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Study on Interferometric SAR 3-Dimensional Remote Sensing

MU Dong, ZHU Zhao-da, ZHANG Huan-chun
(Nanjing University of Aeronautics & Astronautics, Nanjing 210016, China)

Abstract : Using the X-band raw data from SIR-C/X-SAR, we have succeeded in the formation of an actual
spaceborne two-pass InSAR Digital Elevation Model. In this article, a new mathematical expression has been
proposed to illustrate the principle of this 3D InSAR imaging technique. In the obtaining of this new expres-
sion, reasonable approximation was used. Compared with other principle illustrations, it has the following ad-
vantages: (1) With only one expression, the relation between the terrain height to be sensed and the phase dif-
ference of interferogram in a range line is clearly exposed. (2) An important concept is revealed that the valid
component of baseline for height measuring is its projection in the direction vertical to the slant range. (3) It
enabled the theoretical analysis of height measuring accuracy affected by some geographic parameters. (4) It
can be used for the conversion of the phase difference to terrain height. (5) It suggests the course of signal pro-
cessing of InSAR. (6) It shows why the relation between phase difference and terrain height is usually consid-
ered to be linear in practice. Then, a whole procedure of signal processing of InSAR is given. It is divided into
nine steps, and functions of each step have been briefly explained. Last, results of some key steps such as single
look complex image of SAR, phase fringe image of interferogram, flat earth modified phase fringe, noise re-
duced phase fringe, and the final 3D topography are shown.

Key words : Interferometry, Synthetic aperture radar, Radar imaging, Digital elevation model
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Delphl 5 MatLab 0 ’-F"'ﬁ: AV it

B &'

(18 Tﬁlﬁﬂft'ﬁé’ﬂifk%iﬂ!’]ﬁ(i[ﬁ%%. {95 M A

WE. EENE T WEH Delphi 155 I MatLab 3] %, mmmﬂwamﬁrdﬁﬁmmeﬁ¢

phi 1B 5 HF & B FLIF 6 3 0R  X0 i e B Th Rk o
X818 Delphi; MatLab #k {40
¢Eﬁ¥% TP311.52 XHkFRIRE: A

The Desngn of Software Interface between Delphl and MatLab

'\ ZHAOMin', TIANG Fan® ¢ we
(1. Department of Measuring Engineering, China Academy of Astronic Basic Technology Beijing 100076, China;

LU K
2mmm2.¢@%ﬁ%?£%ﬂ%m.%ﬁ

100076)

2. Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China)

Abstract: How to use Delphi to start Matl.ab engine and how to exchange data between Delphi and Latl.ab is discussed in

this paper. This method can make Delphi more powerful for data processing.

Key words: Delphi; MatlLab; software interface

Delphi iEF &—F e KM HBEIES, BXHA
EFEOfmmxel g, BES¥5H. FRM
e, FEHERMTE. TEASFHREDRE (B
FEXTRE (0 B RRAE) 4 A WAL E A Visual
C+ + INHESRIH Visual Basic 52 RIGEHIM A, B
REMNR 4 TR IE S o Delphi if #1175 78 K A B8 JF 5
%, WMUHATEZMEBIRELSS, EXREENE L/
R LEARK. ZEHEESMBEXENE, T
, HTEREMBAREER I, B Delphi #B ¥R 2
HITRF R T F PR, MatLab &— W%ﬁ%%ﬂﬁlﬁ
WRIEE, EESEMEN. BN, 8 ETL
., REEG. BaER . HEMNEK, RER W%ﬁ
ML HEES A AR E FF Delphi fl Mat-
Lab fH454, FIH Delphi R 1% 58 K 77 8 1Y 4a F2 RE /1,
MatLab 3& K8 B2 7368 1w LA FF & Th SR K
BAE RGN RN TEBFR] — MG R IRZE MR
BEMIFEZRSE S, RITKH T Delphi fE A LA,
RS IHE RS EE . RS IREH#ITIME
e, o B I ) A BRI AL TR, AR SRR
MMEFE, EHIRITEIF KRG M MatLab A LA 4
HEE—, LT IHE RSN MatLab 2 [8] #2714
AMEBERE, FEFRAZAEVTIREIRHMR, K
FENET 1 Delphi T3 3 MatLab, 0147

