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Image Hierarchical Classification Based on Semantic Label Generation and Partial Order
Structure
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Abstract: The popularity of smart electronic devices and the Internet makes the image data explode. In order to effectively manage the
complex image resources, this study proposed an image hierarchical classification method based on a weighted semantic neighborhood set
and formal concept partial order structure. Firstly, a weighted coefficient on different semantics is adaptively designed by the image
semantic correlation scores, and a weighted semantic neighborhood (WSN) is constructed from the training sets. The semantic labels of
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the images are automatically generated by judging the word frequency distribution of the images in the semantic neighborhood set. Then,
the context is built by taking the images as the objects and the semantic labels as the attributes. This study also proposed an efficient
hierarchical classification method for complex image dataset based on the partial order structure. The hierarchical classification method
can get the explicit structure relation and the subordinate relationship between the image categories, which provides an effective idea for
the hierarchical classification management of the complex images of large data. Three datasets Corel5k, EspGame, and laprtc12 were
labeled by the WSN method. The label result proved the integrity of the image semantics and the accuracy of the main semantics. Further,
the Corel5k dataset was performed by the hierarchical classification method. The experimental results showed the significant performance
of the hierarchical classification.

Key words: weighted semantic neighborhood set; word frequency distribution; semantic label; partial order structure; hierarchical

classification
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Fig.1 Diagram of image semantic distinction
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Fig.2 Construction of weighted semantic neighborhood sets
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Fig.3 Diagram of semantic label generation based on WSN
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Fig.4 Example of multi-objective image
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Table 1 Context corresponding to Fig.4
F1 KA RNREAE

QOutdoor Indoor Bird Sky Dog People Working Street Subway Bed
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Table 2 Rearranged context

F2 EHEMEXER

Outdoor Indoor Dog People Working Bed Bird Sky Street Subway
1 1 0 0 0 0 0 1 1 0 0
2 1 0 0 0 0 0 1 0 0 0
3 0 1 1 1 0 0 0 0 0 0
4 0 il 1 1 1 0 0 0 0 0
5 1 0 0 0 0 0 0 0 1 1
6 0 1 1 1 0 1 0 0 0 0
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Fig.5 Example for one-level classification and hierarchy classification
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Fig.6 Correlation score analysis in semantics neighbors
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Fig.7 Frequency distribution of different semantic neighbors’ weights
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1A R BT R T 38 S HE A 4R A [ 5 AL, (R It DA ol ] s 365 12 A [ v SO 40 SRR (R 22 4, A
SCHRAE Ky 5 BIAE f R IE FEOG R, BT £ 5 Ky (920 Be ek B 18] 8(b) D7 £E T [l 3~5 P vk SR f 15 Ky 197>
B pg B, Lo N7 v SRR A TR0 3] A 1 4 R A2 4.
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Fig.8 Design of piecewise function f
8 Wit B f
i TR WSN S92 1945 2%, A S0 #E Corel5k,EspGame Fll laprtc12 iX 3 Mg - 5 H Al — 262 i i 5]
G BRI JTIE AT L ) L &5 R LR 4.
Table 4 Performance comparison of several image label methods on three datasets
F 4 A0 3B L UR MR AR VE 7 VA M B LA

Corel5k EspGame laprtc12

method Pa R F N* | Pa R F N* | P. R F N*
MBRM! 024 025 024 122|018 019 0.18 209 | 0.24 023 0.23 223
Gs! 030 033 031 146 | - - - ~ | 032 029 030 252
JECH! 027 032 029 139|024 019 021 222|029 019 023 211
LMm3LH 033 037 035 146 | 0.40 026 032 239 | 0.44 028 034 242
RNN!? 031 039 035 153 | - - - ~ | 033 031 032 255
TagProp!®! 033 042 037 160 | 039 027 032 239 | 046 035 040 266
CCA-KNNZ! 042 052 046 201 | 046 036 040 260 | 045 0.38 041 278

Multi-label CNN?Y | 041 035 038 - - - - - = - 4 -
WSN 060 047 053 122 | 045 038 041 230 | 048 046 047 252

MR 4 7T LA AR SCHR H 2T WSNL I BEMGURRVE iR TR 3 AN SR 3B T S b 1) F i, B W AR SOy
DA BT I A 5 s BUARAE R B P IR 2 4 /MK Corelbk B4 4R B A SC 7 VA A B % R(0.47) B T
CCA-KNN 77 1%(0.52) {H HHEff 28 P, mi3& 0.60, B S 10 T~ H Al 07 325 3 2 DA DAy AR SCHE A 2t 7 SO AR I ) = 22
S PR SCRUASAR 15 SCR B AN R AR, F T 35 2005 SCRHERR o, JF A G NP B s A 4 f o) LIAT
S L T SRR B, BT LAMER 2 P, A A TR AR

