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Abstract

Image chain analysis of synthetic aperture radar (SAR) satellite is one of the primary
activities for satellite design because SAR image quality depends on spacecraft bus
performance as well as SAR payload. Especially, satellite pointing and stability error
make worst effect on the original SAR image quality which is implemented by SAR
payload design. In this research, Image chain analysis S/W was developed in order
to analyze the SAR image quality degradation due to satellite pointing and stability
error. This S/W consists of orbit model, attitude control model, SAR payload model,
clutter model, and SAR processor. SAR raw data, which includes total 25 point tar-
gets in the scene of 5km x 5km swath width, was generated and then processed for

analysis. High resolution mode (spotlight), of which resolution is 1m, was applied.
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446 Chun & Ra

The results of image chain analysis show that radiometric accuracy is the most de-
graded due to the pointing error. Therefore, the successful design of attitude control
subsystem in spacecraft bus for enhancing the pointing accuracy is most important

for image quality.
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%42l o]t} (Synthtic Aerture Radar, SAR) $149) Q4L $22 o)A BATHE o5t A
EW AT A4 YEH22 94 B Gt 7YY ILELL

=

83 2249 FBE e BAAY AT A E Ha EA L ZE wEe] AFE AR At T
A= 2252 o] F o] At Curlander & McDonough 1991).

74 gt 949 FAL Aol FAA 4A 2 AL T FEH = FAA Ade) 2
T ASAAT 23 7oA A4 BAle wsecdoz s o Ax ZH 7t uet 1 F2
o] FF Frtdrh dNtAC 2 HAA A F A5 AL A o] H XA NPT HYE T B
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Aol 29, gddeln FAA 24, 28 249, 44X 2d, A%/ 2dE 249 o9
AL 93, 5km x 5kme] FEEZS A= lm LHAE RE oy G4 94 dHoHE A&
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Operation Mode
(Spotight)
Reference Ortd, Attitute Target Modaing:
Trajeciory SAR parameters - Point target
PRF, Carrier Freq -DEM
T -GCP
Aritude Control I 1
{Dok:, Jiter) R
T [Roivi s Reflacthily mep
Targat Location
Phase Noise
Orbic. Atitude Dy
Accuracy - Tiera Delay
- Amglitude
- Phase
~ AD sanpled
| v e e e
- True Time. e ol -PSLR ISLR
Aditude SAR - Chirp pulse I AR mnge
Orbit, At > N SARDs S A *
Attitude Model 3 o 2y = SAR P Anahss
i - Measurad Time, Position, Atitude T
23 1. SAR ¥4 44 ¥ 24 #A.
1. 94 Alad 28§ shedvlE.
Items Characteristics
Operation Mode High Resolution mode (Spotlight)
Attitude Reference frame Perpendicular steering (Geodetic)
Satellite Altitude 550 km
Nominal mechanical roll tilting -33.70 deg (Right Looking)
Sliding depth 6300.00 km
Incidence angle (Center) 44.75 deg
A= BEe) 78 7152 A A=22290 94 ASE AAREL, 99 AzoA A

45 &3t ASH AEY WGS84 AT AL vigte 2 A5 2 tHCocard et al. 1991).
7‘]"‘1]*]]°174] 2EY 75 FAFA AA AF 74L& AT, FF e AT 23 24
g A3tk FAA 2ES A Y FAAY AR & #4E& 4L, 8 o
=0 2y £3g T3 AL 99 A3 A EHo)AE £F3e RAA 5T 2238 U0 w
2 3L 2% 298 REL doln 4 A3 A EHo|AA 7HEe A FeEH 832 3
®£R, EﬂEE%(Digital Elevation Model), #°1t} G4 2 ER A 5& AH83519 288 84S
L ATAE BEY F8 /e A5 22aPE AR AT ol 93E 34
A A B oy Z2a8S AH2dta XA FAS P A So}(Franceschetti & Lanari 1999).
o} E%Oﬂ—‘e Extended Chirp Scaling €12 Z o] &2 ¢l tHMittermayer 2003). F3%7} ZEZ
AR A $F(Point Target Response) B 71314 /EALH £ AAE &4 € EA 8
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E 2. G4l gAA steta g,

Parameters Values

Chirp Band Width 215100000.0 Hz
Chirp Purse Width 0.000075 sec
Chirp Frequency 9660000000.0 Hz
AD Sampling rate 84375000.0 Hz
AD Sampling bit 8

