist operators. 
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5.4.2 .l1..s..e..s. 

Aerodist control was established for several purposes. 
Besides its use in mapping and for framework control, it was 
used to position navigational hazards, as well as aids to 
navigation such as Loran sites on the east coast and Decca 
sites in the north. Sable Island (240 kilometres off Nova 
Scotia) and Funk Island (100 kilometres off Newfoundland) 
were first accurately positioned using aerodist. 

5.4.3 Method of Survey 

A network of primary aerodist control consists of ground 
stations spaced in a rectangular grid pattern of 100-110 
kilometres. The basic configuration is the double-braced 
quadrilateral made up of 6 ground stations with all 15 
possible conncecting lines being measured. Six ground 
stations are manned at a time with an average 2 weeks stay at 
each station. 

To measure a line, the DC-3 flies across the imaginary line 
joining the two involved stations while the distances between 
the aircraft and the two stations are continuously being 
recorded on a strip chart recorder. The sums of these two 
distances, if plotted would, approxima te a parabola. The 
minimun distance is computed by least squares and the minimum 
sum is corrected for aircraft height, ground station ehight, 
eccentricity, refraction, curvature of the ray path and sea 
level arc distance. Six such crossings at different flying 
heights consitute one measurement group. Aline measurement 
consists of a minimum of two measurement groups. 

After establishing the framework control, additional 
horizontal control for mapping may be carried out by 
positioning the aircraft from measurements to three of the 
ground control stations, simultaneously with the exposing of 
vertical photography. The flight lines are run a long each 
degree of longitude in the area. Using the corrected 
distances from the three known stations, a position for the 
nadir point of the aerial photograph may be computed and the 
positioned photograph used in a photogrammetrical 
aerotriangulation block adjustment. 

5.4.4 Accuracy 

Aerodist nets have an accuracy in the order of 10 ppm (la). 
Ground control derived from Aerodist controlled photography 
is accurate to ±5 metres relative to the control used. 
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5.5 Azimuth Determination 

5.5.1 Introduction 

The purpose and scope of this section is to describe 
procedures to be followed for the determination of second and 
lower-order azimuths using "The STAR ALMANAC for Land 
Surveyors" (SALS) as a reference for the astronomical data. 

5.5.2 Azimuth determination for Second-Order surveys 

Second-order azimuth determinations are sometimes required on 
supplementary control surveys to orient specific lines or to 
control the orientation of traverses and other survey 
networks. Laplace observations are not dealt with in this 
section; however, Geodetic Survey of Canada will provide 
surveyors with advice on precise astronomie determinations if 
required. 

Two techniques are described: 

- Determination of astronomcial azimuth with a theodolite; 
and 

- determination of azimuth, from astronomical north, with 
a gyro-theodolite. 

Types of surveys for which azimuths or orientation are 
required: 

- traverses for mapping, 

- engineering surveys, 

- hydrographie surveys, 

- mining surveys, 

- links between existing surveys, 

- ties to reference, azimuth and eccentric markers, 

- ties to boundary markers . 

- orientation of radio telescopes, 

precise orientation for laboratory instruments, etc. 
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5.5.2.1 Determination of Astronomical Azimuth (Hour angle) 

a) Instrumentation 

theodolite (l") with accessories for day and night 
observations 

- tripod 
- elbow eyepiece 
- stricte level (if available) 
- Roelofs prism attachment 
- thermometer 
- barometer 
- tables (SALS) 
- radio (for receiving WT/N or CHU time signal) 
- digital cl ock or chronometer (in Universal Time or 

Sidereal Time) 

b) Observation ReQuirements and Accuracies 

STARS 

• Minimum number of sets 

• Expected standard deviation 
(above 60°N latitude) 
- internal 
- external 

• Expected standard deviation 
(above 60°N latitude) 
- internal 
- external 

• The position of the station must 
be known to a reasonable degree of 
accuracy. Geodetic coordinates 
(latitude and longitude) should 

8 

2,, 
4,, 

3 Il 

6,, 

be known to at least ±2" 

• If the position of the station is 
not well-known, two stars must be 
observed, one east and the other 
west of the meridian at about the 
same altitude; the number of sets 
required is 4 f or each star. 

or SUN 

8 
(4 in morning) 
(4 in afternoon) 

3,, 
6" 

4"-5" 
8"-10" 

±2" 

Table 5-6 - Azimuth Observation Requirements and 
Accuracies 
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In the following documentation, "Celestial Object" (C O) 
refers to either the Stars or the Sun. 

5.5.2.2 Observation Procedures 

The observation procdures for "Polaris" or other bright 
stars, and for the Sun, at any hour angle are described 
below. 

Experience has shown that the most favourable period for 
observations on stars and the reference object (RO) is during 
or just after the evening twilight when the RO appears seady 
for accurate pointings . 

Observations on the Sun should be made between 8 : 00 and 1 0 : 30 
a.m. or betwee n 2:0 0 and 4:30 p.m., Local Apparent time . 
These periods will give a minimum error in the observed 
azimuth by hour angle. Surveyors should avoid observations 
when the sun is near the meridian. 

a) Observation on Polaris 

There are two methods which will help find Polaris depending 
on the observer's location and the time of day (dayligh t or 
darkness) . 

In Dayliaht 

• The altitude of Polaris can be quickly computed by using 
the Pole Star Tables found in the SALS if the latitude o f 
the station at the Local Sidereal Time (LST) àre kn own . 
These tables give corrections which, when applied 
algebraically to the latitude of the sation, give the 
altitude of Polaris. 

(SALS) (5-13) 

Example: 

Latitude of the occupied station:45"25'46" or 45'25' .8 
Date: 1985 Ma y 14 

LST 

From tables: ao = +47.04 Correction for LST 
+ a1 .0 0 Correction for latitude 
+ a2 = + .25 = Correction for month 

+47.29 or 4 7' . 3 



Therefore , 
Altitude of Polaris (h) 

or Zenith Distance (Z) 
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= 
45°25 . 8 
44°38.5 or 

= 90° - h = 

(+47. 3) 
44°38'30" 

45°21 ' 30" 

Polaris can be found by setting this angle on t he vertical 
circle of the theodol ite ( h or Z) and pointing the telescope 
t o the approximate North. 

Approximate North can be obtained using a compass or a map . 
In h igh latitudes, it may be necessary to take a Sun azimuth 
t o determine north in order t o locate Polaris. 

At Night 

• Po lari s can be located by projecting a line through t he 
pointers of the Big Dipper (see Figure 5-1 2) It is the 
only bright star in that region of the sky. 

It is good practice to make a sketch in the field bo ok 
showing t he approximate directions of the CO and RO 
relative to north. (See Figure 5-1 3) . 

POLARIS * \ 
\ 
\ 
\ 

\ 
\ 
\ 
\ 
\ 

* * 
* * * 

BIG DIPPER * * 
Figure 5-12 - Locating Polaris 
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NORTH 

i 1f PO L ARIS ~+. 
-, -
I 

Figure 5-13 - Relationship of Celestial 
Object , Reference Object and North 

b) Observations 

1) Check the adjustment of the theodolite. Choose stable 
ground for the set-up or, if necessary, occupy an 
eccentric station. A stable instrument set-up is cruc ial 
to accurate azimuth determination . Position the tripod 
legs so as not to interfere wi th the observer. When 
occupying an eccentric station, measure the horizontal 
distance and the azimuth difference between the true an d 
the eccentric markers . Redundant measurements must be 
made to isolate blunders. 

2) If a stricte level is not used, record any dislevelment of 
the plate - level . 

3) Determine the rate of the digital clock or chr onometer 
before and after the field observations (a comparison of 
the clock against the radio time signal should be 
recorded to 0.1 second of time) . 

4) Select an RO, preferably one kilometre or more away, t o 
avoid having to refocus the instrument between pointings 
and so that the centering and pointing errors will not 
adversely affe ct t he accuracy of the azimuth (one second 
of arc is equal to about 0 . 5 cm at a distance of 1 km) . 

5) Sight on the RO in left clamp (L). Set the circle t o 
0 • 00' ( for the first observation) . Read and record the 
horizontal circle reading (HCR) and clamp position. 

6) For STARS : Point the telescope at Polaris or another 
easily identifiable bright s tar and , t urning bot h 
vertical and horizontal slow mot ion screws, bring t he 
star t o the centre of the crosswires of the telescope . 
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Using the stop watch method (described later), determine 
the time to the nearest 0.5 seconds for the painting on 
Polaris. For stars with declination less t han 60 ° , 

record the time to 0.2 seconds (an experienced observer 
can obtain the time of pointing with an accuracy of 0 .2 
seconds ) . Record the graduation readings for b oth ends 
of the stricte level , and horizontal and vertical circle 
readings, (HCR) and (VCR). 

stop-Watch Method of.Timekeeping 

When t he centre of the crosswires of t he telescope is set 
directly on the star using t he slow motion screws, a stop
watch is started. When the chronometer second hand is at a 
whole second mark the stop- watch is stopped and the 
chronometer time noted. The chronometer time minus the st op
watch interval will give the correct time. 

For SUN: Using a Roelofs prism or a dark glass between the 
observer' s eye and t he instrument eyepiece, point the 
telescope at the Sun and centre the small diamond-shaped gap 
formed by the f our overlapping images of the Sun (see Figure 
5-1 4) . At this instant record the time, accurate to 0 . 2 
seconds, HCR and VCR, and the clamp position (Roelofs, 1 948) . 

COURTESY OF WILD HEERBRUGG 

Figure 5-14 - Wild T2 with Roelofs Solar Prism 
Attached 
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Wild T2 with Wild-Roelofs solar prism (1) and diagonal 
eyepieces (3). With the solar prism, four images of the Sun 
are seen (Insert 2). The small black diamond in the centre 
corresponds to the centre of the sun. 

If a Roelofs prism is not available the Sun's upper and lower 
limb can be followed in one quadrant of the field of view 
with the horizontal crosswire, until the right or left limb 
reaches the vertical crosswire. At the instant when both the 
horizontal and vertical crosswires are tangent to the Sun 
(see Figure 5-15) record the time accurate to 0. 2 seconds) 
and the position of both ends of the level and the HCR. 

Indicate on a sketch the location of the Sun in the field of 
view of the instrument. 

Sun Face Lef t 
(tirned l 

Sun Foce Right 
( timed) 

Figure 5-15 - Location of Sun in Field of View 
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7) Transit the telescope, point on the star and repeat step 
(6). If a Roelofs prism is not being used for sun shots, 
point on the Sun in the quadrant of the field of view 
that is diagonally opposite the quadrant previously used. 

8) Repoint on the RO and record the HCR and the clamp 
setting. 

This completes one set of observations for azimuth. For 
subsequent sets, change the horizontal circle setting and 
repeat the above procedure starting with step (5) with the 
theodolite in right clamp (R) position. The theodolite set 
up must be re-checked for stability. 

For Star observations, one azimuth determination comprises 8 
continuous sets. For Sun observations, two determinations 
are preferable, one in the morning and one in the afternoon 
consisting of 4 sets each. 

5.5.2.3 Computations and Formulae 

The computations involved with each set of observations are: 

a) mean the direct and reverse horizontal readings to the RO 
and to the celestial object (CO); 

b) compute the angle from CO to RO; 

c) determine the mean time of observation to compute the 
hour angle and to obtain the declination of the CO; 

d) compute the azimuth of the CO; 

e) when using a stricte level a level correction must be 
applied to the azimuth of CO. The correction for the 
inclination of the horizontal axis is: 

where 

__d_ 

4 
[ (w - w') + ( e - e') ] Tan h 

(Hoskinson & Duerksen, 1947) (5-14) 

d = value of one division of the stricte level (or 
plate level) in seconds of arc/division (fo r 
Kern DKM2A and Wild T2A plate level d = 2 0") 

h = altitude of the Star (or Sun) 



w,w',e,e' 
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the readings of the west and east 
ends, respectively, of the stricte 
level. The prime letters refer to the 
readings taken in the position in 
which the numbering increases towards 
the east. This level reading method 
is for stars near the meridan. (For 
CO near the prime vertical use a 
similar and systematic level reading 
method eg. the prime letters refer to 
the readings in which the numbering 
increases towards the south). 

f) Using the angle determined in (b), compute the azimuth to 
the RO. 

The azimuth of a Star or the Sun, at any hour angle, can be 
found using the formula: 

Tan A= -
Sint 

Cos~ Tan 8 - Sin~ Cos t 
(5-15) 

where 

A azimuth of CO (if CO is east, azimuth = A or 1so· 
- A; if CO is west, azimuth = 1so· + A or 360° - A) 

t = hour angle of CO 

~ latitude of observing station 

8 = declination of CO 

"tn can be found by either of two fundamental astronomical 
relationships, depending on the type of time used by the 
observer. 

where 

LST 

RA 

UT 

E 

t LST - RA 
t UT + E 

= Local Sidereal Time 

Right Ascension of CO 

Universal Time (see note below) 

= Difference between the Greenwich Hour Angle 
of the Sun and Universal Time 
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NOTE: The tabulated values for E and the declination are 
based on Uni vers al T ime in the SALS. The standard radio 
time-signals give Coordinated Universal Time (UTC) and step 
adjustments are made as required (at O hours on January 1 or 
July 1) so that the difference between UTC and UT does not 
exceed O. 9 seconds. The correction to be made to the 
standard radio time signal (DUTl) may be determined from the 
signal. See below. 

Code for the Transmission of DUTI (Ref: CCIR) 1 

A positive value of DUTl will be indicated by emphasizing a 
number (n) of consecutive seconds markers following the 
minute marker from seconds markers one to seconds marker (n) 
inclusive; (n) being an integer from 1 to 7 inclusive. 

DUTl = (n x 0.l)s (5-16) 

Exemples: 

Minute 
morker Emphosized seconds morkers 

0 2 3 4 5 6 7 8 9 10 Il 12 13 14 15 
1 

16 

Limit of coded sequence 1 

DUTI:: +0.5s 1 

Minute 1 
morker Emphosized seconds morkers 

1 

1 

1 
Limit of coded sequence I 

DUTI = -0.2 s 

Figure 5-16 - Correction to UTC to Obtain UT 

Consultative Committee of International Radio . 
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A negative value of DUTl will be indicated by emphasizing a 
number (m) of consecutive seconds markers following the 
minute marker from seconds marker nine to seconds markers (8 
+ m) inclusive, (m) being an integer from 1 to 7 inclusive. 

DUTl = (m x O.l)s 

A zero value of DUTl will be indicated by the absence of 
emphasized seconds markers. 

The appropriate seconds markers may be emphasized, for 
example, by lengthening, doubling, splitting, or tone 
modulation of the n ormal seconds markers. 

Example 

The forms in Appendix E show: 

• the steps to convert Local Mean Time to Local Sidereal 

• 

• 

• 

Time and to compute the clock rate and level c o rrecti on 
(El); 

the azimuth reduction by the Hour Angle Method (Star) 
(E2) ; 

the az imuth reduct ion by the Hour Angle Method (Sun, 
Equati on of time = E) (E3); 

the azimuth reduction by the Hour Angle Method (Sun, 
Right Ascension of mean Sun + 12h = R) (E4); 

the eccentric reduction and convergence - these two 
corrections are required to correct an eccentric azimuth 
(ES); and 

one page documentation for program STARAZ, available for 
the Texas Instrument (TI-59) pocket calculator, which can 
be used for office or field computations (E6). 

5.5.2.4. Ouick Azimutb Solution for Polaris using a Simple 
Algorithrn 

A quick check on the azimuth as computed in Appendix E2 can 
be obtained by using the Pole Star Tables found i n the SALS. 

The following is the algorithm found in the SALS tables. 

Azimuth of Polaris = A = (bo + b1 + b2) Secant (latitude) (5-1 7) 



where 
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bo = correction for LST 

b1 correction for latitude 

b2 = correction for month 

This azimuth should be accurate to ±6 seconds of arc when 
corrections are properly applied. 

Example. (using previous data in Appendix E2) 

LST 
latitude 
bo 
b1 
b2 

SUM 

A = 16'.22 
= 16'.22 
= 23' .11 

X 
X 
= 

= 0°23' 07" 

= 15h23m35s2 (argument 
= 45°25'46" 
= +16' .2 = 16' 07" 
= 0 ' . 0 = 00'00" 
= + 0 '.1 = 00'06 

= 16'.22 = 16'13" 

Sec 45°25'46" 
1.425 
23'07" 
(east of meridian) 

for tables) 

This result is within 04" of the previous result obtained 
with the azimuth by Hour Angle Method. 

5.5.3 Lower order Azimuth {Atltitude Methodl 

Lower order azimuth determination is sometimes required to 
provide an approximate azimuth, needed to orient reference 
markers or eccentric stations, and in surveys whic h do not 
required second-order azimuth control. It is also used to 
provide a quick check for gross errors or blunders. 

Instrumentation is the same as under section 5.5.2.1, with 
the exception of stricte level and radio receiver. The latter 
may be replaced by any time service available inside the 
geographic location of the survey operations. 

The observation requirements and 
measurement s shown un der section 
to: 

accuracies, related to 
5.5.2.1, may be modified 

• the minimum nurnber of sets shown should be 4 for a 
third-order azimuth or 2 for a lower order azimuth 
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• the expected standard deviation will be two or three 
times larger. 

5.5.3.1 Observation Procedure 

The observing procedures, detailed under section 5.5.2.2, are 
to be followed. • The time need only be observed to the 
nearest 0.5 seconds. 

a) Observations 

For the altitude method, with Polaris or any other bright 
star or the Sun, the following observing procedures 
should be followed. 

1) Read and record the air temperature and barometric 
pressure (required for determination of the refraction 
correction to the altitude (h) or the zenith distance (Z) 
of the CO observed). 

2) For .fil.l.N: As in step (6) of section 5.5.2.2, point on the 
small diamond-shaped gap formed by the four overlapping 
images of the Sun. At this instant, record the time, then 
read and record the HCR and VCR and the clamp position. 
If the Roelofs prism is not available the Sun' s dise 
should be observed as described in section 5.5.2.2. At 
the instant when both the horizontal and vertical 
crosswires are tangent to the Sun, record the time and 
the circle readings. 

NOTE: Indicate on a sketch the location of the Sun in the 
field of view of the instrument. 

For STAR: as in step (6) of section 5.5.2.2, but the time 
may be recorded to half a second. 

3) Transit the telescope, point on the CO and repeat step (2) 
above. If a Roelofs prism is not being used, point on the 
Sun in the quadrant of the field of view that is diagonally 
opposite the quadrant previously used. 

4) Repoint on the RO and record the HCR and the clamp 
setting. 

This complet es one set of observations for azimuth. For 
subsequent sets, change the horizontal circle setting and 
repeat the procedure using the right clamp (R) position. 
The theodolite set-up must be re-checked for stability. 
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5.5.3.2 Computations 

The computations involved with each set of observations are: 

a) mean the direct and reverse horizontal readings to the RO 
and to the CO, 

b) compute the angle from Sun to RO, 

c) compute the zenith distance to the CO from the VC 
readings,correct for refraction (stars or Sun), and f or 
parallax ( Sun only), 

d) determine the mean time (corrected time) of observation 
to obtain the declination of the CO, 

e) compute the azimuth to the CO, 

f) using the angle, determined in step (b), compute the 
azimuth to the RO. 

The formula used to compute the azimuth of the Sun is 

where 

Sin o - Sin~ Cos Z 
Cos A= -------"----- (Military Engineering, 1976) 

Cos~ Sin Z 

A azimuth of the CO. 
If Sun is east of the meridian, azimuth = A or 1so· - A, 
if it is west, azimuth = 1so· + A or 360° - A. 

0 

z 

declination of the CO (positive if north of 
the equator, negative if south) 

latitude of the observing station 

zenith distance= 90° - h (Z is sornetimes 
called co-altitude) 

(5-18) 
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5.5.4 Genera l Information Related to the comoutation 

The declination "ô" can be obtained from SALS tabulated 

against UT. the latitude "<!>" can be scaled from a 1: 50,000 
map of the National Topographie Series (NTS). 

The zenith distance "Z" must be corrected for refraction 
(both Star and Sun) and parallax (for the Sun only) . The 
refraction varies with the elevation angle, temperature and 
pressure; it always deflects the line of sight upwards which 
means that the refraction correction is subtracted from the 
altitude "h" or added to the zenith distance "Z". 

The parallax correction is used to reduce the observations 
taken at the surface of the earth, to what they would be if 
taken at the centre of the earth. For this reas on , the 
parallax correction is always subtracted from the zenith 
distance. The above corrections are foun d in SALS; however, 
for the parallax correction us e 8".8 cos h, where h is the 
altitude of the Sun. 

EXAMPLE: 

The following forms are in Appendix E: 

5.5.5 

• the azimuth reduction by the Sun Altitude method (E7), 

• one page documentation from program ALTITUDE METH OD 
which is available from the TI-59 (ES) 

Identification of Stars 

Once the altitude and azimuth of an unknown star have been 
observed, the time of observation noted a nd the latitude and 
longitude of the observing station are known, we can 
determine its right ascension (RA) and declination (ô) and 
from the se, the star observed. The Atar Almanac for Land 
Surveyors contains all stars brighter than magnitude 4.5. 

EXAMPLE 

On 14 May 1985, a star of about magnitude 3 was observed at 
5h1orn1os (EST) to have an altitude of 59°18'30" and an 
approximate azimuth of 299°55'45". The latitude and 
longitude of the observing station are N45°25' 46" and 
W75°42'05" respectively. The Standard Meridian (Zone) of the 
place is 5hw. The pressure was 1020 mb and the temperature 
-1·c. Find the RA and 8 of the observed star. 



IDENTIFICATION OF STAR 

Observed altitude 
Refraction = 34" X 1.05 
Corrected altitude 
Zenith distance 
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h 
ç 

Azimuth A 
Subtract 180" or (360" - A) 
Zenith angle z 

Co-latitude 
Hour angle 

= (90. - <!>) 

t 

= ZD 

(1) 

59°18' 30" 
-3 6" 

59°17'54" 
0°42'06" 

299. 55' 45" 
.3.fü2..:_ 

60°04' 15" 

44°34'14" 

From Cot t = Cot Ç sin w - Cos w Cosz 

Sin Z 

t 

t 

46"21' 37" 

3ho5m26s (5-19) 
(Mackie, 1985) 

From Cos p = Cos Ç Sin w - Sin Ç Sin w Cos Z 
p =37°41'32" 

To find the RA 

EST of observation 
Zone 
Corresponding UTC, May 14 
Rat 6h UT May 14 
Gain in R in 4h10m10s = ~ R 

GST = (UT+ R + ~R) 
Longitude of observing station, W 
LST at time of observation 
Hour angle (t) of star 
RIGHT ASCENSION, RA = (LST - t) 

To find the 8 

polar distance, p from above 
DECLINATION, 8 = (9 0° - p) 

5h10m10s 
---5. 
10 10 10 
15 27 42 

1Q 
25 38 32 

5 Q2 
20 35 

= 3 Q5 
= 17 30 

37°41'32" 
N52"18'28" 

(5-2 0) 

48 
44 
26 
18 

On looking through the catalogue of stars (SALS), on pages 
44-45, we find No. 478 p Draconis which has a right ascension 
of 17h30m08s and declination of N52" 18' 28" on the date 
concerned, and its magnitude is 3. There are no other stars 
in SALS which have coordinates near the calculated values, so 
P Draconis was the star observed. 
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5.5.6 Comparison Between Polaris and Sun Azimuth Methods 

In this section, the 
observations that were 
Hill, Ottawa, Ontario. 
different methods. 

examples were ta ken from act ual 
made in the vicinity of Parliament 

Table 5-7 compares the results of 

DATE METl-0D SETS OROER OCCUPIEl) Rü ECCENTKIC OOSERVtD Fll-W.. STAJIOAAD 
STATION STATION CffiRECTION • AZI11JTH AZIMJTH DEVIATilX'l 

(INTrnl-W.. ) 

Il Il Il Il 

MA.Y POLARIS 16 2 NEPEAN-2 COORT +1°54 135.9 200'53 140.3 2HJ'47 116.2 0.3 
13-14, (AT ANY (ECCENTRIC) 
1985 HO~ 

ANGLE) 

SIMJLTANEWS 
ü8SERVA TI UNS 

JAN. 29 Sun (1-bur 6 21Cf'47 128.8 21(.f'47 128. 8 2.1 
1985 Arlgle tv'ethod) 3 NEPEAN-2 COJRT NIL 

and 
Sun Altitude 6 21Cf'47 1ül.3 21Cf'47 101.3 2.6 

t-'ethod 

Table 5-7 - Cornparison of Azirnuth by Polaris and Sun 

5.5.7 Azirnuth Deterrnination using Gyro-Theodolites 

5.5.7.1 Gyro Instruments 

While there are a number of gyro-theodoli tes and gyro 
attachments avai lable, this section will be restr icted t o 
comments based on experiences with the Wild GAKl attachment 
and the MOM GiBl gyro-theodol i te. The GAKl unit is qui te 
small and light and can be mounted on top of a standard Wild 
theodolite such as the TlA, T16 or T2. The theodolite is 
modified at the factory by the permanent mounting of a bridge 
to which the gyro can be attached. The GiBl is a 
considerably larger instrument with the gyro pod attached 
below the theodolite. Both instruments have similar 
operating instructions and yield similar results. Fo r mor e 
details on the operating procedures, the reader is referred 
to the appropriate factory manuals and to (Gregerson , 1976 ). 
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5.5.7.2 Gyroscopic Azimuths 

The determination of solar and stellar azimuths requires 
clear skies and knowledge of precise time during the period 
of observations. Gyroscopic azimuth observations are not 
weather dependent provided the RO can be sighted. They may 
be determined at any time of the day or night, and do not 
require time signals. 

