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Recognizing Polyhedrons from a Perspective Drawing Based
on Principle of Homograph
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Abstract In this paper, two problems are researched. First, we propose five topology characteristics and geometry
characteristics that are invariant under perspective transformation to describe polygon. Then the definition of homograph is
given in terms of these characteristics. On the basis of this definition, we give a procedure for recognizing homographs.
Second, a new algorithm for recognizing polyhedrons from a perspective line drgwing based on principle of homograph is
presented. Homograph as defined by us can be employed to distinguish between surfaces with different characteristics and to
classify the surfaces of polyhedron. As homographs’ categories are few in number and as it is only necessary to put the
polygon to be recognized in one of these few categories, efficiency of recognition is greatly raised. We introduced the
topological structure to analyze homograph qualitatively, therefore the algorithm is insensitive to noises; and employ
geometrical structure to analyze homograph quantitatively, thus the algorithms can show fine discrimination between
polyhedrons. Thus, it can not only recognize polyhedrons of different shape but also distinguish between polyhedrons that are
of the same shape but their sizes and proportions are different. Comparing with other recognition algorithms, our algorithm has
obtained obvious improvement. The effectiveness of the algorithm is demonstrated preliminarily by computer simulation.
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Fig.2 Example 1 of the recognition of polyhedron
*1 @E2(a) ~(d)NXREYE
Tab.1 Experiment datum of fig.2(a) ~ (d)

EANEA R L3 KO HFR R 3 HAE 3
3.194  5.1056  9.2112  1.5985  2.8839  1.8041  1.8713
AH:2'3'51'4'6 3.7426 2 3.1477 11707 1.2977  1.1086  1.7447
1.5739
E2(a)(LLATEENR
11711 1.2509  4.0234  1.0681  3.4356  3.2165  1.4662
M RE) B :2'3'5'1'4'6 17.67 12,052 35.759 1.3727  5.1433  3.7469 11117
2.9671
CiE:2'1'4'3'5 1.6197  2.0196  1.2469  1.6455  1.3196
3.1936  5.1062  9.2136  1.5989  2.8851  1.8044  1.8719
A:2'3'51'4"6 3.7444  2.0003  3.1476  1.1708  1.2979  1.1086  1.7444
, 1.5735
& 2(b) 1.1605  1.2799  4.6115  1.1029  3.9738 3.603 1.7442
BWE:2'3514'6 22.506  12.903  28.897 1.5815  5.6636 3.5812  8.0203
2.2395
CH:2'1'4'3"5 1.6255  2.1033  1.4836  1.5939  1.3203
1.3597  1.4271  1.6623  1.0495  1.2226  1.1649  1.1873
AT:2'3'5'1'4"6 1.8413  1.5509  4.4922  1.1312  1.5061  1.3341  3.8565
2.8966
B 2(e)
11711 1.2509  4.0234  1.0681  3.4356  3.2165  1.4662
BE:2'4'1'5'3'6 17.67 12.052  35.759 1.3727  5.1433  3.7469 11.117
2.9671
1.9515  3.2727  6.1067 1.677 3.1293 1.866 2.3886
A:4'3'5172'6 53672 2.247 3.145 1.4243  1.7152 1.2042  1.6855
1.3996
& 2(d)
1.2928  1.8857  2.8489  1.4587  2.2038  1.5108  3.0254
BE:2'1'5'3'4'6 6.3154  2.0874  2.6243  2.0741  2.8657  1.3817  1.7371
1.2572
Egl2 FHIE 0%, A TRESE 3(b) ~ (d) By A HE B
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%2 HE3(a)~(A)WHEREE
Tab.2 Experiment Datum of Fig.3(a) ~ (d)