Observation duration 3.36 sec

PRF 3515 Hz

Transmitter aperture length  4.48 m
Transmitter aperture height 0.7 m

Windowing method Hamming window
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Batellite Pointing Emors
Pitch: 0.030
Yaw: 0,025
Roll: 0.043
I
Bus Pointing Errors
Pitch. 0.020 Payload Poinling Errors
Yaw: 0.020
Roli: 8.020
I i 1
. AOCCS Attitude Star tracket/Payload BusiPayload . -
%2’?:‘;2:“ :: Determination Interface Thermal :::::z?;ﬁ:‘se Interface Mecharés:::r:mmg Electrical Pointing
Errors Distortion Error el Mechankca) Ertors
Misalignment Error
iteh Misalignmant Error .
Pitch: 0.007 " N Pitch: 0.615 .
Yaw: 0.007 Pitch: 0.012 Pitch: 0.007 This error shalf be Yaw: 0.015 Az 0.015
Rok: 0.067 Yaw: 0.012 Yaw: 0.007 eliminated on-orbit This error shakl be Roit: 6.015 €2 0.038
o Rolt: 0.012 Rolt: 0.007 eliminated on-ortit e
Star tracker/Sateliite
ADCS Attitude Center of Mass.
Command Errors Thermal Distortion
Error
Pitch: 0.012
Yaw. 0.012 Pitch: 8.005
Roil: 0.012 Yaw. 0.005
Rofl; 0.005
27 3. 29 A" 948 A 23H30).
%3 mel P48 A4A B LA
Jitter Drift
1~ 50 Hz 50 Hz o} 10% F<¢
0.001 deg (30)  0.005 deg (30) 0.007 deg (peak to peak)

Atk A4 U F 2509 BEAS S 049 44 Y2 WA ste] PASA 257 HEA
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E 4. Case 1 AAA AF U A3 2347 gl 459 257 AEA thst GAEL.

w3 Range Azimuth Range Azimuth Range Azimuth  Radio-

Lik-2 PSLR PSLR ISLR ISLR Resolution = Resolution metry

(dB) (dB) (dB) (dB) (m) (m) (dB)
1 -19.81873 -19.674295 -16.091816 -16.675213 0.997836 0.988325 -
2 -19.817987 -20.695893 -16.09136 -18.401397 0.997879 0.920315 -
3 -19.819786 -21.655931 -15.98899 -16.920497 0.997217 0.895330 -
4 -19.818606 -20.724148 -16.000011 -16.440747 0.997025 0.911783 -
5 -19.818602 -19.846979 -15.882166 -15.058916 0.997367 0.973691 -
6 -20.791275 -20.639618 -16.878015 -17.490582 0.992779 0.963021 -
7 -20.710190 -21.631991 -16.797231 -19.222770 0.992809 0.896725 -
8 -20.776740 -22.704692 -16.754404 -17.732486 0.992164 0.872398 -
9 -20.742022 -21.692841 -16.732497 -17.195270 0.992012 0.888491 -
10 -20.800972 -20.830767 -16.667714 -15.803301 0.992325 0.948779 -
11 -21.734859 -21.575981 -17.635254 -18.276991 0.995016 0.964777 -
12 -21.765791 -22.731488 -17.666502 -20.207542 0.995838 0.899482 -
13 -21.790235 -23.809995 -17.576359 -18.601017 0.994784 0.874465 -
14 -21.753613 -22.749709 -17.553158 -18.037968 0.994855 0.890946 -
15 -21.723925 -21.755139 -17.393845 -16.48827 0.994700 0.950704 -
16 -20.720373 -20.568716 -16.807113 -17.419680 0.992815 0.963075 -
17 -20.776079 -21.697881 -16.863121 -19.288660 0.992876 0.896827 -
18 -20.789231 -22.717184 -16.766895 -17.744978 0.992174 0.872413 -
19 -20.784841 -21.735660 -16.775316 -17.238089 0.992022 0.888506 -
20 -20.760338 -20.790134 -16.627080 -15.762667 0.992282 0.948713 -
21 -19.721978 -19.577543 -15.995064 -16.578461 0.997559 0.967543 -
22 -19.730889 -20.608795 -16.004262 -18.314299 0.997522 0.900813 -
23 -19.736050 -21.572195 -15.905254 -16.836761 0.996941 0.876466 -
24 -19.747657 -20.653199 -15.929062 -16.369798 0.996999 0.892959 -
25 -19.792318 -19.820695 -15.855882 -15.032632 0.996847 0.952843 -
BF -20.569724 -21.298459 -16.609535 -17.325560 0.994906 0.919976 -
EEFHA 0.753320 1.089384 0.612558 1.295383 0.002264 0.037527 -
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£ 5. Case 2 147 A% 2% A58 499 257) GEA) NS B