A gyro azimuth tranSferred to a line between two stations can 
be determined to an accuracy of ±20" in about 20 minutes of 
working time using normal techniques, as outlined by the gyro 
manufacturer. The internal precision of a gyro azimuth 
determination can be reduced to the order of one or two arc
seconds by using special techniques and improved mathematical 
solutions. About 6 to 8 hours of observations are required 
to attain second-order standards. 

The azimuth produced from gyro instrumentation is astronomie 
and, unless the astronomie longitude is known for the point 
of observation, no accurate comparison can be made to the 
geodetic azimuth. Estimating the prime vertical component of 
the local defelction does not necessarily ensure second-order 
accuracy of the azimuth, especially in mountainous terrain 
where large deflections can be expected. 

5.5.7.3 Gyro Observina Methods 

The gyro motor, which is suspended on a thin metal tape, 
hangs like a plumb bob and oscillates about the meridian 
plane. By measuring the amplitudes of the swing periods of 
these oscillations, the north direction can be found as the 
mid-position of the oscillations. The two basic gyro 
observing methods are the transit and the reversal point. 

In the transit method, the theodolite's telescope remains 
clamped in the approximate north direction. A stopwatch is 
used to take the time of each transit of the gyro mark 
through the middle point of the scale. The angular 
correction, which must be applied to the provisional 
orientation, is proportional to the amplitude and the 
difference in the times taken to make the half swings to the 
east and west of the middle of the scale. 

In the reversal point method, the oscillations of the gyro 
are followed by turning the theodolite's horizontal drive 
screw. At the reversal point (or elongation) of the 
oscillation, the gyro appears to be at a standstill for a few 
seconds. The horizontal circle reading for the reverse 
point is taken for the GAKl. For the GiBl the amplitude 
scale reading is recorded, then the horizontal drive is 
turned to follow the gyro in the opposite direction. From the 
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circle (or scale) readings taken at several successi:ve 
reversal points the horizontal circle reading value of the 
north direction can be derived by using the "Schuler's mean" 
method (Gregerson, 1976). 

Both methods give results of equal accuracy for low order 
azimuths (±20") . For higher order determinati ons the 
reversal point method is preferred, when the observations are 
taken visually, but the transit method can also produce 
equally good results if a self-recording electronic timing 
device is employed. 

5.5.7.4 The E-Factor 

The E-factor is the angular difference which exists between 
the optical axes of the theodolite telescope and the 
gyroscope scale reading system. This constant may undergo 
changes if an adjustment is made to the instrument or if the 
instrument is subjected to rough transport. The E-factor can 
only be determined accurately by observing lines of known 
astronomie azimuth. 

Second-order astronomie azimuths for gyro-theodolite 
calibration have been established on the provincial EDM 
calibration baselines at Calgary, Edmonton, Grand Prairie, 
Lethbridge, Yellowknife, Winnipeg and Mississauga. 

5.5.7.5 Station Set-uo 

The gyro-theodolite is rugged in the sense that it stands up 
well under both cold and warm temperatures (operational range 
is approximately - 40°C to +50°C). However, it is · a precise 
instrument, much more complex than most optical/mechanical 
surveying instruments. According to one gyro authority there 
are about 90 different error sources known for a gyroscope. 
Considerable care must be exercised in the transport and 
operation of the gyro-theodolite. It should be emphasized 
that the care taken in the set-up of the instrument is 
crucial to the successful observation of a gyro azimuth. 

The solid set-up of the tripod is essential. If the ground 
is not stable, a solid base of some sort should be 
constructed - concrete blacks rocks cemented together, or 
stakes hammered into the ground to support the tripod legs. 
A catwalk around the station may be useful as well. An 
observation tent should be erected over the instrument to 
protect it from the effects of the wind and differential 
heating due to sunlight. 
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The gyro must be allowed to spin and swing for one full hour 
prior to any observations to attain a heat equilibrium within 
the gyro mechanism. 

5.5.7.6 Expected Accuracies 

For a gyro azimuth determination, a single set consists of 
observing 10 elongations or reversal points (5 swing periods) 
with the gyro motor spinning, then 8 elongations (4 periods) 
in non-spinning swing, plus direct and reverse pointings on 
the reference object. The first two elongations of the 
spinning-swing are omitted from the claculations. It 
requires about 50 minutes of time to make a single set at 
mid-latitudes. Higher latitudes requires more time. 

Three sets are sufficient to control surveys for mapping 
purposes, while six sets on each of two days are required to 
attain second-order azimuth accuracy. The difference between 
the mean values for each day should not exceed 2 to 3 seconds 
of arc. 

While the internal precision of such a gyro determined 
azimuth is in the order of 1 or 2 seconds of arc, as 
reflected by the standard deviation of the mean of the sets, 
the ul timate accuracy of the azimuth depends on the 
deflection of the plumbline at the point of observation. 
Therefore, because this will not be known in most cases, no 
at tempt i s made here to quote accuracies. The standard 
deviation of a gyro azimuth transferred to a line between two 
stations is in the range of ±3" to ±10" using special 
techniques, and 20" using normal techniques. Gyro azimuth 
accuracies are known to deteri orate as the observer' s 
latitude increases, and observations are not generally 
recommended above 78°N. 

5.5.8 compasses 

5.5.8.1 Magnetic Comoass 

There are three major classes: 

• 

• 

• 

pocket compass - generally hand-held and used for 
navigation or reconnaissance; 

surveyor's compass - usually mounted on a tripod 
and used primarily in forestry surveys and in 
retracing early land surveys; 

transit compass - mounted on an engineer's transit 
and used to provide orientation and a rough check 
on observed horizontal angles. 
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A compass azimuth refers to magnetic North, and must be 
corrected for the magnetic declination to refer the azimuth 
to true North. The declination varies with location 
(approximately fifty degrees of variation between the east 
and west coasts of Canada) and can be obtained from the 
National Topographie Series 1:50 000 or 1:25 000 maps. 

Compasses provide approximate orientation on surveys where no 
other means are available. Azimuth by magnetic compass is 
only accurate to a ·few degrees of arc, providing only very 
approximate orientation . 

Nearby ferrous metal abjects and ore bodies or elctrical 
power transmission lines may cause large local deflections of 
the compass needle. 

The magnetic compass becomes unreliable at high latitudes 
(near the magnetic pole) and is seldom used above about 60°N. 

5.5.8.2 Astronomie compass 

The astronomie compass is used as a navigational tool, 
primarily in areas where magnetic compasses are unreliable. 
Sightings are taken on a CO (stars , Sun, moon, etc.) to 
determine the direction of astronomie North. Astronomie 
compassses are usually mounted in an aircraft but may be used 
on the ground. 

To use an astronomie compass, the observer must know the UT, 
formerly Greenwich Mean Time (GMT), and his approximate 
latitude and longitude. The following steps are followed to 
determine North: 

• 

• 

• 

the date and UT are used to determine the 
declination and Greenwich Hour Angle (GHA) of the 
celestial body from an almanac; 

the GHA of the body to be sighted is converted to 
Local Hour Angle (LHA) by applying the observer's 
longitude; 

the declination and LHA of the celestial body and 
the latitude of the observer are entered on 
graduated circles on the astro compass; 

the compass is levelled in its mount and the 
celestial body is sighted. The compass is so 
constructed that its base will then be oriented 
with respect to North. 
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5.5.8.3 Directional Gyro 

A calibrated gyro provide a means of monitoring orientation 
changes. Its basic component is a vertically mounted rotor 
spinning about the horizontal axis at approximately 12,000 
rpm. The inertial properties of the gyro are such that it 
will align its spin axis with North, thus providing a 
reference direction for navigation. For accurate navigation 
the directional gyro must be calibrated frequently to 
minimize the small precessional error or creep that 
accumula tes in the gyro heading. This creep is due to a 
combinat ion of mechanical friction in the gyro and the 
earth's rotation. 

5.6 

5.6.1 

Global Positioning system 

Introducti on 

The NAVSTAR (Navigation ~atellite ~ime And Banging) Global 
Positioning System (GPS) is a worldwide network of orbiting 
satellites. Precise position, velocity and time can be 
determined when the data from four satellites is received 
simultaneously, recorded and processed. 

The first GPS satellite was lauched in 1978. Currently 
there are 7 satellites orbiting 20,200 kilometres above the 
earth. The full constellation will comprise 18 satellites 
plus three active spares, three in each of six equally spaced 
orbital planes, and having an orbit time of 11 hours 58 
minutes. Up to ten satellites will be above an observer's 
horizon simultaneously. A satellite passing through the 
observers zenith will be 'visible' for about five hours. 

5.6.2 Principles 

Observations of the NAVSTAR GPS satellites can be processed 
to dete rmine three-dimensional coordinate differences. These 
Cartesian coordinat es (X, Y, Z) can be transformed into 
ellipsoidal coordinates. (q>, Â, h) . 

Each satellite contains a high precision oscillator with a 
fundamental frequency of 10. 23 MHz. The four transmitted 
frequencie s ( L1, L2, C/ A and P-code) are der i ved from thi s 
frequency. The carrier frequencies lie near the radio 
frequency L-band which extends from 390 to 1550 MHz. The L1 
carrier code (1575.42 MHz) is modulated with the C/A code 
(1.023 MHz) and the P-code (10.23 Mhz). The L2 carrier code 
(1227. 60 MHz) is modulated with the P-code. The message, 
containing the ephemeris data and clock correction parameters 
for the satellite, is transmitted at a rate of 50 bits per 
second. One message is 1500 bits long corresponding to 30 
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seconds of time. Satellite ephemerides are updated every hour 
with information derived from four tracking stati ons in 
California, Guam, Alaska and Hawaii. 
The observations from two or more GPS receivers, 
simultaneously recording signals from the same four 
satellites, can be processed to obtain the difference in 
their positions in three dimensions and an accurate value for 
time. If one receiver is on a known position, the three 
dimensional positions of the other stations may be 
determined. 

Basically, the recei ver set measures the exact time the 
satellite signal is received and computes the time difference 
between transmission and reception. This time, multiplied by 
the speed of light, gives the distance from each of the four 
satellites being tracked. These four distances will give the 
receivers a three-dimensional position, time and velocity (if 
any). 

5.6.3 Instrumentation 

There are several receivers on the market which are capable 
of high precision positioning. Receivers such as the Texas 
Instrument - TI-4100 receive both L-band frequencies with 
both the C/A and P-codes. The Wild Magnavox - WM101, Litton 
Aero Products - LGSS, Trimble Navigator - 4000S, Rockwell 
Int. Collins-Navcore 1 receive the L1 frequency with C/A 
code. Other receivers such as the GPS Sources Ltd. - GPS 
Land Surveyor #1991, Macrometrics Inc. - Macrometer Vl000, 
Istac Inc. 2002 and Magnavox Land Surveyor are 
"codeless". The "codeless" receivers differ from the other 
types in that they do not require knowledge of the C/A or P
codes for normal full accuracy operat:ion. The c odeless 
recei vers do not record the ephemeris data which must be 
obtained by other means. 

5.6.4 Field Procedures 

All GPS positioning carried out by the Geodetic Survey of 
Canada is done using differential positioning (relative 
positioning) techniques. That is, the determination of 
relative coordinates between two or more receivers 
simultaneously tracking the same satellite signals. 

Minimum requirements: 

1. The antenna must be plumbed over the survey marker and 
the height of the antenna phase centre above the marker 
measured to ±3 mm. 
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2. One set of meteorological observations must be made at 
the start and end of each session at each station of the 
group being measured. Information is to consist of dry 
bulb temperature to ±0. 5 ° C, wet bulb temperature to 
±0.5°C (or relative humidity to 5%) and atmospheric 
pressure to ±0.01 millibars (mb). 

3. Each observing session must include at least 30 minutes 
of simul taneou-s data collection. Four ( 4) different 
operational satellites must be observed within the 
session. The session may consist of tw o (2) fifteen 
(15) minute per iods where a minimum of three ( 3) 
satellites are tracked simultaneously at all sites 
occupied during the session. At least one of the 
three satellites tracked must be a different satellite 
in the second 15-minute period. 

4. The measurement data recording interval must be no 
greater than 30 seconds. 

5. Baselines between all adjacent stations must be 
observed. 

6. For single frequency receivers baseline lengths should 
be kept under 100 km. 

7. Satellites to be observed should be chosen so that 
the satell ite/receivers geometry is optimum. For 
maximum accuracy, the GDOP ( Ge omet rie Dilution Of 
Precision) or PDOP (Positi onal Dilution Of Precision) 
should vary from large to small. These values are 
obtained from the output of the "GPS ALERTS 
PACKAGE /CANADIAN GEODETIC SURVEY". See Table 5-10 for 
possible accuracies. 

5.6.4.1 Network Design 

An excellent paper by Richard A. Snay ( Snay, 1985) of the 
U. S. National Geodetic Survey entitled "Network Design 
Strategies Applicable to GPS Surveys using Three or Four 
Receivers" was presented at the AGU spring 1985 Congress. 

Much of the following on network design has been abstracted 
from this paper. 

An efficient and reliable network invol ves compromi se. 
Efficiency suffers at the expense of redundancy. 
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The following examples will be limited to network loops or 
traverses using four GPS receivers where each station is 
occupied twice and no two stations are jointly occupied for 
more than one observing s ession. 

The number of observing sessions would then equal the total 
number of stations to be observed divided by 2 . 

If no line is reobserved then the network contains 

where 

(r - 1) nm 
2 

distinct directly observed lines 

r = no . of receivers 

n = no. of occupations per station 

m = no. of stations in network 

Sarnple Observing Schedules (Snay, 1985) 

r 4 , n 

Observing 
Session 

1 
2 
3 
4 
5 
6 
7 

2, all lines rneasured once 

rn = 6 

1,2,4,5 
3,4,6,1 
5,6,2,3 

m = 12 

1,2,4,5 
3,4,6,7 
5,6,8,9 
7,8,10,11 
9, 10, 12, 1 
11,12,2,3 

m = 13 

1,2,4,5 
3,4,6,7 
5,6,8,9 
7,8,10,11 
9,10,12,13 
11,12,1,6 
13,1,3,8 

Table 5- 8 - GPS Observi ng Scenario , Fou r Receive rs 

5.6.5 Data Processing 

Processing of GPS data at the Geodetic Survey is done using 
the carrier beat phase observations frorn the satellites and 
receivers. These are the rneasurernents of the phase 
difference obtained when the satellite carrier frequency 
(with modulation frequencies removed) is compared to the 
nominal carrier frequency of the receiver. 

5.6.5.1 Differenced rneasurements (Scherrer, 1985) 

GPS measurernents can be differenced across receivers, across 
satellites, and across tirne. Although many combinati on s are 
possible, the present convention for GPS phase measurernent 
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differencing is to perform the differences in the above 
order, first across receivers, second across satellites, and 
third across time. 

A sing:le difference measurement (across receivers) is the 
instantaneous di fference in phase of a recei ved signal, 
measured by two receivers simultaneously observing one 
satellite. 
A double difference measurement (across receivers and 
satellites) is obtained by differencing the single difference 
for one satellite with respect to the corresponding single 
difference for a chosen reference satellite. 
A triple difference measurement (across receivers, satellites 
and time) is the difference between a double difference at 
one epoch of time and the same double difference at the 
previous epoch of time. 

Data collected using WM101 receivers, is processed in the 
field using the manufacturer's "POPS" software on a compac 
286 computer. 

The receiver datais transferred from the cassette to the 
computer using a MEMTEC cassette terminal model 5450XL. 

The data preprocessing c omputes single point positions and 
baselines using double differences of baseline measurements. 

A network adjustment of up to 10 stations can be done using 
the POPS software . 

The satellite datum results (WGS 84) are transformed to 
latitude, longitude and ellipsoid height . 

The ellipsoid height will be converted to orthometric height 
using the geoid-ellipsoid differen ce from a model such as 
Rapp '78, augmented using available astro geodetic or 
gravimetric data. 

Processing will include all [n (n-1) /2) baselines or n-1 
coordinate differences computed simultaneously for all the 
data of each session, where n is the number of stations 
occupied simultaneously in a session. 

5.6.6 Accuracies 

The ultimate accuracy of determining one position with 
respect to another depends on many factors: 

• number of satellites tracked simultaneously and their 
geometry (GDOP, PDOP) 

• duration of tracking time 
• collection rate of data 
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• azimuth and elevation angle of satellites tracked 
• reception of reflected signals (multipath error) 
• modelling trophospheric refraction 
• modelling of ionospheric refraction 
• receiver noise 
• receiver clock error 
• accuracy of satellite ephemeris 
• satellite clock error 
• earth's rotatjon 

The major GPS error sources are shown in Table 5-9 (Brown et 
al, 1983). 
Table 5-10 shows the position accuracy attainable for delta 
ranges accumulated over 0.5 to 2.0 hours based on the error 
budget in Table 5-9 (Brown , Sturza, 1983). 
Figure 5-17 (Scherrer, 1985) indicates accuracy estimates for 
di fferent geodet ic techniques of measurement at di fferent 
distances. 

* 

** 

CONTR !BUT I Oi l 
ERROR MODEL TO ADR ** 

SO URCE ME:ASUR EMEiH 
ERROR 

Receiver Noise White nois e 0.32 mn la 

Receiver Clock Ran dom via lk 0.67 m lo 
0.185 m /l sec 
+ White t loi se 

-
Ionospheric - White Noise 0.98 rrrn 1 a 
Dual Frequency 
Compensation 

-- ---- -- ------
Tropos pheric Range Error *1 l hr 0.17 ✓ 1 mr:l 

Markov la = 10 rrr.i 1 1 hr 10 r:rn lo 
1 = 2 hr 

- -----
Satellite Bias *"'7 ✓ 1 rrun 
Epher.ieris Along Track 0.8 m lo 

Radial 6.3 m la 
Cross Track 3.0 m lo 

--
Satellite Ran dom via lk *2 1 mm 
Clock 

Only included in measurement noise model for point 
positioning when not estirnated as stated. 

ADR is Accumulated Delta Ranges 

Table 5-9 - Major GPS Errer Sources 
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Ti me interval ( ri r ) o.s 1.0 1. 5 2.0 
,___. ___ · -

Average PDOP 74 20 10 6 
-

Point Positioni ng 0. 389 m 0.550 m 0.661 m 0.764 m 
Measurement Variance 

Point Position ing 28.8 m 11.0 m 6. 6 m 4.6 m 
RSS Position Accuracy 

Trans l oca tion 0. 007 m 0. 01 m 0.01 m 0.01 m 
Measurement Variance 

Tra nslocation 0.5m 0.2 m 0.1 m 0.06 m 
RSS Position ~ccuracy 

Table 5-10 - Point Positioning and Translocation 
Accuracies with one set of GPS Measurements 
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TOTAL STATION OPERATION 

Introduction 

The Geodetic Survey has used 'total station' instrumentation 
for several years to make horizontal and vertical checks on 
1:2000 scale Flood Risk Area maps in Manitoba . . 

'Total Station' is the name of a family of instruments which 
combine a theodolite and electronic measuring capability to 
give a simultaneous display of angles and distances. Various 
add-on units are available for on-site data processing, 
storage and printing. Most systems include a microprocessor 
which can be programmed to perform a variety of survey tasks 
and data manipulations. 

5.7.2 Instrumentation 

A typical 'total station' combination might consist of a one
second reading theodolite with 32x telescope, an infra-red 
distance measuring capability with a range of one to five 
kilometers, depending on the number of prisms used and the 
observing conditions, and a data terminal. 

The data terminal contains both the microprocessor and data 
recorder in a weatherproof case. Memory size varies from 32K 
to 256K and is generally non-volatile magnetic bubble memory. 
Data stored on the data terminal is transferred to floppy 
disks for permanent storage or further manipulation using a 
micro-computer. Alternatively the data may be printed 
directly from the data terminal. 

5.7.3 Procedures for Field Checking Flood Risk Area Mappi na 

The objective is to verify the horizontal and vertical 
integrity of 1:2000 maps. 

Before field verification begins, coordinates of the required 
points are digitized from the maps and stored on 9 track tape 
together with their map elevations. These values are then 
transferred to the micro-computer and stored on floppy disks 
for use in the field office. 

The coordinates, known elevations and identification numbers 
of check points chosen in the field, as well as those of 
control stations to be occupied as instrument stations, may 
be rnanually stored in the total station data terminal. 
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The total station is set up at a control station and 
levelled. Power is applied to the system and the program 
used to control the flow of datais initiated. 

The initial set-up not only involves levelling the 
instruments but also informing the system of the height above 
ground of the instrument and the height of the prisms being 
used at any particular target station. Check shots to known 
elevations are carried out before and after any observations 
to ensure against blunders. (See Field Specs in 5.7.5.) 

The observer establishes a reference azimuth between the set
up station and the R.O. station, whose co-ordinates are also 
found in the data terminal, by sighting the R.O. and entering 
the station numbers. The data terminal microprocessor now 
searches for information on each station and calculates and 
presets the grid azimuth and distance to the R.O. from the 
set-up station. The operator next enters the target or check 
station number, and the azimuth and distance to the target 
station are automatically calculated and set on the 
instrument. The rodman, guided by radio instructions, is 
directed along the azimuth the prescribed distance, and 
directs the pole-mounted prism back toward the observer for a 
check distance. Once the observer is satisfied that the 
rodman is within 1 metre of the intended check point the 
final angle and distance are measured in the direct scope 
position and this datais transferred to the data terminal. 
The telescope is then plunged and the indirect vertical angle 
is measured and recorded. This completes the required 
measurements for the check point. The program now uses the 
average vertical or zenith angle to determine the ground 
elevation at the check station, and displays both the 
observed elevation and the known map elevation in separate 
windows. 

These values are now recorded and the differences examined. 
The check point, if i t passes speci fications, warrants no 
further attention, but should the check fail the rodrnan would 
leave a stake at the point so that the same spot could be re
observed from another instrument station or levelled to 
conventionally. 

The rodman is then given a compass bearing and distance to 
direct him/her to the next target station. Usually two or 
three rodmen may be employed at this task due to the large 
distances to be covered and the speed of operation of the 
total station system. 

Observations continue until the day's work is complete, at 
which point the data is then transferred from the data 
terminal to the mico-computer for storage and processing. 
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5. 7. 4 Field Computations 

The data may be processed with existing software using either 
an HP-87 or an HP - 85 micro-computer along with various 
combinations of printers and storage devices depending upon 
hardware availability. 

Field processing consists of: 

5.7.5 

a) Transfer of data from the data terminal to personal 
computer for storage on disk or tape depending on 
hardware. 

b) Field processing of daily data using prograrn 
"PRCESS".This prograrn narne rnay change depending on 
the available hardware being used for data 
processing. 

c) Final tabulation and analysis of daily data. 

Note: Processing of data in the field is all that is 
necessary for this project. No further post-processing 
is required in the office. 

Guidelines and Field Specifications 

Geodetic Survey has used a total station to che ck Flood Risk 
Area maps over a period of three field seasons. In that tirne 
certain standards and guidelines have been developed and 
adopted to provide a procedure which will result in a 
reliable, blunder-free check of the existing rnaps. Following 
are some general guidelines that should be adhered to 
regarding the use of total stations. 

a) instrument operation must be checked and calibrated 
before being used in the field. 

b) Prograrns used in the field such as the 'Field' program 
used in checking Flood Risk Area maps, must be checked 
and verified to ensure they are operating correctly. 
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FIELD RETURNS 

Data Transmittal 
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The frequency and method of data transmittal to HQ will vary 
from one project to another. Factors such as infrequent mail 
service and lack of regular air supply schedules in some 
remote areas, etc., will influence data transmittal. For 
each project, details of data transmittal will be included in 
the field instructions to the party chief. All hard copy 
data will be accompanied by the Geodetic Survey form 
"Transmittal of Field Records". This is a complete record of 
data being shipped. A duplicate is to be kept in the field
office. Complete records of each shipment will be kept by 
the party chief; these will include the registration number · 
of items sent by registered mail, waybill numbers for 
shipment by air express, etc., the date of shipping and name 
of carrier. 

On receipt of data at HQ, the person receiving the shipment 
must verify that the shipment is complete and agrees with 
that described on the accompanying transmittal form. 

For more information, see Geodetic Survey Management 
Directive 8 6-2, "Registration, Handling and Transmi ttal of 
Field Records". 

