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Design Technique for Wide Swath SAR TOPS imaging Mode
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ABSTRACT

In this paper, the design technique of the wide swath TOPS(Terrain Observation by
Progressive Scan) imaging mode is introduced. The TOPS mode overcomes the scalloping
limitations imposed by ScanSAR mode by steering the antenna pattern along track
direction during the acquisition of a burst. This paper reports the operation concept of
TOPS imaging and mode design result to extract the SAR operational parameters. Finally,
several analyzed results such as IRF(Impulse Response Function), NESZ(Noise Equivalent
Sigma Zero) and DTAR(Distributed Target Ambiguity Ratio) are presented.
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Scanning scheme for TOPS
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Fig. 2. Scanning scheme and impulse
response function (real part, after
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mode, and (b) a TOPS mode
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fo Table 1. System Parameter
e . Parameter Value | Unit Remark
Altitude 505 | km
Antenna length 4 m
Antenna height 1.056 | m

|2 Tlmrst

B
ad |

~. T
Scalloping e

Fig. 3. Doppler-timing diagram in TOPS

mode
o, e AT, B35 A5 thd AAS
a8 A o Fe 549 Bs vluE FI
Aglsorsttt. 0, = burst G9E & S 2z
ZE AAHEY, g2 2ol ¥ 23 #d He
g FEF & Yok
20, . AY v
¢az = ( = )_9 (3)
A R,
eIy Wl =3 wish&o] ALMEW, dA| 2
g 28 w"rgko =

SAR & Ele]®o] ZAAHET
burst 7tol =
cycle time 7.,
g o471 T, W e
23k dwell time, 7' gaph
AE R, 2L vyE GHY W A SEE
UEelH ™, ne subswath A5 YERITH
burst,i

L B
:Tburst,z' = Vg —+ T

T, :‘Z]jburstz_*—T

Figure 3> TOPS E=9 A7t 2 Fu}4=0]
3 BEAS =T Aoz e ey Y
o]l o) scalloping &7} FAsE RS
T Stk
2.2 TOPS BE MHA

ScanSAR 7|¥H#= <g TOPS
o 1@ Abgol wrh @A, e
"] Z3ESo gﬂa} o]-Eﬂ],]_ H JHE,_

o}

e N &

" 0=

2
8
i
aQ
9
Q
.
=}
aQ
o
lon
(e}
T
T
03“:

Antenna directivity | 47.1 | dBi

TX power 10 W | =2 T/R Module &3
Tx loss 0.7 | dB

Rx loss 0.7 | dB

Noise figure 3.1 dB

IRF broadening 2 % H/W 2 Xt
Atmospheric loss 05 | dB 2-way

Rain loss 04 | dB 2-way
0222, burst 4ol9} IS NFEE YTt

o subswath 7/|<+& A A st o g}
TOPS R=of 7|24 BE WaE A7
35 A)2d WM4E Table 19 A YstAth
Table 1o Beol® A2=H W+E 7|Rte= o
S 2 BEAA HAd o RE HSEE g
=3tAtt

@) PRF(Pulse Repetition Frequency) tlojo} &
= goloja#oA H33 swath A€

@) Range coverage ¥ swath 7+ T3 &<l

@ AeH swath B2 PRF 2 YAtz A

@ swa’thE TZ8 HIg, 8 doyg 2

A &2, W ST AR
L=h=1
-

A%

® WG UL 4 Az AL

© #AEEY HGE FIF AT S
=]

&3t JAr 20°
6719 swathES 2z
Z7Zy 6719

RE QA7 60 eI E
=% gAsgon, 7

swath+

subswath® Z=E AMAA9GY. oty =
subswath 7| 36°]™, swathelth A 2wk
FdES 100 kmE zZeth AWUAL} WA

swathdl agst= 2742 FE 20 AA AT
AFZE 20°8 EEFSE AWMA swathol] gt 23
E A9 EWAE, burst T AAE AIZHE °oF 041%
o], burst 2] ek 17.34 km=E A A YT}



4 43 & A 5 9, 2015, 5. FARSS S ¥ ld TOPS 2= A 7H 469
Table 2. Mode Design Result of TOPS mode
Parameter Swath #1 Swath #6

