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Noise Considerations for the ESA ERS-1 Doppl er Scatterometer 

L. Gray 

Abstrac t 

Trade-offs between power, thermal noise , measurement 
accurac y, incoherent averaging, r esolut ion , antenna beamwidths, 
etc. are required for optimization studi es of the ESA ERS-1 
Doppl e r Scatte rome ter. These notes a nd graphs present some of 
that information and make some observations and recomme ndations 
for follow-on work to the Dornier phase A sca tt e rome ter study*. 

Cont ents 

1. Standard Devi a tion in backscatter coeff i cient a0 

measuremen t. 

2. Doppler Bandwidth as a function of earth incidence angle 
(ei). 

3. Number of independen t sampl es as a function of ei. 

4. ¾ as a function of signal-ta-noise r at io (S NR) . 

S. ¾ for V and H Pol. (ei = 55°), comparison with SEASAT. 

6. SNR as a fun c tion of e (wind speed u* = 4, 8~ 16 m sec-1) . 

7. ¾ as a function of e. 

8 . Standard deviation in u* as a function of e and u*. 

9. Conclus ions and Comments. 

"Satellite Sca tt eromete r Feasibility Study", 
Midterm Presentation, November 1980 
Final Presen t a tion, J anuary 19 81 . 

Dornier Systems ESA Cont r act No . 4367/80 / F/DD(SC). 
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1) Tta Standard Deviation in Backscatter Coef f icient (cP) 
Meas urement 

This is given by 2 , 3 ; 

Kp = (sta nda rd deviation in cP raeas urement)/ cP 

[
l + 2 + 1 ] 

S."R (S NR ) 2 
+ 1 -----"---=l l ½ 

(S NR) 2 \ 

whe n 'n (total noise measureraent per i od ) =(2Tsn), wher e Tsn is the 
total signal plus noise raeasurement period 

the n 

_2_ + 
SNR 

(1) 

where Be= doppl e r filter bandwidth and SNR = signal-to-thermal 
noise ratio. This is also the expression used in the Dornier 
Analysis. 

l 
When SNR is large Kp ~ 1/(Bc'sn) z and , (because the radar 

return signal is a ss umed to be a Gaussian random process , ( Bc Tsn> 
is a measure of the numb\r of independent samples making up the 
estimat e of cP. (Bc'snJ is then propor tional to the ' speckl e ' 
inherent in the meas ur e rnent s and should, in general, be as small 
as possible. 

2 "An Opera tional Satellite Scatterometer for Wind Speed 
Measurements over the Ocean" by Grantham et al . 197 5 . 
NASA TN X-72672 
"Standard Deviat ion of Scat terooeter ~!eas urement s f rom 
Space ", R.E . Fi scher , I EEE , GE-10, No . 2, pp . 106-113, 1972. 
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2) Doppler Bandwidth as a Function of Earth Incidence Angle 

In order to calculate Kp for various configurations it is 
necessary to calculate the doppler filter bandwidth Be in Eqn . 1 
as a function of earth incidence angle . Even neglecting earth 
rotation effec ts this is a tedious but straight - forward 
calculation and has been done only for Si= 25°, 35° , 45° and 55°. 
The equations used are given in the NASA report (Ref . 2) . The 55° 
Be value is consistent with the value given in the Dernier final 
report . 

Graph 1 shows that the bandwidth decreases from 
approximately 10 KHz at 25° to approximately 1 . 2 KHz at 55° . Sorne 
of the parameters used in the calculation are given on the graph . 
Note that for a 50 x 50 km resolution cell the doppler bandwidth 
is a fairly strong function of ~ the azimuth antenna beamwidth. 
Also it appears that it is virtually impossible to maintain a 50 x 
50 km ground footprint with a 0 . 8° azimuth beamwidth at an 
incidence angle of 60° or larger. 
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3) Numbe r of Ind ependent Samples as a function of ei. 

Graph 2 shows the number of independent saraples or "looks" 
ve r s us earth incidence angle for the SEA SAT scatterometer and for 
the V and H pol of the Dernier design. Even allowing for the 
(1 3 .9 /5.3) frequency factor in t he doppler bandwidths the 
co mparison bet1,een the SEASAT and Dernier system shows that the 
Dern i er System is notas good . There are 2 reasons for this : 

1) Because of the length restriction on the antenna the 
smallest azimuth beamwidth is given by an unweighted antenna 
3.6 min l eng t h ~a (51 x .0566)/3.6 degrees 0. 8° (as 
in Dornier r epor t) whereas the SEASAT SAS S used ~a= 0 . 5° •. 
Gra ph 3 ( from Ref . 2 the NASA report) shows tha t to maintain 
the same value of Kp tha t the power required increases 
significan tl y as the azimuth beamwidth increases, this is 
due partly t o the decrease in Be required to maintain a 50 
km r esolution cell. 