6.2 survey station Information 

For all new survey stations established by a survey crew, the 
National Geodet ic Data Base forms NGDB-5 8 and NGDB-5 9 
(Appendices D13, D14) must be completed. The Station List 
Form NGDB 86-1 (Appendix D16) must include information on all 
stations visited during the field season. 

6.3 Accounts 

1) A field officer must submit accounts to HQ at the end of 
each month. See Chapter 3 of "General Instructions for 
Field Parties", for accounting procedures. 

2) A Geodetic Survey "Monthly Resources Status Report" must 
be submitted to HQ by the third working day of each month. 
This is normally transmitted via telephone. 

3) Upon completion of a field project, all outstanding 
financial commitments must be completed and bank accounts 
closed. For details see Chapter 3, General Instructions 
For Field Officers. 
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6.4 Project Reports 

1) As each project is completed in the field, a report is to 
be submitted to HQ indicating the objectives accomplished 
and costs incurred (Form GPMS 77-4 Rev. 83-11-14). 

2) At the close of field operations, 
completed for each project (ref. 
Management Directive 80-8) . . 

6.5 Yehicle Reports 

a report must be 
Geodetic Survey 

When vehicles are returned to Technical Field Support 
Services (TFSS) in Hull, Quebec or Western TFSS in Calgary, 
Alberta, a Vehicle Condition Report, Form No. 1852 Rev. 1. 
(TFSS) must be submitted with the vehicle, and a duplicate 
filed with the Positional Control Section. (Ref. General 
Instructions for Field Parties 1982, 2-12). 

6.6 Eguipment Reconciliation 

1) At the end of field operations equipment no longer 
required shall be returned to TFSS (Hull, Quebec). 

2) Al l instruments such as cameras, theodoli tes, EDM 
equipment, etc., must be red-tagged if in need of repair. 
It is helpful to submit a written report detailing events 
or causes leading to the malfunction. 

3) Equipment from the Geodetic Survey Electronics Laboratory 
should be returned immediately upon completion of field 
operations. All technical equipment should be accompanied 
by a status report. 
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SPECIFICATIONS FOR TARGET IDENTIFICATION PHQTOGRAPHY 

( REF . T . S . , 19 7 8 ) 

PURPOSE: To obtain vertical aerial photography of targetted 
control points suitable for stereoscopic transfer 
to the vertical mapping photography. 

SPECIFICATIONS 

1. 

2. 

3. 

SCALE 

The scale of the identification photography shall be no 
greater than 2. 5 times the scale of the mapping 
photography as defined by Topographical Survey. 

TARGET SIZE 

The target size must produce an image 0.5 mm (minimum) 
in diameter on the identification photography. 

The relationship between target size and identification 
photo scale is given in Appendix A3 (page A3-1). 

TARGET SHAPE 

3 .1 The target must be one of the following distinctive 
shapes: 

D C:::J C:::J 
C:::J C:::J 

D D 

3.2 The ratio of the length of each arm toits width must be 
within the range 3:1 to 4:1. 

4. TARGET ÇOLQUR 

4.1 The target shall be white. 

4.2 The background must be chosen so as to provide contrast 
for the target. Sand or snow are unsuitable backgrounds 
and must be avoided, or artificially darkened in the 
vicinity of the target and the target width doubled. 
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5. TARGET MATERIAL 

5.1 White cotton, white plastic or painted board are 
suitable target materials. 

5.2 The target must be firmly retained in proper position 
until it is photographed. 

5.3 If unusual conditions are encountered, and different 
target construction and identification can be 
demonstrated to be effective, these revised techniques 
should be approved in advance with the Topographical 
Survey Division. 

6. POSITIONING OF PHOTOGRAPHX 

6.1 The target image shall be in the 
photograph. The distance of this image 
of the photograph shall not be greater 
minimum format dimension. 

i,e, 4 mm for 36 mm frames 
10 mm for 70 mm frames 

centre of one 
from the centre 
than 16% of the 

6. 2 In addition to the above photograph, an overlapping 
(80%) sequence of photographs on either side of the 
target area is required. This run-up and over-run 
photography should extend at least two full frames on 
either side of the target. This will facilitate the 
transfer of the photo-identification to the mapping 
photography where detail is sparse. 

7. DIRECTION OF PHOTOGRAPHX 

7.1 The direction of photography should be chosen so that 
the run-up or over-run photographs record any prominent 
topographie feature in the vicinity of the target (lake, 
ridge, tree line). 

8. CAMERA 

8.1 A cartographie camerais preferred as it has a between
the-lens shutter and fiducial marks or reseau grid. 

8.2 Non-cartographie cameras of 70 mm and 35 mm film sizes 

are acceptable (Vinten 1f, Hasselblad 60 mm, Ricoh, 
Nikon, Pentax 28-35 rnrnrn focal lengths). 

8.3 The camera should have automatic film advance. 

8.4 The camera focus shall be locked at infinity. 
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9. MOQNTING 

9 .1 The camera shall be vertical ly mounted in a shock 
absorbing mount (sponge rubber loaded to 1 lb./square 
inch provides adequate damping from aircraft 
vibrations). 

9.2 Ideally there should be no intervening glass or plastic 
between the camera lens and the ground. If the 
photography is taken through a glass or plastic window, 
this window should be plane-parallel and at right angles 
to the optical axis of the camera. 

9.3 Provision shall be made to level the camera so that the 
photography does not deviate from verticality by more 
than 10•. 

10. EXPOSQRE 

10.1 The camera should be equipped with an automatic exposure 
control having shutter-speed priority. In lieu of this 
feature, an exposure meter must be used. 

10.2 The shutter speed used shall not be slower than 1/500 
second. 

11. FILM AND FILTER 

11.1 The film shall have a panchromatic black and white 
emulsion with adequate speed for short exposure times 
(i.e. Kodak Tri-X). 

11.2 A filter, if used, shall be a minus blue haze cutting 
filter (i.e. Wratten 12). 

12. PHOTOGRAPHIC CONDITIONS 

12.1 The solar altitude shall be at least 20°. 

12.2 The area surrounding the target (1000 m) must be free of 
cloud and cloud shadow. 

12. 3 Photography should be taken under clear condi tiens, 
however, photography • under a uniform overcast is 
acceptable providing the film exposure is adequate. 
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13. ANNOTATION 

13.1 Each negative of an identification strip shall be 
annotated with the station name or number, except in the 
case of 35 mm photography, where only each uncut strip 
of negatives of a target site need be so identified. 

13.2 NORTH ARROWS shall be shown on each target 
identification photo. 

14. FLIGHT RECORDS 

14 .1 A flight log shall be supplied which provides the 
following information: 

Camera 

- Focal Length 

- Altitude above ground 

- Date 

Station name 

Target shape 

15. PHOTOGRAPHIC PRINTS 

15.1 One set of contact prints is required. 

15.2 The prints shall be sufficiently dark to provide a good 
target image. 
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SQRYEX MARKER$ 

Markers used for supplementary control surveys include those 
recommended in "Specifications and Recommendations for 
Control Surveys and Survey Markers, 1978", (S & M, 1978) and 
the following types listed and supplied by Technical Field 
Support Services (TFSS). 

The TFSS Field Equipment catalogue lists station markers and 
bench marks under "Bench Marks". Listed below are types of 
markers used, TFSS nurnbers, a brief description, and where 
they are used. 

6675-21-876-1646: Survey tablet station markers (Type 1), 
horizontal control, bilingual, made of bronze, 79 mm in 
diameter, 70 mm shank and 17 mm slot for wedge at 
bottom. For use in bedrock, rock outcrops, large 
boulders, and concrete structures. Drill holes in 
uneven rock surfaces for this marker should be 
countersunk. 

6675-21-876-1645: Survey tablet reference marker (Type 1), 
horizontal control, description and use same as above 
marker (1646). 

6675-21-1644: Survey bolt station marker (Type 2), 
horizontal control, 25 mm in diameter and 89 mm in 
length with 13 mm wedge slot on bottom. To be used in 
place of horizontal control marker (1646) in areas where 
vandalism may be expected. This marker should always be 
referenced. 

6675-21-3948: Survey tablet station marker, (Type 4), 
horizontal control, bilingual, cast aluminum, 76 mm in 
diameter. To be used with a steel reinforcing bar 1.2 m 
long (6675-21-876-3947), or 1 m long (6675-21-876-3946). 
A hole, about 15 mm in diameter, through the marker 
allows it to be forced over the bar. The marker is held 
secure by harnrnering and expanding the metal at the top 
of the rod. For use in low bearing soils and frozen 
ground. The rod has a tendency to become loose and 
unstable after being warmed in the sun in frozen ground 
or muskeg. It should not be used near towns because 
reinforcing steel rods are common and, if the marker 
tablet is removed, there is a chance of confusion. 

6675-21-877-0387: Survey tablet reference marker, (Type 
4), horizontal control, bilingual, same material and 
uses as above morker (3948). 
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6675-21-880-6978: Survey post station marker, horizontal 
control, bilingual, aluminum. The post is a 17 mm 
square bar, 1.2 m long with two spread bars 14 cm long 
at the bottom. A tablet 76 mm in diameter is attached 
by a tapered securing pin which can be adjusted to 
various heights using one of the four predrilled 6 mm 
holes at 15 cm spacing. The survey post is much lighter 
than the steel rod, an advantage when using helicopters. 
It has a distinctive shape, and the spreadfoot makes it 
difficult to remove. 

6675-21-876-1677: Survey station marker, outside threads, 
bilingual, horizontal control, threaded in top of PVC 
pipe marker 6675-21-876-4216. The PVC marker consists 
of two PVC pipes, 4 1/2 and 6 5/8 inches diameter, that 
nestle for easy transport in a helicopter. The assembly 
has two reducers, and one blank flange 9 1/2 inches in 
diameter for the bottom plate. The hole for the marker 
is usally made by a 10-inch earth auger. This marker is 
used in light soils in remote areas where the cost of 
transporting heavier materials would be excessive. In 
use, the pipe is filled with the augered soil and the 
two pipes, flange and top, are melded together using PVC 
solvent. The pipes can be easily eut to fit the depth 
of the hole. 

6675-21-876-1678: Survey tablet marker (Type 1), vertical 
control, bench mark, bilingual, made of bronze 79 mm in 
diameter, fits over copper clad ground rod (5975-21-876-
2874) 2.4 min length. These rods can be connected by 
means of a coupler (6675-21-876-3947) to give extra 
length. When driven in the ground with a jack hammer 
the rod is heated from the constant pounding and will 
penetrate permafrost. Also used in swampy ground where 
it is driven to refusal. 

6675-21-876-3462: Survey tablet reference marker, rod 
type, horizontal control, description and use same as 
3463. 

6675-21-876-1651: Survey tablet bench mark, rod type, 
vertical control, description and use same as 3463. 

HELIX PIPE MARKER: Survey tablet bench mark, ideal for 
vertical and horizontal control, bronze 67 mm square, 
fits over 51 mm square standard heavy wall steel pipe of 
2.44 metre length with a 45° bevel at the bottom. A 
360" helix with a pitch of 9.5 cm is welded 15 cm from 
the bottom of the pipe. Pipe is normally screwed into 
ground using a specially adapted mobile drill rig, but 
may be installed manually by two people. Used in 
gravel, glacial till and fine grained soil. A majority 
of the inertial survey stations in Manitoba, 



B-3 

Saskatchewan and Alberta are rnarked with this type of 
helix pipe rnarker using either square or round pipe. 
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TWO-PEG TEST FOR LEVELS 

On firm and open ground se l ect two po i n t s , A and B, 60 m 
apart with A s lightly lower than B . Establish a fi r m and 
solid rod posit ion at each point. Measure and mark the mid
point in line between A and B . 

Set the instrument up a t t he mid- point and read carefully on 
e ach rod . 

- I... - - -
b 8 ., .~, ----

6 h : 
a 

A f 

----- 30 m ___ _, _____ 30 m -----

6 h = a - b 

As the backsight on A and the foresight on B are equal in 
length the effects of any collimation error will be zero, and 
the best estimate of the true height difference between A and 
B will be obtained . 

-----------------î-,-

0 

A 

6 h ' = a' - b
1 

Move the level c l ose to r od B (3.5 m approx. ) a nd again read 
on rod A and r od B . 

If ~h and ~h' agree within 2. mm, no collimation adjustment 
is necessary. 
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If ôh and ôh' disagree by more than 2 mm the instrument 
should be adjusted to obtain agreement. After adjustment, 
the test should be repeated. 

The method of collimation adjustment differs depending on the 
type of level being used; refer to the manufacturer's 
handbook for collimation adjustment procedure. • 
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FIELD FILM LOG 

1-lA.~~~ 1. 'e>LA. t> °RIC.O~ 

CAM TYPE a SERI AL #1 1'2.~4 42. 3'è1Sï4 DATE 8,S-og-31 

MAGAZINE SER. NO. 4ooc..1s AREA Nf'L!) 

LENS l'l~4 CPC 3~5~\1 

ROLL# li ~ OPER. .:l C. . L>-. '1/t~SlJ E 

TYPE FILM 70 '''"\'\ ~s"'"" SUN ANGLE 4.50 

FILM ASA or EAFS i>LU',, ){ 2!:.0 T'R,1 )( 400 CONDITIONS "5UIJNY 

F STOP À.Ui01"\~ÏIC:. ~UTOt-'11',i,C... 9 x 9 SCALE \ : $0,000 

SHUTTER SPEEO 500 ~00 

STATION 
LOCAL 

9 X 9 PHOTO ROU. 
#1 #2 TAR· 

TIME FRAMES ROU. FRAMES ALTlMETER OIR. GET 

lôl~ I5:o() A. 2<o1t'?> - 118, Il '5-~ ~ 10 3,100 010 ..L 

\0\~ l<o:05 /t..2.(. 1 \<:} - ~':) Il 10-1~ ~ Il 3,000 040 .L 

1020 \'5 : ô~ A.2(,, 119 - \C,O l\ 14--n ~ 12. '2,900 005 ..L 

\ô2.\ \S: l(o l\2c.121 - 11 Il 1~-2.0 ~ l~-14 ~ .ooo 005 ..L. 

lô22.. 1~ : 21 A2c..12.1 - 5'2. 11 '2.l-2.4 ~ 1$ 3,,sro 030 ..L 

10'2.."3. IS,,25 t,.,2.<o11~ - \~ Il 'l'S·2.7 ~ l(.. 3,500 Obo .L 

10'2.4 1'5 13,0 /:>.. 21o l '~ - 2.'=, Il 28·?.o 9 17 -4-,ooo 020 ..L 

I02.S \S : ~(é:. 1\2&1~'?. - 72 Il , 31·33 ~ 18 3,SOO 320 ..L 

102<,, 15 ,4, À2<ol 'l2 - e.s Il ~-3<,, ~ \~-2o 3.,1ôô ôôS ..l 

102s 15 :A,s /\~'=,1%1 - \"3,(.. Il 2.7-1~ C) , 1 3,~ 04S ..L 

\C,'2~ 15:4~ ~'2.Col~I - \\B 1\ 4o-42. 9 '2'2. 4,ooo OCD ..L 

1030 \S:Ss A.'2."'18\ - 71 Il 4'3-~ ~ Z'?, -aJ~ÔO 0()15 .l. 
S'2.01'2.I 

'"!/)5 t>,.'2.<,,7~1 - ''" 47-4-c.:} W\.11.fF 1\ 9 24 8,000 215 ), 
S'20IS~ l(:,: q t.. 'l'-l ~\ - (:.O Il 50·54 9 ,s '-,~00 2-4<> 1 
~l>\i-JGE'R. /'-

BS00C3 '": 2.9 /\ 2to,e.1 - 5Co Il 55-51 ~ 2Co <o, 7oo IS~ 1 
✓, 

7~0019 lb :44 f..'lC..lSI - 1'2.1 Il S'è.-~I ~ 21 ~,4oo lb!> 1 
/, 

ses 1a-, , REV. ss-o4-09, 
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FIELD FILM LOG [SCS 78-1 (Rev. 86-04 -09)] 

1. HEAD I NG INFORMA TI ON 

CAM. NO .: The serial number of the 70 mm camera . Note that bath 35 and 70 mm 
cameras are normally used together with the 35 mm serving as back-up. 

MAG. NO.: The magazine number for 70 mm camera . 

LENS : Serial number of lens. 

ROLL NO .: The roll number of film (assigned by party chief). 

TYPE FILM : Tri X Plus X, etc. 

FILM ASA OR EAFS Setting on cameral and/or light meter. 

f ."STOP. Diaphragm opening (Hasselblad, Pentax and Ricoh have automatic control of 
the diaphragm opening). 

SHUTTER SPEED : Camera setting (no adjustment on Vinten) . 

DATE Date photographs are taken. 

AREA: The project area (i .e. No rthern Ontario ). 

CPC: Project nu ~ber assigned for Cast and Production Control System. 

OPERATOR Name of persan taking the photographs . 

SUN fNGLE : Solar altitude above horizon (shoul d be at least 20"). 

CONDITIONS . Cloud caver. 

2. RECORDING FORM 

The form contains a number of colu~ns for recording of data . This data includes 

STATION : The number (or name if number is unknown) of the survey station being 
photographed. 

LOCAL TIME: Time ta nearest minute of identification photography . 

9X9 PHOTO Number of mapping control photo on which station will be annotated. 

ROLL: The roll number for Camera #1 and Camera #2 film. 

FRAMES : The number of exposures for each station . 

AL TIMETER : 

DIR 

TARGET : 

The aircraft altimeter height above ground level assuming the altimeter 
has been recently set on a known ~levation 

The aircraft heading at the times of exposure or the compass bearing or 
direction such as N.E. S., S.W., etc. 

A simple sket ch of the type of target photographed should be shown 
here. This is in order ta facilitate the transfer from ident
photography ta mapping photography. Soœ common types are . 

D c::::::J c::::::J 
c::::::J c::::::J 

D D 

The length of the individual panel sizes should also be noted 
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ANGLES 
Page 

OBS PHOTO ,-.,7..101- 1'=>1 ECCEITTRIC/ECCENTRIQUE ii1 0 N~Œ) 

STA. 
HORIZONTAL 

MEAN/4,0YENNE 
TARG 

READING /LECTURE DIRECTION MIRE 
ET 

1Co€.0~'2, o- 00 -2, \A<\\.\t 

" l'aO- CO- 26 .. 
'2.~ ✓ 0 - oo -oo 

ï<o~o:,/4, 170 - 4o • S\ " 
" ?.SO- 4o- ~ \1 ., 

no- 4o - 2~.s ✓ 52•5 

,~eoo~2. 2o'2. - ~o - '2~ " .. '2.2 - ~o - \~ " 
'2. \.., 

-
1bS03.4. \:, -10 • S=, Il 

1~:, - 10 - 4s Il 

so.s nc-4c- 2~.s" 

,<oeo~2. 4-S - CD- '2.0 " 
" '2"lS - 00- '2:, " 

2.,.s ✓ 

1C::.~o3.4- 2..15- 4o- 4-~ " 
,. 3'5-4-o· S.o " 

4~ ✓ na- 4-o- -i1.s" 

1b~C'3.'2. 241- '.?>0- '2'2. " 
" ~l-3o· \~ " 

'lô-5., 

l'<.:.<&o~4 5~ - ID - S\ " .. '2:.s- 10 - 4s \\ 

4-~-s" no -4o- 7.9 .o"' 
TOTAL 

7b~O?>'l SKETCH /DIAGRAMME t 00° oo' oo" 
7<o'è>o34 \10° 4o' 2.7~3., < 8 'Srt)) 

7~~032 7,~014 

~ 
S9r~o.J '-" 

Ï'-~01,:, 

. . 
Checkedby/Ver,f,e par R.c. . ses 10-2 
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ANGLES 
Page --'-2~_ 

DATE A.l.lG. 1 ' l~?<o INST./ APPAREIL 'J)~t,i\~ti, :#: 20'-0l9 STA. 7(o'BO 33 

0 BS 1:>L'P PHOTO~ ll.\Ol - lC:.1 ECCENTRIC/ECCENTRIQUE YES O NO!KJ OUI NON 

ET STA. HORIZONTAL 
MEAN/40YENNE 

TARG 
READING/LECTURE DIRECTION MIRE 

7<:,~c?,4 2..lô - 00- 2.S \..i.~'-l-r .. go - oo- 3.5 " 
30 ✓ 0-00-oc 

1b"èD~'2.. ~ • 2.C -62, Il 

,. 1.1~ - 20 -05 ,, 
o~✓ 1 s~ - 1<:1 - 34-.cf ( no--4-o- 2b·O) 

,<o~c'3.4- 1\2.-'3.0- 35 11 

" '2.~'2. -3.0 - 33 Il 

34- ,/ 

7<..%032 ~O\ - .SC· C'è, ., 
,. 12\ - Sc:,- D4 .. 

0 (:, ,/ l'o~ - 1~ - ~'2.•0 (no- 4o- 2-8.01 

7b~o~4, .:?.15- 00-31 Il 

.. \'~5 - 00- 3(, " 
~3 -S✓ 

71o'2.C'?:>'2. 144, -20- ô1 .. 
3'2.4 - 2,.c - 0~ I 

.. 

ô~ 
,/ \te~ - ,~ - 34 .s"' ( 110-40- 2.S•~) 

1Co'bô34- \Sï -~o - 2~ " .. ?.~1- °10 - 2.~ Il 

'l'è,·S -t 

ïb~C'3,'2. 34b - so - 01 ,, 
Il \(:,~-50 -03 ,1 

./ 

ô5 
✓ l'è~ - \~ - 3',- 15/ ( 11ô-'io- 2'3 ,S" 

TOTAL 

SKETCH/DIAGRAMME' 00° oo' oo" 

. . , 
Checked by/Vimf,e par R . c. ses 1e-2 
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HORIZONTAL ANGLES 

1. Reading information - This information should be as 
complete as possible. The date, station nurnber, and 
observer are of prime importance, as well as the serial 
nurnber of the theodolite used. The photo nurnber is 
required for identification purposes. A simple yes or 
no is required if there is any eccentricity involved in 
the measurement. 

2. Station Numbe~s - The complete nurnber must be used. 
Normally, nurnbers will be assigned by the Geodetic 
Survey Division and are of the form YYPNNN, where YY 
indicates the year of installation, Pis a one-digit 
code representative of the province or territory, and 
NNN the unique station nurnber. For example, station 
716043 refers to station 043, in the province of 
Alberta, established 1971. Nurnbers from other agencies 
must be clearly identified. Stations involving 
eccentricities must be labelled as such. 

i.e. 728027 ECC refers to the eccentric point 

while 728028 refers to the main station 

3. Readings - One set consists of a direct and reverse 
reading on the initial, and direct and reverse readings 
on all other stations. The required order is: 

direct on initial (sta. 1) 
direct on sta. 2 
direct on sta. 3 

direct on sta. n 

reverse on sta. n 
reverse on sta. n - 1 

reverse on sta. 3 
" "sta. 2 
" "sta. 1 

For the second-order accuracy a minimum of six sets of 
horizontal angles, evenly distributed over the 
horizontal circle, must be observed (S & M, 1978). 
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The initial pointing for the first set on angle 
measurements is set near 0°00'00", and the circle 
reading for the initial pointing of each consecutive st 
of angle measurements is advanced by 30°. 

In the example (page D2-1), to ensure that second-order 
accuracy will be achieved, eight sets of horizontal 
angles, evenly distributed over the horizontal circle, 
were observed. As in the six-set measurement, the 
initial pointing is set near 0·00 1 00" and the circle 
reading for the initial pointing of each consecutive set 
of angle measurments is advanced by 22°30'. 

To eliminate a minute accumulative error, mainly 
attributed to strain of the theodolite, a small 
refinement in measuring technique can be introduced. 

e.g.:At the three consecutive intervisible stations A, 
B, C, the targets are set up on stations A & C and 
the theodolite on station B. "A" is used as 
backsight and "C" is used as foresight, and the 
angle observed is angle ABC. After completion of 
the first four sets of observations, the theodolite 
is repointed on "C" (which will now be used as 
backsight) the horizontal circle set on 90°0'00", 
and the complementary angle CBA is measured for the 
next four sets. 

The same technique can be applied to six sets of angle 
measurements; however, the complementary angle is 
measured after three initial sets. 

By subtracting the complementary angle from 360°, we 
obtain values for angle ABC. 

If the eight sets of horizontal angles have a spread 
exceeding 10", four additional sets must be measured. 

4. Direction - Mean - Directions consist of a direct and 
reverse for each station. The directions on the 
initial are made equal to zero and the readings on each 
other station reduced by the readings on the initial to 
derive the directions at these stations. 

The mean is simply the mean of the two directions. For 
example, 
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STATION READING DIRECTION MEAN 

1 Dl oo·oo•oo" 00"00'00" 
Rl oo·oo•oo" 

2 Dz D2 - Dl 
(D2-D1 +R2-Rl} 

2 
Rz Rz - R1 

In computing directions, it is important to subtract 
directions in each set completely. The practice of 
obtaining the degrees and minutes from the first set and 
then only computing the seconds portion of each 
additional set is dangerous if a mistake is made in the 
first set. All sets should agree in degrees and minutes 
as well as seconds. 

