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Estimation of Ocean Wave Wavenumber and 
Propagation Direction from Limited Synthetic 

Aperture Radar Data 
G O R D O N E. C A R L S O N , SENIOR MEMBER, IEEE 

Abstract—A method for estimating wavenumber and propagation 
direction for the dominant wave component in an ocean wave field from a 
few scans of synthetic aperture radar data is described and analyzed. The 
use of just a few radar scans rather than a complete image reduces data 
storage requirements significantly. The analysis shown uses actual syn­
thetic aperture radar data and provides parameter tradeoffs and statistical 
performance results. While reasonable estimates of wavenumber and 
propagation direction are achieved in some cases, the estimates are not 
sufficiently consistent to be satisfactory over a wide range of cases. The 
primary problem is one of low signal-to-noise ratio of the radar scan data. 

I . I N T R O D U C T I O N 

TH E de te rmina t ion of the w a v e n u m b e r and p r o p a g a ­
t ion direction o f t h e d o m i n a n t wave c o m p o n e n t in an 

ocean wave field from remote ly sensed d a t a is of interest . It 
can be used to aid u n d e r s t a n d i n g of ocean wave p h e n o m ­
ena and for generat ion of d a t a for wave c l imate predic t ion 
at locat ions of interest. 

A n aircraft or sa te l l i te-borne synthet ic aper tu re r a d a r 
( S A R ) can be used a s t h e r emote sensor t o generate images 
o f t h e ocean surface [1] . T h e theory and model ing of such 
S A R images of the o c e a n surface has been considered by a 
number of investigators [2 ] - [5] . If the image s ignal- to-
noise ra t io is adequa te , then the ocean wave direct ional 
spec t rum a t a locat ion of interest can be obta ined by 
performing a two-d imens iona l Four ie r t ransform of the 
por t ion of the image at the locat ion of interst [6]-[10] . T h e 
wavenumber and p r o p a g a t i o n angle of the d o m i n a n t wave 
c o m p o n e n t visible o n t h e image can be es t imated from the 
direct ional spectrum. These will be referred to as the 
indicated wavenumber and p r o p a g a t i o n angle of the d o m i ­
nant wave componen t and are very nearly equal to the 
actual d o m i n a n t wave c o m p o n e n t w a v e n u m b e r and p r o p a ­
gat ion angle for images ob ta ined from satelites. A cor rec ­
t ion is needed for images ob ta ined from aircraft since the 
indicated wave p r o p a g a t i o n angle on the image is different 
than the actual wave p r o p a g a t i o n angle . This difference 
results f rom wave m o t i o n du r ing the genera t ion of the 
image which is significant since the ra t io of aircraft velocity 
t o wave velocity is not large enough . T h e p ropaga t i on 
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angle de t e rmined gives the p r o p a g a t i o n di rec t ion except 
for a n 180° ambigui ty which mus t be resolved by us ing 
o ther d a t a . 

In o r d e r t o reduce d a t a s torage requ i rements for 
a i rborne-syn the t ic aper ture r ada r s used as r emote sensors 
of t h e d o m i n a n t wave c o m p o n e n t p a r a m e t e r s , it is des i ra­
ble t o s to re only as much d a t a a t each sensing locat ion as is 
needed. T h u s the feasibility of obta in ing es t imates of t he 
w a v e n u m b e r a n d propaga t ion angle of the d o m i n a n t wave 
c o m p o n e n t in a n ocean wave field f rom a few digitized, 
focused synthe t ic aperture r a d a r d a t a scans has been in­
vestigated a n d is reported here . 

Brief descr ip t ions of the m e t h o d s defined t o es t imate the 
w a v e n u m b e r as measured in the r a d a r scan direct ion 
(a long-scan wavenumber) a n d the indicated wave p r o p a g a ­
t ion ang le f rom the few d a t a scans are presented in la ter 
sections. F o r d a t a scans generated f rom satelli te, the ac tua l 
p r o p a g a t i o n angle is essentially equa l t o the indicated 
p r o p a g a t i o n angle and an es t imate of the w a v e n u m b e r of 
the d o m i n a n t wave c o m p o n e n t can b e easily c o m p u t e d 
using t he indicated angle es t imate and the a long-scan 
w a v e n u m b e r es t imate . For d a t a scans genera ted f rom an 
aircraft , t h e vehicle velocity a n d ocean d e p t h (if no t in deep 
water) a r e a lso required a n d the solut ion for the ac tua l 
p r o p a g a t i o n angle must be ob ta ined iteratively [11]. T h e 
c o m p u t e d ac tua l p ropaga t ion angle can then be used with 
the a long-scan wavenumber t o c o m p u t e t h e w a v e n u m b e r 
of the d o m i n a n t wave componen t . 

