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Abstract

Panchromatic Remote-sensing Instrument for Stereo Mapping (PRISM) carried at Advanced Land Observing
Satellite (ALOS) is expected to generate worldwide topographic data in respects of its high resolution and
stereoscopic observation. The algorithms for generating Digital Surface Model (DSM) and Ortho-Rectified Image
(ORI) have been developed for those objectives in Earth Observation Research Center/Japan Aerospace Exploration
Agency (EORC/JAXA). During first one year following the successful ALOS launch, the capabilities of the
algorithm have been widely tested.
corresponding ORI processing are described. First, the geometric model analysis of PRISM sensor is presented with
the experimental results of the orientation processing. Then, the performance analysis of DSM and ORI generated
with the PRISM geometric model is presented. The accuracy assessment results of generated DSM are presented
from the comparison with high accuracy and high resolution reference DSM data sets of LIDAR DSM and Aerial
Photo DSM. The accuracy assessment results of generated ORI are presented from the comparison with GCP.

In this paper, intermediate results of performance analysis of DSM and
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Fig. 1 PRISM configuration.

Table 1 Stereo observation specs of high-resolution
satellite optical sensors.

ALOS PRISM | IKONOS Pan | QuickBird Pan | SPOT-5 HRS
B/ 05 (‘FOI\EF;;N) 0.54-0.83 0.6-2.0 0.84
Resolution 25m 0.82m 0.61-0.72m | 5m (along track)
Swath 35km 11.3-13.8km 16.5km 120km
Quantization 8bits 11bits 11bits 8bits
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Table 2 Target accuracies of DSM/ORI.

Height accuracy Planimetric accuracy

DSM 5.0m(1o) 2.5m(1o)
ORI - 5.0m(10)

Earth rotate direction .=~ Forward

Fig. 2 PRISM CCD units configuration.
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Fig. 3 vx, vy; distributions vs. CCD detector address
(a) Forward (b) Nadir (c) Backward.
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Fig. 4 GCP residuals (arrows specify residual vectors
[vx; vy:] projected on image coordinates) com-
parison between pre-calibrated and post-
calibrated relative CCD alignments (a) pre-cal
(b) post-cal.
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Table 3 Estimated exterior orientation parameters stats.

4 (Rolly # (Pitch) ¥ (Yaw)
FWD Bias [deg] -0.11982 0.01070 -0.07485
13 Scenes o [deg] 0.00161 0.00211 0.00355
NDR Bias [deg] -0.61600 0.02304 0.02419
15 Scenes o [deg] 0.00049 0.00130 0.00519
BWD Bias [deg] 0.05457 -0.00391 -0.02623
14 Scenes o [deg] 0.00318 0.00236 0.00745
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Fig. 5 Estimated A¢, AQ trends vs. d (a) Forward

A¢ (b) Forward A0 (c) Nadir (d) Nadir
(e) Backward (f) Backward AOQ.
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Fig. 6 Estimated L A¢, L A0 trends vs. s (a)

Forward L _A¢ (b) Forward L_A6 (¢)
Nadir L A¢ (d) Nadir L_Af (e) Back-
ward L_A¢ () Backward L_A6.
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Fig. 7 Semi-epipolar line on UTM.

BIEE—FHEBRBAELEVD, 1 vy—ryNTEING
Z OHLEIETHLETH 0PI T R — 5%
THETH B, PRISM DS ) 7Ly b 2R F LA BEET
by INnoEFEFICHWE Y F v 7 A2EHT B HITE
3ODEERITREEIC T © R — 5 &[] %75 o 9 B A ko
BNEDNDH B, TIT, KHEEUTM HIX Eoklx &
R=SERITHI 7 L= L ey F v 7275 C
LATEL, BiA/E F/#%AFZNZNOEXEOFLO
E FAO UTM S22 N ENREA R b 02T © X —
FJHEMEEAE LGS, BB MEGTalLco e
R—SEFEEHHHE MEEGETEM L2 EX - SER
EDRTAEFERED ALOSHEICYTRIOTHAE L &
CABRKKOIEDOME LIS &NMER SN (Fig.
Do —7H, 3HAHD < » F v 7 OAGLEIBEL T
AIARERAMR, ATAEEETH, ETREBRAHREVD
3ODNRY —UNEZONBD, INODOTEMEE»L
P[RR 3 D 2 7 L A WSS A ER T 3 A
LWy
AKHERITELBPRISM F) 7Ly D<= F v 7T
3, B NEEGRO 7 o FEREL, JiGEECRTRE
NEND R 7 L AIERZ RIS T 2 TAEHRAL T
WBY, THIRE FEEBGO 7Y » FEdul s LHEE
W LT, BIARR O % AR OMHBEE &2 flZ2 5 N [a]RE i
BEhL, Th 2 OMBEMEBGRED G om BN E1E 5
FAVPERZTFULAWIEEETEHRTH L, TbE
)OFBCi

