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The Analysis of Geometric Accuracy of the Interferometric Synthetic
Aperture Radar Measuring Based on Direct Algorithm

CHANG Ben-yi, WANG Ya-nan
(Xi’ an Research Institute of Surveying and mapping, Xi'an 710054, China)

Abstract: The direct algorithm of interferometric synthetic aperture radar measuring is to directly introduce the absolute phase differ-
ence into range equation and Doppler equation to resolve the ground coordinates. By using the ideal image coordinate, absolute phase
difference and orbital position of InNSAR which include reasonable errors as the initial data, we can get the ground coordinates which in-
clude the errors and realize the analysis of geometric accuracy of the ground coordinates. In order to introduce the errors of the baseline
length and attitude into orbital position, we propose the corresponding mathematical model. The computation results show that the accura-
cy of direct algorithm is almost the same as that of the classical algorithm.
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(fi=(Xs, - X) + (Y5, - Y) +(Zsy - Z)* - R} =0

fo= (Xoy = X+ (Yoy = Y 4 (Zy - 2)" = (Ry + 520 =0

Y= Xs, (Xsy - X) + Y, (Ys; = ¥) + Zs,(Zs, - Z) =0 (1)
fom Xy = X0+ (o = 1 4 (20 - 20 = (Ry = 32) =0

fo=(Xs, = XY + (Y5, - V) +(Zs, - Z)' - R; =0
Uf = X5, (Xsy - X) + Y5, (Y5, ~ Y) + Z5,(Zs, - Z) =0
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Xs = (Xs, + Xs,)/2
Ys = (Vs; + ¥s,)/2 (2)
Zs = (Zs, + Zs,) 12
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(Us; = Xs - (Xs; — Xs) x b/B

Vs, =Ys = (Y¥s; - Ys) x b/B

< Ws, = Zs - (Zs, - Zs) x b/ B (3)

Usy=Xs - (Xs, - Xs) x b/B
Vs, = Ys = (Ys, - Y¥s) x b/B
\Ws, = Zs - (Zs, - Zs) x b/B
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BELRMAREX:
tana = (Zs, - Zs;) I/ (Xs; = Xs,)* + (Vsy - ¥s,)° (4)
Zs'y = Zsy +tana/ (Xs; - Xs,)* + (Ysy - ¥s,)° (5)
B=y (Xs; - Xs,)* + (Y5, - Ys,)* + (Zs, — Zs,)* (6)
b=y (Xs; - X5, )* + (Ys; = ¥5,)” +(Zs', - Zs,)’ (7)
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2.1 HHBEMERY ISAR JLTEEXWAIRE
2.1.1 RLKERENRGEHEH Y%
FIEEE Y RIBE AR (DR E T ERKERESY £0. Im, £0.05m, £0.03m FAFHF
WERIE 1. BREZRQ).Q)RFIATBHELIR,
1 REEREHEHHNESKERENMAREENRE(m)
Tab.1 Effect of geometric accuracy caused by baseline length error based on direct algorithm

BEREERE 0.1 -0.1 0.05 -0.05 0.03 -0.03
X FrhiRzE 2.51 2.51 1.30 1.30 0.76 0.76
Z iRz 1.51 1.51 0.78 0.78 0.46 0.46

EREERERH, BERKFREX AR IUTEENREN: FER £0.76m~ £2.5Im; HER
+0.46m~ + 1.51m; EIEHERA FEHED,
2.1.2 AZREAREZNUBIHENYH
FERNIEYBEEEEE(DRITETREESRENFIN £ 18" . £ 9", + S"EAMER, &R
R 2,
%2 BREEEELTENERLESRESOEAREENRE(m)
Tab.2 Effect of geometric accuracy caused by baseline attitude error based on direct algorithm

%é&%&ﬁ% 18” - 181/ 911 - q1 5/! _ 511
X FRPiRE 43.65 43.65 21.82 21.82 12.12 12.12
Z FEpiRE 25.26 25.26 12.63 12.63 7.02 7.02

BRI EERRA, BRERR M E UL RN FEH £ 12m~ +43m; HEN £ Tm~
+25m; HEH L S 2 RERRERHRY,
2.1.3 #xtiais LR EsHb @ SN TR
PSR BREERERE(DRHE T AR ZREFIN £ Iad, £0.52md, £0.3 rad A
gL, ERAE 3.
%3 BREEEAZTENENBEZ RS GERREEHRE(m)
Tab.3 Effect of geometric accuracy caused by absolute phase difference error based on direct algorithm