2) The l ength of the transmitted pulse should be just l ess than 
the 2-way propagation tirne of the nearest point in cell 1 in 
order to r.iaximize the (Bc's n ) product. Howeve r, because the 
peak power of the TWTA for the wind mo de mus t be compatible 
with the wave (SAR ) mode only a fraction (.72 m sec) of the 
total available time (~4.7 m s ec ) is used in the present 
design , which is r el ativel y inefficient as a consequence . 
Note also that any atternp t to extend operation of the C-band 
Dop pler Scatterometer beyond 55° incidence angle will be 
dif ficult unless t he g r ound cell size is increased . 
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4 ) ~ as a Function of SNR 

Given the values of ( Be 'sn ) calculated as a function of 
incidence angle it is possible to calculate Kp as a function of 
SNR for different incidence angles . 

Graph 4 shows t hat for positive SN~ the accuracy in ~ 
measurement is dominated by the speckle term and that, as is 
obvious , the worst angle is 55°. All four curves have been 
calculated for V polarization . Below SNR = 0 dB thermal noise 
effects dominate and the Dornier de sign figure of Kp < 25% is 
satisfied for SNR > 0 dB ( 55° ) and SNR > -5 dB for 8ï_ = 25°. 
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5 ) !5-p for V and H Pol. ( ~ = 55°), compa rison with SEASAT. 

Gr aph 5 shows the comparison b e tween Dornie r cell 8 ( 8-i_ 

55°) V and H po l and SEASAT scatterome ter cell 10 ( er55°) 
mea surements . Note t hat the inc reased incoherent averaging for 
the SEASAT scatt e romet e r allows comparable rP measurements wit h 
SNR = -9 d B ( SE ASAT), SNR = -2 . 5 dB (Do r nier H pol) and SNR = 0 dB 
( Dornie r V pol). 
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6) SNR as a function ofB (wind speed , u* 

Using 

and SNR 

where Pt 

G ':/ 
- Pt (G~ao. À2. €2 • L. Ls 
- 4TrRc¾82 

PT/KTsBc 

= transmitted power, 1667 watts 
G;co = relative antenna gain 
À wavelength 0 .0566 o 
€ = antenna efficiency 
L doppler cell length 
Ls total system losses 
Re r~e to cell 

• 0 
SNR = K O 2 .a .L where K is independent of ei 

Re 3 . Bc 

Estimates based on these expressions leads to graph 6. Note 
that these curves have been calculated using (crosswind ) a 0 values 
from the Wentz (14.9 GHz) mo de~ i however , the worst case link 
budget calculation (H, 4 m sec , 55°) given in the Dernier report 
is consistent with the appropriate value in these curves. The 
following values were used fo r t he antenna <l>a = . 8°, S = 33°, 
G/G0 :25° = -4.5 dB, G/G0 :35° = -. 7 dB, G/G0 : 55° = -.6 dB. 

Graph 6 shows that u* > 4 ra sec- 1 the system will ope rate 
with a positive SNR . Crosswind a 0 values have been used from the 
Wentz model in all the graphs. It is also apparent that optimum 
illumination in elevation ha s not bee n us ed. By increasing the 
elevation aperture one could increas e the peak gain by a few dB 
and consequently save a few dB in power . Although this would make 
a significant difference to the (G/G0 :25°) values the SNR ma rgin 
i s sufficient to allow for a (G/G0 : 25°) reduction of ~5-10 dB. 
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7. ...Kp as a function of e . 

Graph 7 shows the normalized standard deviation in ~ 
as a function of Bi . Iwo curves are drawn for u* = 4 msec-l 

( crosswind) for V and H polarization. For most incidence angles 
the V pol KQ val ue is larger than the H pol Kp value, i . e ., 
the H pol a° measurement is be tter . Only for ei > approximately 
52° does the larger SNR values for V measurements more than offset 
the poorer averaging of using half the number of pulses for a V 
measurement as for an H measurernent. For wind speeds greater than 
approximately 8 m sec- 1 the measurements are limited by the 
available incoherent averaging and the H measurements are always 
better than the V measurements. lt is debatable whether the 
Dernier scheme of 84 V pulses and 168 H pulses would be any better 
than a simple 126 : 126 V:H pulse sequence. 
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8) Standard Deviation in u* as a function of ~nd u* 

Using the simple model c? = a (u*) Y for average backscatter: 
to wind speed ( u*) dependence and neglecting azimuthal va riation 
we obtain 

and 

du* 

where d cP 

VAR(u*) 

da 
a 

err:or in cP, etc. 

where VAR(u*) Variance in u* etc. 

