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1. Sunu~ 

This paper des cribes th e plans to de velop the Eastern Cri nada 

Telemetered Netwo rk (ECTN) and its wes tern counterpart (WCTN) so that 

each can accommodate a maximum of twenty-four channels of data. Several 

other e nh ancernents in perfo r1nance are planned including on-line interaction 

by the seismologists with data to produce fast epicen tres . It is hoped 

that data from conventional seismograph stations can be int eg r a t e d into 

t11 e new scheme whic:h will lead to a more efficient method of processing 

data for th e annua l bulletin of earthqua kes. 

A change of op e rating sys t em will permit two use rs to share the 

processo r so that e v e nt d e tection, g raphie output, epicentre determination 

and software dev e lopment c a n run concurrently . In addition to providing for 

more incoming lines , th e software b e ing deve lop e d wi ll permit considerable 

fl exibi lity in th e d igital tr a n smission forma t, so that r emo te d a ta 

con centrators can b e used where econore i c . I mprovements in th e outstation 

h ardware will permi t data to be teleme t e r e d b y r ad io and the inclusion 

of a microprocesso r at th e r emo t e stations will open th e way to mo re 

on-sit e da ta editing and hence lowe r data transmission costs. 

The new syst em will run in parallel with th e existing four channel 

ECTN a nd changeover will occur when the n ew so ftware is stable . 

_2_._ Béickgrou:-id 

The ECTN network was first establishe d jn 1 973 as a four channel 

system using a DEC PDPll-15 processo r with no dise storage . A 2 . SMbyte 

dise was addeù in 1974 a nd an ev ent tri gge r a lgorithm added. Th e system 

ha s b een in a n operational mo d e since February 1974 and durin g 1977 for 

cxamplc, was on- J.ine 95 % of the t ime . A simiJar four s tat:i on nt'Lwork 

(WCTN) was esLab li s h e d on t l1 c Wes t CoRst during 1 9 75 using a PDP Jl-40 

comp u te r. 
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The Ottawa PDI'll-40 processor was purchascd in 1974 as a replacement for 

the older DDP124 (1967 vintage). After three years of ovcrlap the DD124 

finally disposed of in 1977. Up to the present the PDPll-40 has been used 

for: 

application software developmcnt, 

editing ECTN event files, 

playback of CANSAf1 files and velocitv filtering 

digitising analogue FN tapes and plotting of digital data files 

formatting digital BAKPAK data , 

r egular f etching of the CANSAM log, 

and other projects . 

During 1977 a cooperative p roj ect with USNRC was considered in which 

ti1e U.S . would fm1ù about twelve additional stations in the E2ste!."":1 

networl~. A plan was developed based on a new PDPll-34 processor which 

would support up to 24 channels in conjunction with other new computer 

hardware, a new operating system and a rewrite of the ECTN program . The 

plan was budgeted at ~BOK with twelve new stations , and although it was 

accepted as technically desirable, oth er considerations have delayed the 

project, perhaps indefinitely . 

In the meantime other agencies in Canada have r equested assistance 

in the assessment of seismic risk and as a result the following new 

stations are to be added to ECTN system \,'ith funding by the agcncies : 

1 . Glen Alrnond , Que . borehole , EPB 

2 . Ge ntilly, Quebec. Hydro-QuC!bec 

3 . Chats Falls, Ontario . Ontario Hydra 

4 . LG2 si te 1. SEBJ 

5 . LG2 site 2. SEBJ 
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6 . LG2 site 3. SEBJ 

7. B3ncroft. AECL - (less certain) 

8. Chalk River . AECL - (less certain) 

The four exis ting s tations are : 

1. Ottawa , EPB 

2. Montreal, EPB 

3. Maniwaki , EPB 

4. Manicouagan, Hydro-Quebec 

In addi tion two n ew stations have been budgeted fo r the WCîN in the 

Gulf Islan ds region u s ing radio t eleme try . The n ew system configurations 

are shown in figs . 1 &2 . 