167 B #7:2000-01-10

R (1959 ), B, TR A, B 52T
FeA B MR T FE R B 382, Wi, EBM HALE R RS T;
AR,

MatLab )i 2> LA B 40 {al 6 47 B8 38 3 9 77 ¥

75 8% F i Bl Delphi i85 fﬁjy%éiﬁﬂ’ﬁfzzjzﬁ, #
T8 X155 BT A B8 AL FR /Y 25 Pk 4 R 4e A K O
PLES . BURRESER RERE —ESHEME.

1 MatLab B3B3 | &

MatLab 7% B % #& {i£ 1 Delphi 2 8] (9 % 0 #2
JE, (HEHRAMETH Visual C+ + ZAIMED EE, *]
LRI MatLab fl VC Z RI# DR, ELRWE S
T8 (4 2h 25 3% B2 FE o (H) e 2 ML, MatLab 1 VC ) $2
O LR, RA1ER T —M7E VC T MatLab 5|
% (engine) {f il MatLab ThEEM i, FEAIE
FEREPEMMR T Delphi 5 MatLab #J3% 1 BB %, MatLab
Bl CIESTHARBILE 1,
# 1 MatlLab 51 %#) CiE = A H R

R R ] fil
EngOpen ¥TIF MatLab 5| %
EngEvalString | £ MatLab 5| %R #f7— &4
e a | MRCREON MarLab 31%, 3 E 7 U
“NTULAITAY | R eh i B OB O MatLab 51 %+
E A M MatLab 5| 8¢ i B2t ¥4, F) F 3% 56 %L
ngGetArmay | Frp) s MatLab #3345 BB
EngClose XM MatLab 5| %

T 1 iR f MatLab 51 % 58 500, Z A3
MatLab ¥{ 4 (mxArray), MatLab 5| % F| F iX 1~ %
RS BEAT 2 FhELHE AL 7R T1E, MatLab ) 75 Ff

A, G, Kb, HRE, FAFEBFHR XA

MatLab ¥4 K #4777 MatLab 2t T CIEH
T8 MatLab B8 (mxArray) IR0, %X T EH

A LAEH Del-



.27 - X% Delphi 5 MatLab 3% 0841181}

2 4 3]

BAELEM . Delphi T %A X . MatLab (41, {H7
JE B0 785 3 35 P T LA TG 4 e A e 5 A R A

2 EhEEEENIRIT

BN T8 IF 2 R+, FH Delphi 5 &
T AV E, SeayRERE, ERAE, BdE
(F) BHIES., WINEF —HR R Z R0 2R

5P0T, HOdRRSH B RSE M RARIE, KX

PEEN MatLab #4704, EHESEHLERLE,
R BAEFMEL R, RERERERFR ARGV B)E
LI BERIREME, T LB EREN, ®ITT
AHRLHY JLA R 3o X 25 iR B AR 7 DpLab. DI 3 75
&EEPO DpLab. DIl %Eﬂizﬂﬁ!ﬁtﬂ‘f“
Q) KEH
# include “stdafx. h”
# include <stdlib.h>
. #include <stdio.h>
# include <string.h>
# include “engine.h”// 7E MatLab \ extern \ include T, ¥
 BHEAMNER
. Engine * ep= NULL;//MatLab 5|%, £R2% &
mxArray * PA=NULL;//MatLab 4484, AIRETHE
EXEZA mxArray HEFAE B
(2)¥TFF MatLab 5| % ek %%
extern "C” _ declspec(dllexport)int MatOpenEng(far char * cc)
{
if(ep)return 0;// 4N B 4T F NB
if(! (ep=engOpen(cc)))return —1;
else return 1;