Pe r fo rmance of the along-scan w a v e n u m b e r and indi­
cated p r o p a g a t i o n angle es t imators a n d p a r a m e t e r t r a d e ­
offs for t h e m a re also presented in later sect ions. These 
pe r fo rmance results were ob ta ined by analyzing the es t ima­
tors us ing synthet ic aper ture r a d a r image da t a . T h e est i­
mates of a long-scan wavenumber and indica ted p r o p a g a ­
tion ang le a r e not consistently reasonable for all cases 
considered. Therefore , they c a n n o t be expec ted t o lead t o 
consistent ly reasonable results for es t imates of t he ac tua l 
w a v e n u m b e r a n d propagat ion direct ion. F o r this reason , 
pe r fo rmance results were left in te rms of t he a long-scan 
w a v e n u m b e r and the indicated p ropaga t ion angle. 

D A T A AND M E T H O D S U S E D IN ANALYSIS 

T h e d a t a used in the analysis of the a long-scan wave-
n u m b e r a n d indicated p ropaga t ion angle es t imators consist 
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X-band Image A O i g i t i z e d Image Segment 
Fig. I. Example of SAR ocean wave image. 

of several digi t ized synthet ic a p e r t u r e radar images. These 
images were generously supp l i ed by the Env i ronmen ta l 
Research Ins t i tu te of Mich igan ( E R I M ) and were t aken off 
the coast o f Mar inc l and , F l o r i d a in December 1975. 

All of the resul ts presented h e r e were taken from one of 
the A'-band images supplied (referred to as Image A). A 
segment of t h i s image and the digit ized version of a p o r t i o n 
of the segment a r e shown in F ig . 1. Th i s image was selected 
since g r o u n d t r u t h in format ion is avai lable for o n e loca t ion 
o n it f rom a pi tch-and-rol l b o u y ( b o u y is leftmost br ight 
spot off the c o a s t in the nondigi t ized image and the br ight 
spot nea r t h e b o t t o m center of t h e digitized image) . Also , 
of all the images suppl ied , I m a g e A has the mos t well-
denned w a v e s t ruc ture . T h e i m a g e has a resolution of 3 m 
in range a n d 4.5 m in a z i m u t h . Digi ta l da t a was suppl ied 
for loca t ions o n a 1.5 m gr id . 

The image was rescanned a t several different angles t o 
provide scan d a t a with waves a t different p ropaga t ion 
angles with respect t o the s cans . Th i s resulted in scan d a t a 
with different a long-scan w a v e n u m b e r s . Also, in s o m e 
cases, the i m a g e d a t a was s m o o t h e d by averaging values 
for a S x 5 s q u a r e of d a t a po in t s t o ob ta in the d a t a va lue 
for each loca t ion . 

Analysis of the a long-scan wavenumber and indicated 
p ropaga t ion angle es t imators were m a d e using the M o n t e 
Car lo t e chn ique t o ob ta in d a t a t o c o m p u t e sample means 
and sample s t a n d a r d dev ia t ions of est imates ob ta ined with 
the e s t ima to r s . In mos t analyses , twen ty different c o m b i n a ­
t ions of s cans f rom the s ame reg ion were used t o genera te 
est imates a n d the mean a n d s t anda rd deviat ions were 
computed f r o m these twenty es t imates . G r o u p s of scans 
were inter leaved s o all twenty cases could be as close a s 
possible t o o n e locat ion. Th i s m e a n s that the individual 
cases a re n o t statistically independen t . However, the result­
ing individual case es t imates of along-scan w a v e n u m b e r 
and indica ted p ropaga t ion angle exhib i t enough independ­
ence when t h e comple t e set of cases a t each analysis area is 
considered t o indica te tha t t he s ample statistics c o m p u t e d 
are reasonable indicat ions of pe r fo rmance . 