28 Range Azimuth Range Azimuth Range Azimuth Radio-
s PSLR PSLR ISLR ISLR Resolution  Resolution metry
(dB) (dB) (dB) (dB) (m) (m) (dB)
1 -19.8254 -19.9355 -16.0935 -14.8103 0.9979 1.0504 -0.5518
2 -19.7951 -20.4396 -16.0968 -16.5856 0.9980 0.9572 -0.2357
3 -19.8239 -21.3607 -15.9934 -16.8895 0.9973 0.9060 -0.0609
4 -19.8235 -20.0949 -15.9977 -16.5033 0.9970 0.9059 0.0789
5 -19.8176 -19.5645 -15.8855 -16.1477 0.9975 0.9378 0.2603
6 -20.7459 -20.8615 -16.8275 -15.4801 0.9928 1.0235 -0.5518
7 -20.7602 -21.4369 -16.8770 -17.3902 0.9930 0.9328 -0.2360
8 -20.7473 -22.3610 -16.7253 -17.6662 0.9923 0.8828 -0.0608
9 -20.7431 -21.0281 -16.7260 -17.2569 0.9920 0.8827 0.0789
10 -20.7642 -20.4985 -16.6356 -16.9108 0.9925 0.9139 0.2601
11 -21.7503 -21.8714 -17.6453 -16.2338 0.9955 1.0261 -0.5518
12 -21.7048 -22.4137 -17.6367 -18.1743 0.9953 0.9345 -0.2329
13 -21.7893 -23.4799 -17.5758 -18.5615 0.9953 0.8855 -0.0625
14 -21.7544 -22.0530 -17.5460 -18.1022 0.9941 0.8841 0.0816
15 -21.7163 -21.4380 -17.3911 -17.6794 0.9954 0.9165 0.2580
16 -20.7897 -20.9053 -16.8713 -15.5239 0.9928 1.0234 -0.5518
17 -20.7807 -21.4574 -16.8975 -17.4107 0.9930 0.9327 ~-0.2356
18 -20.7708 -22.3845 -16.7487 -17.6897 0.9923 0.8828 -0.0610
19 -20.8037 -21.0887 -16.7867 -17.3176 0.9920 0.8827 0.0790
20 -20.7664 -20.5007 -16.6378 -16.9130 0.9924 0.9138 0.2602
21 -19.8207 -19.9309 -16.0889 -14.8057 0.9974 1.0280 -0.5518
22 -19.7509 -20.3954 -16.0526 -16.5414 0.9970 0.9360 -0.2330
23 -19.8101 -21.3470 -15.9796 -16.8758. 0.9967 0.8863 -0.0592
24 -19.8118 -20.0833 -15.9861 -16.4917 0.9962 0.8860 0.0823
25 -19.7448 -19.4918 -15.8128 -16.0749 0.9972 0.9182 0.2590
B -20.5764 -21.0569 -16.6206 -16.8015 0.9949 0.9332 -0.1015
EEAA 0.7410 1.0007 0.6022 0.9814 0.0022 0.0541 0.2834
FEES e

&+ Slnk G A AXE A= 39
FAA A TS BAT S Sith o]+ Spotlight =2 G4 H5A] 24 F 5NA 71U}
o, 949 S499LTF W A wg AT FRFEG AR oz @] g E et

1% 48 B9 Range PSLR2 A4 A AT 9 A4S} 2 ape] 2 932 WA 4= A2 &+ 3
o 28 50lAM & 5 QlX o] Azimuth PSLRY] B¢-= 53] 144 AFLAR A I vl ¥
AL ¢ 5 gon, XF 23} 0.02deg(30) 7 % 0.5dB B £9] Azimuth PSLR £33 A 38 2
A7l A& 3 3 ¥ 4 It £3] Azimuth B2 29 SA44 $ A A Pitch 3] A3

°

17} Aok A A 9+ B 3F @ X}i= Range ? Azimuth PSLRo &= 2
th 23 62 43S YW Range PSLRY} nF37FA 2 Range ISLRE A A A A&
Z G2 9] G AL G 4 vk 28 79 Azimuth ISLRE 23+

27} 74 FAAN T 4L Yol Frhe AL BRF =0, F0.6dB FE9] AdE B ot
¥ 82 Range Resolution®] A5 Hojfd, A A& 9 43 eapz d3f A9 F4 A
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E 6. Case 3 A A Jitter 2 X2 B9 299 257 AEF dld IH4EZE.