5. Target - This column is used to record the type of 
target being sighted. Examples include mirror flash, 
sealed beam, signal cloth, top of tower, range pole, 
etc. 

6. Sketch - The sketch is an important part of the notes, 
particularly if the station numbers are later reversed. 
Except for angles near 180°, the sketch would quickly 
show whether the derived angle is from A to Bor from B 
to A. Where more complex sketches are necessary, they 
should be put on the back of the recording form and the 
note "see back" entered in the block marked sketch. 

7. Notes - Where convenient, the observer should .make 
notes regarding the observations. These should include 
comments on weather, wind velocity, stability of set-up, 
visibility, steadiness of lights, etc. 
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Page 

Tel lurometer Distance Record 

DATE .JU\.:z'. (.. l \~12. MAST ER REMOTE 

AREA Kt:EW~T11.J 't:)1~1' STATION T2.'BO'l1 1'2.SO'l.S 
M"-1"{' OPERATOR ~'"' :rw 

TELLYTYPE M'RA. '3. SERIAL NO 14~,') l'S2.C!>7 

REMARKS C.LE~~ C:.OOL DIPOLE HEIGHT l 0 S2 U'/m 1•4<o ~/m --
ALTIMETER NO 11:."!S l>G,"1-2\ 

CAVITY READING MEAN READING CAVITY 

4c <oG:.4- <..<:.<... <o,4-
130 - -<,;c; 7- -- fo"T2.,, --t;:;ô--

si , '2. .50 (o~O '=,S<o "' G,lî 14-o 
C 2. 3 

--bs-,- -- ~1S"' --~,3--
bS~/ 

(oO "''E:.ï ~1°> 
D 3 ô -------- - -1:,ïs-- \So bSS "'l'ô.,. 

E 1 (,, 10 
~42. G:.44" Col~ Ibo --ËA~-- - b~O" ---~§.ï-

0 14 1 A fu (:, 3~ <o-4-o" 
Sa -------- ------

si 1 2 b 42. 
C:. 4-s. '-48,,. 

~o C 2 4 - - -6 s.o- - -------

D 3 3 100 <..53 foS~"" 
- -1s~ - - - ------

E \ 1 (:,(:,'3, bbS" 

b 17 1 
1\0 - - ë:,-r;1- - - ------· 

A Co 
b(o~ C:.'-S.,.. 

120 -- '=i-~i- - -------
Un correct ed Dis tance 

1 
1 12 1~1, 1 ~ t (;, 1 2"1 : MEAN b'-2.✓ 

METEOROLOGICAL READING$ - THIS STATION 

TIME Td°C Tw°C ALTIMETER CORR CORR ALT 

14:\'2, ri.1 l~.S \C:lS3 
.... 

-100~ ~4s ✓ 

14\\Cj 13.4- \~51 
✓ ~4~., 11-'! -1002, N 

14 :3ô 11.'2 \~.:?> \~S~ 
✓ 

- lôC>S ~SC"' MEAN 
mean n.i 13.4-" ~so" N 

METEOROLOGICAL READINGS - OTHER STATION 1 

mean 1 14.o 1 1'2•'2. 
1 

l 3'3.6 ✓ 

Checked by / vérifié par R.. c.. 

ses 1a - 3 
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TELllIDETIR DIST.AKE RECffiD 

1. fi!~ i ng Infonnaticn - 1he date, stat1cn nurtiers (both nester and l"BTDte) and ctJser,,er are of prine 
1nµrtdnce ard rrust be ~orded. W1ere ecœntric stations are used, it is necessary to 1ndicate th1s on 
the stat 1cn ruitier (i .e. 720028 ECC}. 1he tellurareter type i s reQ.Ji red, first , to verify the 1111ts of 
neasur81B'\t (feet cr iretres) ard seccndly , in cases "1ere zero or tilt errors rray be appl i cable. The 
ser1al rurtiers allo,,, a ccnt1ru1ng nm1tor1ng of the performmœ of each 1nstrunent and also allo,,, for 
frequency c.orrect1cns to be added at a later date. 

lhe dipole he1gits are used 1n sea-level redt..Cticn of the c:bserved, rret-co~ted distance. lhere both 
are sil11)1y tr1pod reights, then reglecti ng thi s inforrraticn wi ll rot introdJce signi f icant errors . 
fb..ever , 1n the case \ollere a-e end of the l i ne 1nvolves a large t0ner, t/'en the heigits are essenti al. 
It i s ~ pract1œ to al...ays record these heights. 

The al t 1rreter ser1al ruitiers rrust be ooted so that cal ibraticn correcticns rray be applied. The pressure 
c:bservati cns are used 1n rreteorolog1cal correctioos. lhe co~ed readi ngs rray also serve as a gross 
check cn the dlserved elevatioo di fference {by trig heighting). 

2. Cœrse 01stance - ~ least oo coarse distances are req.i i red at each e,d. Olecks for artiigurus data 
rrust be naœ at the t irre of c:bser,,ati on, and the redu:ed coarse distance confi rned by the rerote 
(l>ef"atcr. 

3. F1re Readings - The fire readings m each selected frequency (or cavi ty) 1s recorded a.rd a nean 
ccnpJted. lhe frecµ!flcy or cavi ty reading should be noted. Thi s i s useful wiere the distance 1s 
distorted by seccndary reflect1cns alcng the l ire. This grwnd swing i s roted by the spread of fire 
readi ngs. ltlnrally, the di ffere-ice beti,een the h1giest and lo.-est rrean fine readi ng w111 be Jess than 
0.5 rretre . . ~re larger differences OCOJr , the cavi ty readi nç, and corresponding rrean fire readi ng can be 
plotted to st~ the gro.rd swing. If i t i s systeret1c , appropri ate correcti oos can be appl ied. Very 
large d1fferenœs (l.O rretre) stœld rot nonra l ly be acœpted. ~eps stœl d be taken to redJœ the 
prct, lan of seccndary reflectioos (tilt1ng the tellurareter, ra ising the instrurrent heigit, using ana 
ecœntric, etc.) . 

\.h:re 1t i s not pract1cal to e1 1m1 nate large swings (1 .e. loog l i nes rmr W'lt er rr iœ), t/'en the cnly 
al ternat1ve 1s to enstn there are sufficient ooservations. lhe coarse di stance i n particular 1T1Jst be 
coof1nœd. 

4. Ulcorrected D1stance - The nean f ire read1ng and the reciJœd coarse distance are o:nt>ined to fonn the 
\Slcorrectëi:l slope distance. lhe l6lits rrust be shCM1 as ,e have telluroret ers wiich rreasure 1n feet and 
1n rretres. 

5. ~tecrolog1cal Readings - ltlrrrally, three sets of rret readings are taken at each staticn dJr1ng 
neasurarent. 1hey are : 

l . St art of naster rœasurarent at station A. 
2. End of rraster rreasuraœnt at staticn A. Thi s set 1s also used as the start of rraster rreasurarent at 

stat1m B. 
3. End of nester neasurerent at stat 1 cn B. 

1he t irres sln.ild be recorded so that the rret readings rray be correctly grwped. 

The rreteorolog1ca1 correcticn i s œrlved fron the rœan nets cn each end of the l ire. 

There w111 be oo distances rreasured for the 11re M, o,e rreasured fron A ar.d the other fron B. T\<IJ rret 
correct.1cns w111 be c.arµited for each di stance. To the distance rœasured at A: 

• rret correct1cn us1ng the rrœn of data observed before and after at stat1oo A 
rret correct1cn usi ng the rrean of data c:bse!'Ved at staticn B at the sare t irres 

S1m11arly there w111 be oo rret correcticns for the di stance rreasured at B. 

The rrean rret correct1oo at each end is carputed and the distance fron each e,d corrected accordi ngly. 
lhe f1nal slope distanœ 1s then the rrean of the tw:i corrected di stdl1œs. 

1l-e record1ng form 1s set l4l so that the rrean net at that stat1oo can be recorded as ,ell as the 
cirrespcrd1ng rrean fron the rerote stat1oo. 

Altineter cal ibrat1cn correct ioos are not ed in the colum labelled "OllR". 

Wlere rmograns are used, the twJ va lues of the refracti ve 1ndex are carputed 1nstead of rret 
correct1ons. 1l-e rrœn 1ndex 1s then used to correct the distance. 

6. Exa!ple - lhe attached exal11)1e 1s a rreasurereit of the 11re 720028 to 72:'iJJZ.7. 1l-e form should be 
se 1 f -exp 1 anatory. 
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VERTICAL ANGLES / ANGLES VERTICAUX 
Page __ _ 

ln1trument/ Appareu"Dl<t-1'\7.A~ '20b019oATE SuL)'. 2.f./ l'1ïC. STA "1S'2,00\ 

OBS ]:)L1> T1 1•%5 metres 01 \.<,,:?, me1res 02 1,2.Smetres 

SfA. TlME READING ZENITH DISTANCE MEAN 
VERS TEMPS 1,..A_ DISTANCE 

STATION LECTURE ZENITHALE MOYENNE 

7fo 'oo \ 'o 10 1 00 ~~-\S-2.S' 'o'b -1s-2.s ✓ s~ - \S- 2~.o.,, 

2.11 -44- ~~ ~~ - \S -2 I"' 
3l,o. oo - o+ 

îG:.'bCl~ \0\ o4 '2,'è, - 1'5 - 2C> ~~- IS -2.o✓ 8~- \$ - \@,·O 

2.11 -44--44 eB- IS - \G:..,, 

~l.o - 00 • • 4 

7(:,~ô\'2, lo·. c<;. S~-IS-23 'è.'o-\S-2~ ss-,s- 2.1•0 
./ 

'lël -44 - .+l 88- IS- 1~" 

: 34.o- 00 • 0"\-

7<o'è,Ol8 \ô : O~ 'èe-,s- 24 ss-1s-2.4" S~- \S-2C>·S 

'2.7\- 44- 4!) SS-IS- \1.., 

~(.o - CO - 01 

MEAN / MOYENNE S'è -1s- '20,Co ✓ 

RE MARKS/ REMARQUES _____________ 5~e~~c~&=cl_'5_'_' _ 

5 u ~"'-'1 \ <leo..~ \ \ '.:) '-'-\ ~\ "'"' . 

T 1 1 nstrument height thi1 station / Hauteur du appareil cette station 
01 Target height thi1 station / Hauteur de la mire cette station 
0t Target height other station / Hauteur de la mir• autre station 

Ch1ck1d by 
vérifié par __ R._._c"--. ---- ses 78-!S 
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ZENITH DISTNCES (Vertical mgle Fonn S:S 78-5) 

1. 1-eading Information - This infonmtion 111.JSt be cmplete. The instruœnt type and rurber is irrportant 
smce the reduct1e11 of ooservatims rray be different for different instruœnts (i.e. T-2 ooservtions as 
opposeci to T-3 data). The date is required, particularly if raœasurarents of t.re line are ooserved. 
Mter the field season, the dates usually provide the only rreans of rratching the correct sets of 
ooservations. Zenith distances rœasured si1TUltanerusly fran bath ems of t.re line are needed to cmpute 
the elevatim differenœ accurat~ly. 

The largest source of probl8T6 with trigonaœtric height cœµ.rtatims has alvays been missing or 
incorrect instruœnt and signal heights. m error in heights causes an equal error in the cmputed 
elevaticn difference. The s~ls T for instrurent height and O for target heig,t have been clC!q)ted. 
The d>serving station is given the sl.bscript 1 (T1, 0i) and the d>served station t.re subscript 2 (02) -
regardless of actual statim nurt>ers. For exanple, a zenith distance rreasured at 7sro:ll to a target at 
statio, 768018 W)Uld sln-1 T1 and (\ as the instrunent and target heights, respectively, at 758001. 02 
w:iuld refer to the target height at 768018. The value of 0? rray have to be entered back at the field 
carp, since C01TllJ/1icati01 prob18T6 e11 the line rray rrake it llll)ractical to pass this infonratioo d.Jring 
the ooservations. 

2. "To Statim" - The ooserved statio, mrroer is entered here. O,ly one ooserved station should go 01 any 
01e page. 1-tlere ti,,o or rore stations are recorder e11 the ScJœ page, care 111.JSt be taken to ensure t.re 
target heights are clearly explained. Note that observations to tW> statims rray involve tw:i values of 
Oi, and certainly twJ values of 02• lhe ootes 111.Jst shoN vilich height refers to each station. 

3. Tiire - The tirres of ooser.iati01 are neœssary to 5"™ that d:>servations are si1TUltareoos. They becaœ 
particularly irrportant if 2 or rrore rreasurarents are rrade on the saœ line on the saœ day. This rray 
occur if d:>ser.iing conditims are oot acceptable e11 the first rœasuranent and it is œcided to repeat t.re 
rœasureœnt later in t.re day. The tirres will provide the only rreans of correctly rratching the 
ooservations. 

4. ~ading - Norrrally, a rreasurarent consists of four sets, with a set consi sting of both direct and 
reverse zenith distance ooser.iations. ltlile the fonn does not provide space, the experie,ced ooserved 
wi 11 add t.re direct and reverse readi ngs. The difference betv.een thi s sun and W provi des a rreasure of 
the vertical collirratim error. A large change in this error rray indicate prob18T6 with the set such as 
pointing errors or dislevelrœnt. 

5. Zerli th Di stance - The red.Jced zeni th di stance i s usua 1 ly t>qUà 1 to 1:he direct readi ng e11 rrost "1" 
instruœnts (T2, D~. etc.) ard give, by 360' - reverse reading. The rœan is the arithretic of the 
direct and reverse reci.Jced zenith distances. lhe rrethod of red.Jctim will depend e11 the instruœnt 
used, For exarple, with Wlld T3 ooser.iations, the zenith distance is given by: 

Z. O. = (D - R) + 90' 

vilere D = direct reading 

R = reverse reading 

6. Other Notes - The range or spread is usually noted. This range should be less than 8 arc-seconds for 
four sets. \.here hi gher ranges ocOJr, or v.here the d:>server suspects the d:>servat i oos are of i nferi or 
quality, additicml sets are rœasured. 

The rarerks should silo,,/ v.eather conditions and the type and stability of target. The type of target 
sighted is irrport.ant. For ex~le, if a t()<,'er is sighted, the rotes nust 5"™ vilere on the to.-.er 
pointings v.ere rrade so that a correct target heig,t rray be assigned. 
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VERTICAL ANGLES / ANGLES VERTICAUX 
Pooe _2. __ 

lnatnun,nt/ Appare/1 "D~M3A~ IC.~'bS~ DATE .Ju1.y 'l.~ \<1 7'- STA ïlo'BO ,s 

OBS W.1<. T1 1 • 4 S metr11 01 1 • '2.S me1res Ol \ • lo ~ metru 

TO STA. TIME READING ZENITH DISTANCE MEAN 
VERS TEMPS l,.A, DISTANCE 

STATION LECTURE ZENITHALE MOYENNE 

75"~00\ \ô:OO ~\-5~ - 4Co ~\- 5~-4<.o., ~\-5~ - 4s-s.,. 
2'-~· DO - \S ~,- S':>-~s"" 
31.o. oo. • I 

ïS~ôô\ 10: o4 2<..'o • oc - \~ ~,-s~-4,.,. q1-5':) -4S•S 

~\ ► S~ - SC) (}\-S~ - se.,. 

3"° - •O - o(\ 

15~0ôl 10:of. ~1-5~ - so ~1-E>~ -se ✓ ~,-s~-41.0 ✓ 

2.C.,!) ·OC>-\(., <:)l-~-"44-' 

3~-oo -0<. 

15SOOI \O:C~ '2.bS - 00- l'è, ~ , - Sc.> - 4 2 ., ~1-S<:)- 45-5 
~\ -~ -4-~ ~,- s~- +~.,. 
1'-a. 00• O"\ 

MEAN / MOYENNE ~\-5~-45•9 

RE MARKS / REMARQUES ------------~:> ........ ~r~t=&~ci_l •~s-• _ 
'Su.V\\'\~ ~ deax , 

Tl 1 nstrument height this station / Hauteur du appareil c.tte ,tation 
01 Target height this station / Hauteur de la mire cette station 
Ot Target height oth,r station / Hauteur de la mire autre ,ration 

Ch1ck1d by 
vérifié par R.c. ses 78 -~ 
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LEVE LLI NG 

Page __ _ 

DATE :ful.'/ 2~ . IC\12 08S . :r.w. 
; 

iK 1) 4-1-i. À. r..4-

FROM BM T O 
' S-"4 DU REPERE .. _ _______ _ AU_ 12so2~-- ___ _ 

UN,,-'$ , FEëT 
,, 

' 
,,, 

BACKSIGHT-V/SEE ARRIERE FORESIGHT-V/SEE AVANT 
READING MEAN INTERVAL READING MEAN 1 NTERVAL 
LECTURE MOYENNE INTERVALLE LECTURE MOYENNE INTERVALLE 

S. '=>'2.1 <o.ïos 
3.S71 3 ,'oil 1 \,750 ✓ 4 -~SS 4~55✓ \,Ï50 ✓ 

2. 1'2.\ ,. '1150 ✓ 3.'2.oS 1.15,0 ✓ 

4 .021 7,G.42. 

2 .401 2 . 4o"'T ✓ \-~2.0"' S -142. 5 ,14'2.."' ,.~oo ✓ 

ô -7~1 \-b20., 3 . '04-'2. \ ,<:>oc., 

G, , 01.1 5.3.C!>S 
4.o~, A- .01.,' 2, . ooo., ~-"4~ '3,.'=>4'b ,.,so"' 
2 .0~7 2, . 000 

✓ 

\-'b~& \ ,lSO., 

4-<o~? '7,0Sb 

'3, ,~, 3 .,97"' ,.soo"' S,\CoG, 
✓ 

\.~'2,0 ✓ .s. 1 <.G. 
\. (.,~1 1. soo"" 3 .2...\!o 1.~2..0.,, 

4 . lo57 (o .o, ?.S. 

2-5~1 '2 •557 
✓ 

7. , 100"' s . Ô!)~ s .03,C::. 
✓ 

'.(._)c2. ✓ 
Q.4-S1 2. , 100 3 . 134 1.c.>0'2- ✓ 

3 .~12. S.J.~1 
2, 41'2 2 .41'2. V 1,Soo ~-'o~1 3.SS1., \ •SOO"" 
o .~12. \,'500 2,'3%1 \ ,Soo"' 

7. b~ \ s .4-oo 
4 -~2. \ 4 ,°'2.\ ✓ '2 •1\0 2-¾\ '2. , ~ \., 2.4s~.,,, 
2 . '2.\\ 2 ,"'l\O o ,4'0'2. 2,45~ ✓ 

SUM/soMME 2."?>.4Co{ 2, . ·3(,,0 
✓ SUM/soMME :?> 1. 21,s" '-" . ?)(.'2. ✓ 

F. S./ V.A . -::,\,'315"' 

DIFF. -1.~,~.., 
Checked by 

tl.t\/ . c..-e:.4 104'2-~2.0" 
Vérif i é par 

Re. 
EL-'EV. "'12. 'o Ol.S \0~4- - ~or✓ 

ses 78-6 
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LEVELLING 

DATE A.UG..4 l<.\1G:. 08S . ::s.w. 
FROM BM TO 

Page _ 2 __ 

il\. "D 41'l.. A.fo-4. 

DU REPÈRE _ _ S~~ '_?.~- __ _ 7"2.~043 AU __________ _ 
u~,,'=> ' ~E.ET 

,, .... / 

BACKSIGHT""7V/SEE ARRIERE FORESIGHT-V/SEE AVANT 
READING MEAN INTERVAL READING MEAN INTERVAL 
LECTURE MOYENNE INTERVALLE LECTURE MOYENNE INTERVALLE 

4-. \2.(o ~-1,'11 
2.b3.Co 2 -~ ?,(o" ,. 4':>o ✓ b,'è.11 G:,.'è)\1 ✓ \.520.,, 

1 • \4-Cc 1.4~ ✓ 5,'2.~1 \ ,52..ô ., 

~-<oô2. ,. '304 

'2 . l 'ê2. ~. \'èS v 1. ro2..o.,, 5-E:.'2.4 s. "~4 .... "'-'2.0 ..... 

o . Sï2. '·" 10., 4.cf.4 l-"-2.0..,,. 

4.12.A- <:, , 4~4. 
2-!>14 2.~14 ✓ \,150 ... ï-1~4 ,. 7"-2."" 1.7 30., 

O.b'2Â \.,sa.,,. '--02~ 1,"'73S..., 

l ",:\e,c--ed1<1 te?. ,;.\~ht -\o ,. 3'è>S 
"" 

C..-~ - ~ - <;. Y\ . D-2~ s.~~s (s.~<e,s:)"' 1.4co"' 
~('"O"M. 'S,,C,.Y. le ~e± 1.1p o...:. 4.5~5 1,4-oo.,,, 
'?<"eV,01.1."::, .('o~e~i~h1 

4 .<o~ 1 \0.041 

2-'-)C,1 '2. -~~(o., 1.<o14 ✓ ~ -ê.'11 'o,1.,1 
✓ 

\,<olO"" 

\.'!, '2.1 \ , ~G>C.. ✓ b •1ô1 '·'-10 ✓ 

4.s,s 5,'2.C>1.. 

'2 ,llS '2 ,115 .... \.%00 ✓ 3,'352. 3-:.51., l,'ôSo"' 
o.~,s l,'oôO✓ ,.4~~ 1,%53 ... 

SUM/soMME l '2..'~0t/ lb,(.So SUM/soMME 31.~~ 1 ✓ ,,:r88 

~ 

F. S./V.A. - ~\. ~q1"' 
'Il- Ho-t ; ncLd..eJ. ,\'\ ':>Uh'\ . 

DIFF. - 1~.o~s.,, Checked by 

Vérifié par "R.c. 

ses 1a-s 

: -11,'2.~I ✓ 
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SPIRIT LEVELS (SCS 78-o) 

l. Peading Infonretion - This infonratiCJl includes the date, observer and instrurent serial nuiter. The 
latter is required in case a particular instrurent is later found to be defective or seriously out of 
adjustrrent. All ooservatioos with this instrurent can then be careful ly checked. 

The fonn is desig,ed for differential levelling 1-.tiere the elevatioo of the erd p:iint is the CJ1ly 
requira:ent, as opp:ise:l to profile levelling wiere the elevations of p:iints along the line are required. 
Consequently , the fonn allOn'S for recording of CJ1ly starting and ending p:iint 11d1TES. 

\.lnere the line is sufficiently long so that all the infonration cannot be put CJ1 one pa9=, then the line 
is broken into sections with one pa9= per section. For exanµle, the line fran BM A to Station 22 rnigit 
require three sectiCJ1s. The three pa9=s l'«l\Jld then be labelled. 

Fran™= ™ A to TBM 1 
Fran !J~: TllM 1 to TllM 2 
Fran™= TllM 2 to Sta 22 

The ra-t (telll)Orary tench rrerl<s) nust be stable p:iints c:hosen such that they can be recovered, at least 
1A1til the levelling is coopleted. Q-e reason for sections is to minimize the alD.Jllt of relevelling 
necessary wien misclosures are IAldCceptably higi. All levelling nust be tv,0-way, that is, levelled fran 
!J-1 to station then fran station to ™· The difference betWè€11 the tw:, elevation differences r.ust be 
within allcwable limits (see Section 4.1.5, Accuracies). The forward minus back differences for each 
sectioo nust be noted. \.tiere gross errors have occurred, the particular section will be relevelled 
instead of the eitire line. 

2. Three-Wire Levelling - The form is desig,ed for three-wire levelling. That is, each sigiting coosists 
of three rod reading; corresponding to the three horizontal cross hairs. The rrean reading (rrean of all 
three) nust be reascmbly close to the centre reading. 

The "i nterva 1 " i s used to cocpute the stadia di stance. The 'ï nterva 1 " i s the di fference bet1>.ee11 the top 
and lo,,er rod readings. The distance in feet, instrurent t o rod, is obtained by nultiplying the 
"interval" ~ the instrvœnt coostant (usually 100). 

This stadia di stcJ1ce i s noted and the sun of backs i git and fores i git stadia aœ carpared. The 
requira;ait is that backsigits and foresigits be balanced. Acct1rulative totals can be used and a balance 
noted at each set-up. The next backsigit (or foresigit) can then be correspondingly lenythened or 
shortened to rreintain equal backsigit and foresigit distances. 

3. E~le (labelled "Pafv 1~ - The exanµle shCl>IS levelling data betWè€11 bench rrerl< S-64 and station 
7 28. ffae that on y t forward levelling for this line is shcw1. 

The stadia interval has been detennined ~ subtracting the centre reading fron the top and the botton 
reading; - resulting in tw:, nuiters. If these tw:> agree, then the ceitre reading is correct and is 
copied into the ''rrean" coll.lTTI. The actual stadia distance is the sun of the tv,0 interval ruTtiers. 