OrB=PF 108 (13)

THY s ps 3TNZTNHT-EH FROHBL-H NIk 54
PR CH 5, £7, HEROKE)IZ T © X — 5 EHR
AHEHEET A UTM 7 L — A8 % ETiT5 2 & &
L, TER-SEHE, AF-EFREES-BE Moz h
FRTEHLLEBEOTYE T2, Togs, ThEho
ITER-FERFICEAL TE, &A1 EDRELRS
ZEiciy, g EofHRET 4000m FEE (B/H=0.5T
8000 m FEE O F SHIH) OBERETH LA, &% A 10m

— 378 —



HARY E— bty vy 73agk Vol 27 No. 4 (2007)

[MITIAL COARSE
DEM/DSM

F—
=

PRISM L181
g rrarensenns COArse (0 FiNe wuuees
ot m—— ',
i = %
R e el e e |
- — SIERED MADES {

e, {
l_ S |

STEREQ 1 i
IMAGES & |REGULAR GRID :
£ DSM |

ATTITUDE f * {
Evaluation : Hem L & Harght
%, | Resampling HEIJHT CATA Calculation | 7
- |
DEM/DSM

Fig. § DSM generation flow with CTF operation.

REOMRZE LS, &> T, $%uRdD Coarse To Fine /£ T
3, INoETDITRINT & ZEE OV LR THERE
1o TOLBEDNH 5,

3.5 CTF Oi#ER

Coarse To Fine i (CTF) I[Z X 3@~y F v 7 F
PO, EEES R E VR T LA BB L TRTE
Licww F v 7iERE2B 2 AR E LTHERP SV eNT
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REOHHE XS A =5 D—D>TH b, —RITH A X
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Table 5 Test scenes (triplet stereo pair).

No. Ref. DSM Sites Obs. Date No. of GCPs No. of TPs
1 Saitama 2006/4/30 230 9
2 Okazaki 2006/6/21 42 9
3 Thun/ Bern/ SW 2006/9/21 54 9

Table 6 Reference DSM data sites.

Site Source Size Height Groun_d Helght Source Date
Range |Resolution] Accuracy
Saitama LiDAR 14.0x12.0km 100m Im <lm 2002
Thun Acrial Photo | 7.5x14.5km 500m 2.5m 0.5~2.5m 2004
SW Aerial Photo | 7.5x14.5km 1000m 2.5m 0.5~2.5m 2004
Bern Aerial Photo | 11.0x11.5km 400m 2.5m 0.5~2.5m 2004
Okazaki Aerial Photo 6.0x6.0km 400m 10m ~10m 2005
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Table 7 Triplet triangulation residuals and errors

of Scene 1.
No. of GCPs 0(R-RP) | O(RP-R) 1 9 25 230
o _xy [m] - - - 0.83 1.67 1.79
o z[m] - - - 1.67 1.62 1.75
No. of ICPs 230 230 229 21 205 0
RMSE xy [m]| 643 672 218 2.14 1.94
RMSE z[m] | 872 12.85 2.09 2.04 2.07

Table 8§ Triplet triangulation residuals and errors

of Scene 2.
No. of GCPs G(R-RP) | O(RP-R) 1 9 25 42
o _xy[m] - - - 1.96 2.13 2
o _z [m] - - - 2.21 2.4 1.29
No. of ICPs 42 42 41 33 17 0
RMSE_xy [m] 6.18 6.77 232 2.09 1.87
RMSE_z [m] 23.07 28.73 34 2.7 2.78

Table 9 Triplet triangulation residuals and errors

of Scene 3.
No. of GCPs 1 9 25 54
o _xy [m] - 2.08 2.03 1.72
o 7z[m]| - 3.5 3.02 1.24
No. of ICPs 53 45 29 0
RMSE xy[m]| 187 1.73 1.55
RMSE_z [m] 3.02 2.81 2.95
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Fig. 9 ICP RMSE vs. no. of GCP for Scene 1.
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Fig. 10 ICP RMSE vs. no. of GCP for Scene 2.
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Fig. 11 ICP RMSE vs. no. of GCP for Scene 3.
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(b)

Fig. 12 DSM gray-scale images of Scenel-Saitama
(color areas are invalid masks) (a) PRISM-
DSM (b) LiDAR-DSM.

500

(a) (b)

Fig. 13 DSM gray-scale images of Scene2-Okazaki
(color areas are invalid masks) (a) PRISM-
DSM (b) Aerial Photo-DSM.

500

(a) (b)

Fig. 14 DSM gray-scale images of Scene3-Thun
(color areas are invalid masks) (a) PRISM-
DSM (b) Aerial Photo-DSM.

