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Approximate Belief Propagation by Hierarchical Averaging of Outgoing Messages

Koichi OGAWARA
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(a) Loopy graph. (b) Tree graph.
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Fig.1 Graph representation.
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Fig.3 Computation of messages.
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Fig.2 Flow of the algorithms:

SBP means the Stanrad Belief Propagation al-

gorithm, AOM means the approximated belief propagation algorithm by
Averaging of Outgoing Messages and PC means Predictive Coding (Section

4.4.2).
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Fig.4 Hierarchical propagation of averaged outgoing
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(b) High resolution graph

messages.
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Fig.5 Message propagation between hierarchies.

(b) High resolution graph
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Table 1 Value of evaluation function E(X): H means Hierarchical method, SBP
means the Standard Belief Propagation algorithm and AOM means the
approximated belief propagation algorithm by Averaging of Outgoing

Messages.

Algorithm | # iterations Tsukuba Venus Teddy Cones
BX) (%] BEX) %] BX) %] EX) (%
H4+SBP 80 | 484814 100 | 875666 100 | 1370100 100 | 1674602 100
320 | 482896 100 | 874329 100 | 1367032 100 | 1670682 100
H4+AOM 80 | 505212 104 | 888761 101 | 1425441 104 | 1730117 103
(proposed) 320 | 504464 104 | 888468 101 | 1423999 104 | 1726733 103
SBP 80 | 483941 100 | 878206 100 | 1388240 101 | 1686479 101
320 | 482234 99| 876619 100 | 1381769 101 | 1684669 101
AOM 80 | 574981 119 | 1064859 122 | 1643556 120 | 1905491 114
320 | 560431 116 | 1035516 118 | 1628426 119 | 1893221 113
Without BP 0 | 4584873 946 | 8314305 949 | 8881040 648 | 8815741 526
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Fig.6 Change in value of evaluation function E(X): H means Hierarchical
method, SBP means the Standard Belief Propagation algorithm and AOM
means the approximated belief propagation algorithm by Averaging of Out-
going Messages.
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Table 2 Error in disparity estimation: H means Hierarchical method, SBP means
the Standard Belief Propagation algorithm and AOM means the approx-
imated belief propagation algorithm by Averaging of Outgoing Messages.
Algorithm | # iterations Tsukuba Venus Teddy Cones
nonocc [%)] all [%] | nonocc [%] all [%] | nonoce [%] all [%] | nonocc [%] all [%]
H44+-SBP 80 2.13 4.18 0.95 2.06 11.71 18.38 5.36 13.56
320 2.11 4.17 0.99 2.10 11.62  18.28 5.28  13.47
H4+AOM 80 2.39 4.51 1.62 2.79 12.11 19.06 5.73 14.21
(proposed) 320 2.33 4.50 1.62 2.81 12.11  19.05 5.68 14.13
SBP 80 2.48 4.55 1.37 2.50 12.28 18.81 5.06 13.33
320 2.18 4.24 1.35 2.46 12.26  18.82 5.09 13.37
AOM 80 4.47 6.59 8.58 9.92 16.45 23.63 10.13  19.26
320 3.82 5.95 7.69 9.03 16.19  23.39 9.76  18.94
Without BP 0 47.02  48.17 66.32  66.87 71.34  74.23 69.62  72.95
gbooooobooboooboobooboboobooon 000000000 (%) 0000 nonocc 0OODO
J0000O0000OO0O00ooD alooooog gboobooobooboooobooooobbooobooo
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Table 3 Variance of the final outgoing messages us-
ing H4+SBP (80 iterations in total).

Tsukuba | Venus | Teddy | Cones
Ratio of 91.7 91.9 84.6 83.7
white pixels [%)]
Mean variance 15.79 10.14 4.12 4.29
of black pixels
Mean variance 0.00 0.00 0.00 0.00
of white pixels
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(a) Original left image

(b) Ground truth
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Fig.7 Estimated disparity map.
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(a) Tsukuba

variance=1.49
error ratio=0.28

(a) H4+SBP
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Fig.8 Variance of the final outgoing messages: a black pixel means variance >
0.1 and a white pixel means otherwise.
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Fig.9 Error in disparity estimation in Venus dataset: a black pixel means a
wrongly estimated node and a white pixel means a correctly estimated
node. Variance means the mean squared difference between the initial

message at the final hierarchy and the optimal message. Error ratio means

the ratio of the wrongly estimated nodes.
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Table 4 The required amount of memory and compuataional time [ms].

Algorithm Mem Tsukuba Venus Teddy Cones
(N=388x244, L=16) (N=434x383, L=20) (N=450x375, L=60) (N=450x375, L=60)
%] | CPU [%] GPU [%]| CPU [%] GPU [%]| CPU [%] GPU [%]| CPU [%] GPU [%]
H4+SBP 100 | 5338 100 160 3.0 | 11873 100 299 2.5 | 42213 100 985 2.3 | 42672 100 1001 2.3
H4+4+-SBP+PC 34| 6633 124 277 5.2 13054 110 474 4.0 38731 92 1106 2.6 | 39276 92 1126 2.6
H4+AOM 44 | 2421 45 71 1.3 ] 5570 47 126 1.1 | 16661 39 401 0.9| 16656 39 411 1.0
H4+AOM+PC 27| 2746 51 63 1.2 | 6122 52 111 0.9 | 18437 44 284 0.7 | 18428 43 293 0.7
SBP 94 | 16462 308 426 8.0 | 37405 315 822 6.9 (130161 308 2773 6.6 | 130813 307 2799 6.6
SBP+PC 28 | 19934 373 733 13.7 | 38907 328 1283 10.8 | 115694 274 3067 7.3 |115639 271 3095 7.3
AOM 38| 7752 145 184 3.4 |17249 145 340 2.9 | 51119 121 1138 2.7 | 51128 120 1159 2.7
AOM+PC 21| 8255 155 155 2.9 | 18779 158 292 2.5| 55804 132 784 1.9| 56041 131 800 1.9
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Abstract This paper presents an approximate belief propagation algorithm that replaces outgoing mes-
sages from a node with the averaged outgoing message and propagates messages from a low resolution
graph to the original graph hierarchically. The proposed method reduces the computational time by half
or two-thirds and reduces the required amount of memory by 60% compared with the standard belief prop-
agation algorithm when applied to an image. The proposed method was implemented on CPU and GPU,
and was evaluated against Middlebury stereo benchmark dataset in comparison with the standard belief
propagation algorithm. It is shown that the proposed method outperforms the other in terms of both the

computational time and the required amount of memory with minor loss of accuracy.

Key words belief propagation, stereo, GPU