All of the se factors have led ta the conclusion that the essence 

of the proposal developed for th 2 US:NRC s~oulè proceed immedia tel y but 

using our own f und s , and by asking each of the cooperoting agencies ta 

contribu te ta tlt e incr emental cost of the Ottawa mi n icompute r system as 

well as th e outstation costs . 

The original proposa l mad e ta th e USNRC provided for a n ew PDPll-34 

and sufficien t hardware ta enabl e it and the 1140 ta b e capable of runni~g 

the network, and in fact include d provision for automatic changeov er to 

th e backup machin e . Because of the limited funds in our capital bud ge t , 

an a lt ernate sc h eme has b een pr epa red which will fully utilis e th e time 

sharing capability of the PDPll-40 a nd permit all j obs exccp t th e digitising 

of FM t apes to be cl one by a single machi n e . The PDPll-15 is not able ta 

support time-shared operations . 

Wh en funds b ecom2 available (perhaps i n fisca l 79-80 ) it is expecte d 

thnt the PDPJ l-15 will be repl aced ,~jth a n ev:e r machine an d a redundan t 

configuration ;idopted. In the mcan tim e microprocessor backup of key channels 
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appears to be the way to achieve minimum reliability standards as described 

in more detail in section 4.4. 

Since a minimum of six additional channels must be accommodated in 

the next six months, and since this represents a major work load, the 

option of stretching the existing system by one or two channels (2 man-month) 

would represent a diversion of effort which would delay the implementation 

of the other new stations. It is worth noting that SEBJ hope to have 

their three channels on-line by October 78 when filling of LG2 cormnences, 

and that the new system is essential to the decoding of data frorn the 

bore hol e seismometer . 

3. Obj ec tives 

The general objective is to furth er develop the ECTN data acquisition 

system so that the Seismological Service can respond in a timely manner 

to r equests for additional seisrnic monitoring and suhsequent processin g in 

bath eastern and wes tern Canada. These requests may be the result of: 

a) planned network expansion by EPB 

b) damsite monitoring, 

c) nuclear power plant risk assessment , 

d) radio active waste disposal: earthquake risk assessment, 

e ) any n ew application. 

A second g e n era l objective is to improve the cfficiency and speed 

with whic h Canadian car thqu a ke data can be processed. 

These gene r a l objective s lead to Lhe more d e tailed plan bclow, which 

includes : 

1. provision jn the software for up to 24 cl1 ;rnn e ls of data, 

2. provision in the short term (FY78-79) of hard"·are for 16 channcls 

of data, 
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3. a smooth transition frorn the present 4 channel system to the 

new 16 channel system with both running in parallel during an 

evaluation period, 

4. an improvement in syst em reliability from the present 95% level 

by the provision of a more reliable, but limited performance, analogue 

back up facility, (more microprocessors) 

S. to configure the PDPll-15 system so that it can continue to run 

~11 (or most) of the user programs which currently run on the 

PDPll-40, 

6. to provide multi-terrninal, multi-user access to interactive 

progra~s, 

7. to provide on-line graphie output of current event files, 

8. to provide a terminal in the recor d reading rocm for direct 

viewing of data and phase picking and to permit phase data from 

conventional CSN stations to be entered and filed, 

9. to provide an int eractive time sharing version of the CANSESS 

epicentre dete rmination program, 

10. to provide an on-line file of phase data which will grow and 

be modifie d over a period of months (weeks) as data is received 

from more distant stations, 

11. to continue to provide high qual it y digital data from t11e out

sta tions with extended dynamic range , 

12. to provide software which can ca l er to a n broad mix of digital 

data transmission for ma ts so that opportunities to rc·duce line 

costs by ~ultipJexing can be accornmodated. 