The alkwable differerœ betl'leefl the t1,0 intervals is ~venned ~ the type of levelling and the required 
final accuracy. \.tiere rrexirrun precisia, is desired, the bo stadia intervals shou1d not be greater than 
0.01 foot. l.af9=r differences requi re reobserving. 

The SIJr6 of the rrean badsigits and rrean foresigits are recorded. The elevation difference then becares: 
fJ)acksigits - eforesigits and is note:J as ''DIFF" on the fonn. 

\.henever prool0T6 are encountered, or wiere abnonral situatiCJ1s occur, clear notes should be rrade on the 
fonn. If necessary, e,,;ilanations sl'o.Jld be rrede on the back of the fonn and the note "see back" p.it on 
the froot. 

4. E~le 2 (labelled ''Pa!J! 2") - The difference betv.een exanµle 2 and lis the use of an intenrediate 
s1git (!.S.). This is a camm ocOJrrence and usually involves establishing the elevatiCJ1 of sœe p:iint 
a long the line, bJt a p:iint wiich is not part of the line. Exanµle 2 shll-lS a vertical tie to 
ftydrographic statioo D-28. ttite that it is very i11portant to sro. ha,/ this sigit was rrede. The eXi1JPle 
indicates the I.S. 1;0s taken oo the scJœ set-upas the preceeding foresigit. Therefore, in cooputing an 
elevatiCJ1 difference fro:i the bench :TBrl< to D-2l:!, this preceeding foresigit will not be included. 

Care nust be take, to e-isure the I.S. is not included in the sun of foresigits and the sun of foresigit 
intervals. 



RECIPROCAL VERTICAL ANGLE 

TRAVERSE STARTING AT STATION # î'M o4-

TRAVERSE ENOING AT STATION # S09 2 '2.4 

DISTANCE 
STATION STATION ORY WET 

(m) oc •c. 

1 ?M.o4- 2 "P M o4A S&o-21~ 1"1,'2. \\.q 

2 i>Mo4A 1 'î>Mô4- S~"-•21(,., 1,.5 11-':) 

1 1-low "-. 2 How l'ô~b- Soï l'o •3 12 ·5 
2 How 1 t-\0WA l"o9b -7SS 1i.s 12-S 

~J 21 ~A 2 8~2.19 202."2.. • '3~\ 23 .s 1s.o 
2 1 

1 SOol21~A. 2 80~219 2022-4-11 '20,2. 12 -Co 

2 80<:)'2.19 1 809Zl«?I A 'l.0'2'2- 4?.<o 10. '!> 12,7 

1 So92.19 2 So<:)2.\~f,. 202..'l. - ¼ 2o.1 1'2 •'} 

2 ArA2.IC\A 1 ~ 2. \Cl 202.2.40~ 20, 1 1'2-q 

1 8M224~ 2 ~22.4- lbO'o• 4~9 18.0 12.3 

2 0CB2'2.+ 1 ~2'2ÂA. lbô'a - 4"?."- l'a,2 1'2·5 

1 2 

2 1 

1 2 

2 1 

1 2 

2 1 

1 2 
2 1 

ELEVATION 

ELEVATION 

Mg SLOfE DISTANCE 
,, 

2~·25 St¼. 2.2'2. 
2~-"25 SSb. ?.'2.S 

2'?> -2.0 \'è,C%,8o7 

29 -'2.0 1 '2.%, . 79Co 

2~ -1'?, 2.02.2.3'?>5 

2~ .ô~ 202..~ . ,4bO 

2~.os 2.02'2 - 4%7> 

2~.os 207.'2, ~2. 

2'?>.08 '2.02.'2 ,44<.o 

2q .'3'2, l'=>os.4'.~ 

2~ -31 lb08 ,4S'?) 

-

01/. 
t 1 

~
5" 

l •Sb 

11~41 4 1· 1 

~ 
~ 
~ 
~ 
~
71 

1•"'1? 

~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 
~ 

o½ ZENITH DIST. 1 

t2 ZENITH DIST. 2 

1~--'H , .4-, ~ - 19 - 20.% 

11~$1,, ,.se.. ~5 • 40 • 5',,'o 

~i 
S'i?. · ~,- S(.,S 

l~-,0 
1•10 C\' - 2.ô · 4'1 .7 

~ 8'&- S!>· 43.e, 

~ '1 t - ôS • 4o-'o 

1.~Sl. 
l•St 

~s - s'3 - ss.4 

l~TI ,.,, 'i)I • ôï- o4,"?> 

~ 91 - 01 - o,\.3 

~ ~e- 5~· SS-4-

~ SS · 42. • Sv\-

~ - ~1- 18 - 41 ·7 

~ -__.,..-
~ 

--------~ 
--------~ 
~ 

AREA 

MAP SHEETS --------

ELEVATION SEA LEVEL 01ST. HORIZONTAL ~ 

- 44.ooo~ 

86 - 04 - 28 

t:J 
O'\ 
1 

1---' 
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RECIPROCAL VERTICAL ANGLE ABSTRACT 

This form may be used as an abstract of the information from the field 
notes, or as a record-keeping form for field processing. Most of the 
information it contains is self-explanatory. 

COLUMNS 1 & 2 

COLUMN 3 

- The II FROM 11 and 11 T0 11 station numbers or names 
respective l y. 

- The measured slope distance at each station. 

COLUMNS 4 & 5 & 6 - Dry and wet bulb temperatures measured to the nearest 
.1·c and pressure measured in inches of mercury. 

COLUMN 7 

COLUMN 8 

COLUMN 9 

COLUMN 10 

COLUMN 11 

COLUMN 12 

These values represent the mean of the met readings at 
the station taken before and after the distance 
measurements. 

- The slope distance corrected for met observations. 

- The theodol ite (t 1 ) and target (0 1 ) hei ghts measured 
to the nearest centimetre at the 11 FROM" station. 

- The theodolite (t 2 ) and target (0 2 ) heights measured 
to the nearest centimetre at the 11 T0 11 station. Note 
that the 01 and t 1 values at the 11 FROM 11 station should 
be the same as the O 2 and t 2 values at the 11 TO 11 

station and vice versa. 

- The mean of the Zenith Distances from the vertical 
angle field notes for stations 1 and 2 respectively. 

- The computed height differences from stations 1 and 2 
respectively. The value in the box represents the 
mean tJ1 between these two stations with proper 
consideration for differences in sign. 

- The elevation for each point is normally carried 
forward in a vertical angle traverse computation. The 
elevation at station 2 represents the elevation at 
station 1 plus ~H from column 11. 
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ALTIMETER TRAVERSE FIELD COMPUTATIONS (FORM SCS85-IR) 

PROJECT: 

LOCATION: 

OPERATOR: 

HELICOPTER: 

LINE: 

DATE: 

ALT. # 

STATION #: 

PHOTO: 

SON 
STATION OR 
H in the 
HELICOPTER: 

H TO 
STATION: 

TIME: 

ALITIMETER 
1, 2, 3: 

CORRECTION 

(CAL) 

VALUE 
1,2,3: 

Cost and Production Control (CPC) project 
nurnber. 

Project Area. 

Initials of Observer. 

Type and call sign of helicopter used. 

Nurnber assigned by party chief. 

Year, month and day of observarions. 

Serial nurnbers of 3 altimeters used in 
observations. 

National Geodetic Data Bank (NGDB) unique 
nurnber in case of existing station. For non
marked stations, nurnber assigned by part 
chief. Normally line nurnber followed by 
sequential nurnbers. 

9 x 9 photo nurnber on which station appears. 

Enter S if altimeters are read at ground 
on the station mark. Enter H if aitimeters 
are read in the helicopter. 

Correction value to be applied to readings 
taken at ground level outside helicopter. 
This value is determined for each individual 
helicopter.See "Helicopter/ Ground Correc
tions", Section 4.3.6. 

Time of altimeter readings. 

Readings of the altimeters. 

Calibration correction value at the 
individual 
altimeter readings. 

Altimeter readings minus calibration 
corrections. 



SPREAD: 

MEAN: 

TEMPERATURE: 

DRY °F/°C: 

HOMIDITY % 
OR WET °F/ 0 c 

ACCOMOLATED 
DISTANCE KM: 

LAWNIKANIS 
GRID: 

NOTES: 

D7-2 

Largest difference between any two of the 
three 
altimeter values. 

Mean of the three values. 

Temperature in degrees read 40 metres above 
station. 

Circle °For ·cas applicable. 

Humidity or Wet Bulb reading taken 40 metres 
above station. Note which is used by 
circling. 

Distance in kilometres to each station at 
zero on the first control station. Used to 
adjust residual error. 

Location of the station on the 9 x 9 photo to 
the nearest millimetre, obtained using the 
"Lawnikanis" template. See Section 4.3.7, 
"Recording". 

Used to note station eccentricities, known 
elevations, wind speed and direction and 
other pertinent information. 



ALTIMETER TRAVERSE FIELD COMPUTATIONS PROJ ECT : 33.5320 

LOCATION : N.~. HELICOPTER : 1-lu~S !5'o<>D 
<..F - ac_w 

DATE: 8.5 /lo / 8 1 ALT.# l oPERATOR: ;,.w . LINE Il EA~T 

NOTES 

H O \"3 :1', bSS l..lo'5 '°"' W IO ~1>"-----1-:.._-+-- -+---"-_...----1-- --- ------- - 1---- --- --+--~1-----1 ---it----11--- -+----- ---.. - -

l --'-ll-=IB(i=-=---....:._"-_✓--l-~-"2(:,(,I_AA-_---lM _H_+-_o--ll---13'-,-=-20-=--1---=b=-S..:..S--l_29=-t--"'-=M;___., ______ b_(;,_5_ t-'-~+-W4-___ v _____ Co_"''- -+-2_11---'°-8 -="2.- "'-t--2_.,,-f-_ (,_9_3;__"'-t-5_1_-S-t-_?.2_·0--1- c __ . _R_-2_,,._1s..:...•_2.--4...:.\l...:.\0::...:G _ ~ E\.P(: 3\-27 

-=':..:..' =-2 7.,___ .,,__...1b6= ~:.._- _4o-+-_ H:..:._-1-- o-+-1...::~-=' 35=--t-- 9_ '.:,(:,_ --121 IOîT .,, ~~s 23 _ 1010 __ ..,,_--'-9 ..:...%=--1 -ZQ-t--='Oc..c\c.::;.(:,_-'-1--=2=--~+---"--'0::...l~l _ "--t--==S::.::~=--'-1-=3::.,3c...·0::..+---=27..,___ .1-l--=·O=-"--=o=-·5:....+---'WC..:.......:1-=0------I 

1021 ., ~-31 H o 1'3:4-1 1o,2 2'} 101 " b\34- 20 7o+-=---"'-1---=-"00=..;:._--t-=2.-'-j\ 1---7_o-='-✓--t--3=--"-+----=-'o::.;2.=--"-+--=5=--=2'--'-7-+-3::..:o=-.4--'--l-__,4oc.::.__1-=I:....:·2=--x---=2:.::.o-=•8-+--"'-'-'--'...::o__:_ ___ ____. 

(D2':, V ~1-100 H O 13:4(. \150 2(, \li(, V \155 2.3 '"~ ..,, I\S1 ,e, \115 V .J V 111(> ,/ !51-4 3\-0 !S(, \>·Il' 20-S "" \0 - ------1 
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INERTIAL SURVEY RECORD 

DATE : 'è(,,/0,/22. ALIGNMENT: 2.0'3o.. OPERATOR: M-C:t . RUN: ..-4 W 

TRK OFFSETS AO 
STATION LATITUDE LONGITUDE ELEVATION BRG nTC: n i, r 'l'T..,,. mJr. 

E.c.c. 
45-S~- 28 .421 71-53- 45 .~c., - 105 1 -11 - 45 0 11<:)4-4~ 25 • IS 

l n.~442 4S-5'o-5~•'3\2 71- 155-.32-'~11 \½•'&2. 4o ·28 -119 1-\fo-21 

D 

2 7"'9'44-1 45-5'3-30- 11-S'o-10 2'6 -Il +/0 1-n-so 

3 1<o¾4o 45- S,- 25 11-s~- 2s 35 -IS -/25 1-3,0- 10 

4 7'7'343'3 45 - SS- ~l.~18 11-S'j- 62.q os . I'} -101 1-35-11. 

5 '-410 4.s-59- 12. 12-00- \0 19,.~S 02. .?A- -Job 1- 41-3'3 

" 7(.612.?.. 0 45-5~- IS 11-5~- 05 14 .4S -115 1-45-10 

7 7'=,~221 4-s-s~ - os.124 11-s,- 3v~12.. 201.72 13 • 2.2. -110 1-51-41 

'- /" î 

V 
(1) (2) (3) (4) (s) 

Cl PHOTOS TARG 
PNT R F rnNr 

10 , 10 
.l. 
OK 

'¼ -
12 I I:> ?ooQ. 

- -13 / 1~ OK 

14 
-'-

I 21 01( 

15 I 24- tJo.i~ 

l '1 2 1 NONE 

11 2 5 
1 

'Po~ 

I¾ 
19 2 

_,_ 
10 01<. 

\. / 

(6) (7) (8) 

STAMPED 
NIIMJ:11"R 

T7~44'?) 

1 G, ') .4,4. 2. 

1Co~44, 

NO 
t."T"'-MP 

"T(o~-\-3~ 

"410 

7G.~l2.0 

1fo"} 2.'2.1 

(9) 

R - Roll 
F - Frame 

MKR 
/"Ane 

COMMENTS 

I<. 
Un.Jr. - H· 

"J>l'PE oN-ç;t~ 

1) 
'Bit-,½ 'PLU& 
H \. \/ . Lt?l>,. 

!> 'BAAS> °?LUC:,, 

~l!,M W•Wt>~ 

D :B~A~ ?LU<.. 

~ \\Ait.o ,-o i:1ws, 
5iA'TIO~ 

D f+~~M.~ "?t.u(; 
\\O'il.iZ, U.PIYf, 

F 
<al"\ . ï>, Ç>\:. 

ve.-~:t . u 'I' o,. 

A. />.L. C.f\.? 

A 
A\. , CA~ 

\l<t \/. LIVPT. 

0o) (11) 

t:l 
(X) 

1 
...... 
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INERTIAL SURVEY RECORD 

1. Track and Range (TRK, RNGl - In this column the 
identification nurnber is entered. This function on the 
CDU enables the operator and pilot to navigate the 
vehicle to proposed station sites. Refer to ISS 
operators manual for procedures to enter track and range 
co-ordinates. 

2. Station - Enter station NGDB unique nurnber. (This 
nurnber may not be the same as the number stamped on the 
monument.) 

3. Latitude, Longitude and Elevation - Enter map scaled or 
known co-ordinates. 

4. Offsets {BRG, DIS, DEL} - Bearing: Enter the angle 
measured on the offset protractor, in degrees. 
Distance: Enter the distance in centimetres, measured 
from the offset protractor. Delta Elevation: Enter 
the difference in elevation, in centimetres, from the 
offset protractor. This elevation difference is from 
the monument to the offset device. 

5. AO Time - This is the location on the CDU thurnb wheel 
that indicates the time the operator entered a mark 
and/or udate. The~ is recorded in this column. 

6. CI PNT, - In this location, the point number of a mark 
and/or update is entered. 

7. Photos - Roll or Frame - In this column, 35 mm picture 
roll number and frame nurnbers are entered of the photos 
taken of the marker. 

8. Target Condition - In this column, the operator 
indicates the shape of the target, and the condition. 

9. Stamped Nurnber - The actual nurnber and/or letters 
observed by the operator that are stamped on the 
monuments are recorded in this column. 

10. Marker code - Refer to Geodetic Survey of Canada Form 
#58 for the MARKER CODE (i.e. A - aluminum tablet). 

11. Comments - Indicate any variances from the planned 
survey mission. 



/\LIGN DATE PNT STATION 
1.0 . 

'M., /111/21- 20"?, Cl. 2 ,c..s 4-41 

Bb/01/u 2.0~4.. 3 

P,fo/01/,n .. 203'4 7 

(1) (2) ® (4) 
..... 

OPERATOR ENTRY ERRORS 

ENTERED VALUES 
OFFSETS 

BRG 0 DI S(c.'I\) DEL(u,. STATION 

1<o~441 

+12.5 

000° 

(5J (6) (1) (8J 
î '-

CORRECT VALUES 
OFFSETS 

BRG 0 DIS(.'""'\ DEL(<-m' 

-12.s 

13• 

(9) (to) 00 , 

COMMENTS 

Ïlo\CO'fi"eJ: s"¼t,o"'-~ 

;V\C.O'C"-Cevt '<,\~Il\, oe 
d.e \ . ~\~ '1a.."'t; °"" 

Î\t\C.o'C<rt:ê1 beo.,c,VI.'\ ~"-'\c't~ 

(12) 

t:l 
\0 
1 

1-' 
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OPERATOR ENTRY ERRORS (ISS) 

1. D.at..e - Enter year, month and day. 

2. Al ignrnent I. D. {ALIGN ID} - Enter the Julian date 
followed by a letter representing the alignment number: 

i.e. Letter "a" is the first alignment 
Letter "b" is the second alignment, etc. 

3. Point nurnber {PNT} - Enter the point number of the mark 
or update from column 6 of the Inertial Survey Record 
or from the computer print-out. 

Entered values 

4. Station - Enter the station number from the computer 
processing list only if the number differs from the 
correct station number. 

5. Bearing (BRG 0

} - Entered in degrees only. 

6. Distance {DIS} - Enter in centimetres only. 

7. Delta Elevation {DEL} - Enter in centimetres only. 

8. 
9. Correct Values - Enter the correct value from the 
10. Inertial Survey Record Form in these columns. At this 
11. time, correct the field processing disk. 

12. Cornrnents - Enter any comments pertaining to the 
corrections. 
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VERTICAL SMOOTH DISC # 1 ----- CPC # 33530() 

FILE OATE # PNTS STATION RUN# RUN OPR PRO 
LENGTH 

JU\.. ~I~(.. cas-01-~1 s '-~90'?>0 -\'o ~ST2.034 10 S 52 kt'rl. C..ï c..c., ✓ 

Jui.31 o.. 1 'ëS -CTT-'31 1 ~'T 203,4 to b~903"7 \0 $ 4s C..T C.c. ✓ 

.îui..31 o..~ 'oS-c7-~I ~ ~c.l-l-4 to 'oST2.o'èô ~$ 51 C..T C.<"-. 

JUL 3\ o.12. BS-O1-~1 ~ 'oSïzoSO -to 'SŒ·4- ~N 57 c:r c.c.. ✓ 

.... VERTICAL SMOOTH DISC 

.... FI LE - Enter: 1) the month - 3 letters only 
2) the day 

.... 3) the letter representing the alignment identification -
4) the dise file number 

DATE - Enter the year, month and day 

PNTS - Enter the number of points (marks and vertical updates) for the 
vertical traverse. 

STATIONS - Enter the initial and final vertical update station of the 
traverse. 

RUN# - Enter the run (traverse) number and the direction of travel : 
(N - north ; S - south , E - east ; W - west). 

RUN LENGTH - Enter, in kilometres, the distance of the traverse. 

OPR - Enter the initials of the ISS Operator. 

PRO - Enter the initials of the computer operator. 
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HORIZONTAL SMOOTH DISC # 1 ----- CPC # 335'309 

FILE DATE # PNTS STATIONS RUN# RUN OPR PRO 
LENGTH 

JuL. 31 0-S' ~'5- O"T-3( 15 <o~903C -+o ~~0~1 10 $ ~ï ~W\ C.T (.C, 

:fuL. ~\o.,!, ~S-01-31 ~ 'è>Sï2.o~ to ~c.\-\- 4- ~N 57 C... T c.c. ✓ 

°!UL '310..10 B5-0ï-31 ~ "Bc..t-\-4 i-o ~l;;T202>0 ~$ Sï c.1 C.<:.- ✓ 

JUL '3\ o.\\ es -oï-3t IS '=>~C}ô~"1 to ~~':)030 \ô N. ~1 C. \ c..c.. t,/ 

~ r-' 
Q) @ @ ® ® @ 0 

HORIZONTAL SMOOTH DISC 

FILE - Enter: 1) the rnonth - 3 letters only 
2) the day 
3) the letter representing the alignment identification 
4) the dise file number 

DATE - Enter the year, month and day 

PNTS - Enter the number of points (marks and horizontal updates) for the 
horizontal traverse. 

STATIONS - Enter the initial and final horizontal update station of the 
traverse. 

RUN # - Enter the run (traverse) number and the direction of trave l: 
(N - north ; S - south ; E - east , w - west). 

RUN LENGTH - Enter, in kil omet res, the di stance of the traverse. 

OPR - Enter the initials of the !SS Operator. 

PRO - Enter the initials of the computer operator. 
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rss FILM LOG 

CPC PROJECT: 335301 ,:, .e: 
ci, C 

!: ~ .c C: 
PAATY CHI ff: 'J>oUGLA.S ~C.OTT 

... Q ..i 0 ....... . ....... 
8 j- ) ..i 

Q 
V) .... 

Cl) ~ 

DA1E ROLL PHJTO NEG STATION TRAV OPR PRO LEGI~LE Œl PI-OTO -~ Cl) u 
~ UE~. Œ ti\ARKER ~ V) 

~ ê Jf~ 
BS·<X,·05 1 2 oA. ioc:>4-0& 12. .!c.. l>S G-Eo~E,,c.. su~VEY OF TA'SL.E'T S~T •~ 

C.A""t>"- "T1ti t\N~LlLll\'T10N Wrnl C<.>N.C~E'tf .. 
'::iT"ï\ON r..o+o<o ✓ ✓ 

•o~ u.ir-oi:tMll!rTtc,t,j ~l'îî 
l>\~1!.C'to~ 1 O'îTA.W" 

S5-0lo-ô! 1 3 ,,.. 
si~1"'° 1'2. :Sc.. 1>S MAt-ilTOe.,\ Tt\~li."I" Sii IN 'PIPE 

~ 'R. 7'-C.. IN ù>N~ETE -/1@,a,/E 

✓ 
"11:0UNt) L'li:VEL v' 

(Toc, t,\UC,~ !.U1'1) 

S6·0b·Ol 4 2.A iooli,.~ 1'2, Je. l)S G.Eot>~,,c. S.1.151.VE'/ oi: 'TA"lll,L.t."t 'S.E't' Hvs~ 
1 CAW"'-1>A 't'Q.1AN'-UL"-T•<>...i 'W~ ca..c:.~E't'E. 

,,,îA'TIOIJ b04o~ 
~oQ. , .. ~C>i:MA,,o;,i '\Nlt.l'Ti! 

✓ ✓ 

blR1!.C.'T~, OT't"A.""" 

S6·0b·~ 1 5 3" "l'a4.1<..'5 IC.. Gî' l>'::. Too t°A.~ A.Wç,."( Tc, 1lE°'!> Tll.'S~~ï !,Ç."( IW 

<.~A.~Y ~OLE. 