ARHEH B8 LR ST X AR
2.1508 2.9052 3.0643 4.7856 1.3374 1.3875 2.2707
1.0374 1.6978 1.6366 1.6331 1.7270 3.3864 1.0575
AMH:4'6'1'7'2'3'8' 2.0736 1.9608 1.1483 3.7763 3.2884 18.773 1.2211
1.2447 1.4914 1.0194 1.2213 1.1981 1.1069 2.2242
2.0093 11.4707 1.0859 1.8211 1.6771 9.5738 5.7087
1.3771 1.4993 1.8288 2.3367 1.0887 1.3280 1.6968
B 3(a) (WA TR 1.2198 1.5586 1.27717 1.3255 2.1751 3.5329 1.6410
BHE:3'2'7'1'6"4'8' 3.1654 1.9243 3.5457 9.7032 2.7951 3.5085 1.2175
RECIELL 1.6378 2.0821 1.3453 1.7102 1.2713 2.9068 4.9939
1.7180 2.1198 2.1607 2.920 1.3514 1.6675 1.234
1.2580 1.4740 1.6498 1.8887 1.1717 1.3114 1.5014
1.1192 1.2813 1.1449 1.7389 1.8561 3.2101 1.2975
CH:4'3'5'6"1'2"7' 1.9610 1.6115 1.4075 3.5950 2.4364 6.9567 1.4840
1.6204 2.1713 1.1593 1.5305 1.3202 1.4363 2.8057
1.9534 5.6030 1.2390 1.8332 1.4796 3.9410 2.6636
2.1410 2.8634 2.9706 4.8615 1.3374 1.3875 2.2707
) 1.0374 1.6978 1.6366 1.6331 1.7270 3.3864 1.0575
AM:4'6'1'7"2'3"8 2.0736 1.96038 1.1483 3.7763 3.2884 18.773 1.2211
1.2447 1.4914 1.0194 1.2213 1.1981 1.1069 2.2242
2.0093 11.471 1.0859 1.8211 1.6771 9.5738 5.709
1.3925 1.5248 1.8527 2.3461 1.0950 1.3305 1.8002
1.2150 1.7353 1.4282 1.3371 2.1722 3.6029 1.6246
B 3(b) BH:3'2'7'1'6"4"8’ 3.1434 1.9348 3.4775 9.5242 2.7388 3.4449 1.2210
1.6327 2.2118 1.3371 1.8114 1.3547 2.8621 5.0884
1.8176 2.1120 2.1405 3.0299 1.4155 1.7805 1.258
1.2662 1.4264 1.5856 1.8327 1.1265 1.2733 1.4474
1.0415 1.2848 1.2336 1.6816 1.8237 3.1344 1.2387
CH:4'3'5'6"1'2"7 1.9571 1.7187 1.3691 3.5587 2.5994 6.9716 1.4217
1.5543 2.1655 1.0933 1.5232 1.3932 1.3145 2.7698
2.0071 5.6514 1.2023 1.8183 1.5124 4.0563 2.682
2.1832 2.9025 2.9608 4.9615 1.3427 1.3754 2.2689
1.1234 1.6863 1.6508 1.5918 1.7306 3.5041 1.0982
AlE:4'6'1'7"2'3'8 2.1345 2.0613 1.1602 3.8247 3.3045  18.825 1.2306
1.2509 1.4873 1.0254 1.2131 1.2038 1.1250 2.2186
s 2.0186 11.460 1.0793 1.8354 1.6921 9.5987 5. 802
B3 1.4012 1.5184 1.866 3 2.3604 1.1053 1.3425 1.7908
1.2049 1.7435 1.4306 1.3542 2.1906 3.5943 1.6048
BHE:3'2'7"1'6"4"8’ 3.1681 1.9187 3.4657 9.6043 2.7572 3.5091 1.2436
1.6526 2.2304 1.3515 1.8269 1.3604 2.8543 5.9065
1.8075 2.1053 2.1504 3.0301 1.4204 1.7658 1.2498
1.7312 2.5357 3.2385 1.3546 1.896 5 2.3183 1.5687
2.0283 1.7869 1.5787 1.5534 2.1983 3.9643 1.6410
ATE:.4'6'1'7"2'3"8' 3.4352 1.6438 3.5709 6.7054 2.8453 3.5067 1.3750
& 3(d) 1.8761 1.9123 1.5458 1.4217 1.3408 2.6812 5.0137
1.5287 2.3589 2.2070 3.1261 1.431 1.6802 1.6740
BE e ey | TEI) ATTRABEINER R ARHERL, TE () F A HEFR
' KA, BT LR E 3(d)