Where K12 = Variance in measurements of cP due ta instability in 
relative calibration, variation in atmospheric attenuation , 
spacecraft attitude, etc . 

Ignoring the problerns r e l ated to uncertainties and 
uni queness of the wind speed model (i.e. a and y) we have 

VAR(u*) = ~~1* )2 (~ 
Graph 8 is an atcempt to illustr:ate the contribution to the 

variance in u* frorn uncertainties due to thermal noise and speckle 
(bath contained in the Kp t erm ) and the relative calibration and 
att enua tion term ( K' ). Graph 8 shows that at the low wind speeds 
where the desired relative accuracy is low (i.e. ±2 m/ sec at winds 
up ta ~10 msec- 1 ) that the contribution to the u* error (variance ) 
budge t from K is very small . Guessing a value of 30% for 
rel ative calibration , se attitude and attenuation problems l eads 
to the curve plotted for the resulting contribution to the u* 
variance . 
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These curves show that the Dornier design goal of a Kp < 25% 
for low winds appears to be unnecessarily stringent. Designing to 
a Kp < 50% (as was done for the SEASAT scatterometer) would save 
power and lead to a ma r ginal decrease in accuracy of u* estimation 
at low wind spe eds and no difference at mode rate or high wind 
speeds. Clearly this analysis does not begin to examine the 
effect on wind direction extraction. In re s pect to the SEASAT 
results it is interesting to note that the worst case (low wind 
speed) system design was based on cP values which appear to be 
much larger than the currently accepted values . Consequently, the 
poorer performance of the SEASAT scatterometer at low winds may be 
due to the fact that the¾ value was at tirnes larger than their 
design spec of Kp < 50% . În practice cP estimates were rejected 
in the SASS processing if the Kp v a lues wer~ too large. It 
appears from Graph 8 that a worst case Kp < 50% is adequate and 
that the Dornier spec of Kp < 25% could be relaxed. 
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9) Conclusions and Comments 

l) The proposed wind mode scatterometer is inefficient in 
powe r* because the combination of a low resolution wind mode 
and the relatively high resolution wave mode appears to lead 
to an inefficient design for the wind mode . The peak and 
average power required for the Dornier des ign are~ 16 tirnes 
and~ 2 times that used on SEASAT respectively, although 
one would expect a lower power requirernent at the lower 
frequency. 

2) The Dorni er design aims for a~< 25% and it follows from 
this work and the Dornier report that the worst case value 
is approximately 17 %. lt appears that this could be r elaxed 
without appreciably degrading the recovery accuracy in u*. 
The effect on wind direction extraction accuracy is hard to 
estirnate without more simulation work. 

3) The elevation beamwidth quoted (33°) does not appear to be 
optimum and a f ew dB in power may be saved by decreasing the 
beamwidth and increasing the peak gain . 

4) The relatively poor incoher·ent averaging (for a spaceborne 
scatterometer!) arises partl y be c a u se of the short (.7 2 
msec) pulse length which is necessary because of TWT 
operation limitations . The finite pulse leng th leads to a 
transmitted power spectrum which is nota delta function but 
rather has a bandwidth of order 1.4 fllz, ie . compa rable to 
the doppler fil ter bandwidth of the 55° cell (~ 1.2 KH z ). 
lt is not clear that the co mplications arising from this 
effect have been considered. 

5) Because of the power require rnents of the wind mode, the 
other modes of a combined active mic r owave instrument may be 
compromised because of spacecraft power limitations. 

6) Although it has been suggested above that Kp could b e 
increased, thi s should not be done at the expense of the 
available incoherent averaging; i . e . neither Be nor 'sn 
should be decreased . High wind speed performance may be 
improved slightly by equating the nurnber of looks for V and 
H pol transmission. 

One developrne nt which may alleviate thi s problem is the 
current r esearch going on with multistage collector TWT's 
which can be us e d with variable output powe r s ( Multimode 
Trave lling Wave Amplifier Tubes, E . Buck Microwave Journa l 
Feb . 1981 , p 65). 