13. to make progress towards more data reduction at r emo te sites and 

hence lowe r data transmission costs. 
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4. System Descript ion 

The following sections descr ibe th e major changes required in the 

hardware and software to meet th e obj e ctives . The d e scriptions emphasise the 

differences b e twecn the existing sys tem and the proposed new system and 

presuppose some knowledge of the establishe d ECTN/WCTN. 

4.1 Ottawa PDPll-40 (new ECTN) 

The eÀ~anded ECTN system r eq uires s e v e ral new pi eces of ha rdware. 

These are lis ted b e low with the expected inst a llation da te: 

1. 14 Mbyte dise . (RK611) 

2. 1 6 channel line multiplexer (DZll-E) 

3. an addi tiona l 32K of memory 

4. memory manage me nt 

5. expansion box 

6. floating point processor 

7. watchdog time r 

8 . large screen Tektronix t e rminal 

9. small screen Tektronic t e rminal 

10. expansion chassis ($2.5K) 

May l* 

installed 

installed 

ins talled 

ins tall e d 

May 1 

budge t 78-79 

insta lle d 

install ed 

not budgeted for 

The proposed configuration for the PDPll-40 is s hown in fig. 3. 

Note that th e n ew configuration l eaves th e PDPll-15 as a vi a ble confi guration 

wh ich c a n opera t e in parall e l wi th the 11-40 u s ing th e orig in:1l ECTN 

program . Since th e FILEX utility \1nder RSXl l-M c a n r ead ~nd write RTll 

dise files, dises can be t rans ferre d easi l y b e tween the two processors. 

*requircs n ew da ta lab powe r sou rce. 
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4.2 Ottawa PDPll-15 

Because of its obsolescence the PDPll-15 will not support th e RSXll-M 

op e rating system . However, it can be uscd as v iable system opera ting 

with RTll op e rating system with 24K of rnemory to support most of the 

current user programs , th e digitiser and the VTll plotting package . The 

LVll plotter will be left on the PDPll-15 to work with the VTll display 

as long as necessary . Later it can be moved onto the 11-40. The 11-15 

will continue to be used as a digitiser, perhaps indefinitely. One of 

th e two dises will be sent to Victoria f or the WCTN . The revised configuration 

i s shown in fig . 4. 

4.3 WCTN PDPll- 40 

This system will be upgraded: 

1. to support up to eight input channels , 

2. to run the same programs as in Ottawa under RSXllM operating 

3. 

4 . 

5 . 

6. 

system , 

to include 

to inëlude 

to include 

to use the 

64K mernory with memory management, 

a graphies p l ot ter, 

more dise space , 

DZll li ne multipl exer. 

During FY78- 79 the objective will be to upgrade the WCTN program 

and provide a reasonable service to a single concurrent us er (Wejcher t). 

More dise space is perhaps desirable , but the DZll is hi gher priority . 

Items 3,4, &6 are provided for in the FY 78-79 budget . Item 5 is from 

Ottawa. The proposed hardware configuration is shown in fig. 5. Note 

that the Tektronix graphies termina l (purchased by Geomag ) is proposed . 

This wou ld require an EIA/Data communications interface ( $2 , 000) , alternatively 

a ncw Tektronix 4006, dumb terminal could be purchased ($4,000) . 
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4.4 BACKUP 

Expe rienc e has shown that a reliabl e backup system is essential. The 

micropro cesso r system used on the Manicouagan line has worked well and so 

five more of th ese units are highly dcsirable. The best rnethod of achieving 

this would be to replace th e rni croprocessors in the existing BAKPAKS with 

the }OC II microprocesso r and use th e existin g processors as backup units with 

the softwar e frorn the MNQ backup . Since capital funds are tight, we might 

consider providing the additional backup fairly quickly and cheaply by borrowing 

them frorn the BAKPAKS ( excep t during the sp ring & f a ll fie ld experirnents ) . The 

helicord e rs would then b e connected directly to the rnicroprocessors through 

a patchboard l eaving the computer wi t h the trigger algorithm (see fig. 1 ). 