A L O N G - S C A N WAVENUMBER ESTIMATION 

The basic concep t used in es t imat ing the a long-scan 
wavenumber is t o c o m p u t e s m o o t h e d per iodograms for 
each of severa l scans , ave rage the per iodograms , and 

Distance Along Scan (m) 

0 0.262 0.52*» 0.786 

Wavenumber (rad/m) 

Wavenumber (rad/m) 
Fig. 2. Example da ta and spectra. 

de t e rmine t h e w a v e n u m b e r e s t ima te from t h e loca t ion of 
t he p e a k of the result ing s m o o t h e d and averaged p e r i o d o -
g r a m . In c o m p u t i n g the p e r i o d o g r a m of each scan , s m o o t h ­
ing is p rov ided by using a P a r z e n w indow wi th length 
equa l t o three- four ths of t h e sample a u t o cor re la t ion 
funct ion length . Several different w indow func t ions a n d 
w i n d o w funct ion widths were t r ied [11]. T h e wid th selected 
p rov ides r ea sonab le smoo th ing whi le still re ta in ing reasona­
ble reso lu t ion . Resul ts were no t very sensitive t o window 
shape . F ig . 2 shows an example d a t a scan, its n o n s m o o t h e d 
p e r i o d o g r a m , a n d the average of t he s m o o t h e d p e r i o d o ­
g r a m for th is scan and six ne ighbors . 

Init ial analys is of the es t imates ob ta ined wi th the a long-
scan w a v e n u m b e r es t imator indica ted tha t s o m e scans in a 
set be ing used gave smoo thed p e r i o d o g r a m s with peak 
loca t ions far f rom the major i ty of the p e a k loca t ions 
ob ta ined . Th i s is d u e t o the noisy na tu re of t h e d a t a and 
t ended t o give spur ious results , t h u s the basic es t imat ion 
concep t was modified t o e l imina te smoo thed p e r i o d o g r a m s 
whose p e a k locat ions were far f r o m the major i ty of peak 
loca t ions before averaging the pe r iodograms . In pract ice it 
was found t h a t d a t a f rom approx ima te ly 70 pe rcen t of t he 
scans in a set were used. 

A n o t h e r modif icat ion incorpora ted is t he c o m p u t a t i o n 
of e s t imates for increasing n u m b e r s of scans u p t o the 
n u m b e r t o be used t o de te rmine if the es t imates converge . 
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If t hey d o n o t , t h e a long-scan w a v e n u m b e r is said t o be 
non-es t imab le in t ha t case . T h e final modif icat ion incorpo­
ra ted is t o u se t h e average of t h e es t imate ob ta ined wi th the 
n u m b e r of s cans selected a n d the es t imates ob ta ined with 
o n e a n d t w o fewer scans . Th i s modificat ion is used to 
s m o o t h t h e e s t ima te further . 

I n s u m m a r y , t h e m e t h o d used t o es t imate the along-scan 
w a v e n u m b e r cons is t s of t he fol lowing steps: 

1) C o m p u t e a s m o o t h e d pe r iodogram for each scan 
cons ide red . 

2) C o m p u t e w a v e n u m b e r e s t ima te f rom the p e a k loca­
t ion of e a c h s m o o t h e d pe r iodogram. 

3) S ta r t wi th the first scan and form subsets of scans by 
a d d i n g o n e scan a t a t ime . 

4 ) F o r e a c h subse t of scans , compu te the m e a n and 
s t a n d a r d dev ia t ion of the w a v e n u m b e r est imates 
ob t a ined wi th each scan in the subset a n d then 
average p e r i o d o g r a m s for all scans whose p e a k loca­
t ions a r e wi th in plus o r minus one s t a n d a r d deviat ion 
of the m e a n . 

5) F o r e a c h subse t of scans , c o m p u t e the wavenumber 
es t ima te f rom the peak locat ion of the averaged 
p e r i o d o g r a m . 

6) If t he w a v e n u m b e r es t imate converges as m o r e scans 
a re a d d e d , c o m p u t e the final wavenumber es t imate as 
t he ave rage of t h e es t imates ob ta ined with the three 
largest subse ts of scans . If convergence does not 
occur a s m o r e scans are used, declare the wave-
n u m b e r t o be non-es t imable . 