S1-1 | S1-2 | S1-3 | S1-4 | S1-5 | S1-6 | S6-1 | S6-2 | S6-3 | S6-4 | S6-5 | S6-6
Incidence Ngar 200 | 218 | 235 | 253 | 269 | 286 | 556 | 56.4 | 571 | 579 | 58.6 | 59.3
angle [°] Mid 209 | 22.7 | 244 | 261 278 | 294 | 56.0 | 56.7 | 57.5 | 58.2 | 58.9 | 59.6
Far 218 | 235 | 253 | 269 | 286 | 302 | 564 | 571 | 579 | 586 | 59.3 | 60.0

Total swath width [km] 100 100
Swath width [km] 16.67 | 16.67 | 16.67 | 16.67 | 16.67 | 16.67 | 16.67 | 16.67 | 16.67 | 16.67 | 16.67 | 16.67
Integration time [sec] 0.07 | 0.07 | 0.07 | 0.08 | 0.08 | 0.08 | 0.11 | 0.12 | 0.12 | 0.12 | 0.12 | 0.12
Tx bandwidth [MHz] 218 | 201 186 | 174 | 164 | 155 | 9.03 | 894 | 886 | 8.79 | 8.72 | 8.66
Pulse length [usec] 154 | 153 | 125 | 1563 | 155 | 185 [25.14|25.31 |25.98|27.11 | 27.55 | 28.56
PRF [HZ] 6477 | 6539 | 7975 | 6523 | 6437 | 5419 | 3872 | 3953 | 3849 | 3689 | 3630 | 3502
Beam velocity [km/s] 526 | 526 | 526 | 526 | 526 | 526 | 526 | 526 | 526 | 526 | 52.6 | 52.6
Beam steering rate [°/s] 486 | 480 | 475 | 468 | 462 | 456 | 3.11 | 3.06 | 3.01 | 296 | 292 | 2.87

Scan cycle [s] 2.46 3.82
Burst length [km] 1734 | 17.34 | 17.34 | 17.34 | 17.34 | 17.34 | 26.78 | 26.78 | 26.77 | 26.76 | 26.75 | 26.75
Burst time [s] 040 | 040 | 0.41 0.41 041 | 041 | 063 | 063 | 063 | 0.63 | 0.63 | 0.63
Time gap [ms] 361 | 365 | 370 | 8375 | 380 | 385 | 565 | 574 | 584 | 593 | 6.03 | 6.12

AHEW, FAAE

AALZE 60°E E3st= 6WHA swathol| gk 2

Figure 6-& subswath

1-1 burst 7:7HS 93+

= Z7Fell &l burst B WEE gHY W dEHe FE dEs A
AAE A e oF 063 22 Z718F¥Y 2, burst Ao Z Hx W Z%Z} ¢,(0.98°)FE burst TH
Aoz ek 267 kmEA Z7}3t9 1, burst T
gap AlZHE 5.65 msec oo 2 FUIs T 0 -

Figure 4 PRF tho]ol#= thololals = A0 S :
AlgE AS R subswath® YA HelolA9] g o o
PRF 3+ 2 4 9lth 71 PRFE $443% 7t oA | T
A7 SR (nadir) He]l Sl ddow A SV gl
9 AL FAF 5 Ak 2 ‘ Hhod

Figure 59} Figure 6= 31 WA subswath S1-1 £ ‘ E | E A4
off Aol WewEk <ty W HHE ZAIgE Ao = — Array antenna pattern [j#3-
o Fig. 5% burst AZAH Hoj e o ingle cement pattern

5 B °n B 10T Ti i

&7t 098°c Mo ® sjdez A2 e
E

e :
.x-'.\"‘-‘ gy Mg, e
AR

NN
i

X

NN

S

T
T
30 40 o

— RN
L SLRNREAR
Incidence angle [degree]

Fig. 4. PRF Diamond Diagram

-5 5
Normalized angle [degree]

Fig. 5. Azimuth Antenna Pattern i
subswath S1-1

Normalized gain [dB]

Normalized angle [degree]

Fig. 6. Azimuth Antenna Pattern during the
burst in subswath S1-1



470 AN - Y - o 5S - ARE B T o
A W =2F7 ,(0.62°)7hAE HERA AT 2 JEE 2%2 M A4S St Th

Subswath 1-1 burst T-7FollA o] wF&jwukgk <F

BlY o]5 zpo]l= 9F 0.8 dBo|t}. swath Wol A
o] QtEIY} o5 Abo]= swath W] EZF 9]
W2 NESZ &4 93-S vt ScanSAR 7]
Hy} TOPS 7|HE A8 AoAe 13 94
o] WrE NESZ EAS AHEW, TOPS 7],j3;
&3S o] xto]7} ScanSAR 71 & AE&IAS
WrTh 1 dB o]/ 7id = AT

