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A facial semantic extraction method based on axiomatic
fuzzy sets and granular computing

REN Yan', ZHANG Qian’

(1. College of Atrtificial Intelligence, Shenyang Aerospace University, Shenyang 110136, China; 2. College of Automation, Shenyang
Aerospace University, Shenyang 110136, China)

Abstract: People prefer to distinguish the similarity of faces in the field of face retrieval and verification by describing
the “semantics” or “concept” of object features, which cannot be satisfied by traditional image retrieval technology.
Therefore, this paper presents a facial semantic extraction algorithm (IAFSGD) that is based on axiomatic fuzzy sets
(AFS) and information granules. First, the face images are corrected to detect the critical points where facial features are
extracted; then, the samples of facial features are clustered to construct the class center; the information granules of each
class are obtained under the AFS framework; and then the facial images are reclassified through the information gran-
ules, to obtain the final clustering results and interpretable facial semantic description; finally, the efficacy of this al-
gorithm is demonstrated on such facial datasets as Multi-PIE, AR, and FEI. Experimental results show that compared
with FCM, CAN, FCMGD, AFSGD, and KTM, the semantic extraction method proposed in this paper can obtain clus-
tering results closer to human perception and that the results are of good interpretability.

Keywords: semantic extraction; AFS theory; information granules; clustering; face retrieval; critical point detection;

membership function; axiomatic fuzzy sets
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Fig.1 Flowchart of the proposed semantic extraction algorithm
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Table 4 The semantic descriptions of four clusters for the right eyes on FEI database
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Fig. 7 Comparison of “large eyes” and “small eyes” (FEI

database)
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(X390 + X45) (V39 = Yas) + (Xas + X44) Va5 — Yaa)+
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Ab B Multi-PTE £ PER, «/NIRBE M AL g SR, /IR W 2 0 T B Y (A oK T
RS KT AFSGD # ik, AL FHAB®E %, T  FCMGD Bk, HL FHMAE ., x2&2H T
PR AL BRI S EOE R, BV EE FCMGD 55 3645 21 59 /NIR I 2R BE A B B /b, B
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Table 5 Comparison of FCM, CAN, FCMGD, AFSGD, KMT and IAFSGD on Multi-PIE database

% a y FCM CAN FCMGD AFSGD KMT IAFSGD
0.5 0 452.8451 448.5333 447.648 5 440.5714 427.7107 476.0000
1 0 452.8451 448.5333 447.7716 456.0000 427.7107 476.0000
2 0 452.8451 448.5333 453.9911 453.7043 427.7107 476.0000
KR 3 0 452.8451 448.5333 451.6857 452.7568 427.7107 476.0000
2 1 452.8451 448.5333 454.54211 454.896 6 427.7107 476.0000
2 2 452.8451 448.5333 454.5204 452.8440 427.7107 476.0000
2 3 452.8451 448.5333 454.4159 454.3423 427.7107 476.0000
0.5 0 331.7778 369.3299 342.5714 264.0000 356.5333 275.5121
1 0 331.7778 369.3299 334.8077 284.4453 356.5333 275.5121
2 0 331.7778 369.3299 338.7070 336.9756 356.5333 284.4453
ZINHIR i 3 0 331.7778 369.3299 331.6078 336.9164 356.5333 284.4453
2 1 331.7778 369.3299 336.3265 333.695 1 356.5333 272.7496
2 2 331.7778 369.3299 336.3265 336.9164 356.5333 272.7496
2 3 331.7778 369.3299 336.3265 3421115 356.5333 272.7496
% 6 FCM.CAN.FCMGD.AFSGD.KMT.IAFSGD &% %t AR #{#EERI 3T LE