IR MatLab ZEEAMITAVL L, FRFR ccP
THHERN N0, MREARENE P I/RF S

. (Client/Server) #J L{E X, MatLab & 3 7€ F L

“host” £, TI#iA"\\ host \ Matlib’,
(3)2%H] MatLab 51 %) e 3
extern “C” . declspec(dllexport)int MatCloseEng(void)
|
if(ep) |
if(PA)mxDestroyArray(PA) ; // T3 PA
engClose(ep) ;
ep=NULL;
return 1;
|

else return 0;

(4) 44T MatLab i 2 B3 :
extérn "C”_ declspec(dllexport)int MatExec(far char * cc)
{
if(! ep)return 0;
‘ engEvalString(ep, cc) 4 / ce K MatLab ﬁ 4

retum 1;

f

(5) MR 4 B 5 A 8 mxArray 25 i .
extern "C” _ declspec(dllexport) int MatCreateDoubleD( char ¥ cc,
int num, double dd[ ])

{if (! ep)return 0;

if(num<1)return —1;

PA = mxCreateDoubleMatrix(1, num, mxREAL) ;

mxSetName(PA, fh[Getfh(cc)]);//48 %E MatLab 7 it
2, ELARG ST

memcpy( (char * )mxGetPr(PA), (char * )dd, num * size-
of (double) ) ;

engPutArray(ep, PA);

return 1;

A
cc: MatLab ZE & 4
num : $0HE 94 %
dd: B AHE
(6) 3KHL MatLab ¥4 .
extern “C” _ declspec(dllexport ) int MatGetDoubleData(char * cc,
int num, double dd[ ])
{
mxArray * result;
double * pData;
int i3
if(! ep)return 0;
if(num<1)return —1;
result = engGetArray(ep, fh[ Getfh(cc) 1) ;
if (result) {
pData= (double * )mxGetData(result);
for(i=0;i<num;i+ + )dd[i] = pDatali];
mxDestroyArray(result) ;
return 1;

f

return 0;

K.

cc: MatLab 28 it 4

num : ¥ i 4~ %L

dd. 38 [F ¥4

A AR IE R B L — 2 R B0 AR B AR it 4% BR A int
Getfh(char cc[ 1) %%, XBRPTH LG, 7T AM VC 1T %
%, B 9% 4 (9 3h S 3E #2 % DpLab. DIl & il ] Windows \ sys-
tem o

3 EFEBIE Delphi FHIE A

BT #E Delphi *F {5 F 3 25 3% 82 R 38, H BB X
XL R B AE L T A
function MatOpenEng ( p: PChar): Integer; stdcall; external ’
DpLab.dll’;
function MatCloseEng: Integer;stdcall; external "DPLAB.DLL’;
function MatExec(p: PChar) : Integer; stdcall; external DPLAB.DLL';
function MatCreateDoubleD(p: Pointer; num: Integer; dd: array of
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double) : Integer; stdcall; external 'DPLAB.DLL’;
function MatGetDoubleData(p: Pointer; num: Integer; dd: array of
double) : Integer; stdcall; external ‘DPLAB.DLL’;
BRBAEM T UG, AT A A E R EN T 16
Delphi FTFF MatLab 5] 0] JliX F — &R iE 4
MatOpenEng(PChar( \ 07));
X MatLab 5|30 & H .
MatCloseEng;
THEEEFLSH T N MatLab o 38 B EHHE f H7
%, BR 3 MatGetDoubleData i i3 28t cc $5 % MatlLab
PR R4, %A VR E 4 SCIFY
procedure TForml . Button2Click(Sender; TObject) ;
var
dd:array[0..10] of double;
cc:Char;
o i rInteger; -
begin
cc: ='D’; // MatLab Tt £
MatGetDoubleData( @cc, 10, dd) ;
ListBox1. Clear; // 7€ — > 51 RHE 4 R 352 th 1) ¥
for i: =0 to 4 do begin
ListBox1. Items. Add(Format(’ % .2f, [dd[i]]));
end;
end;
1E Delphi *FH#UT MatLab 4+ 4 H 1, THA
BF4 T Delphi f£ MatLab 1 H sin (r) /r eREH

