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Research on the coupled-relationships self-learning
human facial age estimation

TIAN Qing'?, MAO Junxiang"’, CAO Meng'
(1. School of Computer and Software, Nanjing University of Information Science & Technology, Nanjing 210044, China; 2. Engin-

eering Research Center of Digital Forensics, Ministry of Education, Nanjing University of Information Science & Technology,
Nanjing 210044, China; 3. School of Computer Science and Engineering, Southeast University, Nanjing 210096, China)

Abstract: Although a variety of human facial age estimation (AE) potential relationship-exploiting works have been
proposed, most of them are limited to exploiting one-sided potential relationships, rarely considering multi-sided
coupled relationships. Therefore, we propose a coupled relationships self-learning age estimation model —CRSAE,
which can exploit three kinds of potential relationships, i.e., input feature relationships, output coding relationships, and
input-output relationships, to improve the generalization of AE models. Specifically, the row and column covariance
matrices of the projection matrix are modeled to construct the regularizer of the feature and coding relationships. The in-
put-output relationships are then exploited through a structure matrix. To solve our proposed CRSAE model effectively,
we present an alternating optimization algorithm. In view of the highly nonlinear characteristics of facial features, we
also extend our proposed model with a deep architecture to further enhance its generalization. Finally, evaluation experi-
ments are conducted to demonstrate the effectiveness and superiority of our proposed methods on multiple human facial
datasets.

Keywords: human facial age estimation; coupled relationship; feature relationship; coding relationship; input-output re-
lationship; relationships self-learning; alternating optimization; deep architecture
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KEZRMEEH T 2 0 Em IR T 546 da i 25 14,
S R PR AT IR PR YR, 1T AELR A5 138 5o H
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Table 1 Comparison of age estimation results on FG-NET dataset (MAE+STD)

YIGEAR LSR caLSR CAOSR CAADOR AELR CRSAE
4 5.843+0.246 4.943+0.070 4.825+0.176 4.823+0.192 4.816+0.083 4.770+0.102
6 4.890+0.183 4.043+0.121 3.937+0.188 3.933+0.215 3.934+0.125 3.888+0.203
8 4.032+0.231 3.484+0.128 3.281+0.165 3.262+0.134 3.249+0.146 3.210+0.134
10 3.586+0.297 3.084+0.110 3.913+0.146 3.911%0.181 2.907:0.149 2.867+0.123
12 3.215+0.157 2.816+0.121 2.672+0.172 2.665+0.155 2.667+0.162 2.660+0.157
[z 4.3132+0.223 3.673+0.110 3.726+0.169 3.719+0.175 3.515+0.133 3.480+0.144

< 2 £ Morph I ##E & L M F 8 fhit 45 R34k (MAE£STD)
Table 2 Comparison of age estimation results on Morph I dataset (MAE+STD)

YA R LSR caLSR CAOSR CAADOR AELR CRSAE
4 7.521+0.168 7.060+0.138 6.722+0.216 6.703+0.164 6.687+0.112 6.660+0.116
6 6.742+0.199 6.402+0.271 6.26620.144 6.254+0.192 6.246+0.243 6.225+0.179
8 6.217+0.233 6.090+0.151 5.890:+0.181 5.879+0.152 5.882+0.154 5.869+0.109
10 5.894+0.217 5.716+0.144 5.644+0.197 5.623+0.203 5.606+0.257 5.587+0.117
12 5.701£0.152 5.639+0.132 5.521+0.162 5.510+0.145 5.503+0.174 5.491+0.117
¥l 6.415+0.194 6.181+0.167 6.009:£0.180 5.994+0.171 5.985+0.188 5.966+0.131
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Table 3 Comparison of age estimation results on Morph II dataset (MAE+STD)

AR LSR caLSR CAOSR CAADOR AELR CRSAE
4 7.308+0.245 6.410+0.120 6.402+0.231 6.285+0.164 6.307+0.120 6.240+0.186
6 6.681+0.177 5.976+0.166 5.941+0.187 5.844+0.217 5.7924+0.181 5.720+0.210
8 6.012+0.143 5.486+0.190 5.453+0.162 5.421+0.149 5.377+0.153 5.343+0.157
10 5.824+0.136 5.302+0.203 5.289+0.211 5.233+0.159 5.21540.126 5.150+0.141
12 5.652+0.207 5.211+0.147 5.137+0.154 5.096+0.141 5.073+0.179 5.055+0.159
¥ 6.295+0.182 5.677+0.165 5.644+0.189 5.576+0.166 5.553+0.154 5.502+0.171

R4 £ CACD HiE&E LR FE R T4 RIT L (MAEXSTD)
Table4 Comparison of age estimation results on CACD dataset (MAE£STD)
INREA K LSR caLSR CAOSR CAADOR AELR CRSAE

5 13.025+0.237 11.576+0.155 11.566+0.271 11.491+0.228 11.418+0.286 11.308+0.277
10 11.882+0.199 10.692+0.247 10.652+0.236 10.629+0.214 10.602+0.266 10.516+0.129
15 11.029+0.243 10.087+0.196 10.058+0.175 9.973+0.188 10.049+0.205 9.949+0.184
20 10.681+0.184 9.839+0.100 9.801+0.142 9.727+0.191 9.684+0.194 9.618+0.129
25 10.517+0.166 9.660+0.115 9.591+0.157 9.575+0.176 9.587+0.130 9.460+0.213
A 11.427+0.206 10.372+0.162 10.334+0.196 10.279+0.199 10.252+0.216 10.170+0.186
332 REAAA LK A LR R A AL

AR SR F BN 25 45 B9 VGG-16 1 R 3l 42
¥, J-H SGD i by o BLak, 3 AT R8N
0.0005, 3K 0.9, #LIKK/INH 64, WIHF 2] %
4 0.001 H.%F 30 % epoch 45 1 R JFE KA 10%., R
Wi BRI B, A SO 80% AY Morph 1T Al CACD
Bl AT U, R FEAHEATIN . R 5D
T MAE %t H 4%

R5 TEMorphIl 5 CACD #iE&E L EFRELMME
R i+t bk 45 R (MAE)

Table S Comparison of age estimation results on Morph II
and CACD dataset based on deep framework

(MAE)

I Morph II CACD

OR-CNN 3.342 5.428

D2C 3.013 5.041
ODFL+ODL+Cross-Entropy 2.971 4.952
C3AE 3.187 5.215

1CH 2.926 4.979
Deep-CRSAE 2.903 4.815

MF S T LLE H, FHE T 5540 5 R 2% )
771, Deep-CRSAE 7& AE %45 b HUS T B KK
MAE {8, M0 P — U 6B T A SCr 2 H 1A
K I TR W A TR B 424 AR SR A1 3K, CRSAE B

4 7K iE

AR FBIRE T AN AFE AL g A
FRAEDC AR | i i 2 B OC 38 DA R g A i OC 3 048
AT, B, R BOERERE W 9475 b
T 22 HE B Qp . Qc X i fith 5¢ R FIRRAE OC R F A7 1
B BTG, 5IA—AS5HRERE S X Adi 1 OC R i
Ty 88, WA T —FF G OC R A % A RAE
WAL 1AL (CRSAE). R )5, 7R 5 IR ¢ RIZ 5K
W b o) ABREE S 8, X R AR 1S B AT IR B AR
#i & (Deep-CRSAE). )5, £ FG-NET. Morph I,
Morph II #1 CACD iX 4 MAFE IR B4 b A7 158
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