A n analysis a r ea j u s t above the bouy locat ion o n the 
images s h o w n in Fig. 1 was designated as image a rea A-l 
and used for initial a long-scan wavenumber es t imator 
analyses a n d p a r a m e t e r t radeoffs . Par t ia l results from 
which n u m b e r of scans , scan length, and separa t ion selec­
t ions were m a d e are s h o w n in Figs. 3 -5 . Actual ly families 
of curves were ob ta ined so the effect of varying m o r e than 
one p a r a m e t e r cou ld be investigated [11]. However , for 
clari ty, only t h e curve of each family cor responding to the 
selected va lue for o the r pa ramete r s is shown here . The 
results a re presented in te rms of the mean μ and s tandard 
dev ia t ion σ of t h e es t imates ob ta ined with t h e twenty cases 
cons idered for each set of parameters . T h e g r o u n d t ru th 
value of the a long-scan wavenumber for image a rea A-l as 
de te rmined f rom the bouy d a t a is also shown in the figures 
for c o m p a r i s o n with the es t imate mean values. 

F ig . 3 is p lo t ted for a scan length of 480 m a n d a scan 
sepa ra t ion of 15 m. F r o m it, the n u m b e r of scans selected 
as requ i red is 14 based on the s t anda rd devia t ion of the 
es t imates . F ig . 4 is p lot ted for 14 scans and a scan 
sepa ra t ion of 15 m. I t is a p p a r e n t f rom th i s figure t h a t the 
scan length shou ld b e at least 480 m or 5.5 wavelengths of 
the wave be ing measured . Fig. 5 is plot ted for 14 scans of 
length of 480 m . T h e range of scan separa t ions considered 
is u p t o j u s t sl ightly m o r e t h a n one-half the wavelength of 
the wave be ing measured . T h e figure shows tha t the 
es t imat ion pe r fo rmance is n o t very sensitive to scan spac-

0.12 

Ό 

v£ 0.08 ^ Mean 

«> \ j - Ground Truth 
ε 
1 o.o*» \^. 

v Std. Dev. 

0 

Total Number of Scans 
Fig. 3. Number of scans effect on wavenumber estimate. 

0 2 ^ 6 8 
Scan Length (W.L.) 

Fig. 4. Scan length effect on wavenumber estimate. 

-
Mean 

- Ground Truth 

^ X ^ ^ X ^ S t d . Dev. 

) 10 20 30 <.0 
Spacing Between Scans (m) 

Fig. 5. Scan spacing effect on wavenumber estimate. 

ing changes in the range cons idered . A scan spac ing of 
15 m was selected t o keep the scans in a compac t a r e a t o 
min imize wave field var iabi l i ty . In the pa ramete r t radeof f 
analyses , a to ta l of 520 cases for scan lengths grea te r t h a n 
o r equa l to 480 m were cons idered . Of these, 10 o r 1.9 
percent were declared non-es t imab le . 

T h e performance of t h e a long-scan wavenumber e s t ima­
t i on us ing the above selected pa rame te r s was eva lua ted by 
o b t a i n i n g est imates for several analysis areas. Resul ts f rom 
t w o analysis areas of i m a g e A are presented below. T h e 
first a rea (designated A-3) over laps area A- l b u t was 
shifted slightly t o move it f a r ther f rom the image edge a n d 
t h u s permi t ro ta ted scans of reasonable length t o b e o b ­
t a ined . Fig. 6 shows the m e a n a n d s t andard dev ia t ion of 
the es t imates obta ined for s cans ro ta ted by 0 ° , 2 3 ° , a n d 35° 
a s a funct ion of scan length . Scan length was varied s o the 
convergence of the e s t ima tes could be observed. S imi la r 
es t imates were a lso o b t a i n e d us ing image d a t a s m o o t h e d 
by 5 x 5 averaging. 

Resul ts are summar ized for b o t h the n o n s m o o t h e d a n d 
s m o o t h e d d a t a in Tab le I where the bias and s t a n d a r d 
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Fig. 6. Wavenumber estimate statistics for various scan angles at best 
analysts area. 