23 TOPS ZE 4H4s5 &4 &1t

1o Aolg 4= waFol 3 2004 Lo
AA AFRE ©]§3te] TOPS EEe] o
SAR 45EA4S +359ch TOPS &
AolM 7 Fad AR shu=
dEE S EAoEA B wg HAAA i
AAl 48 202 Higste] AAE 53
3} o1, PSLR(Peak Side Lobe Ratio) ¥ ISLR
(Integrated Side Lobe Ratio) 578 td 87
208 DEA71Y) skl B 9 AL e
2 77} 054 ¥ 0.79 Hamming weighting 34~
= @%O}Oﬂq. EE st=dojdA T4 2

Impulse Response Function (Range)

IRF [dB]

100 =50 0 50 100 150
cross-track distance on ground [m]

Fig. 7. IRF performance in cross- track

direction

30+

Level [dB]

i
30
Incidence angle [degree]

Fig. 8. NESZ performance

AALZ; 55 A e Al 9 w9 eF IRF
< Fig. 77 Fig. 89 Zt7Z} Yeliiidth. A

IRF Z3&
= subswath Oﬂ A

o] &3] B3 PSLR¥} ISLRE
Zvzy -19 dB ©]she}

dB O] o]'e EM

v HF3E IRF Z_B_IJJFT‘::_ o]

= [SLR&
kel - 195 dBelstE AUt

Level [dB]

Level [dB]

=70
-150

PEE wy

2 E subswathol A 22t

Impulse Response Function (Azimuth)

| 1 i i
-100 -50 0 100 150

50
along-track distance on ground [m]
Fig. 9. IRF performance in along-
track direction

=70

i i
40 50

20 60
Incidence angle [degree]
Fig. 10. RAR performance
15

¥
N
(=]

¥
[~
(5]

]
©w
o

-35

i 1
30 40 50 60
Incidence angle [degree]
11,

Fig. AAR performance

o2 o,

05 Jm

-14.6

|3t E43F PSLR
-42 dB ©]



2015. 5. FuES 8 A" TOPS 2= A7 7Y 471

Naw e 548 Uehle NESZ 54
Fig. 991 A|Alstom g4l DTAR &
UEldl= RAR(Range Ambiguity Ratio)? AAR
522 Fig. 107 Fig. 119 7}z e At
NESZ 2 RAR 54 OJHM ol o A
dAe Y FiE
F2 21 ] -‘Wﬁ} 79(040] HEEA] 8 Efojof
Z 598 HvHog -33 dB 2 5
Ao, RAR 2 AAR® 7A¢ YAz 55°
SR 25 dB olstel 4% FAS A9l

m. &2
B =RoAE TOPS 2o tsh 7|2 %)
E F23 gEo AAEA, Al2Y HEE 7
ez mE AAE Fdsidler, HIHo=w
s B4 AFE AAEIAT TOPS d5 4
A}E wigom mr AAS QtEY W e o)
HA 3RS EAsAT
References

1) Francesco De Zan and Andrea Monti

Guarnieri, “TOPSAR: Terrain Observation by

Progressive Scans”, IEEE Trans. Geosci. Remote

Sens., vol. 44, no. 9, Sep. 2006, pp. 2352-2360.
2) Adriano Meta, Josef Mittermayer, Pau

Prats, Rolf Scheiber, and Ulrich Steinbrecher,

“TOPS Imaging With TerraSAR-X: Mode
Design and Performance Analysis”, IEEE
Trans. Geosci. Remote Sens., Vol. 48, no. 2,

Feb. 2010, pp.759-769.

3) T. B. Oh, C. H. Jung, S. H. Song, J. M.
Shin and Y. K. Kwag, “Development of SAR
Image Quality Performance Analysis Tool for
High Resolution Spaceborne Synthetic Aperture
Radar”,
Aeronautical and Space Sciences, Vol. 38, no.
2, , 2010, pp. 188~19%4

4) S. Wollstadt, P. Prats, “Scalloping
Correction in TOPS Imaing Mode SAR Data”,
IEEE Trans. Geosci. Remote Sens., vol. 9, no. 4,
Sep. 2012, pp.614-618.

5) D. D’Aria, F. De Zan, D. Giudici, A.
Monti Guarnieri, and F. Rocca, “Burst-mode
SARs for
Remote Sensing, vol. 33, no. 1, Feb. 2007, pp.
27 - 38.

Journal of The Korean Society for

wide-swath surveys”, Journal of



