%310 H F ¥ M Vol. 51 No.3
2023 43 H ACTA ELECTRONICA SINICA Mar. 2023

T T MR B 2818 HRNet
ERvax WiRrS

T, ERE RAESE KT I R
(1. B2 TR ) TSR0 VLR R 5t 210007 ; 2. Rl 4500 52 95 28 S22 e, 22 B0A I 230031 5
3. DA IR AR5 BRI T ST A A 230031)

OB HENIEERE SO FOT R 45 ()R AR RE ST RS ) A 2%, TR A0 90 24 248 k) BV AT 12 7 90 265 ) 1 E
BRI, 76 P RE DL 51 B A5 23-%) 3+ W HRNet (High-Resolution Net) FRAgEE [ 28182 ) #517 HAA T35 75 L. £F 4% HRNet
AT T RIZE 582 S B 58 B LUSe B Bk, AR SCHE H —Fh LT 2 RO ik & FIE R S5 H ik
[ 781828 SRR FE HRNet 73 32 2540 TP g | A 22 RO Ak 4 238 SR i SR T 45 AR R A2 I e 1 s i “ F
TR 7S W Fh 72 A X s B4 28 U 28 KL (Kullback-Leibler ) RS # 2 FH 45 #4 L0 AR LI 453 22 BT 11 78182
> AE AL B H AR e H RS 0 2 FIEE S L 0G SS F B AR SOBE RN AR AN IR IR RS I RTER T,  AdR T
T 25 1) B bR FI e

KR [FRIRE  IMTE NG ; 2 R Ak 4 E 3 S5 AR AR s B b1

HETWH: EHEHARSES (No.61801512, No.62071484) ;715444 H AR £ 4 (No.BK20180080)

hE 4 ES: TP391;TP183 XEkFRIRES: A XEHS: 0372-2112(2023)03-0746-11
L F % 3R URL:http://www.ejournal.org.cn DOI:10.12263/DZXB.20210169

The Self-Distillation HRNet Object Segmentation Based on
the Pyramid Knowledge

ZHENG Yun-fei"*’, WANG Xiao-bing'?, ZHANG Xiong-wei', CAO Tie-yong', SUN Meng'
(1. Institude of Command and Control Engineering , Army Engineering University of PLA, Nanjing, Jiangsu 210007, China;
2. The Army Artillery and Defense Academy of PLA, Hefei, Anhui 210031, China;

3. The Key Laboratory of Polarization Imaging Detection Technology , Hefei, Anhui 210031, China)

Abstract: The knowledge distillation can effectively transfer the representation ability of a teacher network to a stu-
dent network, and improve the performance of the network without changing the network structure. Therefore, it is of great
significance to construct a self-distillation learning model in the backbone network of the HRNet (High-Resolution Net)with
an excellent performance in the object segmentation tasks. Aiming to the challenge that parallel integration architecture of
deep and shallow information in HRNet makes direct distillation difficult to achieve, a structured self-distillation learning
framework based on multi-scale pooling pyramid is proposed in this paper. Firstly, the multiscale pooling pyramid feature
modules are introduced into the branch structure in the HRNet to improve knowledge representation and learning ability.
Secondly, the top-down and consistency distillation modes are constructed. Meanwhile the cross entropy loss, KL (Kull-
back-Leibler)divergence loss and structural similarity loss are combined for the self-distillation learning framework. The ex-
periments on four segmentation datasets including saliency and camouflaged objects demonstrate that the proposed model
improves the performance of the object segmentation of the network without increasing resource costs.
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(10)
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A7 [R) 8 T 245 54, DX AE T 32 6 B GE T 3O
], HA AR S B0 . ZE 2R B, HRNet i 7fE 151
RIS [ 208 24 > SRR AR R A B 4 A8 AR [R] 1 2
BTN . AR B, A 2818 5 S BRI RS BR 218 7
S, S AR TR ] B 45 A8 R AT R [ AT, AR A
bRy 45

SRR A 5 [ 2 IR AU A f ] R BLAS B2 Bk i
TPk, N 2 R B — 4 i B R T 288%288. Il 2k 5 1l
A 1Y B 53 ) o B s AR SRR 1Y) 60% F140%. |
GBWGE—RE N 2E T F0.01, A B R 8, R
I ERE0.05, YRR IR B 2046 .
4.4 FEBYRSHH
4.4.1 TEMHLLE