4. 5 Outstation Hardware 

Th e outstation design is being updated to in clude : 

1 . a local rnicroprocessor (RCA 1 802 ), 

2 . prog r ammable dynamic range , makin g trade offs b e t wec n speed 

( S/S) and dynamic range possible, 

3 . switch selectable bandpass and sample rate , 

4 . optional transmission by radio instead of phone lines, 

5 . a self contained waterproof enc l osur e th a t can be mounted 

d i r e ctly on an an t enna mast, 

6. spare card s lots so that more memory c a n be added at a later date , 

if require d, 

7. the possibility of adding a trigge r algorjthm at the remo te 

st a tion to furth er edi t th e data, 

8. low powe r consumption so that the e quipme nt c a n operate from 

primary h~tterjes if requircd, 

1 
~ 

• 
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9. clectronics identical to that in MKII BAKPAKS. excluding of 

cours~ the cassette module . 

A black diagram of the outstation is shown in Fig. 6. 

4.6 ECTN/WCTN Software 

The new software package will permit any r easonable mix of sampling 

rates and components to be combined on a single communications channel . 

Informa tion on the incoming data is stored in tables which can b e easily 

updated to reflect a cha nge in configuration. Since the output fil e 

structure must also vary as the input configuration, any file generated 

will include as part of its header, details of its own structure . Application 

programs will then access all data through the fi l e header so that, for 

exarnpl~ graphies programs can be written which will be independent of the 

curr ent input configuration . 

Ca lculation s of th e execu ting time of th e key loops in th0 trigger 

al gorithm have shown that provid e d floating point h ardware is included, 

a maximum of 24 channels can be catered for . 

The n ew RSXll-M operating system will permit ma ny programs to time

share the processor capacity. Each program is allocated a priority so 

that the operating system can schedule jobs to run i n order of priority . 

The ECTN program i s being completely restructurcd to t ake adva ntage 

of the new operating system and at th e sarne time to ensure that smooth 

changes in job contex t are accomrnodated without loss of continuity in 

r ea l time data processing. 

Briefly, the data inpu t sec tion of th e program, which run!; at a 

fairly high hardware priority (which takes precedencc ovf:!r so ftware 

priori ty) will format data into structured one secon d buff ers \vhich are 

• 
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queued into the trigger algorit hm. Thus all processlng down-stream frorn 

this queue can run asynchronously . 

During the initial phase of program dcveloprnent logical program 

struc ture and speedy result s are being given priority over th e achievement 

of maximum speed. Since in the short term only ten channels are planned 

no timing problerns are expected. The program will then be tuned to run 

faster and meet the objective of 24 ch annels. 

The argument above applies equally well to other application programs 

which run at a lowe r priority concurr en tly with the ECTN algorithm. 

Fig . 7 shows the memory map for th e PDPll-40 in the new configuration. 

Th e operating system and essential utilities occupy 22K (base 10) of 

memory . It is estima ted tha t · the new ECTN pro gram will take lOK. We 

pres ntly have 56K of rr;emo:::-y so that other users can share 24K . 

In th e worst case one us er can us e all 24K, which is ahout 4K more 

tha n was available to him in the old RTll system . In fact m;111y of the 

syst em utilities will run in 8K ( e . g. PIP, FORTRAN compiler, EDIT), but 

in addition th e swapping algorithm permits two users to sharc the same 

24K black of memory. To ensure an equitable distribution of CPU time 

amongst time sharing users, the operatin g system includes an optional 

'round-robin scheduler' which gives all tasks of tl1e same prJority equal 

access to the CPU. 

Since in many interactive programs much time is spent i11 deliberating 

' what next' the operating system will be b11ilt to ~upport tli1·ee terminals 

(a ty pewrite r and two Tektronix CRT termin.1ls ). One will be devoted to 

'production' work (Wetmi lle r, Ruygrok), one to application dcvelop ment and 

one Lo syslem development. 
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It is rccognized that a~ some stage the system mny become CPU bound . 