R X Range  Azimuth  Range  Azimuth Range Azimuth Radio-
g PSLR PSLR ISLR ISLR Resolution  Resolution metry
(dB) (dB) (dB) (dB) (m) (m) (dBj)
1 -19.7298 -19.6695 -16.0919 -16.6747 0.9978 0.9885 -0.0002
2 -19.8161 -20.6789 -16.0916 -18.4015 0.9979 0.9209 -0.0002
3 -19.9252 -21.6697 -15.9890 -16.9203 0.9972 0.8961 -0.0003
4 -19.8288 -20.7016 -15.9999 -16.4416 0.9970 0.9134 -0.0004
5 -19.7951 -19.8445 -15.8821 -15.0592 0.9974 0.9737 -0.0003
6 -20.6472 -20.5839 -16.8274 -17.4393 0.9928 0.9632 -0.0002
7 -20.7743 -21.6802 -16.8635 -19.2889 0.9929 0.8974 -0.0004
8 -20.8255 -22.6572 -16.6925 -17.6703 0.9922 0.8732 -0.0003
9 -20.7302 -21.6466 -16.7099 -17.1736 0.9920 0.8900 -0.0004
10 -20.7194 -20.7712 -16.6108 -15.7487 0.9924 0.9489 -0.0005
11 -21.6039 -21.5376 -17.6022 -18.2433 0.9955 0.8657 -0.0002
12 -21.7513 -22.7002 -17.6543 -20.1951 0.9958 0.9001 -0.0002
13 -21.8306 -23.7586 -17.5098 -18.5343 0.9948 0.8752 -0.0002
14 -21.7526 -22.7127 -17.5409 -18.0267 0.9947 0.8923 0.0000
15 -21.7228 -21.7771 -17.4186 -16.5133 0.9950 0.9511 -0.0013
i6 -20.6488 -20.5855 -16.8280 -17.4409 0.9928 0.9632 -0.0002
17 -20.7730 -21.6788 -16.8622 -19.2876 0.9929 0.8974 -0.0001
18 -20.8547 -22.6865 -16.7217 -17.6996 0.9922 0.8732 -0.0003
19 -206.7761 -21.6925 ~-16.7558 -17.2196 0.9920 .8800 -0.0003
20 -20.7356 -20.7875 -16.6270 -15.7629 0.9924 0.9489 -0.0066
21 -19.6903 -19.6300 -16.0525 -16.6352 0.9978 0.9680 -0.0002
22 -19.8123 -20.6750 -16.0877 -18.3976 0.9977 0.9016 -0.0009
23 -19.9013 -21.6458 -15.9651 . -16.8964 0.9968 0.8769 0.0005
24 -19.7581 -20.6308 -15.9292 -16.3708 0.9969 0.8943 0.0002
25 -19.7370 -19.7864 -15.8241 -15.0011 0.9974 0.9538 -0.0025
BT -20.5659 -21.2875 -16.6056 -17.3216 0.9950 0.9207 -0.0004
EZH 0.7402 1.0776 0.5981 1.2980 0.0023 0.0372 0.0006

8 HoZn QA gtk a8, 28 9o vEld A ™ Azimuth Resolution®] -9+ #/43
Mg oAz A Aof 2% 0.05m XS HAYE Aol 8 Bohh, 1m B2 A= w2 ¥ o ofF v
¥)3 2AA S SEolga AsHTh 298 102 o 34 T4 AL B} Radiometric 2 74E 4
AA AL FRE oAbl 7HF B L Tedhes Ae Bl £ ok S 4 A Drift 222 <
# 2% 0.1dB AEY 2 ASHE 24 H9, £3) 944 A% QX}E <18 0.3dB 3 = 2] Radiometry
E4 A7t gy Ao o 8 oo FEH = SAR 942 Radiometry FEEE
1~15dB A2 AR, o] =29 AA4E 53 ANE FEL FANA 2T ul¢ 2 golet
D5 on A4A A A AT LAE HaSA T =Y e BE AFel B d 72
o} 19 10€ B3 e 94 Yol A E Radiometry £33 A3t7F &3t A€ & & d+edl, 4
Aol ZAM FdR Ho) Ho]7} ¢ 0.5dB FE LS & 5 Uk ol F8 €
L g FA99LE g W 2§ Age] FHRED AUR R gy fEelth &, 4
ol A 32 $ Ao wet Qo] A7) xpe] 7t ik Adst7] uf & ofth
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Range PSLR (dB)

