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| ntroducti on and Chj ecti ves

|- band SAR Ischaradaized by h gher 3gnd penetraion andthe
reped-pass SARInafeonery can be ach eved

Hgh bandw ahd R-SAR L band (50 MHz) achi eves h gher
resd uionimag ng andtherepea passinafeaonetricfligts (Qiticd
BeplS400mand B,,,<=100mfa hgher coherence).

As the prepardion gudy of suface def o nati on nonitaing us ngthe
arbarne SAR we condudedthe R-SARrepea pess i nafeonetric
flights and INSAR procesd ng

We derived anInSAR DEM and d scussedthe accuracy andrd aed
prodens for thefuueol edives



PI-SAR

Frequency 1.275€9 Hz
Band width 50 MHz
Sampling freq. 61.275MHz

Height 6~12Km
|mage swath <=15Km
AD(1/Q) 8 bits
p(R) dant 24m
Pp(A) 4dlook 3.2m

o? 1.1dB
NEcO -30dB

Inci. Angle 10~60
Polarimetry Full

T 10us

Pt 3.5KW
Beam width(A) 8.4 degrees

SIGMA-SAR processor




Inertial Navigation System | WGS84: Reference Earth

Interface ARINC 429
LITTON AERO PRODUCTS, LTN-2001 Mk.1 made year 1989

GPS Problems
— Lat 1 sec. Ancillary Data not
Lon 1 sec. Synchronized with Pi-SAR
Height 1 sec.
Vin EW 1 sec. ..
Vin NS 1 sec. *Position Accuracy (GPS)
VinH 1 sec.
INS
Body Pitch Rate 64 Hz Pi-SAR
Body Yaw Rate 64 Hz
Body Roll Rate 64 Hz —p
Body Long. ACCEL 64 Hz llllll
Body Lateral ACCEL 64 Hz >
Body Normal ACCEL 64 Hz T T time

uTC |



Motion Equation of G-Il (I)‘

A, (t) = |\/|51(Am ~NIM, [, + @)+ X Vecg

v(t) = Iot A ()t +v, + b
F(t) = I;Y/(t' Xt +1, +/c

M,:rotation matrix on Euler angle

Unknowns:

a (acceleration offset),
b (Initial velocity error),
c (initial position error)

roll

ACCEL offsets a and
leakage of the gravity
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‘Least Squared minimization -> Solutionlo




Motion Equation of G-II (II)‘

1) Shift of the time: < 1sec | timeofiset  GPS 120 ms

2) Parameter estimation accel. attitude 16 ms
3) Re-generate the track

4) Calculate the horizontal and vertical shift (dh and db)
5) Interpolation and phase shift before range correlation
6) Azimuth Correlation
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Master orbit Slave orbit

mean(cm)
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Interferometry(l)

Wrapped phase of master and slave images, @, is expressed by

[] 2 [
qo:Z"r%—\/u 2~ 1,) bl ¢ :
A r r
b=r_ —r,
z=|r|-R(r,)
where
r slant range,
I target vector
- master orbit,
I slave orbit,
V4 height,
R radius of the earth




slave orbit

Interferometry(ll)

7 master orbit

Co-registration of two images
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Test area

Topography
Observation
Flight direction
Height
Purpose

Averaged B,

Tottori City area, including Tottorli
dune, river, hill side

Om ~ 200m

Oct. 6 2000

East -> west

8000 m

Polarimetric calibration
Interferometric evaluation

~70 meter



Interferometry(lll) Baseline analysis

Baselines(B,,, and B,,.,)
dramatically change with incidence
angle when tube diameter is too
small.

bp

A case of B,,,~70m |slave 78

Baseinglkm, parallel and pemendicular)

master ' ) R "
range sample number

20 degrees of incidence angle

Ground range 50 degrees
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Orbit correction

*Flat earth corrected fringe contains undesirable fringe due to

the orbital error.

Unwrap the raw fringe and harmonize the theoretical
unwrapped model which contains three unknowns, horizontal
disp.(AB), vertical disp.(Ar), and vertical velocity disp.(Av) after
the least square parameterization.

*Ground truth data are obtained from the Digital Elevation
Model of GSI (Geophysical survey of institute) and geoids
height by comparing the simulated SAR image using DEM and

the SAR amplitude image.

Finally retune the fringe data.

Least square minimization

E—

1
r—d0+vt+2at +(AB+Ar) (Av)t




Processing flow

1)
2)
3)
4)
o)

6)

7)

8)
9)

generate single look complex using the band width tuning
co-register two images using predefined GCPs

Generate the co-registration frame

Generate the raw fringe and simulated images for
master/slave images

Calibrate the orbit error using the simulated and the SAR
Images

Unwrap the first step flat earth corrected fringe and
estimate the orbital errors using the least squared error
minimization

Regenerate the final wrapped fringe using the regenerated
orbital information using the co-registration frame
Unwrap the above fringes and calibrate it using the GCP
Convert the slant range DEM to the ground range DEM.



mplitudeie ' True height Simulated image



foT= 1 Lo Ay o o SN Y

Flat earth corrected

DEM corrected

INSAR-

DEM




Error analysis(Error =InNSAR DEM- DTM)

Casel: Mean:2.7/m
Std dev.:7.4m

Case2: Mean:8m
Std. Dev.:15m

Abrd ipgtel

range line number




Three dimensional expression of the generated DEM

(small area case)
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Processing example for wider area (Tottori case)

Error in the B,

EEEE

Height error
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Generated DEM (Wrapped) Ground truth (GSI DEM)
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Conclusion and future work

We have conducted the experimental study to extract the DEM using the L
band repeat pass airborne SAR interferometry (Pi-SAR).

One image pair flying over the Tottori dune has 70 m of B, preserving a good
coherence.

DEM generated from Tottori image pair was corrected for the three unknowns,
height, cross track, and cross track velocity of the restituted orbit using the
ground control points given from the DSI-DEM and theoretical model.

The result shows some variation in the DEM but gives an accuracy order of 2.7
meter offset and standard deviation of 7.4 meter (Best case).

Motion compensation is a key component for generation of the SAR image. The
required accuracy for generating image is not good enough for generating DEM.

Future work:
Improvement of the motion compensation using the denser ground control
points (GSI-DEM) and needs nonlinear orbit correction model.
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CASE-1:Nov. 2 2002
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Interferometry - U 0 U forest (HH-VV)

Coherence HHJu183.9001 029.21 Coherence VVuU178.910 027.54



Unwrapping

Methods

1)Branch cut (preserve the phase)
2)PCG, Pseudo Conjugate Gradient
(slightly loose the phase)

Needs for

*Orbital tuning using the GCPs

*Ground range conversion

One example of unwrapped image