XA N: 99,10-10,11-11,12-12,13-13, 14-14, 15- A E EHTHER , SEROREMUE. FURER
15,16-16; FIKKEE 3(a) P CES5E 3(b). SLRENE3()REIOD) IAEENERBRA,
()M CTHHE, B TFE3()FHCHEHER3(a)h ZHAMICREXEREN1-1,22,3-3,4-4,5-5,6-6,7-7,
WCHEBANKRAZ, FUHERE3(c), B%  88,99,10-10, 11-11, 12-12, 13-13, 14-14, 15-15,
B 3(a) i D EME BENCREESE3(b)®D  16-16,17-17,18-18,19-19,20-20,21-21,22-22,
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Fig.3 Example 2 of the recognition of polyhedron

6 % i

RS- T 7 B T A Sy G S G, R 26U R
HAE RN BT E AR B RESWAE
RBETAEBREE T 20T R E L, LK H
F &0 BA IR AE 8 T , I 18 32 44 o 66 T 53
%, DT B R A 7R 26 BUY P REAT , AT K R0k 2
THREE . BRI B 4 B AT 5
%, LR RR LT ERE RS, XL R A
FINEM AT E T, 3R F A UK, R 455 )L
{4 AE 34T S8 B 4347, RE 8 SR Y- T L A TR AR 9 4t
R, ORI AL ARSI A R ARE B AF,
i L7 AT A X 43T R A ] 48 2% 38 20 K/ L R [
#9 B b5 , A F AR O i, AR ST T R
B # .

% % 3k ( References)

1 GaoMT, QuS R, Li X Q. The Projection Theory and Method in
Computer Vision [ M]. Xi’ an: The Northwesten Polytechnological
University Publishing Company, 1998. [Ewd, o, EAEE.
HENARFEPORERBATE(M]. AL BT LXE
53t ,1998. ]

2 Chin R T, Dayer C R. Model—based recognition in robot vision[ J].

ACM Computer Surveys, 1986, 18(1) : 67 ~108.

Bunke H, Glauser T. Viewpoint independent representation and
recognition of polygonal faces in 3D space[J]. IEEE Journal Robotics
and Automation, 1993, 9(2): 457 ~463.

Bamieh B, Figueiredo R J. A general moment-invariants/ attributed-
Graph method for three-object recognition from a single image[J].
IEEE Journal Robotics and Automation, 1986, 2(5) : 31 ~41.
Lowe D G. Three-dimensional object recognition from single
two-dimensional images[ J]. Antificial Intelligence, 1987, 31(7):
355 ~395.

Gu W K, Yang J Y, Huang T S. Matching perspective views of a
polyhedron using circuits[ J]. IEEE Transactions on Pattern Analysis
and Machine Intelligence, 1987, 9(3) : 435 ~462.

Arbter X, Synder W E. Application of affine in;'ariant fourier
descriptors to recognition of 3D objects[J]. IEEE Transactions on
Pattern Analysis and Machine Intelligence, 1990,12(7) : 640 ~646.
Zhang G M, Gao M T. Recognition polygon based on the principle of
homograph[ J]. Computer Application, 2004,24(9):7 ~9. [ K #
HLERE. RTAMEREBAGTELATI]. HHEVRA,
2004,24(9) : 7 ~9. ]

Liu J, Lee Y T. A graph-based method for face identification from a
single 2D drawing[ J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 2001,23(10): 1106 ~1119.

Milan Sonka, Vaclav Hlavac, Roger Boyle. Image Processing and
Machine Vision ( Second Edition) [ M]. London: An International

Thomson Publishing Company, 1998.