&7 75 5y HRNet18 .HRNet48 J:/fER % (HRNet 18-
BL.HRNet48-BL) K AH N (Y [ Z£ 18 2% > 5 7 (HR Net 18-
SDL,HRNet48-SDL) 7£ VU /™ ¥4l 4 b 2 A R 1 7

COD CPD

DUT-OMRON

FIRCR R . R R R 6T A SR 3 HAR(COD)
HAEANHE HAR(CPD) , HRNet 18 [ ZE /A A /3 i 7
SE B H br (B THRNet18-SDL 43 % K th 45 1.2.3 .4
51), 1 HRNet48 H 2518 H A Lt HRNetd8 J fER A I 2%
FETE T ARArE () ERA P (E] THRNetd8-SDL 43 &
%51.2.3.4%0). X TE s B E Y HAR (DUTS-
OMRON ,PASCAL-S) , HRNet £ % £ RE 45 56 b 7351 1y
Htr. 20t [ 281824 2] )5 , HRNet18 , HRNet48 £ %I 57
AR T T, A F T R Y H AR X
4.4.2 TEELLE

F 2 Ffi 7R 0 HRNet18 . HRNet48 KL i 71 Kz HoAH I
4 78 18 25 ) BB AE DO AN B 4 By P (EROCR XTI
W T, 78 DU ME BE 5K B B bR o BB 45 1 AR
SCOT R P S BB P RE 34 B KA T
W, AR SCR 1Y) 1 2508 2 2T B U BB A RU3 5% HR Net 1
FRIEZR N E T, 3 THHAE H AR FUE S5 Lk Re .

PASCAL-S

—

HRNet 18-BL43%/[#]
HRNet 18-SDL431 &

HRNet48-BL43# %]

HRNet48-SDL/3#1 %]

7 Az I BOW o E X L

R2 BRBEIRBF AR Wl %
F 7 COoD CPD DUT-OMRON PASCAL-S PEREHE TS
HRNet18-BL 63.93 63.52 81.36 82.33
HRNet18-SDL 65.67(+1.73) 66.43(+2.91) 83.25(+1.64) 85.29(+2.44) +2.178
HRNet48-BL 70.29 71.91 84.46 85.79
HRNet48-SDL 71.66(+1.40) 73.61(+1.50) 85.75(+1.35) 87.08(+1.80) +1.513
4.4.3 HRLSCIG T —BE+ A L =R 2R AR R Y

ARSCRETIAE L5 b v b — B2 L A B R 2%
TR PR 2 iR 2, a2 ) BE A b o RS S KL AR |
ZER AL AR RIPE = Pt 2 R 8. AR B0 T AL I s
B, WIFSEIX BB R A A8 S B R AR

ZEAR AT AL S0 - ) i B — MR A

512K REC(SE SO + KL HRE + 45 R AR AR DL ) S8 Sl 7Y
2k .

3 N AR B SRR 1Y Fy M, Rl &
(1) A N 28R O A A PE e Y S T O T —
HrE i (2) PIAh 2 R R 5 XA R i 4R T A



#0031

=B E I 753

IR . ange CoD Bdli 4 1, [ b T Z& A — 2
PEZE I X HRNet 18 JEvERL AL (K PERESR T 2051 4 1.21 Fi
0.62, P AN Z& Al & J5 #2771 1,73, Rl i
FhZE I, /N T P A 2R AR AR = 22 1 1.83.

2 ) B I L R S — R — B+ A
I 78408, 43 AL B R pR AR 28 SURG 28 XU +K L L
JE 38 SR +KL 30 +45 44 A AR R — 2 2] B i 1A 7
VIIES

AN BRI R S ARG 0 F . WERFTR
(1) 38 XA 45 2 XF HRNet18 11 HRNet48 1t P RE 42 T 19
TTRR 3 91N 32.9% F132.4%. 5 FEAERTTUA L , 2 U