th = 4EEIE 0 7 k.
procedure TForm1 . Button3Click(Sender; TObject) ;
begin
MatExec(PChar('x= —8:.5:8;"));
MatExec(PChar('y=x"";"));
MatExec(PChar("X = ones(size(y)) * x;"));
MatExec(PChar('Y =y * ones(size(x));"));
MatExec(PChar('R=sqrt(X.2+Y.2) +eps;’));
MatExec(PChar('Z=sin(R)./R;"));
MatExec(PChar('mesh(Z);"));
end; 3 :
il Delphi ] MatLab 5%, 7] LA f§f Delphi # 15
SALFRTh B I 5R, BT E ARG, RERNMWIFE
RGBT, AT RAHN B SE R R L
fr ER—AREHEM O T, RI\EEHFFELTUF R
HIEFE R KM B, UMERFAN A 6T E,
Z3CHE I # Delphi i 5 A< 4.0, MatLab # ki
AR 5.1, HAEREEARMIFREN VC+ +6.0,
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The Self-Compensatlon of Sensor Using MCA7707

X1 MCA7707

Zhao Ming . Cui Hai Wang Jingdong Yu Ruifeng
Departmeng of Testing Engineering, Nanjing University of Aerospace, Nanjing 210016

Abstract: The principle and aplication of real-time self-compensation of sensor using MCA7707 is systematically intro-
duced in this paper, in which the silicon pressure resister sensor is used as example. Firstly, the structure and feature of
MCA7706 is introduced. The compensation principle is then discussed in detail, both the step of compensation and the
probability of realization are also introduced by lots of equations grdually. Finally, 2 large amount of experimental data ia
analyzed. It proves that the real-time compensation using MCA7707 is feasible and can be introduced and applied in prac-
tice.

Key Words: MCA7707, Offset, Real-time, Self-compensation, Error
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FORRFE SR 5 46 25 09 S A3, 25 1) S It Wl R 0 7 AR B H
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BLEORE I, ST B A 4Y 16000F clks, FE 2 BNHIA
YRR L RS, KRR TE ViasurEl Vo 9B/ 3K
B MR 3R 4 HE AT L B & R, R R R X BT
FAREAG ERITIE(TERF L EN 12 S BHE,
4 MCA7707 #MET{ERIE
4.1 MCA7707 & A

S MCA7707 B #ME R R, BB ZE L —
TR RS I — RS R
4.1.1 1ERERHSHEX

V2 k2 AME RS IO IR BA 5 1, W 15 RER 3
Wi T MR, T vy, NGRS MR E; R, &R

0y

PRGBSI ; P N AE RSV (1) 5 S AR EERHL
PRI o R B 5 Vo AR B B R A2 R R L
4.1.2 HESHSEEX

Vo N E 8850 1 B R 5 Voo 0 05 EL 85 o TR AE 35
PGA N5 H R T g R 1 22 IO 48 93 285 AA N
W2 (KA 5 Vb0 B 2% o U5 3% ; AGND AR
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Lk T ek cN S
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o« NERBRAB(EEERYFHER): g VRER
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4.1.4 IMETHSE
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P 543 B B (8 FSO RIERME) s Repe VBB E R
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A REEE RN REIE, WA DACHSERA
Sl EAE, B EhEERE L BEFEE
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EE_FhAE Y. WE 1,