75 PG BRI ST 3 bR 28 8 K B lapric12 Fil EspGame i f 1, A S0 3T WSN B G bsv: J7 726 45 AR
TP IR T 75 EspGame $UHE £ th L UERI 2(0.45)F1 CCA-KNN 77 5 [ HER %6 (0.46) F7 1 LA AN MER 00 14 [H] % 45
b 17 T HAR TG 2 R 2 R R R A laprtcl2 Hodls £2 vh R BTN 5K H1(0.46). H 3 3 W] %l laprtc12 ¥ 46 h 4
S ] ) S 350 b R B0 (5. 7) 83 oy A A B 4 B8 88 vy 1) 43 [ 2, T AR S 7 2 el ) s v AR T 4R IR AIE T 38 SUAR 28 (1) 4
TPE A T AR T 3L At v 1 A B 2.

& 4 v UG R T WSN B EG bR i 7 vE 15 20 AR 18 VAN 30 NYEAE TG B G bs i 7 v oA T i
32 PR Ay 2R SR SOBASL IR 7 3, 6 A i P45 0 o G =3 29 SR 8 K (O ASL T, S ) 3 2 993 K — 26 R 32
B NCHF R AR A, BT LA T A IR B S 19 2010 N 2 ARG R K R i 45 R AR A FIR R iR hs L
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KA A ICHT WSN IR G R 7 vE R A 8 A b i B G AR e vl S 26 (1 4 T ke v T 0 Ath vk . 255 BT Db
T, BT WSN ) G 75 iR A0 32 v AR At e A A EU RO 8 1 33 3L

K 5 A bRvE S Horb 5 2 B0 3 AN EUR AR 6 K AR I R EE 3 B S B R AR
FUAEL 5 4 41 38 5 WSN 6 IR P45 A p iy S ] 58 4 % v Ik P a9 ok WISN AR 1 55 B4R AR [] f) sl L
RHATTIL A WSN AR B s SCOE SRR BUE P AEAERIEIE. 3 5 P &5 AT BUF Wl WSN 5%,
AR Y AR BR 1) 32 B8 SORT R L8 SCHEAT R (R bRy i B vy LY R N DAy ia) i,

Table 5 Annotation instance of the WSN method on three database
F 5 WSN JVETE 3 MR B briE s

HdisE Corel5k EspGame laprtc12
i 13 j - - -

home, house, black, dog, bag, lookout,

AT water, beach, water, beach, road, roof, grass, green, building, bush, man, rock sky,

FRTE people, kauai people, sunset street, tree, guy, man, run, slope, square tee_shirt, tree,
white shoes, white waterfall, woman

river, rock, front, people,
WSN water. beach water, sunset, grass, green, black, dog, 'Waterfall, square, building,

o people Ysand si(y sky, sun, house, tree, grass, green, jungle, man, tourist, group,

! ! clouds, horizon sky, street man, tree, white view, sky, lamp, street,

slope, mountain sky, desert

33 EFPOSHIEER S

FEFE T 3> G5 A STVE 0 22 H bR BBJZ By Fesc i rh A ATHERGI 2 Pey HAIIE Ry RESZH Hpaxr
INEG Honin FTEMG P43 855 1 2 IR ZEHH Ly R PR R 5 5256
T 22 18 S H bR EHG REANTE SRR BT L ZE T B POS B RUEI R P M M1 R, I8 4 2R
2.2 T A G 2SN 1 5 v 1 200 S0 3R K 2H G v SR T AT 25 20 T TR (1 A R N [ R
P :i N Correct(c;) <100%, R, :iZN: Correct(c;)
N i Class(c;) N = Ground(c;)
Horp N iRt POS SVE 9 255 BT A 414255, Correct(c)) M 5 j AN4LE 2 b 43 JEIE 7 (1 B B4 %, Class(¢;) b
55§ AL ISP EHS EL Ground () R 5§ AN AL S BT P i B R L
HET POS B EMGR 73 A WSN J7 VR 2L B b 28 0 J@ MEEAT B J2 A K 19328, B LL WISN 2L J i b
e HLAERME AR B 2 LT POS 1Y 2 40y St 4% U2 5 28 07 v SRR I o, RO A A5 8 b L BT — A2
TCF A R ) T AT 3 SO A A ) e ) 9 e IR A 1 R bR A “water” I B %, L T (K BT
A A SR A R A, N TARE il SCHIAS A N HS 22008 POS 73 R 45 A3t BAR K S N 5 rhraf
LU 25T WSN B UG bR 07 1 AR B T AR 2 N CEARYE sh AN AR A& B A K Y0 T S e b fifi ik POS
(1022 2 53 FE00 A SCHR T 10 AN A Hio i 1245 /D 1) Corel Sk it 48 2L B i) WSN Al HEAT H 51,45 8 AW ks
SEE A, AR SO A A AR ZE S IE B A 20k N T340 i) WSN 2B sl il I v T 28 2 0.91. 4 SCHE Corel5k $di 4 i
T3, JF PR T CorelSk ot ££ ¥ 7 FE Kt J= e 4 iy 161, 3% 6 A& 9 P,
Table 6 Result of hierarchical classification
x6 YRR
Pe Rc Hinax Hmin Ly
0.79 0.82 7 1 32
H1# 6 7] W, 2T POS 2445y 25 1) 4y FUERA R Pl 0.79, 44 [H1 % R Oy 0.82, )2 4 4y K R % P Rl 49 [m]
R NSRBI R Py A8 BB KR IX R B N T8 w7 85 1 S500E 10 2 Hbs BUR =900y 8= ¥
WSN L J R bR B34 4 Ja PE R BEAT 73 JE 1) .Corel 5k Hodi A b 500 7K I IR, 18 Sl AR B0 A 7 )22, 6 W)