T A B L E I 
SUMMARY OF ALONG-SCAN WAVENUMBER ESTIMATE PEFORMANCF. FOR ANAL­

YSIS AREA A - 3 

Scan 
Rotation 

Angle 
° r 

Ground 
Truth 

Wavenufr.t>er 

S 

Won Relative 
Estimable Average 

Cases Bias 

Relative 
Average 
Std. Dev. 

ton -Stsoothed Data 

0 s 0.071 7.5% 1.8* 15.U 

23 ώ 0.052 17.51 -2.7* 19.3* 

35 e 0.038 5.01 1.6* 26.7* 

STtoothed Data (5x5 Ave) 

0° 0.071 3.8* 3.0* 13.9* 

23° 0.052 7.5* -6.0* 16.7% 

35° 0.036 0* -4.2% 24.2% 

devia t ion of the es t imate are indicated as percentage of the 
g round t r u t h value and averaged over all cases with scan 
lengths g rea te r than tha t required for convergence . The 
percent of these cases which were declared non-es t imable is 
a lso s h o w n . T h e relative average s tandard dev ia t ion is 
larger t h a n is desirable. It a lso increases for smal ler a long-
scan w a v e n u m b e r s ( larger a long-scan wavelengths) . The 
percent of non-es t imable cases is larger than des i r ab le for 
n o n s m o o t h e d da ta . T h e major effect of the s m o o t h e d da ta 
is t o reduce the n u m b e r of cases which are non-es t imable . 

Tab le II shows results obta ined for area A-4 o n image A. 
In this case , the es t imator used wi th the smoo thed d a t a was 
further modified t o e l iminate a n y peaks at w a v e n u m b e r s 
c o r r e s p o n d i n g to wavelengths of 400 m o r g rea te r (called 
L W C ) . T h i s was d o n e as an a t t e m p t t o improve perfor­
mance by el iminat ing the po r t i on of the s p e c t r u m for 
which it is k n o w n tha t results a re not good since the scan 
length encompasses t o o few wavelengths t o o b t a i n a reli­
able e s t ima te of wavenumber . 

In genera l , the along-scan w a v e n u m b e r es t ima tor perfor­
mance for analysis a r ea A-4 is cons iderably p o o r e r t h a n for 
analysis a r e a A-3. In th is case, b o t h the relative average 
bias and t h e relative average s t a n d a r d deviat ion increase as 

T A B L E I I 
S U M M A R Y O F A L O N G - S C A N W A V E N U M B E R E S T I M A T E P E F O R M A N C E F O R A N A L ­

Y S I S A R E A A - 4 

Scan 
Rotation 

Angle 
0 r 

Ground 
Trutn 

Wavenumber 

S 

Non Relative 
Estimable Average 

Cases Bias 

Relative 
Average 
Std. Dev. 

Non -Smoothed Data 

0° 0.071 15.0* 2.7* 18.9* 

23° 0.052 15.0* 29.6* 31.4* 

35° 0.038 35.0* 24.9* 60.3* 

Smoothed Data (5x5 Ave) & LWC 

0* 0.071 1.7* 1.3* 14.4* 

23Ώ 0.052 7.5* 28.9* 25.6* 

35° 0.038 20.0* 33.0* 47.4* 

a long-scan wavenumber decreases . Once aga in , t h e major 
effect of us ing smoothed d a t a is to reduce t he n u m b e r of 
non-es t imable cases. 

Along-scan wavenumber es t imates were a lso o b t a i n e d 
for a reas o n o the r images supplied by E R I M [11] . In 
genera l , these images did no t have as well a defined wave 
s t ruc tu re a p p a r e n t and es t ima to r per formance was cons id ­
e rab ly poore r . T h u s while the along-scan w a v e n u m b e r esti­
m a t o r gave reasonab le es t imates in a n u m b e r of cases , d a t a 
noise precluded obta in ing consistently sat isfactory esti­
m a t e s over a wide range of cases . 

INDICATED PROPAGATION A N G L E ESTIMATION 

Several different techniques for es t imat ing the ind ica ted 
p r o p a g a t i o n angle of the d o m i n a n t wave c o m p o n e n t were 
pos tu la ted and evaluated [11] . Techniques using averaged 
c ross cor re la t ions between pai rs of scans d id n o t give useful 
results . Therefore , the es t imat ion technique used cons is ted 
of a par t ia l two-dimensional cross-correlat ion wi th a refer­
ence funct ion. T h e steps in th is technique are : 

1) C o m p u t e the along-scan wavelength e s t ima te from 
the a long-scan wavenumber es t imate . 