Whcn this point is reached and if it is worthwhile , some of the jobs can 

be transf e rred to a second processor (PDPll-34) using the same operating 

system. 

Increases in rcliability are expected since the operating syst em 

in conjunction with memory management h a rdwar e operates in a protected memory 

environment. The operating system is also continuously monitored by a 

hardware ' watch dog tirne r' which can detect a software or temporary 

hardwa re malfunction and initiate the cornplete r e loading of the program 

follow e d by a hands-off restart. 

A logical extension of the ECTN will be to install the sarne op era ting 

system in th e WCTN to cater for additional channels on that system and 

to s uppor L mul L.Lple te;_-minals. 

4.7 Tektronix Graphies System 

Our Tektronix graphies system consists of two parts, two storage tube 

terminals and a Tektronix software package . All w0re delivered in January 

1978. 

One terminal (4006) has a 19 x 14cm display area and the other 

(4014) has a 38 x 28cm display area . It is planned to put thr latter 

in the record reading room . 

The software package has been installed and wi11 run in :24K of 

rnemory (just '.). Further work is required to ' t une' the sof t\v:1re package 

and to investigate the use of overlays to reduce t11c memory rrquirements . 

Since da ta j s s tored on the screen, th e new tt·rminals wj 11 be able 

to plot a much g r eate r volume of data than was po~:s ible using the 

DEC VTll refrcshed display processor . 



2.:l_~ecial Responsibilities (in addition to normal duties ) 

R. Hayman 

F. Kolla r 

F. Anderson 

J. Thomas 

A. \lesa 

R. Groe,an 

- coordination of activities 

- design & evaluation of 3 chann e l amplifier 

- modif i cation to the design of a M1CTI outstation package 

to suit the special needs of the Borehole Seismograph 

- des i gn of digital r adio links fo r WCTN and SEBJ outst a tions 

and r epeaters. 

- hardware d esign of microprocessor development system 

- hardware design of ADC - TCXO module 

hardware design of micro-processor module 

- outstation software design 

- hardware d esign of outstation power supplies 

- supervision of contracted PCB l ayout 

- supervision of t echnicians assembly modules , 0tc . 

- chcckout of floppy di se system 

checkout of leve l II Floppy asse~bl~r 

- assist oth ers in so ftware developmen t 

- hardware checkout of HK II microprocesso r 

- update & checkout of . PDPll ha rdware configuration 

- keep systems op erat ional through Dat:;ilab ope:rntions 

- parts proc urement, assembly and test 3 chann c] preamp . 

- prepare detai led r<lck layouts , int e rconnection diagrams, 

wiring schedules & parts lists 

- parts procurement 
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5.1 Sch edules 

A sketch showing the way in which the various activitics interact is shown in 

fig. 8. The imme diate need is for software to support the additional channel 

from Hydro-Quebec at Ge ntilly. There are indications that this channel may 

be op eré1 tional by March 31. All of our equipment is on-site at Gentilly ready 

for conn cc tion a s soon as th e line has been installed and checked out. If the line 

does become op e rational, the Ottawa chan..'1e l will b e used until the system 

has b cen e xpanded. 

Developmen t of th e n ew soft\·:are is progrcssing and by April 1 the first 

version of t he pro g r a m will be operational. This will provide helicorder 

playb &ck on ly. It ~ill tcke a further seven weeks of dcvelopment to provide 

a v e r s ion with the SPZ trigge r al gor lth;-rt. The second version wi 11 also require 

addibona l di s e s p2 ce. Thi s h as b een ord e r e d and s hould be d e ljve reà by April, 

however installation will ha v e to ',:a i t: until addition:il mains power has bee n 

installed. This item is in c l u rl e d in the contract for th e Dat a l :1b alter a tions 

(;ind accounts for a significant part of the cost) . The contra ct is to be let 

during the week starting March 5 and work should be completed by M~y 5 provided 

key parts are available within 8 weeks. Thus the multi-channel triggered 

syst em s hould be ope rational by the end of May. The six channe.l mjcroproc e ssor 

backup syst em can be built within four to six weeks slnce most 11arts are from 

stoc k a nd can b e o perational by mid May. 