x100% (5)
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WSN X 2LA 5 T 7 AN SRV v St 17 SR B 4 R 1 )2, UEHH WSN W HL AR jl T 1 AN SR 2 0o 2K
iR AR 1 Z I 32 ANBREE,IX 32 hRAE T DAL B A R 10 BT A G 2 A B e LA RS P AR A L
REg IR g 9 k.

Fig.9 Classification structure of 500 testing image from Corel5k

Kl 9 CorelSk 1 500 7 il & ) 23 5 45

Pl 9 J& %} Corel5k % A H 500 5K B i WSN brid: Fi 3+ POS J5 12 a0 2454 BN B 9 Hhmf L,
UG K5y KRG — 3 7 2 W Hnax=7,58 7 2 0 R0 H oK 2 2 AR A UG vh v s 2 2 AR 1) oy 2
JAHL LRI B 9 i) % im(449) im(450) 1 im(461), AT — LA T 7 ANTE SRR T ELAA K] 9 B mT LA Y,
S G 2 AL A A SR AR A, W im(37) R im(267) L Z AT 3 AN L [ T8 AR %5 (tree, flower,
garden), & AE A EAT K L AT I PO % — ol B 10 43 207 S AR JE pE SedL v L S R 2 Ak, 2 o 8 T
GIAT R R I, AT DU L6k L tn“garden”, GE 4% [7] 1 1 22 HE SR IS im(37) A1 im(267), 1 m] AR H IS 5=
X 73 4 2% “house” X 43t im(267).5%F . T d5: K 73 98 2 0, Jie /I o3 S8 2 AR 3 A BUG e vh e SUS2% J¥ de /N TR B I
DRIZLLE 9 FR BN RZEWAN LU Hpip=1, 28 038 Xhn2s B e, 1% im(141) 1 1 Mesk
“arch”.Ly by J2 G A AL TP 85 1 )23 10 43 BR8N B 385 1 )22 100 93 20 28 D1y MR8 A AR sl P 91 W 5 17 PR o v B I
A8 ot B B 1 i R A A T L

TyAh GBI ER I 9 R I — MR B G T — AN SO R B, — 2 I bR A RS P A
Jr B AT SR R 5 , b B S vk SRR 2 g W AR 1 2 (R TE hR A8 “water” (KI5 P 22 75 T “Flower”, 4
WA R “water” () E X A% L “Flower” (95 X R 2%, W& 9 ik,
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4 Z i

h T AR 2 H AR B G bR R B S 2R 1) RBURRT 5 A A 3o ) R, AR SCHR T EE T WSN 1 MG bR i B,
T I ) S NSV SCATS T B A R T SR R () L, AT BRTIE T B A B (0 8 S4B 4E A R Ll i
e AU DTS A T PR v ]V TR S T AR B A A UG AR I R RN A [l R A TR e A
WSN A5 8045 B e vh 1) 22 H bk BV G AR b R B AR 28 5, AR SO POS S35 S HEAT B 210 )2 4 oy 28 X Fh oy 2
AT DU 15 52 20 B %o A P AR it B G 1) J2 G 85 1) A G SIS 4l g o g TR A8V A D8 SRR 28 36 i) LA &5
¥ 53 2% P55, 3% B (5038 i A [ 8 SUbR 2855 B G IEAT AL 2R 53 A 38 T LA 2 0 45 g o 8 380 PRl A MR 8 12 e 5 e
P S (AR 48,k BUGE SURL R BRI T — PO 09 LB AL B G b o 1), o) TR — A B b o] i 45 HH B IR S ] £ 1)
L, b “people” Fl“person”, iX %F WSN J7 75 RT POS 438 #0525 B8 Ak 53X 12 AR SC R 20 A A e (1) 1) 7.
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