Azimuth PSLR (dB)

-19.5

-20.0

-20.5

-21.0

-21.5

-22.0

-19.0

-20.0

-21.0

-22.0

-23.0

-24.0

-25.0

Analysis of SAR Image Quality Degradation 453

| 1 \ 1 L} ! 1 1 \ i ] 1 1 L] ] L] L] 1 1 L] 3

2 3 456 7 8 91011121314151617 181920212223 2425

Indication of Point Target
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-17.5

-18.0

-14.0
-14.5
-15.0
-16.5
-16.0
-16.5
-17.0
-17.5
-18.0
-18.5

Azimuth ISLR (dB)

-18.0
-19.5
-20.0
-20.5
-21.0

T

Case 1

R SRR S SRR B Case 2
o - —— - Case 3
—-~3% — Cased
~ —&—-— Case5

| i 1 i L i k) A i i i i 1 i

12 34586 7 8 910111213141516171819202122232425

i I i 1 3 1 i L i 1

Indication of Point Target

A%,

8 6. 2570 BEBo} st 7 Cased Range ISLR

——M®— Case
| 1 A (TP Drenns Case 2 |1
L e e Cage 3 |4
- —%-—- Cased
r — —&—— Case5 []

1 i 1 1

34586 7 8 910111213141516171

1 i 1 3 1 i — i 1

819 202122232425

N

Indication of Point Target

3% 7. 2578 AEA ] 3 & Cased Azimuth ISLR 45



Range Resolution (m)

Azimuth Resolution (m)

0.999

0.998

0.997

0.996

0.995

0.994

0.993

0.992

0.991

1.100

1.050

1.000

0.950

0.900

0.850

0.800

0.750

0.700

Analysis of SAR Image Quality Degradation 455

i

1 1 1 1

L i

Case 1

1 L 1 i 1 1 1 1 i i 1 1 L 1 ] L 1 1

1

2 3456 7 8 910111213141516171819202122232425

2% 8. 2574

Indication of Point Target

AZE Ao th3 2zt Case'd Range Resolution 4%5.

——#—— Case 1
........ Aeen Case 2 |
——-@-—— Case3
—-—%-—- Cased |+
— —k—-— Caseb

1 1 1 L 1 1 1 1 1 1 i 1 I 1 1 1 1 1

1

2 3456 7 8 910111213141516171819202122232425

2% 9. 2574

B

Indication of Point Target

o th& 7+ Case’d Azimuth Resolution A%



456 Chun & Ra

5 7. Case 4 9494 Drift £3% A48 A2 257 AEA TS JHEL.
AEH Range  Azimuth  Range  Azimuth Range Azimuth  Radio-
kA PSLR PSLR ISLR ISLR Resolution  Resolution metry
(dB) (dB) (dB) (dB) (m) (m) (dB)
1 -19.8240 -19.3863 -16.0920 -16.2996 0.9978 0.9962 -0.0678
2 -19.8239 -20.5739 -16.0921 -18.2019 0.9979 0.9244 -0.0264
3 -19.8299 -21.8429 -15.9893 -16.9840 0.9972 0.8956 -0.0010
4 ~-19.8196 ~20.9818  -15.9996 -16.6318 0.9970 0.9127 0.0253
5 -19.7995 -19.3963  -15.8821 -15.3585 0.9974 0.9745 0.0565
6 -20.7193 -20.2597 -16.8008 -17.0187 0.9928 0.9707 -0.0678
7 -20.8073 -21.5949 -16.8889 -19.1042 0.9928 0.9007 -0.0264
8 -20.7267 -22.8404  -16.6941 -17.7385 0.9822 0.8727 -0.0011
9 -20.7843 -22.0047 -16.7734 -17.4372 0.9819 0.8893 0.0256
10 -20.7738 -20.3504 -16.6605 -16.1108 0.9923 0.9495 0.0567
11 -21.7713 -21.2898 -17.6661 -17.8945 0.99586 0.9733 -0.0678
12 -21.7639 -22.5890 -17.6589 -19.9797 0.9958 0.9034 -0.0263
13 -21.7280  -23.9423 -17.5034 -18.5975 0.9948 0.8748 -0.0012
14 -21.7989 -23.0774 -17.5970 ~-18.2924 0.9847 0.8917 0.0259
15 -21.7288 -21.2853 -17.4196 -16.8437 0.9945 0.9511 0.0575
16 -20.7675 -20.3079 -16.8490 -17.0669 0.9928 0.9708 -0.0678
17 -20.7318 -21.5194 -16.8134 -19.0288 0.9928 0.9007 -0.0261
18 -20.7699 -22.8836  -16.7373 -17.7817 0.9922 0.8727 -(,0010
19 -20.7315 -21.9519 -16.7205 -17.3843 0.9920 0.8894 0.0254
20 -20.7785 -20.3551 -16.6652 -16.1155 0.9923 0.9496 0.0564
21 -19.8093 -19.3716 -16.0774 -16.2849 0.9972 0.9747 -0.0678
22 -18.7417 -20.4918 -16.0099 -18.1197 0.9978 0.9052 -0.0276
23 -19.7582 -21.7713  -15.9177  -16.9124 0.9967 0.8764 -0.0001
24 -19.7739 -20.9362 -15.9540 -16.5861 0.9964 0.8929 0.0281
25 -18.7373 -18.3341 -15.8199 -15.2963 0.9970 0.9538 0.0560
AL -20.5719 -21.2135 -16.6113 -17.3228 0.9949 0.9227 -0.0025
EEHA 0.7499 1.2619 0.6098 1.1648 0.0022 0.0394 0.0437
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3 8. Case 5 144 AY 4 A3 ex7t 25 A3d 499 2574 FuA) g G422