Table 6 Comparisons of FCM, CAN, FCMGD, AFSGD, KMT and IAFSGD algorithm on AR database
% a y FCM CAN FCMGD AFSGD KMT IAFSGD
0.5 0 596.293 4 567.0905 584.3200 599.8560 567.0905 607.9871
1 0 596.293 4 567.0905 588.9309 607.8544 567.0905 607.9871
2 0 596.293 4 567.0905 594.5129 607.6849 567.0905 607.9871
K HR 3 0 596.293 4 567.0905 593.7129 608.602 567.0905 607.9871
2 1 596.293 4 567.0905 593.6778 607.6849 567.0905 607.9871
2 2 596.293 4 567.0905 592.0102 607.2003 567.0905 607.9871
2 3 596.293 4 567.0905 594.8776 607.9152 567.0905 607.9871
0.5 0 459.5044 463.5722 458.6418 456.8767 463.5722 458.4211
1 0 459.5044 463.5722 455.0292 456.8767 463.5722 458.4211
2 0 459.5044 463.5722 454.8871 459.1579 463.5722 456.973
JINHIR B 3 0 459.5044 463.5722 464.8395 461.7465 463.5722 456.973
2 1 459.5044 463.5722 463.1164 459.1579 463.5722 456.973
2 2 459.5044 463.5722 471.3855 459.1579 463.5722 456.973
2 3 459.5044 463.5722 470.4846 459.1579 463.5722 456.973
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Table 7 Comparisons of clustering effectiveness via FCM,

CAN, FCMGD, AFSGD, KMT and IAFSGD al-
gorithms on Multi-PIE database

a y FCM CAN FCMGD AFSGD KMT IAFSGD
0.5 0 0.5265 0.5247 0.5242 0.5289 0.5247 0.5296
1 0 0.5265 0.5247 0.5288 0.5254 0.5247 0.5296
2 0 0.5265 0.5247 0.5295 0.5283 0.5247 0.5304
3 0 0.5265 0.5247 0.5237 0.5283 0.5247 0.5304
2 1 0.5265 0.5247 0.5231 0.5283 0.5247 0.5304
2 2 05265 0.5247 0.5206 0.5276 0.5247 0.5304
2 3 0.5265 0.5247 0.5213 0.5275 0.5247 0.5304

%& 8 FCM.CAN.FCMGD.AFSGD.KMT.IAFSGD Hi%
X AR EiEE R R E TR LE
Table 8 Comparisons of clustering effectiveness via FCM,
CAN, FCMGD, AFSGD, KMT and IAFSGD al-
gorithms on AR database

a y FCM CAN FCMGD AFSGD KMT IAFSGD
0.5 0 0.5047 0.5043 0.5086 0.5413 0.5237 0.5509
1 0 05047 0.5043 0.5048 0.521 0.5237 0.5509
2 0 0.5047 05043 0.5015 0.5246 0.5237 0.5503
3 0 0.5047 0.5043 0.4974 0.5239 0.5237 0.5503
2 1 05047 05043 0.5015 0.5275 0.5237 0.5457
2 2 05047 05043 0.5015 0.5244 0.5237 0.5457
2 3 0.5047 05043 0.5019 0.5191 0.5237 0.5457

#& 9 FCM.CAN.FCMGD,AFSGD.KMT.IAFSGD H i
Xt FEI 47 B 9 R KB RS b
Table 9 Comparisons of clustering effectiveness via FCM,
CAN, FCMGD, AFSGD, KMT and IAFSGD al-
gorithms on FEI database

FCM CAN FCMGD AFSGD KMT IAFSGD

0.5 0 0.5262 0.5357 0.5279 0.5392 0.5399 0.5427

0.5268 0.5389 0.5399 0.5427

0.5262 0.5357 0.5255 0.5377 0.5399

y
0

1 0 05262 0.5357
0 0.5434
0

0.5262 0.5357 0.5255 0.5367 0.5399 0.5430

0.5262 0.5357 0.5249 0.5369 0.5399 0.5431

2 0.5262 0.5357 0.5249 0.536 0.5399 0.5428

[N S R S L "I S
—_—

3 0.5262 0.5357 0.5249 0.5359 0.5399 0.5435
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