2) Select the longest segments con ta in ing a n integer 
n u m b e r of est imated wavelengths f rom the r a d a r 
scans used for wavenumber es t imat ion and r emove 
the m e a n value from each scan segment . 

3) Cons t ruc t a two-dimensional square wave funct ion 
with a long-scan wavelength equal to the e s t ima te and 
p r o p a g a t i o n angle φ spann ing the a r ea e n c o m p a s s e d 
by the scan segments selected as shown in Fig. 7. 

4) C o m p u t e a two-dimensional cross-corre la t ion value 
for the r a d a r scan d a t a and the square wave funct ion 
with p r o p a g a t i o n angle φ = 0° and offset AB = 0 by 
a d d i n g all scan da t a values at locat ions c o r r e s p o n d ­
ing to shaded port ions of t he square wave funct ion. 

5) Increase the offset A Β in s teps of o n e d a t a p o i n t and 
repeat s tep 4) . The values obta ined in this s t ep give a 
cross-corre la t ion function for a long-scan shifts be -
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Radar Scan L ines Used 

Fig. 7. Two-dimensional square wave for correlation with radar scan 
data. 

-10 1 ' 1 1 ' ι ι ι ι ι 
0 A 8 12 16 

Number of Scans 
Fig. 8. Wave propagation direction estimate for example case. 

tween t h e r a d a r scans and the square wave funct ion 
with a p r o p a g a t i o n angle of 0 ° . T h e peak value of this 
cross-corre la t ion funct ion is compu ted . 

6) Steps 4) a n d 5) a re repeated for o the r values of squa re 
wave p r o p a g a t i o n angle φ t o p roduce the peak cross 
cor re la t ion as a funct ion of p ropaga t ion angle . P r o ­
vision is inc luded t o use a m o v i n g average over 10° 
and 20° inc rements t o s m o o t h this function. T h e 
p r o p a g a t i o n angle a t which the resulting function has 
its peak va lue is the es t imate of the indicated p r o p a g a ­
t ion ang le . 

Examples of indicated p r o p a g a t i o n angle est imates o b ­
tained with o n e set of s m o o t h e d d a t a ( 5 X 5 average) scans 
taken from image a rea A - l a t t w o different ro ta t ion angles 
are shown in F ig . 8 as a funct ion of the number of scans 
used in the es t imate . P lo t s a re s h o w n for est imates using 
10° and 20° m o v i n g w indow averaging. It can be seen t h a t 
moving w i n d o w averaging can improve performance and 
tha t the n u m b e r of scans selected for the a long-scan 
wavenumber e s t ima to r (i .e., 14) is adequa te for t he indi ­
cated p r o p a g a t i o n angle es t imator . 

The same set of analysis cases used in evaluat ing t he 
along-scan w a v e n u m b e r e s t ima to r wi th da ta from image 
a rea A-3 were used t o eva lua te t he indicated p ropaga t ion 
angle e s t ima to r and pe r fo rm p a r a m e t e r tradeoffs. It was 
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Fig. 9. Individual case indicated propagation angle estimate for three 
different wave angles for anlaysis area A-3. 
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Fig. 10. Individual case indicated propagation angle estimates for two 

different wave angles for analysis area A-4. 

de te rmined tha t the scan lengths should be s o m e w h a t 
longer (8 wavelengths was selected) , the 15 m scan spac ing 
previously selected is a d e q u a t e , a 10° moving w i n d o w 
average provides sufficient smooth ing , and s m o o t h e d 
image d a t a ( 5 x 5 average) is needed for best pe r fo rmance . 
T h e use of 14 scans was a lso confirmed as a r easonab le 
choice . 

Fig. 9 shows the es t imates obta ined for the 20 cases a t 
each scan ro ta t ion angle used for image area A-3 . Clus te r ­
ing of the es t imates in the ne ighborhood of the ind ica ted 
p r o p a g a t i o n angle g round t r u t h value is a p p a r e n t for all 
th ree angles with only a few est imates far from the t r ue 
value. Es t imates obta ined for t w o scan ro ta t ion angles for 
image a r ea A-4 are shown in Fig. 10. In this case t he r e a r e 
c lus ters bu t they are not c lustered in the immediate vicinity 
of the g r o u n d t ru th values. Recal l tha t this image a r e a a lso 
gave p o o r e r along-scan w a v e n u m b e r estimates. 