A8 Range Azimuth Range Azimuth Range Azimuth Radio-
HE PSLR PSLR ISLR ISLR Resolution  Resolution metry
(dB) (dB) (dB) (dB) (m) (m) (dB)
1 -19.8263 -19.4793 -16.0957 -14.4405 0.9979 1.0607 -0.6664
2 -19.7914 -20.0744 -16.0972 -16.2743 0.9980 0.9640 -0.2945
3 -19.8215 -21.1434 -15.9946 -16.7973 0.9974 0.9089 -0.0890
4 -19.8210 -20.0134 -15.9973 -16.5985 0.9970 0.9056 0.0791
5 -19.8179 -19.3211 -15.8858 -16.3867 0.9975 0.9341 0.2857
6 -20.7823 -20.4179 -16.8652 -15.1273 0.9929 1.0336 -0.6664
7 -20.6930 -20.9903 -16.8142 -17.0002 0.9930 0.9394 -0.2946
8 -20.7241 -22.1120 -16.7058 -17.5486 0.9923 0.8856 -0.0889
9 -20.7993 -21.0014 -16.7844 -17.4157 0.9920 0.8825 0.0790
10 -20.7911 -20.2695 -16.6624 -17.1883 0.9924 0.9102 0.2857
11 -21.7418 -21.3601 -17.6382 ~-15.8175 0.9959 1.0367 -0.6664
12 -21.7503 -22.0617 -17.6868 -17.8815 0.9959 0.9421 -0.2943
13 -21.7284 -23.1825 -17.5188 -18.4018 0.9948 0.8875 -0.0883
14 -21.7258 -21.9375 -17.5198 -18.1810 0.9944 0.8843 0.0807
15 -21.7878 -21.2414 -17.4625 -18.0135 0.9948 0.9120 0.2859
16 -20.7527 -20.3884 -16.8357 -15.0977 0.9929 1.0336 -0.6664
17 -20.6905 -20.9878 -16.8117 -16.9977 0.9930 0.9394 -0.2944
18 -20.7547 -22.1427 -16.7364 -17.5793 0.9923 0.8857 -0.0890
19 -20.7327 ~-20.9348 -16.7179 -17.3491 0.9919 0.8824 0.0793
20 -20.7316 -20.2100 -16.6029 -17.1288 0.9924 0.9103 0.2854
21 -19.8121 -19.4651 -16.0815 -14.4263 0.9972 1.0378 -0.6664
22 -19.7586 -20.0417 -16.0645 -16.2416 0.9980 0.9442 -0.2960
23 -19.7823 -21.1042 -15.9553 -16.7581 0.9969 0.8895 -0.0880
24 -19.8121 -20.0045 -15.9884 -16.5896 0.9962 0.8858 0.0824
25 -19.7804 -19.2836 -15.8483 -16.3492 0.9973 0.9147 0.2840
B -20.5684 -20.7667 -16.6149 -16.7036 0.9950 0.9364 -0.1369
EEdA 0.7401 1.0045 0.6001 1.0797 0.0023 0.0579 0.3332
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