FIFZUBRER LT > TV B, 188, GCP S EE 51
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HcEICHEFEONECEE vV E ST ok s

!l o
(a)

)

Fig. 15 DSM gray-scale images of Scene3-SW (color
areas are invalid masks) (a) PRISM-DSM
(b) Aerial Photo-DSM.

! l -
@ (®)

Fig. 16 DSM gray-scale images of Scene3-Bern (color
areas are invalid masks) (a) PRISM-DSM
(b) Aerial Photo-DSM.
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Table 10 DSM height accuracy.

Site Model Points Bias [m] SD [m] RMSE [m] Max [m] Min [m]
Saitama 0-GCP (R-RP) 1260372 10.37 479 11.42 121 -165
1-GCP 1260918 2.36 4.76 532 110 -171
230-GCP 1258857 0.84 4.76 483 103 -171
Okazaki 0-GCP (R-RP) 538875 2348 6.06 24.25 127 -68
1-GCP 538879 271 5.80 6.41 108 95
42-GCP 538880 0.11 5.78 5.78 105 -99
Thun 1-GCP 1477962 -1.12 5.75 5.86 92 -90
54-GCP 1478007 0.98 5.77 5.85 94 -92
SW 1-GCP 1044128 4.08 742 8.47 99 -132
54-GCP 1044113 1.07 7.38 7.46 90 -135
Bern 1-GCP 1821894 1.11 5.88 599 87 -57
54-GCP 1822015 -1.33 5.74 5.89 64 -58
Table 11 DSM height accuracy depending on terrain characteristics.
No. | Site Terrain char. Points Bias[m] SD[m] RMS[m] | Max[m] Min[m]

1 | Saitama Paddy 17892 0.48 2.73 2.77 22 -16

2 | Saitama Paddy 3287 -0.57 1.75 1.85 9 -12

3 | Saitama Urban 24424 3.18 9.78 10.28 64 -120

4 | Saitama Urban 16029 1.06 17.10 17.13 76 -171

5 | Saitama City 25665 1.14 4.08 423 40 =22

6 | Saitama City 19695 1.12 3.97 4.12 37 -38

7 | Okazaki Dense Trees 31243 -0.92 6.32 6.38 48 -72

8 | Okazaki City 7155 1.25 2.51 2.80 18 -29

9 | Okazaki City 5680 0.98 3.56 3.69 32 =25

10 | Okazaki Paddy 8023 0.68 245 2.55 18 -14

11 | Okazaki Dense Trees 14940 -0.46 4.77 4.79 29 -31

12 | Thun Sparse Trees 5112 318 7.58 8.22 35 =25

13 | Thun Grass Field 6120 -0.77 6.80 6.85 31 -35

14 | Bern Dense Trees 7800 -3.81 6.13 7.22 19 -40

15 | Bern City 19431 -1.67 4.72 5.01 38 -32

16 | SW City 7599 -1.78 2.96 345 18 =27

17 | SW Truck Farm 7560 -3.59 6.87 7.75 38 =55

18 | SW Dense Trees 6930 9.65 14.80 17.67 90 -19
EWEDMAADEDOREEELZTRPT VI ENEZ SN Vo 7 PERBICIRAE L e S 2 280 5,

o HYIMEE L TV AT, 12IFHE 20m Lo Hliz
HIE W EVEEA S Urban (No. 3, 4) 1ITBI L TRIEEA~
17mRMSE/Min —171m &#F L { BIL T 2 @AM SN
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Ground Distance [pixe]

Fig. 17 Area No.4 details (red rect. =target area) (a)
PRISM-DSM (b) LiDAR-DSM (c) NDR-
image (d) DSM difference-image (PRISM-
LiDAR) (e) DSM profile of yellow line.
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i %47 - 7 k55 % Table 12 127K T
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2. _DJ-'-'—'-’\;:’\J\\'// \
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R T - =

Fig. 18 Area No.15 details (red rect.=target area)
(a) PRISM-DSM (b) AP-DSM (c) NDR-
image (d) DSM difference-image (PRISM-
AP) (e) DSM profile of yellow line.
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Fig. 19 Area No.18 details (red rect.—target area)
(a) PRISM-DSM (b) AP-DSM (c¢) NDR-
image (d) DSM difference-image (PRISM-
AP) (e) DSM profile of yellow line.
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Fig. 20 Brighter noise (Scene3-Nadir).

(@

Fig. 21 JPEG noise in Scenel (180x180 pixels) (a)
Forward (b) Nadir (c) Backward (d) Gene-
rated DSM.

Table 12 ORI geometric accuracy for Scene 1.

No. of Bias [pixel] Std. dev. [pixel] RMSE [pixel]

Gcee Column Line Column Line Column Line
FWD 211 -0.38 -0.24 0.51 0.43 0.63 0.49
NDR 214 -0.42 -0.27 0.52 0.47 0.67 0.54
BWD 210 -0.22 -0.11 0.40 0.31 0.46 0.33
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