Pla nnir.r; for th e n cw oulstation s for /ŒCL, h'CTN and SEJ3J is unrl, ' rway, 

detailed sch f> d u ling i s b e jng d e v e J o ped. Th e sc s ch e du] es will, Pf course, depend 

on ge ttinc th e go-a h e ad from AECL and SEBJ, and on ci1e satisfactory completion 

of th e Da t a lab altera tions. 
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D. Havelock - install RSXllH V3.0l 

- ECTN software d ev e lopmen t 

B. Shannon - install tektron ix graphies software and prepare libra ries 

- convert LVll plotting package to RSXllM 

- prepare CRT data display routines for RSXllM 

M. Bonc - site selection , path profiles & path loss calculation for 

n ew \~CTN sites 

- coordinate DEC hardware installation 

- s upe r vise new EPB chassis installation 

R . Wetmiller - convert CANCE SS to run under RSXll-M 

- convert FILL to run under RSXll-M 

D. Weichert 

F . Lombardo 

- introduce RSXl lM to Victoria 

- site tests where necessary 

D. G. Instrumenls - PCB layout for mi croprocesso r 

- general assembly 

McGregor Electronics - assembly of 3 channel preamp . 



Station Location Funded By Station Code . Component Sample Line Input Or der Long. Word 
Rate Data Channel Code Format 

S/S Rate 
(Baud) 

Ottawa vault EPB OTT SPZ 60 1200 0 0 01 0 
Montreal EPB MNT SPZ 60 1200 1 0 01 0 
~.aniwaki EPB MIQ SPZ 60 1200 2 0 01 0 
N.anicouac.::in HQ MNQ SPZ 60 1200 3 0 01 0 
Gentillv HQ SPZ 60 1200 4 0 01 0 
Gl en Almond EPB SPZ 30 1800 5 0 000001 1 
Glen /\lmond EPB SPN 30 1800 5 1 000001 1 
Glen Almond EFB SPE 30 1800 5 2 000001 1 
Glen Almond EPB LPZ 1 1800 5 0 100010 1 
Glen Almond EPB LPN 1 1800 5 1 100010 1 
Glen /\lmoncl EPB LPE 1 1800 5 2 100010 1 
Glen /\lmond EPB ? 1/60 1800 5 0 010011 ? 
Glen Almond EPB ? 1/60 1800 5 1 010011 ? 
Glen Almond EPB ? 1/60 1800 5 2 010011 ? 
LG2-l SEBJ SPZ 60 1200 6 0 01 1 
LG2-2 SEBJ SPZ 60 1200 7 0 01 1 
LG2-3 SEBJ SPZ 60 1200 8 0 01 1 
Chalk Rive r AECL SPZ 60 1200 9 0 01 1 
Bancroft AECL SPZ 60 1200 10 0 01 1 
Spare 1 11 
Spare 2 12 
Spare 3 13 
Sparc 4 14 
Spare 5 15 

TAELE 1 : ECTN-STATION DATA TABLE 



Station Location Funded Station Component Sample Line Input Or der Long· Word 
By Code Rate(S/S) Rate(Baud) Channel Co<le Format 

Victoria EPB VIC SPZ 60 1200 0 o· 01 0 
Alberni EPB ALB SPZ 60 1200 1 0 01 0 
Haney EPB HN"Y SPZ 60 1200 2 0 01 0 
Pender Is. EPB PIC SPZ 60 1200 3 0 01 0 
Gulf Is. EPB SPZ 60 1200 4 0 01 1 
Gulf Is. EPB SPZ 60 1200 5 0 01 1 
Spare 1 6 
Spai:-_e 2 7 

TABLE 2: WCTN: STATION DATA TABLE 
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