T a b l e I I I summar izes the per formance of the ind ica ted 
p r o p a g a t i o n angle es t imator for the two image a r e a s 
cons ide red . Per formance is s ta ted in terms of the pe rcen -
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T A B L E HI 
P E R C E N T A G E O F P R O P A G A T I O N A N G L E E S T I M A T E S W I T H I N ±10P A N D 

±5° I N T E R V A L S O F GROUND T R U T H 

Anal. Area 

Angle Limits 

Scan Rotation 
Angle 

0° 

23° 

35° 

A - 3 

±10° ±5 

75% 

80% 

75% 

70% 

30% 

60% 

A - 4 

±10° 

50% 

30% 

±5° 

5% 

5% 

t agc of es t imates which a re wi thin ± 1 0 ° and ± 5 ° of the 
g r o u n d t ru th value. Fo r image a r e a A - 3 , 77 percent of the 
es t imates a re within ± 1 0 ° a n d 53 percen t a r e wi th in ± 5 ° for 
all angles considered. T h e s e n u m b e r s d r o p t o 40 percent 
wi th in ±10° and 5 percent wi th in ± 5 ° w h e n the d a t a f rom 
image a rea A-4 is used. 

Indicated p ropaga t ion angle es t imates were no t ob ta ined 
for any addi t iona l image a reas since t he a long-scan wave-
n u m b e r es t imates for o t h e r a reas cons ide red were no t very 
g o o d and t h u s the indicated p r o p a g a t i o n angle e s t ima to r 
c o u l d no t be expected to per form very well . A s for the 
a long-scan wavenumber e s t i m a t o r , it is a p p a r e n t t h a t 
be t te r signal-to-noise r a t i o is needed t o prov ide consist­
en t ly reasonable est imates. 

SUMMARY AND CONCLUSIONS 

Techniques for es t imat ing t h e w a v e n u m b e r and p r o p a g a ­
t ion direct ion of the d o m i n a n t wave c o m p o n e n t in an 
ocean wave field from a few scans of synthe t ic ape r tu re 
r a d a r d a t a were developed a n d eva lua ted . T h e feasibility of 
t h e techniques and the effect o f va r ious pa rame te r s was 
eva lua ted by using several loca t ions o n digi t ized synthet ic 
ape r tu re r a d a r images o f the ocean surface . 

T h e best per formance of t he a long-scan w a v e n u m b e r 
e s t ima to r was obtained for an image loca t ion which h a d a 
visible, fairly well-defined w a v e s t ruc tu re . In th is case , the 
n u m b e r of non-est imable cases r a n g e d f rom 0 t o 17.5 
percent , t he es t imate bias ranged f rom 1.8 t o 6.0 percent 
a n d the es t imate s t andard dev ia t ion r anged f rom 13.9 t o 
26.7 percent as the d o m i n a n t wave c o m p o n e n t p r o p a g a ­
t ion direct ion was varied ove r a 35° r ange . 

It was found tha t most e s t ima tes of t h e d o m i n a n t wave 
c o m p o n e n t p ropaga t ion d i rec t ion c lus tered in the ne ighbor ­
h o o d of t he correct p r o p a g a t i o n d i rec t ion when r a d a r scan 
d a t a from the image loca t ion which gave the best wave-
n u m b e r es t imates was used. A p p r o x i m t e l y 77 percent of 
t h e es t imates were within ± 1 0 ° of t h e cor rec t p r o p a g a t i o n 
d i rec t ion . Only a few a r e far f rom it. 

T h e p r ime factor which limits t he pe r fo rmance of the 
a long-scan wavenumber a n d p r o p a g a t i o n d i rec t ion es t ima­
t o r s in the best case indica ted a b o v e is t h e relatively large 
a m o u n t of noise on the digit ized r a d a r scans used. O the r 

image loca t ions considered con ta ined even m o r e noise with 
t he result t h a t poo re r a n d inconsis tent pe r fo rmance was 
achieved. I t is encouraging t h a t w a v e n u m b e r a n d p r o p a g a ­
t ion d i rec t ion est imates which were r ea sonab le were 
achieved in a number o f cases even t h o u g h t h e noise o n the 
digit ized r a d a r scan was relatively large . However , 
m e t h o d s for reducing this noise are necessary before 
consis tent estimates c a n be achieved in all cases . 
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