WM ERE Irad - 1rad 0.45rad -0.45rad 0.3rad -0.3rad
X FEiRE 1.32 1.32 0.69 0.69 0.40 0.40
ZFFPiRE 0.77 0.77 0.40 0.40 0.23 0.23

ERITESRES, SR RENWERUVTEENRWE: FERN £0.4m~ = 1.3m;{ER
£0.2m~ +0.77m; EEE ¥ 52 MEHREAHRY ,
2.1.4 RIEGEHE)RETEEMHEGYE
AR REEEEE(DRTE TUEGER R )RESFN +2.5m, £ Im, +0.5m FEAFHHE
B, ERAE 40
F4 REHEREETHGNEE(ERH)IREXBEREEHRME ()
Tab.4 Effect of geometric accuracy caused by distance measurement error based on direct algorithm

WEERE 2.5 -2.5 1 -1 0.5 -0.5
X F iRz 1.25 1.25 0.50 0.50 0.25 0.25
Z FEFiRE 2.16 2.16 0.87 0.87 0.43 0.43

BRI BRI, P (B ) iR X H T UL A0 . N £0.25m ~ £ 1.25m; B2
¥ +0.43m~ +2.16m; HEE R SSMEMBEREAERY,
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2.1.5 FRELIFRENEDEHEN YA
FEDREY REAZRER(DRHE T ERWMLIRRES TN £ Im FRAHHER, LR LK S,
%5 REBEEEEHTHOEESELIRRE O E RS EARM (m)
Tab.5 Effect of geometric accuracy caused by radar station coordinates error based on direct algorithm

TR AIRRE 1 -1
X FHFiRE 1.00 -1.00
ZFApiRE 1.00 -1.00
ERHELERRY, BRWALIRIREX M AL R R PN £ lm; BER + Im; HEE
52 EBREAHR,

SRR, BT EE N S AR E A DMERFHET N  BRESRE  BREAKE, B
VEARRRIRZE SN IR E SRR E .

SZ AN, HEREERE LT,
2.2 BEKE ELET EMENE EENELANLRREN A ABENSS RN

A ERELTR B KEMESHA 375 MR, A T EHHIREN £ Im, £0.04m, +9"H
—AFEIIRED . XA ZE R BRI 2RI R A (375 x 474) MR, B FEHFIRZE N £ 0.52rad
#+1.5m W—ARENIEEY,

HTHEZELELEEKEMESWIME, DFAQ2).(3).(4) . S)XBHEMIIAL FEEHEL

5, 3% 6 MASERFMHHAE , Z ABRHLIRRIREL T,
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Tab.6 Left and right radar station coordinates error restricted by baseline

FEE (m) Xsi(AN) Zs(1) Xsr(4) Zsr (1)

>1 19 70 16 13
1~0.5 54 56 57 60
0.5~0.0 117 68 123 116
0.0~ -0.5 105 57 95 108
-0.5~ -1 66 55 68 64
<-1 14 69 16 14

PiRE 0.56 0.57 0.55 0.56

S BEHEALY  BEARAREEMN £ 1m BRE) £ 0.8m, BATED, K £ 0.04m BEKE N
ES + VELKIEAMIEN TR LIVEE N TR ERE 20%. RIEFIARTELIRRENLE
SHAGAEERED  AESH S ITE T NSAR M S, FHERAH TIUMEEFIAZE 7.
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®7 REFTETEOEERLFREST
Tab.7 Statistics of geometric coordinates error based on new algorithm

5 (m) X FEBRE) FEE (m) Z FEREN)
>40 9624 >30 12550
40~30 6076 30~20 17511
30~15 18482 20~10 22456
15~0 48564 10~0 30514
0~ -15 51180 0~ -10 31963
-15~-30 28033 -10~-20 26374
-30~ -40 7252 -20~ -30 24413
< -40 8539 <-30 11969
PiRE 21.56 FiRE 12.61

WHERZY, PEAERNPRESAEY SHEE®R (X 6 EXMR, MENEFREN
+1.5m, PUEELIEER + lm, HAPIREN £ 0.45rd, BRHESAWEFRERT £ 9, BAWEK
BEWEFRER +0.04m WHRAT , BTHEEEH ISAR REIRAHXB 430 F EHEEE + 21.56m, 4%F
BRI £ 12.61m BIER,
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