✓ ✓ 

l'lF.>·Ob-Cfi 1 <o 4,.. 'o";~ i(og 1<. <.T '!:>S Too FA~ A.WAY To ~~.t.!) T4'°6\..~ï SET t,1 \.I~ 

✓ 
BlJT NO. FL.US~ 
WrT,I C.~OI.IN t). 

il 

~S-Ob•C)j 1 ï SA 1s.4212. IS !c... ~ 1'~oTo ~\.U~~y C.0.N"IO'î SiL ~~El 

✓ 
✓ 

~-ob-~ 1 s Co A. NC>"C l>Ru.lï°ED • 'aLU~~y 

✓ ✓ 

BS·o<.·o'- 1 ~ ïA ,s4 '""' '20 <.., l:>$ C.AMMc:rr BE ~E"~ 'Tt\'i!.\..li:T ~~T IN 

✓ 
t>'E~ \,-\OLE 

✓ 

!,S-c:,b· ol: 1 \O ~..._ ~îl71Ô '2.0 C..ï DS ~U~\/f:)'S t ~.\Pf'tlo4(. Tl>,°'g\..E'{ SET 1w 

°%~1'\~~ ~O\..E ~~ No-T 

~"!.°Q.,,o ✓ •1.U'!,~ Wl'î,l C.~ôllNP ✓ 

ss-~-07 1 \\ ~" S"?.~lb'a. \(,, 3$ ~ Tt\RC."lë'T c,~ G'i.ôU~S) TA.Q.Go°i'T oM Cô,~Nt:, 