FSODAC

FSOTCOUT SIC

LINOUT Run

Risre 1

M1 SRS R
FEW A B Rere M Ry BT, Tspe ¥ Ui &Y B3
“i"5ETF AA HIFE, B HAFME R, & X
I, = AA i (1)
T L R spe b # L FE 5 FFR #6028 19 4 H
AT, B LA TT B R o B O S o O, SR R
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BRI R FAE Y, IFRE VETE B L,=Vy/ 4.2.2 wRERBEE
Ry, A% : IR REAEIE T A 16 (L30T AR (ki iy —
V= AA + Ry, + (a * Va/Risrc) (2) FHEE, EE—DRA PGA S S B ERAMESE
B RacMIKEE S HMBBE At mumsy BEMRE. dTEERSHEEE v,=INP-IN, U
A, B b AR LR T A LR UR LA AR ER, e CHEHAREN.

S EMRERL, RAEERERT REBRERZH Vorx = Vi + PGA + OFFSET + OTC ()
R, B MMAERX(2) 5. OFFSET Ml OTC &R N :
Vo =AA Ry« [+ Va/Risgc+ (o v Vag— B Vi) Rixd) OFFSET =2+ 7+ Vg - (6)
‘ (3) OTC =2 x (8 - Vi — AGND) (7)
B R NIKEIVE S5 LINOUT #HiE, & 251y NS R,
A\ R LRVERE M BR 0940 1, O 7707 L PR A1) — Vouw = V" PGA+27Vq + 2% (8 + Vi, - AGND) (8)
05 S 19 1 e WL S 15 AR 08 1 XL T i, b
R ER AR RS RIS V,, BB VLRV (SR V) M o
- RRFRER M ERERE TEEFEE/ERE E 7707
a -+ Va L Vaa L Via—x* Vou RabmESHRE, LA T .
7 = R sre Rsrlc = Run (4) g (10)
AA « Ry Rerc R (4) 71 (10) R A (8) 78, 8 MCAT7707 %
BERECH .

a'Vdd+a'Vdd+a'Vdd"X'Vouz

Risrc RS’I‘;: . Run * (Sensor * PGA +28) +2¥V4q — 2 X AGND

AA ~ Ry | Rero

Vouw = (11)

7 - (Somn - PGA + 23)
1 B
Run*|{24 . R, +Rm)
ERF AR MCA7707 BLflil 18 LB 0 SE A& 3 Th EHLREBIE, RE £ IR W28, LR,
b, KEBEEEHERBZMWENREEEET, A%

1+

_a a
Ve = Vg R‘TRC RSTZ ¢ Semc* PGA 4 28) +27 ~ 1 (12)
AA = By | Esr
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a = (aH+ (BH +*ay;C - BH "+ a,C+ B,C+ a,C
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i 0THEREME  -40CEAEM  H20TEH iR E 60C HHE(E 520C xR

/kPa /v /v /v /% /v /v /%
0 0.328 0.360 0.032 0.75 0.312 0.016 0.37
20 1.142 1.189 0.047 1.10 1.139 0.003 0.07
40 2.007 2.075 0.068 1.60 2.016 0.009 0.21
60 2.689 2.938 0.069 1.62 2.889 0.200 0.47
80 3.727 3.802 . 0.075 1.77 3.757 0.300 0.71
100 4.557 4.664 0.087 2.05 4.627 0.500 1.18

®3 BEAXSERSIEEHER

B’E 20CHMEM  -40CTEEME  520CTEME xR 60°C ZHE(H Haoc2H xR E

/kPa /v /v A% /% /v /v /%
0 0.499 0.499 0.000 0.000 0.500 0.001 0.025
20 1.263 1.266 0.002 0.002 1.266 0.003 0.075
40 2.075 2.077 0.002 0.002 2.080 0.005 0.125
60 2.884 2.885 0.001 0.001 2.891 0.007 0.175
80 3.689 3.683 0.007 0.007 3.684 0.005 0.125
100 4.494 4.490 0.004 0.004 4.490 0.004 0.100
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