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Abstract

This paper describes the development of a stereo matching algorithm for extracting Digital Elevation
Model(DEM) from satellite images. This matching algorithm is based on a non-linear least squares correlation
estimation but has improved matching speed. The algorithm consists of three steps: matching execution,
matching control and matching optimization. Each is described. The performance of the presented algorithm
is quantitatively analyzed with experiments on matching probability, matching speed and matching
convergence radius.
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of AANE AXE A ATAFE ol8¥ e AYAHE 2B WL SGI
OCTANE(FH|E.2] 64MB) A}l 4] JERS $Ac)M #odah 2ua) 0 QAL °o|-&3te ST
JERS 9144972 o 18me] SIAEE 7R E 309 Zetdabolt Ao x kA g W
& olR3AUT AA G4 F 512x512 F2E 22 AFL S 1Y 1S AN
AHEE G4E Ui Th o] A2 1993 39 2899) BYE o QAte] LR AL BoE
-’FBV]@%C’]EP
12 Afd BN B3 /P Es BA-ZEA 29 1438 AFLPS wol §Ap
3 53%4 ABAE AAHE WY AFRE Boly Uk ARATNE AY 42F(Matching
Success Rate), 4% (Matching Speed) 3 B8 8% (Matching Accuracy) 2 8] Z5Th A
éZ%ﬁ AR A 7Fsd ot AF A3HY wigod, APEEE 9L A= b9
= Aol A% A Yo AL IHIE Els SALLLGE A, o 298
AR FATLEY NTHE Aol A8 2HA MEAE e 0 HY Ao
E Gruen(1985)> FApdE hd o) quﬂ‘rUlH%BI TS ©]83F93, Otto%} Chau(1989)% x, v

Figure 1. JERS stereo pair used for experiments(copyright owned by MIT/NASDA)

-128-



Development of A New Patch-Based Stereo Matching Algorithm for Extraction of Digital Elevation Model from Satellite Imagery

Table 1. Comparison of Matching Results from Different Matching Probabilities: Eigenvalue of Variance-
Covariance Matrix vs. Determinant of Affine Transformation Matrix

Results using the Eigenvalue as Results using the Determinant

Matching Probability as Matching Probability
Matching Success Rate 86.9% 83.4%
Matching Speed 26.2 msec/point 30.2 msec/point
Matc.hmg Accuracy Index 673 953
(Variance x 100)

disparity S o] &-8tAth 2 =8N A= Grueno] AoHE 7t welu|E o] Balgh
3% A4 (Matching Accuracy Index) 2 AHG-3IATE Bl & 4 UKo £
TS A PR AHEdhE Aol B HolA U A3E Helx
T2 HgAAY 2 "yt A A vAE gFe] wig- F 5 Aok
B YT

E 28 AN A gxEFel 18k 249 AR (] pixel’ grid), 28k 7+ 9] AR (2

Table 2. Matching Results using Patches with various Grid Pattern

Size of the Patch used for Matching(Pixel X Pixel)
9x9 13x13 | 17x17 [ 21x21 | 25%25 | 29%x29 33%x33 37x37
Matching Success Rate I
“I pixel” grid 54% 68% 92% 94% 94% 96% 88% 86%
“2 pixel” grid 16% 58% 80% 88% 90% 94% 94% 96%
“3 pixel” grid 6% 34% 34% 62% 76% 76% 88% 94%
“linear” grid 32% 66% 92% 92% 96% 96% 94% 88%
Matching Speed
(msec/point)
“1 pixel” grid 26 46 46 58 74 86 156 246
“2 pixel” grid 14 18 20 24 26 26 34 44
“3 pixel” grid 6 12 12 18 22 22 24 22
“linear” grid 10 14 14 20 18 22 28 34
Matching Error(Pixel)
“2 pixel” grid 0.103 0.124 0.093 0.088 0.064 0.055 0.042 0.042
“3 pixel” grid 0.812 0.286 0282 0.238 0.256 0.255 0.168 0.180
linear grid 0.123 0.141 0.111 0.084 0.080 0.078 0.070 0.075
No. of Grids in a Patch
“1 pixel” grid 81 169 289 441 625 841 1089 1369
“2 pixel” grid 25 49 81 121 169 225 289 361
“3 pixel” grid 9 25 25 49 81 81 121 169
“linear” grid 25 49 81 121 169 225 289 361
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Table 3. Experiments on Matching Convergence Radius

i rror in . tching Errol
Il\r/luilg;lu;iulsctlxen?aftf Points + Matching Success o M"“Fm“g : (Matbl\li[i?lt;hl;?rir inclruding
© (Patch Size) Rate(Blunder Rate) |~ Speed. , Blunders)(Pixel)
1 pixel error(17 X 17 ) 99%( 0%) 6 msec 0.000778
2 pixel error(17 X 17) 98%( 0%) 9 msec 0.000447
3 pixel error(21 X 21) 96%( 2%) 15 msec 0.000343(0.0398)
4 pixel error(25 X 25) 90%( 6%) 25 msec 0.000339(0.125)
5 pixel error(29 X 29) 87%( 5%) 40 msec 0.000296(0.160)
6 pixel error(29 X 29) 70%(12%) 57 msec 0.000253(0.629)

3) A AFrt 2R OB FEEE A$E Blunderzl? gk
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