0 2 N A X3 I O v AR A SRR R T AT R B
Jr S TR RR IR T, LA R S Ak & E I £
FROBEA Wi Bt 2430 . (2) 78 238 U L alt b b & 1 451 2
Jo MR REE— R T T 36.9% \37%. X FWZE IR
ST HE SR TRRIEAE S B E BN IR B o B T
MR IERS , SC B T T MPERER UE— 4R T . (3RS
SEA A AL E R G S B R M RE I — R TE T
30.2% .30.6% , X F W76 H A5 40 #1109 A 2818 > vh 45
FAL AR LI PE 3515 B8 AN [R] 28 XU KL BIORE 19 A 3, BRI
EIMG R AR B ff B B B R AE 1 22 ] 1) 22 5, A 3K
PEFHAPGE R RCR B T W AR EbEfE

®3 FBEERMER FERRIL(T2D:E T FHREHR, CST: — B R @HR) AT %
i COoD CPD DUT-OMRON PASCAL-S PERESZTT

HRNet18-BL 63.93 63.52 81.36 82.33

HRNet18-T2D 65.15(+1.21) 65.78(+2.26) 82.70(+1.09) 83.19(+0.86) +1.163

HRNet18-CST 64.56(+0.62) 65.35(+1.83) 82.27(+0.66) 83.61(+1.28) +1.048
HRNet18-T2D+CST 71.66(+1.40) 73.61(+1.50) 85.75(+1.35) 87.08(+1.80) +1.513

HRNet48-BL 70.26 72.11 84.40 85.28

HRNet48-T2D 71.02(+0.76) 73.01(+1.10) 85.32(+0.92) 87.00(+1.21) +0.938

HRNet48-CST 71.24(+0.98) 72.68(+0.77) 85.18(+0.78) 86.35(+1.07) +0.755
HRNet48-T2D+CST 71.66(+1.40) 73.61(+1.50) 85.75(+1.35) 87.08(+1.80) +1.513

R4 FIEBHMIRE FEZRIL(CE:Z FRE KL KLEER K, SSIM: 51 LB IIEH %K) 7%
155 75 CcoD CPD DUT-OMRON PASCAL-S PERETR T

HRNet18-BL 63.94 63.52 81.61 82.85

HRNet18-CE 64.49(+0.55) 64.37(+0.85) 82.44(+0.63) 83.69(+0.84) +0.718/32.9
HRNet18-CE+KL 65.12(+1.18) 66.08(+1.76) 82.77(+1.16) 84.83(+1.98) +1.520/69.8

HRNet18-CE+KIL+SSIM 65.67(+1.73) 66.43(+2.91) 83.25(+1.64) 85.29(+2.44) +2.178

HRNet48-BL 70.26 72.11 84.40 85.28

HRNet48-CE 70.87(+0.61) 72.60(+0.49) 84.82(+0.42) 85.72(+0.44) +0.490/32.4
HRNet48-CE+KL 71.21(+0.95) 73.01(+1.10) 85.26(+0.86) 86.57(+1.29) +1.050/69.4

HRNet48-CE+KL+SSIM 71.66(+1.40) 73.61(+1.50) 85.75(+1.35) 87.08(+1.80) +1.513

4.5 BHEBEINHIF

AT AR SR A AR ZE VR AIE 0 000 A s A 2k ) 2% 1
S R TR ST AR A 5 > L RIS E A . AR
SR Ay H S R 27 ) O A BEAR R E 7818 2 AT L
B PR FIAL , 87 1 28 TR 0 A ] 76 27 ) i 7 o 2
THERIRPERE .

HUAS SCHRNet F z (AR M5, [ 2840 52 )
5 BRI o o] S R ) F2 B DR T 2 H AR AR e i
i HA 22 RUBEFSAE G 5 B B 2 S 1) 3 A B B 12
R N4 RS E X — i RO R 5 T
T BRI N BE

G UE A L AE, A St LR S5 7R COD XiiE
RN R b, A7 B AE SRR S Y 2R AR Y iy
H R AR 1 £ S AR 1] | 28 PR TR 1Y fs 37 M1 pfs S

ARRFAE P, 5 A B o S SR 5 AR R TR 1) P 5T 8
(@) 7R A Fe A6 B it PR LA (LR 2 P&, n] e
IR FE T, pfs S AR 200 T fs S AL, HLH— B
W25 AR AR AR B . X — i A 2 T pfs S 1] 454
TRt TROMY LB RS 15 A AR T R fs i
i L0 AR 2P0 T RE AT 1 fs Sk ), B RGO T R R Ay
FHIEFR R FETT .