"?~oTJlA.c.'ToR 
.,/ 

\ \/ ,,,., 

t'!:.·OC.-ol 1 12. IOA 83. 'R1'=>S IG, :!$ J::)S $U~'i$ \ 1'\A?~IW6 Ttl-P.\..Eï IN "OLE 

~~~14(:~ t-\11,l,IIT0"@,~ ✓ f'°LUSI\ wrr~ ~OU>-1!) 
✓ 

~~'K.1f.S 
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ISS FILM LOG 

This form is used in conjunction with 35 mm photos of 
inertial update station markers to confirm that thestation 
number used in the data processing is the station the 
inertial crew used in the field. 

CPC PROJECT: 

DATE: 

ROLL: 
PHOTO: 
NEG: 

STATION: 

TRAV.: 

OPR: 

PRO: 

LEGIBLE 
ON PHOTO: 

Sta. Confirmed: 
On Computer 
0/P: 

DESC. OF 
MARKER, etc. : 

Agrees with 
Desc.: 

The Cost and Production Control nurnber assigned to the 
project. 

The date on which the photographs were taken - from ISS 
Daily Run Sheet. 

For the 35 mm film, the Roll Nurnber and Photo Number 
assigned by the field officer. Neg. is the number 
imprinted on the film roll negative by the 
manufacturer. 

The unique station nurnber as listed in the NGDB. 

The traverse number assigned by the party chief - from 
ISS Daily Run Sheet. 

Initials of the inertial system operaator - from ISS 
Daily Run Sheet. 

Initials of the field office data processor. 

All information that can be discerned on the photo of 
the marker - most importantly the marker station name 
or nurnbers. 

Confirmation using the final computer output that the 
station used in the adjustment and that positioned are 
the same. 

When station number is missing or illegible, this 
column should be used to record any useful information 
that could be used to help confirm tthe station (e.g. 
iron post marker, tablet set flush with ground, etc.). 

Used to note whether the"DESC. OF MARKER" etc. column 
agrees with the NGDB description of the station. 



National Geodetic Data Base AGENCY 
FORM 58- COMPOSITE STATION DATA CODING SHEET (GSC FIELD OFFICERS) CPC PROJECT NO ____ _ 
--.-------------------------------- - ---------------------------------------. 

(11ft IUUWMOI tll•t JUSl•ttD) 

STA NO L.,.__, _.,__._, _.,__._, ~ ST A NAME 1 , , , , ST A MK CLASS U STA MK REC ~I ~•~•~• ~•~•~I ESTAB'G AGY~ 
" ,. .. 

CMC.HJ IU\UfllOI 

PROV CODE LJ PHOTO ROLL NO 1 , , 1 , , 1 PHOTO NO L.__,_J LAWNIKANIS PHOTO PIN POINTER MK 2 LL..,._J LL-1 ., .. "' ~~-~---- -- - -- -------------- --- - - -------

(tlff N\ltf .. OJ 

~ 

~ ~ INSP'N AGY L,.__._J STA NO 1 1 l 1 1 1 1 
~ l 

z 
0 
;:: 
IL 
ii: 
0 .,, 
~ 
z 
0 
;:: 
◄ .. 
"' 

NGDB-511 

' NEW DESCRIPTl'JN .... 0 
REPLACEMENT 
DESCRIPTION ..... ..... 0 

UNE NUM0ERS 

A-BENCH MARKS (BM) 
IOI 10 119 IM ~CA0ING ((Il) 
110 10 241 IM IIXl ((NI 

251 JO ZSt IM ~[ A0ING (FR) 
260 JO O'l IM HXl (fRI 

8-SURVEY MARKERS (SM) 

500 10 IH SM IUT ((Ill 
nt 10 114 SM UIU f[II) 

75110 '49 SM HU fflll 
91' IO t'l'l SM !ABLE ff~I 

(REY. MAflCH· 1986) COMPILED BY 

YEAR OF INSPECTION L.,_J ,. 

L-1-J 

Ll&J 
MKR CONDITION u ACCESSIBILITY G.J 

H 44 

◄ - - - MAIN MARKER 

OHCIIII IIIIJIT Ill INI nn , .. IUlflCI 
MAIIII (1111 lffl lllD ... smlllGJ AND IHI 
IUISUIIACI MAIIII AND llf . MAIIIIS • AP'IICAIII. 

DATE CHECKED BY _____ _ DATE ___ _ CARDS ll & 34 ON REVERSE 

t:1 
1-' 
w 
1 

1-' 



flf" A11rw•o1 fi" Il _, 
,3.3, METH OROF. R DA TUM FACTOR VERT SOURCE AGY .. STA NO 1 • • • 1 1 . . 1 LI L.J LI ~ u ,, ., ,, .. 

-= 1 • 
a: in: .. - 00 
w WTR LVL STA ELEV (M) . DATE OF WTR LVL YEAR BM TIED IN > cO L.J 1 . 1 . 1 . . . . • 1 L..o..J L..o..J ~ L..o..J ou 40 ., ,. H , ., ., 

;j 
(IIJI "11'9.D) Il• SI 

~ 
,3,4, STA NO 1 1 1 • 1 1 1 1 1 METH LI OROrR L.J HOR SOURCE AGY L.a.-LJ , • 11 " 

,, 
0 

DIO - *"""' DtG - M CONOI N 

§1 ii LATITUDE I__._J Lw 1 . -- LONGITUDE L..-.a...J 1 
. - TOWER YR LAST TIED IN 0 1 1 1 . 1 1 1 LL-1 1 1 1 • ' • r ,'r L.&..J 

X . , .. 41 
. 

CARO 55 PROVINCIAL CODE 
- A-IRI E..r 

1
1 -MTI Mfl 

STATION NUMIER B• 1 F .. , J « 
1 
N .fi 

SU M IICII ISHS Clll(lfllfS C• G- K .ftT p N 

STATION NAME O •m H -u~ L -n 
•-•••-u'""c• 
IS STMlttl OI Ill( Wffll •I. CARO 51 lllll( ___ IUIIII.IOI 

"'9 ._ .. ca 1S lU1511ll Il 
.. STIIIOI HM (Slllll1Mt. MKR C0NDm0N 
lallCl. 11 m ••• _u ,s 1-CIN 

1 
5 "', .. M ., ll(ITIIICAIIN ftlCN 1S 

2-,0 tS _.. IISl'UC(I - ,.. , .. SllllDI. tOIII 
IIIIS --■tl IS SIIIIDI UMf. 3 -lfPllUI 7 -e•--DWII 

STATION MARK CUSS 4 «STIOY!I 

1 -lfllllllOl ICI •• MKR ACCESSIBILITY 2 -l'l-UIYICT•I 
3 -stan• m,rau 

TRANSPORTATION m 4 •r lltlllll 
5 ·Ill IIIIIU A ,aun CAi I D sorul( 6 -Hmtfll 01 lT 11uca E -11wconu 7 -lf-.J nATVII( B -4ftHIDI F llllWln Y -(WlltT ACY C IOII G 0111l1S 

STATION MARK RECORDS 
CIN &S _, tllAUtlllS IS 
APf\JUlll , .. flllOWIK 11ST. 

A-N '9111T Il llltll Plltfl 
DISTANCE WALKED (D) 

B •- "'°" " 11"m10 STa 1 -f Il H ■ 

C -ftffltll """ ., 11"m10 STI 2 -M ■ ID Ml ■ 
0 SlllU 3 uu,,111■ E --llWTll SUl'SIIII 4 ·1.IDIIUD F """" ltflll. 
X • m lftlllfl 5 -u u 111 ma 
Y -CIWSUU lClatl 

,. ..., ., 

C ARD 57 
- -

MKR TYPE (T 

A Il .. IULO L -llll 
B sunn IOll M -CNISlUH • 
C Cl IDI Ill N ·"U IIIYI 1 

.. u, 0 -sum nl"t: 
0 1111110 p -IIC l((r IM 

E SffllDIOOI 0 S'1U 
F 11 Plrt R -SPll!UP' 

1•11•11m s -ne-
G Dllll IIOt( T -WODl(I l'OST 

~ ,. ,.,. u -UIII 
ICSC "P'l JI V -flH(IIS 

1 Il ,,,1 OIN 

, ... '· "·' Il Ull'UIIU 
Il DIStllmD■) 

J DU SID POS 

K 11111 

SETTING COD E (S) 

00 ·SOTTIIC 1 01 llfTtl 
01 .(RIDD!l 1 N ,nu■D 

o:;, 
o:i 
04 

-sn II en 
·SO Il 11, 
S0 Il TIP 

c•nl SIIUCIVI( 
or C'fl COI[ MOI 
or SIIUU( MOI 

0 5 
06 

1nac11111 o I MUAI •oo 
•oc• S0 11 IID 

07 $(1 Il IDUI OIi 
011 ·1 CIDU!I CIIIS(\ tll!S 

DISTANCE CO 0E (C) 
H HOIIIONlll Il 
$ l llPl 0ISIPC 

s
1
1111t1 1 A -SClt(I 1151. 

Pltll 1111. Ot 

DIFF IN HEIGH T (OH) 

""" 111mm 

CARO 33 • 

METH0D 
1 .s,,,11 mus 
2 SIIIUI IIIUIS TIIC llll\S 
3 .... Slllll!Pl:M IIIC UlUS 
4 ""90111( TIIC lffllS 
5 -flllO 11r1W1S ISH Il _,PHIS 

t1•1 SUIIIO'S. IIICllll( Cl■, 
SllOII, .,._ 11-m• tmu111c. 
(Tt 

6 llflllll lfflUIIC 
7 -IOPPI li ftfflll 
8 ers n111Y11 
1 -IITUr oun:, F1t11 tlllTIIIIS 
X ... ltn ISIHIISltlO 
Y -CDISIIII ACT 

OROER 
f -IIITOl'OUIO YllUfS 
N , ... IOJUSIU nu, YllllU 

DATUM FACTOR 
p -Ol!VM IS ,.,_ nn. Cl■lltl 10. 

A OIIUM YIIII Il t 11 ll(T1I( 

8 ...... YIIII fi t 1 1 11(1'1( 

C -Dll'UII YIIII .. t JI arT1l(S 

0 -OATllll YII Il Il t 11 ■mu 
E -UIIIOUI COii Ul'UINII • ICSCllnlll 
X -NDT (Ula&rtl 

WTR LVL STATION 
W -Sil IS Il Wll'll li\ 

BLANK -Sil IS IOI Il Wll'll li\ 

,, 

CARO 34 

METH0D 
A -fll'P\U NSITIIIHIC 
8 -TIIIIICUU1191 IIIUIIHOoa 
C -IISlllll IIIIIICUUIIOI 
0 -111Urtllll91 

E -flltl-C IUftllSIIIS 
F -CUII lllftlS( 
G _.,. TltlJIIUll• ni-. . .... , .. 
H -&STIIIIOIIIC l'ISIIIOI 
p -•ITlll Slffll Sl'SII■ 
Q -Plllll"aallflllt l'OSIII. 
R ·Cl- ,tSlll9111C sm1• 
S -StAIU ,tSIIIOI. SIIDll, 

lflNISI 1'11011 m,"· ne. 
OROER 
N INII AIIIISIIO lllll YIIUfS 
S StlllD YIIUU 

laDIUII INI SUI.li YAIUU 
li IUIISI I SIC. 

T0WER 
A IOWll lUI 
BLANK 10 IOW(I USII 

•Notes 
-Ill( ICl CIi( COIIISPOIIDIIC Il CSC IS 1• 

-IP .._ lllfl If , STIii .. 
-•1-. SIIIIOII UMI"· 
SIi IUCIIPIIDII 11111" Hl 
Nil t•IIIC II UII Ill CDIISlll 
Ill( '111H ISI IS CIIIDIIIII S
llll tlllllC IIISIIIKIIHS ... 
SP1CIIIUllllll1" 

tJ ...... 
w 
1 
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STATION LIST GEODETIC SURVEY OF CANADA p g Of 

PARTY CHIEF ------------ PROJECT NAME ___________ _ SURVEY AGEr«:Y ________ _ 

CPC NUMBER ------------ AREA OR PROV ___________ _ YEAR Œ SURVEY ________ _ 

card 34 Cdrd 33 card 56 card 55 card 57 
STATION STATION HAP APPROX APPROX *HORIZ APPROX *VERT *INSPECTION STATION MKR TYPE RENARKS 
NUMBER NAME SHEET LAT LONG METHOD ELEVATION METHOD HKR ACCESS RECORDS T s 

COND T D 

NGDB 86-1 *NOTE: CODES AIŒ ON THE BACK 

tJ 
1-' ..,. 
1 

1-' 



Cd rd )4 

HOR I Z METHOD 

A - SAf ELLITE POSITIONING (Doppler) 
Il - TRIANGULATION - TRILATERATION 
C - BASELINE TRIANGULATION 
D - TRILATERATION 
E - ELECTRONIC TRAVERSING (EDM) 
F - CHAIN TRAVERSE 
G - AIR THII.ATERATION (Shoran, Aerodi st) 
Il - ASJHONUMIC l'U)I r llJN 
P - INERTIAL SURVLY JY\l[M (ISS) 
Q - PHUTOGRAMMETRIC PU'ilTIUN 
R - GLOBAL POSITIUNING SYSTEM (GP S) 
S - SCALED POSITION (Stadia, Aerodist, 

Photo fixing, etc.) 

card 55 
STATION RECORDS 

A - PIN PHOTO ON AERIAL 
PHOTO 

B - OBLIQUE PHOTO OF TARGETTED 
STATION 

C - VERTICAL PHOTO OF 
TARGETTEU STATION 

D - SKETCH 
E - IIOR I ZUN fAL )NAl'SIIUT 
F - PUGGLU IUENT 
X - NO STATION RECORDS 
Y - CONSUL T AGENCY 

ca rd 33 
VERT HETHOD 

l - SP ;RJT LEV[l) 
2 - SIMULTANEUUS THIG LEVELS 
J - NDN-S IMULTANEUUS THIG LEVELS 
4 - AIRIJORNE TfllG LEVELS 
5 - UTHER METHODS USED IN MAPPJNG 

CONTROL SURVEYS (Gem, Stadia, 
APR, Barometer 
levelliny, etc.) 

6 - INERTIAL LEVELLING (!SS) 
7 - DOPPLER DERIVED 
8 - GLOBAL POSTIONING SYSTEM (GPS) 
1 - INTERPOLATEU FROM CONTOURS 
X - NO ELEVATION ESTAIJLISHEU 
Y - CONSULT AGENCY 

car<f :>T 
MARKER TYPE 

(TJ 
A - ALUM TABLET 
B - SUflVEY IJOLT 
C - eu ROO ANU 

BR CAP 
D - BR TAllLET 
E - SPRLADFOOT 
F - IR PIPE (IILLI X 

BA S[ ) 
G - llHILL lllJLl. 
H - GSC TYPE J MU~ 
I - Ill PIPE ornrn 

HIAN F, H, P, 
J - OLS STD POST 

K - lR IJAR 
L - NAIL 
M - CHISELLED MARK 
N - PI LE DR I VEN 
0 - SLEEVE TYPE 
P - NRC DEEP BM 
(J - SP IKE 
H - Sl'l. l T CAP 
S - PVC MON 
T - WOODEN POST 
IJ - CAIRN 
V - OTHERS (EXPLAINED 

IN DESCIUPTION) 

Cd rd !>6 
MARKER CONUITION 

1 - GOOU ~ - NOT FOUNU 
2 - DAMAGEU 6 - MARKER DI SP LACED 
3 - REPAIRED 7 - CONDITION UNKNOWN 
4 - DESTIWYEU 

A - PASSENGEI! CAR Oil 
L IGHT rnucK 

• C - BUAT 
D - SEAPLANE 

B - 4-WHEEL m IVE E - HELI COPTER 

Cd ra ~, 
MA!lKER SETTING 

(D) 
00 - SETTING NOT NUTEU 
01 - EMBEODED IN GllOUND 
02 - SET IN CONCRETE STRUCTUHE 
03 - SET IN TOP OF CYL CONC MUN 
04 - SET IN TOP Of SQUARE MUN 
05 - ATTACHED TO A METAL ROU 
Ob - SET IN BEUROCK 
07 - SET IN UOULULR 
Oil - X CROSSEU CHISLL LINLS 

Cdrd 56 
STATION ACCESSIBILTY 
(D) WALKING DISTANCE 

1 - U TU 50 M 
2 - 5U M TO 5UU M 
3 - 0.5 KM 10 2.U KM 
4 - 2.0 KM TO 5.0 KH 
5 - 5.0 KM AND OVER 

Cd rd 56 
STATION ACCESSIBILTY 

(1) lRANSPORIAlfCJfrtUUE 

F - RAILWAY S 
G - OlHEH S 

Cl 
1-' 
,i,,. 

1 
l\J 



National Geodetlc Data Base 

FOllM 59 - STATION DESCRl.,TION SKETCH 

SKETCHES, COMMENTS, ETC. 

DRAWN BY _________ _ DATE ______ _ 

NGOB - 59 

AGENCY ____________ _ 

CPC PROJECT NO ________ _ 

STA NUMBER 

STA NAME 

PROVINCE 

DRAW ALL SKETCHES ROUGHLY TO SCALE 

IN BLACK INK . LIGHT PENCILLED SKETCHES 

WILL NOT REPRODUCE WHEN MICROFILMED . 

INDICATE ALL DISTANCES IN METRIC UNITS . 

THE STATION NUMBER 15 THE NGDB 
ASSIGNED NUMBER. THE STATION NAME 
15 THE NON -UNIQUE NUMBER WHICH 15 
STAMPED ON THE SURVEY MARKER,OR 
THE NON - UNIQUE NUMBER OR GIVEN 
NAME WHICH 15 ASSIGNED TO THE 
STATION BY THE ESTABLISHING AGENCY. 



D15-1 

OOPPLE R AUTOMATIC STATION Page: --Of --

ANTENNA ECCE NTRIC : NO □ YES □ SKETCH ON BACK STA. NAME 

OBSTRUCTION OYER i, 0 : NOD YES □ 0 STA. NUM8Elt ® 
SOURCE OF INTERFERENCE: ® MAP SHEET 

® 0 • .. 
ALTERNATIVE M[T SOURCE: LAT.@ 

© 0 • .. 
ELEVATION Tif: NO □ YES □ TYPE: LONG. 

TYPE OF GROUN D : 
1 

ELEV. .. 
OPERATOR ( S) : YEAR 

ANT.-# RCYR. # DCU.# HT. ANT. BASE 0 M ESU # 

ESU COEFF.@A: 1 , 1 1 1 • ' B : 1 1 1 , 1 • 1 To : 1 1 • 1 1 1 1 1 

EQUIPMENT CHANG® NOD YES □ SEE PAGE 

GJ l!J@ [Il 0 
DATE/ TIME (LOCAL) 

1 1 1 1 

T° C: WET / DRY ® 1 1 1 1 

ALT # /RD G ( FT) ® 1 1 l 1 

CORR /CORR'D RDG ( FT) @) 
1 1 1 1 

MET: T°C/ P(mb)/RH @ 
1 1 1 1 1 1 1 ' 

ESU: T°C/P(mb)/RH ® 1 1 1 1 ' 1 1 1 

BATTERY: EXT / INT @) 1 ' 1 1 

COUNTERS ZEROED @ YESO NO □ YES □ HO □ YES □ NO □ 
CASSETTE # ® 
FIRST ALERT:SAT/DAY/TIME(t8'. 1 ' 1 1 1 l 

LAST ALERT:SAT /DAY/TIii~ 
l l 1 1 1 1 

STATUS : FIXES/ ST0RED @ 
' 1 ' ose. STABILITY @ 

MJV D.C. J/A / DCU # ® 1 1 1 

DCU COUNTER: RAW/MJV@) 1 1 1 

0 • "@ 0 ' .. 
• 1 4 LONG • HT • • LAST FIX: LAT. • 1 ' • 

CARTE SIAN COORDS: X @ y z 
REIIARK(S): 

PHC -76 (1985) 



]15-2 

DOPPLER AUTOMATIC STATION 

This form was designed specifically for the CMA 761 receiver for use by the observer and the person 
post-processing the data. 

Numbers helow correspond to those on sample form. 

1. Refers to obstructions between the satellites and antenna. 

2. Refers to radio transmitters, any frequency, that may interfere. 

3. If ESU is absent or fa ils, list the closest source of meteorological information, i.e. another Doppler 
station, airport weather station, etc. 

4. Marker elevation by spirit levels, altimeter, trigonometric heighting or !SS. 

5. This is the NGDB number. 

6. Lat ., Long., Elev. - use the best available, these are entered at the set up of station, nearest minute 
of lat. and long. are sufficient if corresponding standard deviations are entered in the receiver. The 
abject is to give the receiver software coordinates so that the first pass can be computed. Once one 
"fix" is achieved, the computed coordinates are used for succeeding passes. 

7. This is the height, to the nearest centimetre, from the marker to the antenna base. 

8. These coefficients are unique to each ESU. They effect the atmospheric pressure readout only, not the 
temperature or · relative humidity. 

9. If the equipment is changed start another page for clarity. This is particularily important if a 
receiver is changed. 

10. To be taken with a conventional sling or electric psychrometer. 

11. Refers to Wallace and Tiernan survey altimeter. 

12. Correction is from a calibration graph, then subtract 1000 feet to get pressure altitude in feet. 

13. Record the psychrometers dry bulb temperature, the station pressure converted to millibars and the 
relative humidity as determined from tables. 

14. Corresponding readings from ESU - the abject is to spot any malfunction of ESU. 

15. List voltages of receiver (external and internal) batteries, nominally 12 volts. 

16. Refers to receiver "fix" counters and "slave" counters, applies when changing cassettes or stations. 

17. A unique number is used for each cassette. 

18. This is the next pass as computed by the receiver software. This is also the last line recorded at the 
beginning of an observing period. 

19. This shows the last pass that the receiver software- planned to track. 

20. Shows the number of passes successfully majority-voted and stored in the slave and the number of these 
passes on which a 30 position fix was achieved. 

21. Indicates oscillator stability as computed from the last fix. 

22. lndicates cassette number of the slave data, corresponds to item 17 for the raw data. Second space is 
for the serial number of the DCU used to du~ the slave data . 

23. As an aid to those people later reading the data the counter reading on the DCU at the end of the raw 
data and the slave data is recorded. 

24. The latitude, longitude and ellipsoid height as computed by the receiver is recorded. 

25. Cartesian coordinates can be used as starting coordinates for post processing. 

26. Additional columns are used for successive cassettes, if required . 
15 at the top of column 2 are completed when remov i ng a cassette. 
completed if starting a second cassette. 

Note that items 19-25 and items 10 to 
Then items 16-18, colurnn 2, are 



AP:PENDIX E 





El 
STEPS lO OJMRT l..OCPl flEM mE 

10 l.OCl't. SIŒREN.. mE 
Nil lO QM>UTE 1lE RAlE l'ffl 1lE LEVEL WŒCTI~ STAR [21 

□ 
OR 

STATION 

LATITUDE 

LONGITUDE 

NEP~t,.,l-2. Ec.c, REFERENCE OBJECT (ROl C..Ol.11<.'T SET NO 
SUN 

1 

4-s O 2s' 4-"" 
,s0 4-2' os·· 

RI GHT ASCENSION 2 h 1 -'\-"' 38~~ 

DECLINATION 'è~• \\' 45~4 
LEVEL VALUE 

ALTITUDE OF CO 44°40' 2-i' 
= d 

RADIO ANNOUNCEMENT AT THE BEGINNING OF OBSERVATION PROGRAM 

RADIO ANNOUNCEMENT AT THE END OF OBSERVATION PROGRAM 

4h 

1 h 

COM"UTED BY :r. 1-A.~~ti.~c.E 

CHECKED BY L . .3. ~~~l'H~SSEy 

DATE Œ3SERVED 19'è"C;;; M"-'f \~/1~ 

3,<;) m cc s <UTCl 
30 m COs CUTCl 

CLOCK SHOWS AT THE BEGINNING OF OBSERVATION PROGRAM 15 h ô3m 4os5 (UT) OR~ -0~4-
s 

CLOCK SHOWS AT THE END OF OBSERVATION PROGRAM \1 h 55m D8 s<o (UT) 00 ~ -o.4 

UTC C 1 F EST AOD 5 HRS l '2. ~" 2>9""' OOs -t .S 1-o 

CORRECTION FOO CUTC - UTl FRCt-1 CODED SIGNAL 

FR0-1 SUN TABLE CR AT ohun 

FRCt-1 SUN TABLE (CORRECTION TOR FOR HRS, MIN) 

GREENWICH SIDEREAL TIME GSTI 

LONGITUDE INTIME 

LOCAL SI DEREAL TI ME 

CLOCK TIME CLSTl 

t:.T 

HCR CL) ON CO 151 ° 3c,' 11:'2 HCR CU ON RO 

HCR CR) ON CO 3~\ ~o 54:r HCR CR) ON RO 

MEAN HCR CO 15\
0 

30 ' 3'-·:o MEAN HCR RO 

CLOCK TI ME CU ON CO 15"'.'.!12."' 14~1 CLOCK TIM:: CR) 

MEAN CLOCK TIME CL & R) 15"3A"'.35-°'~CUTC - UT> 

COOR'D CLOCK 1s"' 34""' 3s~ 2. t:J.T 

AT BEGINNING 

4- h 39 m 00 s 

- O s4-

15 h 2~m 42s~ 

h m 4s s':> 

2Oh OCo m 2.Ss4 

5h O2m 4-Ss3 

15 h 03m 4o si 

IS h O3m 4osl 

m OOs0 

0° oo' oc~o 
lf>O DO 01-1 

0° co' 03''." 

ON CO IS"' 3,<c,"' 57~1 

- 0~4-

NIL 

GST2 

MEAN HCR RO - MEAN HRC CO = 

Cl· s,"" 2.s~ 1) - C-2.' s,"' 2.î.~,) 

MEAN ANGLE 

2.0'è 2°./ 27 :G:, 

RATE = 

LEVEL 

OOST - li.SC 
li....SC 

EAST 

CGST2 - GSTI l - CLST2 - LST1 l 
C LST2 - LSTI l 

O s/m 

(21,, S1"' 2~1') 

WEST LEVEL CONVENTION FOR SIGN 

AT END 

7 h 3Om 00s 

- Os4 

15 h 27m 42.sl 

h m 14 s'ô 
2'2 h 57 m 5', sS 

5h ô2m 4î, s?> 

lîh SS m OSs2 

\7 h 55 m ôSs2. 

m ôOsO 

E' 11-~ 

E 30. 2 

W' 

w 
'l%•2 

1'Vl, 

The prlmed letters refer to the readlngs taken ln the position 

ln whlch the numberlng lncreases towards the east. 

CE-E' l -41,<o CW-W' l -+45-~ = ~ 4,o LEVEL DIFFERENCE CLDl 

LEVEL CORRECTION CLC) 
d ~ 

LC = -
4
- ILDltan h = + I• 1 



EZ 

AZIMJTH BY 1-0lR AAQE 1'fTIID (M:AN TIME CR SIŒREN. TIME ) 

~H FmlECT -p~~l.l~~Ei.)"t' \,\ILL ~~O~Ç".C.T LOCATICJ'l OïTP.."'1f... ('?l\~LIA.'-\~)Jï \,1.1l.L'\ 

ICRTH 701 .. ~-... PARTY OilEF LATll\.Œ (~) L{N;lfillE ( ~) STATICJ'l 
~ O . .J. \.f\.~RANC..E 4!>0 

2s' 4"" 7s0 42 ' o~ " NE?EAN•2. ECC. œ 
REFEREIU CBJECT (~) cou~, lt-!S1R\l'ENT 5 h 02 m 48 ~!> Til'E ZlN 5"' 

ŒLESTIAL CBJECT {al) ŒSERVED TIME SIG'W.. Tll'E WATCH TM: ~ CRJ!l 

I r'o\..11!..~l? 
BEGHtHt{; 2~h3qm 00s 0 BEGll'lilt{; 1 ':, h 01 m s5 
00 02. h3>0 m 00s 0 00 \'1 h 55mQSs" 

ffi TE I CBSERVER IDPERA 1lfil WSA_Nl:lt ffiE~ 
STA l~ts MP..'( 11/,'t o.~ \..P..~~A.NC.E Goo1> cou~ 

SET 1 SET 2 SET 3 

Tl1'E fŒIZOOAL PlQE Tl1'E fŒIIDITAL PlQE Tl1'E fŒIZOOAL PlQE 

fRS MIN SEC 0 ' " rRS MIN SEC 0 ' " fRS MIN SEC 0 ' " 
r,{Pli 

CO ~ so.o 2~ l<?i '27·b 

SET 1 SET 2 SET 3 
STAA CBSERVA TICJ'l 

fRS MIN SEC fRS MIN SEC fRS MIN SEC 

1 r,{Pli Tl1'E Cf CBSERVATIOO oc ~ so .o 
2 lja. TCH ClllRECTIOiS (FAST - , s..GI+) + ô.O -
3 Tl1'E 2!JI-E CffiRECTIOO + 5 -
4 CCRRECTIOO FŒ (VTC - lfî) FR0'1 OOOl Tll'E SIG'l4.I.. 

CR llJLLETIN - ô .4-

5 lfî Cf CBSERVATIOO (1 + 2 + 3 + 4) .s ~ 4~.(o 

6 ~ AT <Ji lfî R ROI SALS TNllES 1'5 2.Co 42.9 
7 Cl:RRECTICJ'l FŒ R, FŒ rRS. MIN. + -+ s1.o -
B (6 + 7) (GST - lfî) AT EPOCH Cf CBSERVATIOO \S 2.7 33.~ 
g (5 + 8) ŒT 2c ~, 23 -S 

10 Lù{;ll\ff (\EST _) 5 ô2. 4-e,.3 
Il (9 - 10) LST lS 34 35,2 

12 RACf~CRW - 2 14- ~S-3 
13 IJil\ (11 + 12) = t (IN Tll'E) 13 \<:l Sb-9 
14 IJil\ IN AAC = t (IN AAC) 1~9 5~ 13.5 

SET 1 SET 2 SET 3 

0 ' " 0 ' " 0 ' " - o . ?.-4-ie.osi.~ 
SIN t 

t + 1g9 59 13 -5 TAA A = -- ms , TAA 6 - SIN t COS t 

' .!. 4s 25 4<., 
so .oo-4~1~\ -t o."'~1~s1 

6 + s~ Il 4S.4 -
SIN t + -o.34,sos2.9 

ŒLESTIAL CBJECT (al) ~ -
IF 

cos t + -0.91~7b~70 - llEN AZ 111./TH • A CR 100" - A 
SIN , + - O.ï1'2.'!.~~19 

cos' + - o.1011s1os 
TAA 6 + 11 . '28?.805Co -
TAA A .!. 0 . QO(.ï451'o 

IF Œl..ESTIAL œ.JECT (Œl) \EST 

A EAST 
or \EST 00 2. "!, 11."3 llEN AZ 111./TH • liO° - A CR Hl(l" + A 

AZIMJTH Cf al DO '2."?. 11 , '3, 

fCS (~) 00 Oo 0'3, .(c 

fCR (CXl ) \SI °310 ¾-0 r,{Pli AZIMJTH 0 ' " 
AZ IMJTH 10 ro '2.O~ 52. 38.9 

ŒWUTED BY ffiTE 

1 

OEO<ED BY 

1 

ffiTE 
(! ,{:, ,\/, SS-1\- 1.7 • w ."i2.'B. ~5-\\-'2.7 



GEODETIC SURVEY 
LEVÉS GÉODÉSIQUES 

DIAG"A.M - SCH.MA 

NORTH- NO"D 

1-l~PE,,_~ 

~ -'2. 

~ 
►aTA 

c.oua..1' 

E3 

AZIMUTH BY HOUR ANGLE METHOD (MEAN TIME) 
AZIMUT PAR M~THODE D'ANGLE HORAIRE (TEMPS MOYEN) 

ll'ftOJKCT - "'"DJff LOCATION - us;u 

-P~~L1A.ME~T 1-\IL.L '?~O~~C..1 0iTb.W~ ( v?,.~\..11).MEl-lT 1-\lLL') 

,-AJIITY CHIEI" - CHSI" D"&QUU'S LATIT\J0E ( "'· ) LONGIT\J0S ( À ) STATION 

L. • .J. \.lE>,it-lES$S.Y 45°25' 4<o'' 1s• -42.' os· NE.~EA.l-1.-2 
.......... SHC .. O&ISc:T (110) - O&IKT v1•t (ov) INff,.UMKHT 

-$ 14-ssoo 
TIMS ZONa: - Z'ONS HO"AUIS 

cou"Rï Wl\.'l:> T·'2. E.s:r. 
CICL&fftAL aoDY O■SKJIVICD ~0) TIMII SIGNAL T1MII WATCH TtMS - Hru"• oa IMOHT"RS 
COit ... caiL&.,.. OIIKltV& (0 HK\.UIS OU 81a.NAL HO .. AUtlll 

2.0'"' 01"' 00~2. C:.1-\U Il:.'°()~- OO~ô ( ~"TRlàl.'t') 
SU>-l WW\J '21 ~~ 00, 0 (END) 2.1 25 0'2.~ 

OATS 

1 
o■••"v•" - oealllllVATII\.Ut WW:ATHKlt - Mff~O 

'èS- 01-2.~ L. .3. l·l'~.l•ll•H: S'ô E 'f C\..EA.R \ CO\.I) 

SET 1 - SÉRIE l SET 2 - SÉRIE 2 SET 3 - SÉRIE 3 

u-r 

TIMS - Hlr\llltS HOfllZ. ANGL& HOIUZ. TIM&- Hll"UltS HOPUZ. A.NOL& HOIISZ. TIMS- HSUltS HOIIIZ. ANO&..a: HORIZ. 

Hlt&. 1 MIN. 1 HC, 0 .. Hltl,, MIN. f SkC, • 1 1 .. HIii,, 1 MIN. 1 asc. • 1 .. 
MEAN 

► 15' j 1~ j 14-A 14 2io \G.,5 1 1 1 1 1 1 MOYENNE 

SOLAR OBSERVATION SOLAIRE SET l - SÉRIE 1 SET 2 - SÉR IE 2 SET 3 - SÉRIE 3 

MEAN TIME OF OBSERVATION Hltl,, MIN. •&c. HIIS. MIN. SIEC. ""·· MIN. sec. 
l HEURE MOYENNE D'OBSERVATION ES1 15 13 14.4-

2 
WATCH CORRECTION (FAST-, SLOW+) 
CORRECTION DE MONTRE (EN AVANCE - EN ARRIÈRE+) 

© o, 59.1 
TIME ZONE CORRECTION ± 5 3 CORRECT ION POUR ZONE HORAIRE 

4 
UT OF OBSERVATION 

(l + 2 + 3) 20 21 13.<o TU D 'OBSERVATION 

5 
EQT AT oh UT ~E . + IS 1-\ \ 1 4Co 4,s.~ EQT A oh TU 

6 
UT X VAR. EQT PER HOUR ± - 1.0 TU X VAR . DE EQT PAR HEURE 

7 
(5 + 6) EQT AT TIME OF OBS. 
(5 + 6) EQT A L'HEURE D'OBS. 11 ¼ 4-4.C, 

8 
(4 + 7) GAT 

32 07 5B.5 (4 t 7) TSVG 

9 
GHA INTIME (GAT, 24 h) 

8 01 ss.s AHG EN TEMPS (TSVG • 24 h) 

10 
GHA IN ARC 
AHG EN ARC 

0 
12.1 s~· 38° 

11 
LONGITUDE (WEST·) ,s 42. 05 LONGITUDE (OUEST·) 

12 
LHA(lO+ll)=t ~ 17 33 AHL (10 + 11) = t 

SETl-SERIEl SET 2 - SÉRIE 2 SET 3 - SÉRIE 3 

4~ 
.. 0 .. 0 .. 

t ± 17 33 

<I> ± 4s 7.5 4<.. - tan A= Sint 

5 ± - \7 4c., 24 
COS <I> tan Ô - Sin c/J COS t 

SIN t ± 0,,2"2.S7<.:,7 IF LHA IS GREATER THAN 180°, SUBTRACT 

COS ! ± o.<o'3o'n10 FROM 360° AND REVERSE SIGN, CHECK 

SIGNS AND QUADRANTS BY USE OF THE 

SIN c/J ± 0 .712~Slo~ DIAGRAM. 

cos <I> ± 0 .1017S7o 
- tan A= Sint 

TAN Ô ± -0.!>2055lG, 
cos <f> tan Ô - sin <I> COS t 

-TAN A ± -t l,001~l'2(o 
SI L'AHL EST PLUS GRAND QUE 180°, LE . 

A (EOR W) 45 13 33 SOUSTRAIRE DE 360° ET RENVERSER LE A ( E OU 01 

AZ IM UTH OF 0 SIGNE. VÉRIFIER LES SIGNES ET QUADRANTS 

AZIMUT DE 0 2'25 13 :i3 A L'AIDE OU SCHÉMA. 
HCR ( RO) 

00 00 l'o•S LCH (OV) 

HCR 0 
14 '21'a l(,.S LCH 0 

AZIMUTH TORO 4-, MEAN AZIMUTH ï Î 
.. 

AZIMUT A ov '2.10 35 AZIMUT MOYEN ► 

COMPUTEC BY - CALCULÉ PAR 

1 D;~ / 10 / '2.'è, 
1 

CHECKED BY - VÉRIFIÉ PAR DATE 

L .~. ~Ei.11'.IE:i;.<;E>,' ô . ~ . \..~FR~IJC.E S.S/11/i,s 

Form 77A20 



E4 
AZIKJlH 1!Y KlJ! /fCll ~~TM CR SIŒIDol. TM) (_ l.l$1NG.. '~'•) 

9(fl(H ffiOJECT î"~wi:.\.1~M'E.t-l.T ~\~L. U:r.ATIO'i C'"fTA.WA. (_ Ç>~R,L.1AM.E:N'"1' l-\1l.L-) 
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STAR AZIMUTH (UNIVERSAL TIME) 

IDENTIFICATION 

Code Name: STARAZ Date: January 1982 
Programme Nurnber: GH-D-31 85-10-23 Rev'd. 
Programmer: G.A. Corcoran, revised by C.G. Vigneault 
Calculator: Texas Instruments TI-59 with PC-lOOA 

Printer 

SYNOPSIS 

Given the Universal Time of observation (UT) corrected 
for rate etc., the latitude and longitude of the 
observing station, and from the catalogue sidereal time 
at oh UT (R or Right Ascension of Mean Sun [RAMS] + 
12h), right ascension and declination of the star in an 
Almanac, this programme will calculate the azimuth of 
the star (hour angle method). With the HCR's on the 
star and on the mark known, the observations can be 
reduced to the azimuth of the mark. 

This program was designed for lower-order azimuth 
determination. 

3. FORMULAE 

The azimuth of a star is given by: 

Tan A= 
-sin t 

cos$ tan ô - sin$cos t 

where· 

A = azimuth of the star 

t = hour angle of the star = LST - a 

a = right ascension of the star 

ô = declination of the star 

$ = latitude of the observation station 

LST = local sidereal time 
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The azimuth of a star may be reduced to a mark by: 

AZM = A+ HCR* HCRM 

where 

AZM = azimuth of mark 

HCR* = horizontal circle reading on star 

HCRM = horizontal circle reading on mark 

4. GENERAL 

Any observation which requires corrections, must be 
corrected before being entered in the program. 
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CELESTIAL OBSERVATION FOR AZIMUTH BY ALTITUDE METHOD 
STAR 
or 

SUN 
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OBSERVER l. . ~ . \.\~lo.11-lf:: SC.. E'f LONGITUDE 15° -o/2..1 os· 
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L 15 ~ .... ., 
\ \ Sb -~ oo" oc 
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D 
[2J 
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SUN AZIMUTH - ALTITUDE METHOD 

1. IDENTIFICATION 

Code name: SUNAZ-H Date: 1981-01-28 
Programme Number: GH-0-27 85-10-23 Rev 1d 
Programmer: G.A. Corcoran, revised by C.G. Vigneault 
Calculator: Texas Instruments TI-59 with PC-lOOA Printer 

2. SYNOPSIS 

Given the latitude of the observing station, the altitude of the 
celestial abject (CO), corrected for refraction (and parallax if 
sun observed, etc.), the HCR 1s on the celestial abject and 
reference mark or reference abject (RO), this programme will 
compute the azimuth of the celestial abject, as well as the 
azimuth of the mark. The declination is obtained from an 
ephemeris such as "Star Almanac for Land Surveyors'' (SALS). 

3. FORMULAE 

When the time of an observation is not precise1y known, the 
altitude method for azimuth is preferred. The formula for machine 
computation is: 

where 

and 

where 

OR 

cos A = sin ô - sin h sin• 

ô 
h 

• A 

= 
= 
= 
= 

cos h cos ♦ 

declination of the CO, (+) if north, (-) if south 
altitude of the CO 
latitude of the station 
astronomie azimuth of the CO, A(CO)=A(if celestial 
abject east of meridian) and A(C0)=360°-A(if 
celestial object west of meridian) for the northern 
hemisphere; 

A(RO)=A(CO) + HCR(RO) - HCR(CO} 

A(RO) 
A(CO) 
HCR(RO) 
HCR(CO) 

= Azimuth of reference object (RO) 
= Azimuth of celestial object (CO) 
= Horizontal circle reading on reference abject 
= Horizontal circle reading on celestial abject 

we may use this formula: 

cos A = sin ô - cos Z sin • 
sin Z cos• 

where Z = 90° - h 
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F-1 

GPS Receiver Characteristics 

Manufacturer Model 
SPS,PPS, AQQlicat ion Power,Watts Wt. Accuracy 
No. of Use Envir. - Volts 1 (1 

Lbs. 
channels L, M,A Hz ( m, sec) 

ISTAC PPS s 30 W 
1 5 1ppm 2002 12-86V 

Codeless -- .9 conf. L de 
T. req ~ 60m 

EDO Canada Ltd JMR SPS/8 
S,N 22W 30 3ppm, .9 conf. -

GeoTrak L T. req. 3 hr 
® 

PPS/6 _§_ 215W 120 5ppm ± 1ppm 
Aero Service Macrometerll codeless L 12, 24 Vdc static 
Division of ---------- --------- -------- ~--------- ------ _._ - -- - -- -- -
Western Mini-Mac® PPS/6 ..êi.!:L 40 W 40 

5ppm ± 1ppm 

Atlas lnt'I. 2816 codeless L2 L 12-36 Vdc static 
---------- -------- -------- ... --------- ,.. _____ - ---- --- - - -

Min i -Mac ® SPS/2 S, N 40 W 40 5ppm ± 3ppm 
1 81 6 L 10-36 Vdc static 

W i ld- s 25 Magnavox Magnavox SPS/4 - 32 10ppm± 2ppm 
Wm -101 L 12 Vdc 

No rsta r 1000 SPS/5 
s 69W 

1-10ppm or -- 33 
Instruments Ltd. SPS/7 L 24 Vdc 

-

S, N, T 
: 1ppm 1 cr 

11 ow 
Tl-4100 PPS/4 58 supported oy 

L 28 Vdc broadcast Texas 
ephemeris 

Instruments ---------- -------- -------- ~--------- ---------------
Tl-420 SPS/5 , 

S, N, T 1 ow 
1 0 1ppm 

L 12 Vdc 

4000 sx s 60 W 

SPS/5 - 115/230 Vac 49 10ppm± 2ppm 
Trimble T-SX L 45-66Hz 

20-35 Vdc 
Navigation --------- -------- -------- ---------- ----- ----------

4000 SL S,T 35 W 32 10ppm± 2ppm SPS/5 --
T-S L 

Note: These data are presented as submitted ___ A-'-p_pl_ic_a_ti_o_n_s __ ---. .--__ U_s_e_E_nv_ir_o_n_m_e_nt _ _, 
by representatives of each company, N - Navigation L - Land M - Marine 
or taken from cited publications. S - Survey T - Time A - Aeronautical 

(September, 1987) 
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GLOSSARY 

The majority of the definitions in this glossary were 
abstracted from (DoD, 1981). 

Accelerometer - 1. A device that measures the rate of 
change of speed of an abject. 2. An instrument, 
specially designed for carrying in aircraft or missiles, 
which measures the rate of change in velocity, 
direction, and/or altitude. 

Aerial Film Speed (AFS) - A measure of speed for aerial 
film which replaces the formerly used aerial exposure 
index. It is defined as 3/2E, where E is the exposure 
in meter-candle-seconds at the point on the 
characteristic curve where the density is 0.3 above base 
plus fog density on black-and-white film. 

Alerts - An ephemeris prepared for one or more satellites, 
predicting rise and set times referred to universal time 
coordinated, maximum angle of elevation above the 
observer's horizon, and azimuth from the observer. Used 
to identify specific satellite passes. 

Altimetry - The art and science of measuring altitudes by 
barometric means and interpreting the results. 

Altitude - Angular distance above the horizon; the arc of a 
vertical circle between the horizon and a point on the 
celestial sphere, measured upward from the horizon. 

Astro Compass - An instrument used primarily to obtain true 
heading or true bearing by reference to celestial 
bodies. 

Azimuth - (surveying) The horizontal direction of a line 
measured clockwise from a reference plane, usually the 
meridian. Also called forward azimuth to 
differentiate from back azimuth. 

Backsight - 1. A sight on a previously established survey 
point or line. 2. (traverse) a sight on a previously 
established survey point, which is not the closing sight 
of the traverse. 3. (levelling) A reading on a rod held 
on a point whose elevation has been previously 
determined and which is not the closing sight of a level 
circuit; any such rod reading used to determine height 
of instrument prior to making a forsight. Also called 
plus sight. 
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Base Station (Doppler) - A previously established survey 
control station which is used as a reference station 
when positioning other stations by Doppler observations 
using translocation positioning techniques. 

Bearing - (general) The horizontal angle at a given point 
measured clockwise from a specific reference datum to a 
second point. Also called bearing angle. 

Bench Mark (BM) - A marked vertical control point which has 
been located on a relatively permanent material abject, 
natural or artificial, and whose elevation above or 
below an adopted datum has been established. 

Blunder- A mistake generally caused by carelessness. A 
blunder may be large and easily detectable, or smaller 
and more dangerous, or very small and indistinguishable 
from a random error. Blunders may sometimes be detected 
by repetition, or by external checks, such as closing a 
traverse or substituting the solution of an equation i n 
the original. 

Broadcast Ephemeris - A set of parameters broadcast by 
satellite from which Earth-fixed satellite position s can 
be computed. In particular, the parameters for the Navy 
Navigation Satellites (NNS) are computed for each NNS by 
fitting 36- to 48-hour orbital arcs to Doppler data from 
four tracking stations and extrapolating this arc 12 to 
24 hours beyond the last data used. The length of the 
arc fit and the extrapolation period depend on· the upper 
atmospheric air density. The computed parameters are 
injected into the satellite memory. They are 
transmitted along with time every two minutes. 

Calibration - The act or process of determining certain 
specific measurements in a camera or other instrument or 
device by comparison wi th a standard, for use in 
correcting or compensating for errors or for purposes of 
record. 

Clarke spheroid (ellipsoid) o~ 1866 A reference 
ellipsoid having the following approximate dimensions. 
Semimajor axis - 6,378,206.4 metres; semiminor axis -
6,356,583.8 metres; and the flattening or ellipticity -
1/294.97. 

Closest approach (satellite surveying) The time and 
location of the satellite when it is closest to the 
observer/receiver antenna. 
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Coefficient of refraction - The ratio of the refraction 
angle at the point of observation to the angle at the 
centre of the Earth which is formed by the observer, the 
centre of the Earth, and point observed. 

Collimation error - The angle by which the line-of-sight of 
an optical instrument differs from its collimation axis. 
Also called error of collimation. See collimation -
level correction. 

Collimation - level correction - That correction which is 
applied to an observed difference of elevation to 
correct for the error introduced by the fact that the 
line-of-sight through the levelling instrument is not 
absolutely horizontal when the bubble is centred in its 
vial. 

Compensator - see Self-levelling level. 

Constant error (zero error) - A systematic error which is 
the same i n bot h magnitude and sign throughout a given 
series of observations, such as an index error of an 
instrument. 

Contour - An imaginary line on the ground, all points of 
