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Euclidean Structure from Uncalibrated Images Using Fuzzy
Domain Knowledge: Application to Facial Image Synthesis

KATSUNORI ISONO,t ZHENGYOU ZHANGHt*
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Use of uncalibrated images has found many applications such as image synthesis. However,
it is not easy to specify the desired position of the new image in projective or affine space.
This paper proposes to recover Euclidean structure from uncalibrated images using domain
knowledge such as distances and angles. The knowledge we have is usually about an object
category, but not very precise for the particular object being considered. The variation (fuzzi-
ness) is modeled as a Gaussian variable. Six types of common knowledge are formulated. Once
we have a Euclidean description, the task to specify the desired position in Euclidean space
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becomes trivial. The proposed technique is then applied to synthesis of new facial images.
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Fig.1 Overview of Euclidean reconstruction.
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Fig.2 Fixing a Euclidean reference frame by choosing
three points.
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Table 1 The fuzzy domain knowledge.
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Table 2 Result of Euclidean reconstruction.
Truth Estimated Affine
point X y z x z x y z
0 0 0 0 0.0 0.0 0.0 101.0  403.5 -106.2
1 100 0 0 100.0 0.0 0.0 333.0 440.5 -451.9
2 100 100 0 100.8 99.9 0.0 333.0 199.5 -482.6
3 0 100 0 0.8 99.9 0.0 101.0 163.5 -136.6
4 0 0 25 0.4 0.0 250 128.0 383.0 -132.7
5 100 0 25 100.0 0.0 249 | 360.0 420.0 -477.1
6 100 100 25 100.8 100.0 25.0 | 360.0 179.0  -507.7
7 0 100 25 0.4 99.5 25.1 129.0 142.0 -163.3
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Fig.5 Feature points selected for the domain knowledge
base.

F3 BBV} Fuzzy Knowledge

- Table 3 A subset of the fuzzy knowledge base for faces.

(a) Distances [mm]

female faces male faces
points | distance s.d. (oq) | distance s.d. (o4)
01 122 5 125 6
02 84 4 89 5
0—3 95 4 102 6
32 63 3 66 4
34 58 4 59 5
5+ 0 99 5 106 5
5¢ 2 159 6 171 6
5«3 132 6 144 7
(b) Angles [degrees]
female faces male faces
vectors angle s.d. (og) | angle s.d. (og)
£(01,02) 44 2 46 2
£(01,34) 3 2 3 2
£(02,03) 41 3 40 3
£(32, 34) 63 2 65 4
£(50,03) | o4 4 93 3
£(53,03) 44 3 44 2
(c) Ratio of distances
female faces male faces
distances | ratio s.d. (o.) | ratio s.d. (o)
doa/dzz | 1.33 0.08 1.35 0.09
dso/dsz | 0.75 0.04 0.74 0.03

3.2 3RXRxk1—IVyNB&ERETICLBERAR
BURDER
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FDK % BU8 T 5720 W A7 — % L 138k 5
N OEGE FHv 7.
WO, EEETHIGD LTV AR S IUST
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Fig. 6 Input images.
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Fig.7 Matched points between two facial images.
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Table 4 Results on the recovered Euclidean structure.

(a) Euclidean coordinates [mm]

Truth Estimated
x y z x y z
0 0.0 0.0 0.0 0.0 0.0 0.0
1 122.3 0.0 0.0 122.6 0.0 0.0
2 60.2 49.3 —-30.2 62.7 47.1 -=37.1
3 28.6 85.7 -~1.4 31.4 88.3 0.0
4 91.9 88.4 1.6 91.5 92.8 —-3.9
5| —355 16.3 91.7 | —26.4 194 91.3

(b) Distances [mm]

points | Truth  Estimated
01 122.3 122.6
0« 2 83.5 86.8
0«3 90.4 93.7
3«2 56.2 63.7
3« 4 63.4 60.4
50 99.7 97.0
5 2 158.5 158.7
5«3 132.6 128.2

(c) Angles [degrees]

vectors Truth  Estimated
£(01, 02) 43.9 437
£(01,34) 3.4 5.7
£(02,03) 37.5 41.1
£(32,34) 59.2 61.4
£(50,03) | 917 95.6
£(53,03) 48.7 48.9

(d) Ratios of distances

distances | Truth  Estimated
do2/d32 1.49 1.36
dso/ds3 0.75 0.76
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Fig.8 Wire-frame-model.
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Fig.9 Synthesized images from the recovered Euclidean shape.
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