SR, pfs 35 £ S A A R A 00 0k 25 F , AT 3145
SR ARAIE R R BE I TE LRI IR TCAR L. e, A SO
N7 b R A B2 —Fe I 25 58 it B vh At vk 19 1)1
SRRIRLORAT . 5 LA SR AL, TS5 AR L A fs 355 | pfs 3
REFHEE B F A, 75 2 A th Ze & 8 (b) firzs . i 4]
8(b) Al FEIZREL 4 B B HE HERL T 5 [ 22 1R BT Y fs
Sk O F IO AR RE2E 57 . SR, 1T pfs SmF b2 7E fs



754 H, ¥

EE 2023 4

Ui R S A AR 1G5 | LR 2 > B AT S PR A A S
TESS 6~8 MRV ZR) | pfs vt e ML T fs o . BHOAS,
pfs 3t £ AT DA 3E Ak Z8 AR 27 = 1) fis vt A% 28 250 4 M (5 B
BB, 15 [ ZEIRAST IR s St U SE VAR IR fs S A B bR
HPERERR T, BIHS5E T HRNet TR E R BE ST .

0.40

038
0361

0.34

F/j,/n(l

032

0.30

AR
fl I ?E:Llﬁ?ﬁﬂ[);fsﬁﬁmi
18 20

ol
2 4 6 8 10 12 14 16

(a) 205e Rz fbih /4

H LA B 2 A LA, A S 2 R AR R 1 1 5% i
FET AEG5H) 51 A T R R g 1 58 A9 22 R
P R T 0 S, e i 2R R A T i R O 2% T
PN TSN KRR B A 5, DA i 1 B R 3RO
VA

0.4

—— R

0.1 b/ BRI
1 g ‘ ‘ AR T psfi i
PP T T T O O
2 4 6

8 10 12 14 16
(b) BV PHRUEAR IR IRz A th £ At

8 HZRM T R L

5 ZHig

A% SCEE R e T T ) HRNet B9 25 R 55 0 3210 T
BT & FIEMPTRN [ 28 TR T2
RUBE A < 735 1 1 28 IR R 45 4, D 2 i 7
R TR IV AE SN Y SN L A Rl (2
RS A 2 2T e ) . MR HRNet 243 34514 11
R TR B A BT R ZE A, 2
FPUAS 73 A2 2 b 7 A 45— S EL R 1 0 Ak 7
li] . JH A SR R IR T AS SCRY 28 IR R RE AR AN Bl )
2K GER R4 T 32T HRNet H bR 20510k 6l HERAE
) IER R T H 2808 T AR IR .

S Sk

[1] HE K M, ZHANG X Y, REN S Q, et al. Deep residual
learning for image recognition[C]//2016 IEEE Conference
on Computer Vision and Pattern Recognition (CVPR). Pis-
cataway: IEEE, 2016: 770-778.

[2] REN S Q, HE K M, GIRSHICK R, et al. Faster R-CNN:
Towards real-time object detection with region proposal
networks[J]. IEEE Transactions on Pattern Analysis and
Machine Intelligence, 2017, 39(6): 1137-1149.

[3] LONG J, SHELHAMER E, DARRELL T. Fully convolu-
tional networks for semantic segmentation[C]//2015 IEEE
Conference on Computer Vision and Pattern Recognition.
Piscataway: IEEE, 2015: 3431-3440.

(4] Bz K, RMEfh, BEgkm, 5. T 2EHM KR L

DX I O 1 W 5 (0], BT i, 2017, 45(11):
2593-2601.

ZHENG Y F, ZHANG X W, CAO T Y, et al. The seman-
tic salient region detection algorithm based on the fully
convolutional networks[J]. Acta Electronica Sinica, 2017,
45(11): 2593-2601. (in Chinese)

(5] ZOHEf, SR AIt, M AF2ZE, 55 JL T a0k 2 ROBE IR BE AR
{14 H BRI [ 265 (1. #2431, 2020, 48(12): 2360-2366.
LI Y Q, GAIC Y, XIAO C J, et al. Object detection net-
works based on refined multi-scale depth feature[J]. Acta
Electronica Sinica, 2020, 48(12): 2360-2366. (in Chinese)

[6] HUANG G, LIU Z, VAN DER MAATEN L, et al. Dense-
ly connected convolutional networks[C]//2017 IEEE Con-
ference on Computer Vision and Pattern Recognition. Pis-
cataway: IEEE, 2017: 2261-2269.