which are at the same elevation above or below a 
specified datum surface, usually mean sea level. 

Control - 1. The coordinated and correlated dimensional data 
used in geodesy and cartography to determine the 
positions and elevations of points on the Earth' s 
surface or on a cartographie representation of that 
surface. 2. A collective term for a system of marks or 
objects on the Earth or on a map or a photograph, whose 
positions or elevation, or both, have been or will be 
determined. 

Coordinates - Linear or angular quantities which designate 
the position that a point occupies in a given reference 
frame or system. Also used as a general term to 
designate the particular kind of reference frame or 
system, such as plane rectangular coordinates or 
spherical coordinates. 

Correction - A quantity, equal in absolute magnitude 
opposite in sign to the error, added to a calculated or 
observed value to obtain the true or adjusted value 
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Cross check lines - Data lines which cross the principal 
lines of development, preferably at right angles, which 
provide verification of, or reveal discrepancies in, the 
principal lines of the survey development. 

Crosshairs - A set of wires or etched lines placed on a 
reticle held in the focal plane of a telescope. They 
are used as index marks for pointings of the telescope 
such as in a transit or level when pointings and 
readings must be made on an object. 

Curvature correction - 1. (astronomy) A correction applied 
to the mean of a series of observations on a star or 
planet to take account of the divergence to the apparent 
path of the star or planet from a straight line. 2. 
(geodesy) The correction applied in some geodetic work 
to take account of the divergence of the surface of the 
Earth (spheroid) from a plane. In geodetic spirit 
levelling, the effects of curvature and atmospheric 
refraction are considered together, and tables have been 
prepared from which combined corrections can be taken. 

Cyclonic circulation - The movement of winds 
centre of relatively low barometric pressure. 
is counterclockwise in the Northern Hemisphere. 

about a 
Movement 

Datum - 1. Any numerical or geometrical quantity or set of 
such quantities which may serve as a reference or base 
for other quantities. 2. (geodesy) A geodetic datum is 
uniquely defined by five quantities. Latitude (<!>) , 

longitude (Â), and geoid height (N) are defined at the 
datum origin. The adoption of specific values for the 
geodetic latitude and longitude implies specific 
deflections of the vertical at the origin. A geodetic 
azimuth is often cited as a datum parameter, but the 
azimuth and longitude are precisely related by the 
Laplace condition so there is no need to define both. 
The other two quantites define the reference ellipsoid: 
the semimajor axis and flattening or the semimajor axis 
and semiminor axis. Also called horizontal datum; 
horizontal geodetic datum. 3. (levelling) A level 
surface to which elevations are referred, usually, mean 
sea level but may also include mean low water, mean 
lower low water, or an arbitrary starting elevation(s). 
Also called vertical datum. 
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Decca - A tracte name for a radio phase-comaprison system 
which uses a master and slave stations to establish a 
hyperbolic lattice and provide accurate position-fixing. 

Deflection of the vertical - The angular difference, at 
any place, between the upward direction of a plumb line 
(the vertical) and the perpendicular (the normal) to the 
reference spheroid. This difference seldom exceeds 
seconds except in mountainous terrain or great depths of 
the sea. Often expressed in two components, meridian 
and prime vertical. Also called deflection of the 
plumb line, station error. 

Diapositive - (photogrammetry) A positive photograph on a 
transparent medium. The term is generally used to refer 
to a transparent positive on a glass plate used in a 
plotting instrument, a projector, or a comparator. 

Direction - The position of one point relative to another 
without reference to the distance between them. 
Direction may be either three-dimensional or two
dimensional, the horizontal being the usual plane of the 
latter. Direction is usually indicated in terms of its 
angular distance _from a reference direction. 

Diurnal - Having a period of, occurring in, or related to a 
day. 

Doppler effect - The phenomenom evidenced by the change in 
the observed frequency of a sound or radio wave caused 
by a time rate of change in the effective length of the 
path of travel between the source and the point of 
observation. Also called Doppler shift. 

Eccentric station - A survey point over which an instrument 
is centred and observation made, and which is not in the 
same vertical line with the station which it represents 
and to which the observations will be reduced before 
being combined with observations at other stations. In 
general, an eccentric station is established and 
occupied when it is impracticable to occupy the station 
centre or when it becomes necessary in order to see 
points which are not visible from the station centre. 

Elevation - Vertical distance from a datum, usually mean sea 
level, to a point or object on the Earth's surface, not 
to be confused with altitude which refers to points or 
objects above the Earth' s surface. In geodetic 
formalae, elevations are heights. h is height above 
ellipsoid, His height above the geoid or local datum. 
Occasionally the h and H may be reversed. 
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Ellipsoid - A surface whose plane sectioris (cross sections) 
are all ellipses or circles, or the solid enclosed by 
such a surface. In geodesy, ellipsoid and spheroid are 
used interchangeably. 

Elongation - (surveying) The position of a celestial body 
relative to the observer's meridian, is such that the 
apparent azimuthal movement is at a minimum. 

Epoch - 1. A particular instant for which certain data are 
given. 2. A given period of tirne during which a series 
of related acts or events takes place. 3. An arbitrary 
moment in tirne to which measurernents of position for a 
body or orientation for an orbit are referred. 

Error - The difference between an observed or ccirnputed value 
of a quantity and the ideal or true value of that 
quantity. 

Fixed elevation - An elevation which has been adopted, 
either as a result of tide observations or previous 
adjustrnent of spirit levelling, and which is held at its 
accepted value in any subsequent adjustrnent. 

Flight line In air photographie reconnaissance, the 
prescribed ground path over which an air vehicle rnoves 
during the execution of its photo mission. 

Focal length - A general terrn for the distance between the 
centre, vertex, or rear node of a lens (or the vertex of 
a rnirror) and the point at which the image of an 
infinitely distant object cornes into critical focus. 
The terrn must be preceded by an adjective such as 
"equivalent" or "calibrated" to have a precise rneaning. 

Foresight - 1. An observation of the distance and direction 
to the next instrument station. 2. (transit traverse) A 
point set ahead to be used for reference when resetting 
the transit on line or when verifying the alignrnent. 3. 
(levelling) The reading on a rod that is held at a point 

whose elevation is to be deterrnined. Also called minus 
sight. See also backsight. 

Geocentric coordinates - (terrestrial) Coordinates that 
define the position of a point with respect to the 
centre of the Earth. Geocentric coordinates can be 
either Cartesian (x,y,z) or spherical (geocentric 
latitude and longitude, and radial distance). 
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Geoid - The equipotential surface in the gravity field of 
the Earth which coincides with the undistrubed mean sea 
level extended continuously through the continents. The 
direction of gravity is perpendicular to the geoid at 
every point. The geoid is the surface of reference for 
astronomie observations and for geodetic levelling. 

Gravity - 1. The force which is the resultant of the force 
exerted by the mass of the Earth and the centrifugal 
force exerted by the Earth' s rotation. 2. Also the 
acceleration of the force defined in (1). 

Greenwich hour angle (GHA) - The angle measured from the 
meridian of Greenwich westward to the meridian of a 
celestial body. 

Ground swing - An error-causing condition in electronic 
distance measuring which is brought about by the 
reflection of the microwave beam from the ground or 
water surface. The reflected beam mixes with the direct 
beam at the receiving antenna, thereby changing the 
phase of the direct beam and causing an error in the 
distance measured. By varying the carrier frequency, 
the error becomes cyclic making possible mean instrument 
readings that are substantially accurate. 

Gyro theodolite - A theodolite with a gyrocompass attached 
or built in, whereby a true azimuth reference can be 
established in any weather day or night, without the aid 
of stars, landmarks, or other visible stations. The 
azimuth obtained from the gyro or inertial theodolite is 
essentially the astronomie azimuth at the point of 
observation. This azimuth will differ from the 
corresponding geodetic azimuth by the amount of the 
Laplace correction. 

Gyrocompass - A compass which functions by virtue of the 
couples generated in a rotor when the latter's axis is 
displaced from parallelism with that of the Earth. A 
gyrocompass is independent of magnetism and will 
automatically align itself in the celestial meridian. 
However, it requires a steady source of motive power and 
is subject to dynamic error under certain conditions. 
Certain aircraft compasses also use gyroscopes to gain 
stability, while relying basically on the magnetic 
meridian; these are to be distinguished from the true 
gyrocompass. 
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Gyroscope - A device consisting of a spinning rotor and 
associated supporting readouts which makes use of 
Newton's Law of Rotation to give an indication of the 
angular velocity of the instrument's case with respect 
to an inertial reference frame. This instrument is used 
as the basic sensor in many direction-seeking, 
direction-keeping, and attitude stabilization systems. 

Horizon - In general, the apparent or visible juction of 
Earth and sky, as seen from any specific position. 

Hour angle - The hour angle of a celestial body is the time 
elapsed since i ts upper transit. It is the angle 
between the observer's (astronomie) meridian and the 
declination circle of the body, measured positive 
westward from the meridian. 

Intervalometer A timing device for automatically 
operating at specified intervals certain equipment such 
as a camera shutter for the purpose of obtaining a 
desired overlap between successive photographs. 

Ionosphere - The region of the atmosphere, extending from 
roughly 25 to 150 kilometres altitude, in which there is 
appreciable ionization. The presence of charged 
particles in this region profoundly affects the 
p·ropagation of electro-magnetic radiations of long 
wavelengths (radio and radar waves). 

Isobar - Aline along which the atmospheric pressure is, or 
is assumed to be, the same or constant. 

Kalman filtering 
estimation of an 
priori estimate 
wi th new data 
covariance. 

The recursive minimum variance 
unbiased stochastic variable. An a 

and covariance are linearly combined 
to form an updated estimate and 

Laplace azimuth - A geodetic azimuth derived from an 
astronomie azimuth by use of the Laplace equation. 

Local apparent time - The apparent solar time for the 
meridian of the observer. 

Loran C - A long-range radio navigation position fixing 
system using a combination of time difference of 
reception and phase difference of signals from two 
stations to provide a line of position. 
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Majority voting - The process of majority voting of transit 
Doppler data involves the accumulating of the 4.6 second 
Doppler counts into multiples of 6 or 7 and at the same 
time verifying the recorded satellite message 
parameters. This verification is done by comparing the 
messages recorded every two minutes, digit by digit, 
and accepting the one appearing most frequently in a 
particlular location. 

Marker (surveying) - A definite abject, such as an 
metal disk used to designate a survey point; 
refers to the entire survey monument. Mark is 
a qualifying term such as station, reference, 
See also bench mark, reference mark. 

imprinted 
sometimes 
used with 
or bench. 

MAY'76 - A "distortion free" adjustment of first, second and 
third order networks in Canada on the NAD'27 datum. 
Adjustment was completed in 1976 and subsequent survey 
control has been included by transformation. 

Mean sea level (MSL) - The average height of the surface 
of the sea for all stages of the tide, used as a 
reference for elevations. (Usually determined by 
averaging height readings observed hourly over a minimum 
period of 19 years). Also called sea level datum. 

Mean square error - The quantity whose square is equal to 
the sum of the squares of the individual errors divided 
by the number of those errors. 

Meridian - A north-south reference line, particularly a 
great circle through the geographical poles of the 
Earth, from which longitudes and azimuths are 
determined; or a plane, normal to the geoid or spheroid, 
defining such a line. 

Met gear - Meteorological equipment for obraining dry and 
wet bulb temperatures and pressure. Sometimes humidity 
is measured in place of the wet bulb temperature. 

Modulation - A variation of some characteristic of a radio 
wave, called the "carrier wave" in accordance with 
instantaneous values of another wave called the 
"modulating wave". These variations can be amplitude 
frequency, phase, or pulse. 

Multi-path - See ground swing. 
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National Geodetic Vertical Datum of 1929 - Known as 
"sea level datum of 1929" prior to September 1973, this 
datum was established by contraining the combined 
interconnected United States and Canadian networks of 
first-order levelling, as it existed in 1929, to conform 
to mean sea level of various epochs, as determined at 21 
United States and 5 Canadian long-term tidal stations 
distributed along the Atlantic, Gulf of Mexico, and 
Pacifie coasts. Canada did not convert to this datum 
but held to values adjusted in 1927. Changes between 
the two datums were minimal. 

North American Datum of 1927 (NAD27) - The initial point 
of this datum is located at Meades Ranch, Kansas. Based 
on the Clarke spheroid of 1866, the geodetic position of 
triangulation station Meades Ranch and azimuth from that 
station to station Waldo are as follows: 

Lat. of Meades Ranch 
Long. of Meades Ranch 
Azimuth to Waldo 

39°13'26"686N 
98°32'30"506W 
75°28'09"64 

The geoid height at Meades Ranch is assumed to be zero. 
The geodetic positions of this system are derived from a 
readjustment of the trangulation of the entire country, 
in which Laplace azimuths were introduced. 

North American Datum of 1983 (NAD83) - The projected 
datum resulting from the redefinition of the North 
American networks. The new adjustment of the North 
American networks will include a variety of geodetic 
data acquired since the 1927 North American datum was 
determined. This includes precise Geodimeter traverses, 
Doppler satellite positioning, astro-geodetic 
deflections, and gravity data. 

The new North American Datum, NAD83, is a geocentric 
datum which uses - the Geodetic Reference System, GRS 80. 
GRS 80 is defined by the following four parameters. 

a= 6378137 m 

GM = 3986005 x 108 m3s-2 

J2 = 108263 X 10-8 

The equatorial radius of the 
Earth 
The geocentric gravitational 
constant of the Earth, 
including the atmosphere 
Coefficient of zonal 
potential term 

w = 7292115 x 10-11 rads s-l Angular velocity of the 
Earth 
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In addition, the flattening of the reference ellipsoid 
is derived from the above parameters: 

1/f = 298.257222 ... 

The geocentric position of the NAD83 is derived through 
satellite Doppler coordinates as a subset of the North 
Arnerican horizontal network. 

The WGS 84 coordinate system is equivalent to NAD83 
inasmuch as the corrections for the Doppler Coordinate 
System are the same, both for NAD 83 and WGS 84, and are 
as follows: 

* The Z coordinate correction of 4.9 m 
* The scale correction of -0.6 ppm 
* The longitude (E) correction of -0.5 s 

NAD 83 and WGS 84 are the same for all practical 
applications. 

Orbit - The path of a body or particle under the influence 
of a gravitational or other force. For example, the 
orbit of a celestial body or satellite is its path 
relative to another body around which it revolves. The 
term orbit is cornrnonly used to designate a closed path. 

Overlap - In photography, the amount by which one photograph 
includes the same area covered by another, customarily 
expressed as a percentage. The overlap between 
successive air photographs on a flight line is called 
forward overlap (or forward lap) . Also called end 
lap. The overlap between photographs in adjacent 
parallel flight lines is called side overlap (or side 
lap) . 

Parallel - A circle on the surface of the Earth parallel to 
the plane of the Equator and connecting all points of 
equal latitude or a circle parallel to the aprimary 
great circle of a sphere of spheroid; also, a closed 
curve approximating such a circle. Also called inverse 
parallel. 

Parameter - In general, any quantity of a problem that is 
not an independent variable. More specifically, the 
term is often used to distinguish from dependent 
variables quantities which may be assigned more or less 
arbitrary values for purposes of the problem at hand. 
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Pass - The period of time a satellite is within telemetry 
range of a data acquisition station. 

Period - The interval needed to complete a cycle. 

Phase angle - The phase difference of two periodically 
recurring phenomena of the same frequency, expressed in 
angular measure .. 

Photo-identification (surveying) The detection, 
identification, and marking of ground survey stations on 
aerial photographs. Positive identification and 
location is required if survey data are to be used to 
control photogrammetric compilation. Also called 
control-station identification. 

Pitch - The adjustable angle of helicopter blades about 
their lateral axis. 

Plate level - A spirit level attached to the plate of a 
surveying instrument for levelling the graduated circle 
or, indirectly, making the vertical axis truly vertical. 

Plumb bob - A conical device, usually of brass and suspended 
by a cord, by means of which a point can be projected 
vertically into space over relatively short distances. 

Point positioning - (surveying) The process of observing 
Navy navigation satellites with a single Doppler survey 
receiver to produce the position (latitude, longitude, 
and height) of the receiver's antenna. 

Porro prism A prism that deviates the axis 180 • and 
inverts the image in the plane in which the reflection 
takes place. It may be described as two right-angle 
prisms cemented together. 

Precession - Change in the direction of the axis of rotation 
of a spinning body, such as a gyroscope, when acted upon 
by a torque. The direction of motion of the axis is 
such that i t causes the direction of spin of the 
gyroscope to tend to coincide with that of the impressed 
torque. 

Precise ephemeris Coordinates and velocity of an 
artificial satellite, computed for uniform time 
intervals from data acquired from a worldwide tracking 
network. The ephemeris is computed from observations 
taken from many stations spaced worldwide and adjusted 
together by least-squares methods for maximum accuracy. 
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Precision - The degree of refinement in the performance of 
an operation, or the degree of perfection in the 
instruments and rnethods used when making measurements. 
Precision relates to the quality of the operation by 
which a result is obtained, and is distinguished from 
accuracy which relates to the quality of the result. 

Prime vertical circle - The vertical circ l e through the 
east and west points of the horizon. It may be true, 
magnetic, compass, or grid, depending upon which east or 
west points are involved. Also called prime vertical. 

Probable errer - The 50 percent error interval based on the 
normal distribution function. See also standard 
errer. 

Random errer - Random errors are those not classified as 
blunders, systematic errors, or periodic errors. They 
are numerous, individually small, and each is as likely 
to be · positive as negative. Also called accidental 
errer, casual errer. 

Reciprocal levelling - Trigonometric levelling wherein 
vertical angles have been observed at both ends of the 
line to eliminate errors. 

Recompilation - The process of producing a map or chart 
that is essentially a new item and which replaces a 
previously published item. Normally, recompilation of a 
map or chart involves significant change to the 
horizontal position of features, revision of vertical 
values, improvement in planimetric or navigational data, 
or any combination of these factors. 

Reference mark - A permanent supplementary mark close to a 
survey station to which it is related by an accurately 
measured distance and direction, and/or a difference in 
elevation. 

Refraction - The change in direction of motion of a ray of 
radiant 
energy as it passes obliquely from one medium into 
another in which the speed of propagation is different. 

Reseau - A glass plate on which is etched an accurately 
ruled grid. Sometimes used as a focal-plane plate to 
provide a means of calibrating film distortion; used 
also for calibrating plotting instruments. 
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Residual error - The d i fference between any value of a 
quantity in a series of observations, corrected for 
known systematic errors, and the value of the quantity 
obtained from the combination or adjustment of that 
series. Frequently used as the difference between an 
observed value and the mean of all observed values of a 
statistically valid set. In altimeter traversing, the 
difference between the value of a station on the 
traverse corrected for datum and meteorological 
conditions and a known elevation. Used to adjust the 
elevations on the traverse linearly with distance. 

Revision - The process of updating a product to reflect 
current information. Typically, revis ion of a map or 
chart does not required significant changes to the 
horizontal position of features or vertical data values; 
rather, improvement in planimetric datais provided. 
Normally, publications are revised, not recompiled. 

Right ascension - The angular distance measured eastward on 
the Equator from the vernal equinox to the hour circle 
through the celestial body, from O to 24 hours. 

Rise time - The time at which a satellite's broadcast can be 
picked up by a suitably equipped observer, as taken from 
an alert. Set time and time of closest approach are 
also given. 

Rod level - An accessory for use with a levelling rod or a 
stadia rod to assure a vertical position of the rod 
prior to instrument reading. 

Scale - The ratio or fraction between the distance on a map, 
chart, or photograph and the corresponding distance on 
the surface of the Earth. 

Scale error - A systematic error in the lenghts of survey 
lines usually proportional to the lengths of the lines. 

Sea level - The height of the surface of the sea at any 
time. 

Self-levelling level - A level utilizing the action of 
gravity in its operation. A prismatic device, called a 
compensator, is an integral part of the instrument 
which, once the instrument has been roughly levelled it 
causes the optical system to swing into proper 
horizontal line-of-sight and to maintain that position 
during readings at a given station. 
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Semimajor axis - 1. (geodesy) Equatorial axis of a spheroid 
or ellipsoid. 

Semiminor axis - One-half the shortest diameter of an 
ellipse. 

Sensitivity - (spirit level) The accuracy and precision 
which a spirit level is capable of producing. 
Sensitivity depends on the radius of curvature of its 
longitudinal section; the longer the readius, the more 
sensitive the level. Sensitivity is rated by equating 
the linear length of a division between graduation marks 
on the level tube and its angular value at the centre of 
the curvature of the tube. Also called sensibility. 

Set-up - The instrument (transit or level) place in position 
and levelled, ready for taking measurements, or a point 
where an instrument is to be or has been placed. Also 
called instrument station. 

Side shot - A reading or measurement from a survey station 
to locate a point which is not intended to be used as a 
base for the extension of the survey. A side shot is 
usually made for the purpose of determining the position 
of some object which is to be shown on the map. 

Sidereal time - Time based upon the rotation of the Earth 
relative to the vernal equinox. 

Smoothed - A term used in inertial surveying to describe the 
adjustment of an inertial traverse between known control 
coordinates. Basically, this is a time dependant 
adjustment. 

Snell's law of refraction - This law states that the sine 
of the angle of incidence divided by the sine of the 
angle of refraction equals a constant termed the index 
of refraction when one of the media is air. The index 
of refraction can also be explained as the ratio of the 
velocity of light in one medium to that in another. 

Spherical excess - The amount by which the sum of the three 
angles of a triangle on a sphere exceeds 180 •. In 
geodetic work, in the computation of triangles, the 
difference between spherical angles and spheroidal 
angles is generally neglected; spherical angles are 
used, and Legendre's theorem is applied to the 
distribution of the spherical excess. That is, 
approximately one-third of the spherical excess of a 
given spherical triangle is subtracted from each angle 
of the triangle. • 
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Spheroid - (geodesy) A mathematic figure closely approaching 
the geoid in form and size and used as a surface of 
reference for geodetic surveys. 

Standard error (cr) - The square root of the quantity 
obtained by dividing the sum of the squared errors by 
the number of errors minus one. The square root of the 
variance of the set of observations. Also called 
standard deviation. 

Step wedge - An exposure from a strip of film having a 
series of density levels of known value. 

Stereoscopic principle - The formation of a single, three
dimensional image by binocular vision of two 
photographie images of the same terrain taken from 
different exposure stations. 

Striding level - A spirit level so mounted that it can be 
placed above and parallel with the horizontal a xis of a 
surveying or astronomie instrument, and so supported 
that it can be used to measure the inclination of the 
horizontal axis to the plane of the horizon. 

Systematic error - An error that occurs with the same sign, 
and often with a similar magnitude, in a number of 
consecutive or otherwise related observations. For 
example, when a base is measured with a wrongly 
calibrated tape, systematic errors occur. In addition, 
random errors will occur. Repetition does little or 
nothing to reduce the ill effect of systematic errors, 
which are a most undesirable feature of any set of 
observations. Much of the care in making observations 
is directed toward eliminating or correcting systematic 
errors. Also called regular error. 

Three sigma - The 99. 73 percent confidence level of a 
normal distribution. Three sigma is three times the 
value of 1 sigma. See also standard error. 

Three-wire levelling - A method of levelling where the 
level' s reticle has three lines. The rod is read at 
each of the three lines and the mean is the final rod 
reading. 

Tidal datum - Specific tide levels which are used as 
surfaces of reference for depth measurements in the sea 
and as a base for the determination of elevation on 
land. Many different datums have been used, 
particularly for levelling operations. Also called 
tidal datum plane. 
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Tide gauge - A device for measuring the height of tide. It 
may be simply a graduated staff in a sheltered location 
where visual observations can be made at any desired 
time; or it may consist of an elaborate recording 
instrument making a continuous graphie record of tide 
height against time. Such an instrument is usually 
actuated by a float in a pipe communicating with the sea 
through a small hole which filter out shorter waves. 

Tie - A survey connection from a point of known position to a 
point whose position is desired. A tie is made to 
determine the position of a supplementary point whose 
position is desired for mapping or reference purposes, 
or to close a survey on a previously determined point. 
To "tie-in" is to make such a connection. 

Time zone - An area in all parts of which the same time is 
kept. In general, each zone is 15° of longitude in 
width, centered on a meridian whose longitude is exactly 
divisible by 15°. 

Transformation - (surveying) The computational process of 
converting a position from UTM or other grid coordinates 
to geodetic, and vice versa, or from one datum and 
ellipsoid to another using datum shift contants and 
ellipsoid parameters. The survey position of a point is 
frequently given in several different grids of 
ellipsoid; local datum and Doppler-derived WGS 72 are 
common requirements. 

Translocation - The determination of the relative position 
of two points from simultaneous satellite observations. 

Trigonometric levelling - The determination of differences 
of elevations from observed vertical angles combined 
with length of lines. A type of indirect levelling . 

Trilateration - A method of surveying wherein the lengths 
of sides of a figure are measured, usually by 
electronic methods, and the positions are computed from 
the measured lengths. 

Troposphere - The lower layers of atmosphere, in which the 
change of temperature with height is relatively large. 
It is the regions where clouds form, convection is 
active, and mixing is continuous and more or less 
complete. 
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True north - The direction from an observer's position to 
the geographical North Pole. The north direction of any 
geographic mer idian. [ The term also applies to 
astronomie north to distinguish it from magnetic 
north.] 

Turning point (TP) - A temporary point established between 
instrument set~ups to enable a survey, usually a level 
line, to be carried forward. 

Universal time (UT) - Standard universally accepted time 
based on the Greenwich meridian. 

Variance - The square of the standard error. Defined as the 
limit, as the number of observations becomes infinitely 
large of the sum of the squares of the residuals divided 
by n: the mean of the mean of the squares of errors. 

Vertical angle The angle between two lines which 
intersecta vertical plane. In surveying it is commonly 
understood that one of these lines is the horizon. 

Vertical control - Elevations determined by surveying with 
reference to a stated datum, usually mean sea level. 

Vertical photograph - An aerial photograph taken when the 
camera axis is as close as possible to true vertical. 
The resultant photograph lies approximately in a 
horizontal plane. 

Weight - The relative value of an observation, source, or 
quantity when compared with other observations, sources, 
or quantities of the same or related quantities. The 
value determined by the most reliable method is assigned 
the greatest weight. 

Wide-angle lens - A lens having a coverage angle between 
75°and 100°. A lens whose focal length is equal to 
approximately one-half the diagonal of the format. 

World Geodetic System (WGS) A consistent set of 
parameters describing the size and shape of the Earth, 
the positions of a network of points with respect to the 
centre of mass of the Earth, transformations from major 
geodetic datums, and the potential of the Earth (usually 
in terms of harmonie coefficients) . See also North 
Americal Datum of 1983. 

Yaw - (air navigation) The rotation of an aircraft about its 
vertical axis so as to cause the aircraft's longitudinal 
axis to deviate from the flight line. Also called crab. 
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Zenith - That point of the celestial sphere vertically 
overhead. 

Zenith distance - The vertical angle between the zenith and 
the object which is observed or defined. Zenith 
distance is the complement of the altitude. Also called 
zenith angle. 

Zero error - See constant error. 