(7] SKH8, 4200, ARAE 40, 55 . BT iR & SURRE 25 3 1 5

S LRI 5% 0 BB 0], W oI, 2021, 49(10): 2032-
2040.
ZHANG J, L1 Y, REN C L, et al. Cross-scene foreground
segmentation algorithm based on high-level feature differ-
encing between frames[J]. Acta Electronica Sinica, 2021,
49(10): 2032-2040. (in Chinese)

(8] AT, ARk, skl e, 45 . fla TR E 4 5K 19 25 Fn e it Ak
W0 28 By FLARRZINARE RY[T]. #5274 40, 2020, 48(2): 390-397.
QUAN Y, LI Z X, ZHANG C L, et al. Fusing deep dilated

convolutions network and light-weight network for object



%

3 M

S FE LY RN

755

detection[J]. Acta Electronica Sinica, 2020, 48(2): 390-
397. (in Chinese)

[9] ZAGORUYKO S, KOMODAKIS N. Wide residual net-

[10]

(11]

[12]

[14]

[15]

[16]

[17]

(18]

[19]

works[C]//Proceedings of the British Machine Vision Con-
ference 2016. York: BMVA Press, 2016: 81-87.

HINTON G, VINYALS O, DEAN J. Distilling the knowl-
edge in a neural network[EB/OL]. (2015-03-05). https://
arxiv.org/abs/1503.02531.

ADRIANA R, NICOLAS B, EBRAHIMI K S, et al. Fit-
nets: Hints for thin deep nets[C]//Proceedings of the Euro-
pean International Conference on Learning Representa-
tions. Piscataway: IEEE, 2015: 1-13.

ZAGORUYKO S, KOMODAKIS N. Paying more atten-
tion to attention: Improving the performance of convolu-
tional neural networks via attention transfer[EB/OL].
(2016-12-12). https://arxiv.org/abs/1612.03928.

ZHANG Y, XIANG T, HOSPEDALES T M, et al. Deep
mutual learning[C]//2018 IEEE Conference on Computer
Vision and Pattern Recognition. Piscataway: IEEE, 2018:
4320-4328.

CHEN D F, MEI J P, WANG C, et al. Online knowledge
distillation with diverse peers[J]. Proceedings of the
AAAI Conference on Artificial Intelligence, 2020, 34(4):
3430-3437.

ZHANG L F, SONG J B, GAO A N, et al. Be your own
teacher: Improve the performance of convolutional neural
networks via self distillation[C]//2019 IEEE/CVF Interna-
tional Conference on Computer Vision (ICCV). Piscat-
away: IEEE, 2019: 3712-3721.

YANG C L, XIE L X, SU C, et al. Snapshot distillation:
teacher-student optimization in one generation[C]//2019
IEEE/CVF Conference on Computer Vision and Pattern
Recognition (CVPR). Piscataway: IEEE, 2019: 2859-
2868.

LI D, CHEN Q F. Dynamic hierarchical mimicking to-
wards consistent optimization objectives[C]//2020 IEEE/
CVF Conference on Computer Vision and Pattern Recog-
nition (CVPR). Piscataway: IEEE, 2020: 7642-7651.
WANG J D, SUN K, CHENG T H, et al. Deep high-reso-
lution representation learning for visual recognition[J].
IEEE Transactions on Pattern Analysis and Machine Intel-
ligence, 2021, 43(10): 3349-3364.

FAN D P, JI G P, SUN G L, et al. Camouflaged object de-
tection[C]//2020 IEEE/CVF Conference on Computer Vi-
sion and Pattern Recognition (CVPR). Piscataway: IEEE,
2020: 2774-2784.

[20]

[22]

[23]

[25]

[26]

[27]

[31]

ZHENG Y F, ZHANG X W, WANG F, et al. Detection
of people with camouflage pattern via dense deconvolu-
tion network[J]. IEEE Signal Processing Letters, 2019, 26
(1): 29-33.

FANG Z, ZHANG X W, DENG X T, et al. Camouflage
people detection via strong semantic dilation network[C]//
Proceedings of the ACM Turing Celebration Conference.
New York: ACM, 2019: 1-7.

YANG C, ZHANG L H, LU H C, et al. Saliency detec-
tion via graph-based manifold ranking[C]//2013 IEEE
Conference on Computer Vision and Pattern Recognition.
Piscataway: IEEE, 2013: 3166-3173.

LI Y, HOU X D, KOCH C, et al. The secrets of salient
object segmentation[C]//Proceedings of the 2014 IEEE
Conference on Computer Vision and Pattern Recognition.
Piscataway: IEEE, 2014: 280-287.

SIMONYAN K, ZISSERMAN A. Very deep convolu-
tional networks for large-scale image recognition[EB/
OL]. (2014-09-04). https://arXiv.org/abs/1409.1556.
ZHOU B L, BAU D, OLIVA A, et al. Interpreting deep
visual representations via network dissection[J]. IEEE
Transactions on Pattern Analysis and Machine Intelli-
gence, 2019, 41(9): 2131-2145.

NOH H, HONG S, HAN B. Learning deconvolution net-
work for semantic segmentation[C]//2015 IEEE Interna-
tional Conference on Computer Vision (ICCV). Piscat-
away: IEEE, 2015: 1520-1528.

RONNEBERGER O, FISCHER P, BROX T. U-Net: Con-
volutional networks for biomedical image segmentation
[C]//International Conference on Medical Image Comput-
ing and Computer-Assisted Intervention. Cham: Springer,
2015: 234-241.

BADRINARAYANAN V, KENDALL A, CIPOLLA R.
Segnet: A deep convolutional encoder-decoder architec-
ture for image segmentation[J]. IEEE Transactions on Pat-
tern Analysis and Machine Intelligence, 2017, 39(12):
2481-2495.

LAN X, ZHU X T, GONG S G. Knowledge distillation
by on-the-fly native ensemble[C]//Proceedings of the
32nd International Conference on Neural Information Pro-
cessing Systems. New York: ACM, 2018: 7528-7538.
SUN D W, YAO A B, ZHOU A J, et al. Deeply-super-
vised knowledge synergy[C]//2019 IEEE/CVF Conference
on Computer Vision and Pattern Recognition (CVPR). Pis-
cataway: IEEE, 2019: 6997-7006.

YUAN L, TAY FE, LI G L, et al. Revisiting knowledge



756 H, ¥

i

2023 4F

[32]

[33]

[34]

[35]

distillation via label smoothing regularization[C]//2020
IEEE/CVF Conference on Computer Vision and Pattern
Recognition. Piscataway: IEEE, 2020: 3902-3910.
HUANG G, CHEN D L,et al. Multi-scale dense networks
for resource efficient image classification[EB/OL]. (2017-
03-29). https://arXiv.org/abs/1703.09844.

ZHAO H S, SHIJ P, QI X J, et al. Pyramid scene parsing
network[C]//2017 IEEE Conference on Computer Vision
and Pattern Recognition. Piscataway: IEEE, 2017: 6230-
6239.

WANG Z, BOVIK A C, SHEIKH H R, et al. Image quali-
ty assessment: From error visibility to structural similarity
[J]. IEEE Transactions on Image Processing, 2004, 13(4):
600-612.

ACHANTA R, HEMAMI S, ESTRADA F, et al. Fre-
quency-tuned salient region detection[C]/2009 IEEE
Conference on Computer Vision and Pattern Recognition.
Piscataway: IEEE, 2009: 1597-1604.

MRT® T, 19834E 9 ] A T2 B
M A A B TR R B 5l AR TR Ll 1
e, DA B A e 9 % 2 B e R X U il
ZETRRIAHR RS TR E B L SR
TR A A S EEA Y5 ) H AR
orE R
E-mail: 597184353@qq.com

EBRE B, 19814 AR T LR IRM T .
PR A M S By 28 SR A AR R R T L R
L B 2 S B i R DX R R R TR R
SRR TR SRR AL SR A LS s
SRS TS SRR BT S5 LR L N DR RE T
I B T A
E-mail: 23813083@qq.com

WEEE 51965 IE TWILE % . Bl
Nl ZE T RS PR R ) TR B 4% T
FEWF DT N 2 A E BARH.
E-mail: xwzhang9898@163.com

BEHE (BEREE) J1971HFERLETIT
SR BN Bl A TR A AR R P TR A B
£ S T T RE EHR AR

E-mail: cty_ice@sina.com

OB T 1984 L IR LA
A (5 8 S 13 TR BT
B T BRI . R
LR D 5 S

E-mail: sunmengcejs@163.com



