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Abstract Pedestrian attributes from an image captured by a camera are important keys for various applications
such as person recognition, identification, and traffic accident risk prediction. However, it is still a hard task to
recognize pedestrian attributes from an image due to large variations of pedestrians. In this survey, we focus on the
attributes which can be obtained by a camera, especially, effective attributes for person identification and traffic
accident risk prediction. We categorize them into physical, appearance and behavioral attribute groups. We review
worth noting methods and also summarize existing datasets.

Key words Pedestrian Attributes, Attributes Recognition, Survey

ooooooopBoooooooooooooooooo
Oo0o0o0oUooooooooo0ooooOo o ooo

1. O O00

gbooooboobooooooobooooooboboo
gobooooooooooooooooooboob. obooo
goooooooooooooboOooboboooobooOoooo
goooooooooboboooboooboboooobooboOoooo
goobooooboooooooboooooobooooboooo
gooooobooooboooobooobobooooooooo
oooooooo

gbooooooooooooboboooboooooboooooo

oooooo
gooboobooooobooboboboboboboobob
oooo0o0o0ooO0o0o0oooboo0oooooooooo
00000000 [(7op0b00000000ooon (Intelligent
Transportation Systems: ITS) D 0000000000000
0oooo0o0o0oO0o0o0o0O000o0oO0oboOo0o0ooooO0oa
00o0o00o0o0oooo0oooooo0ooooooooo
oooo0oO0o0ooO0o0o0ooO0o0oO0ooOoOooooooooo

1 —



gooooooooooooooo
gboooooboooooooobooooooooboooooo
gooooooooobooooobooooobOoobobooooooo
goooobooooboobooooboooobooooooooooo
goooooooooboooooboooooboooobooooooo
gboooobooOoooboooobooOobooOoOobboOooooo
goooooooobooooooooboooobooooooo
gboooooboooooooooooobooooooooboboo
goooooooooooobbooobooboooobooooo

goooooooobooooobooobooocooo 3ooo
goooooooo

e [O00OOO0OODOOODOOOOOOODOOOODDOO
e [JOOOOOOUOOOODOOOOOOODOO

e [JO00OOO0OODOOOOOOODOOODDOODOO
gbobooooooobooooooobooOoobooooobooo
gooooooooooooboboooboooobooooooo
gobooobooooooooboooooboooooooooo
gooooooooobooobboooboboooobooboooooo

goooboooooboooooobooooooobobooboboOo0b0 ODooooboooboOooobOOoOoOoOobOboOoOobOoOoOoooooas.

00D00D0000000000000000000000
000000000000000000000000000
ooo

00000000000000 [8][9)00000 [10][11]000
00000 (1200000 [13)000000000000000
0000000000000000000000000000
0000000000000000000000000000
0[14)0[16)0000000000000000000000
000000000
00000000000000000002.0000000
000000000000 0000000000000000
000000000000000000000000003.0
0000000000000000000000000000
00D000D000D00400000000000000000
000000000000005. 000000000000
000D00000000000000006.0000000

2. JgbOoOobbooboooboo

goooooooooooobooobbooooboooooo
gbooooboooooobooOoooooOoOobboOooooo
goooobooooobooobooooooboboooooo
goboooooooooboooboooooooobocOooooono
goooobooooooboobooooDo
goooooboooooooobooooobooooboooooo
gooooobooooboooooooooooooooooaoa
gooooobooooboooooOoooobOoOooooooooo
goooooo
gooooooooooooboooboobooooooooo
gooooobooooboobooooooobobooooooooOoo
goooooooobooooooooboooobooooooo
gboooooboodooboooooboooobOooobooooooo
gooooboooooooboobooooooooboboooooo
gooooobooooboooooboooooOoOoboooooooo
gooooooboo11oooooooooooooooooog
gooooobooooboooooo
000o00oooooOoooOoooOoooD ITs)oooo
gbooooboooooooobooooooboooooooo
gooooooooboooooooooboooooooooaon
goooooboooooboooooooobOoooooooooo
gbooooboooooooooooooo

oooooooooobboooboOoOo 300oooooooon
goboooooooooooboono4. 0000000000
goooooocooon

3. U00oonoooooo

goooooooooboooooooboooobooooooo
goboooobooooooooboboouoooooobooooooo
good

3.1 0000

goooobooboobobobuoobooboobooo
00000000 Soft Biometrics 0000000 [17]0 [19]0
pgoobobooobooobboobbbooobbooobo
goood

3.1.1 0O a

goooooooooboooooooboooobooooooo
goboooooooboooobboouoooooooooooo
000000000000 00000000 200220000
gobooooooooooobobooooboboooooooooo
O0o000o0o0o0O0ooO0oo0ooUooooooo [23]0(28]0
O000Golomb O 290000000000 OOOOOOO
000000000000 00 SexNet OOOODODOOCOCO
good

Wang 0 [30] D 0000000000000 Local Binary
Patterns (LBP) 000000000000 OOOOOOO
O Local Circular Patterns (LCP) 00 OO OO OOLCP O
000000000C00000O0OO0OFERET database 0 OO
95.36%0 00000000000

Shih O [31] O O O Active Appearance Model (AAM) 000
oooooooooooooooOoOooOOoLBPOOOODOO
goooooooboooooooboooooobooooDooboo
00000000 Precise Patch Histogram (PPH) 0O OO0
gooooooooobooooooo

0000000000000 000000OWangO [32)00
pogoobobooobooobbuoobbboobbooobo
0000oo0ooooo0oooooooOo AAMOOOOO
go0oo0oo00o0O0o0ObOoDO0O0ObO0O0DbDOO0ODbDO LBPOO
Ooo00Or00O0O000D0OD000000ODBayesian Network O
gooooooooboooon

gooooooboobooobooobooooooooobocooooo
Caol [3|0U0OD0O0O0000OOOODOODOOOOODODO

9



gooooooobooooboboboboboboboobo
000000000000 00O00000 Part-based Gender
Recognition (PBGR) 00 000000000006 x 190
0000 HOGUUOOOOODODODOOODOoOooooooMIT
pedestrian database 0 75%0 0 0000000000000

00ONgO [34][35)000000000000000000
goooooooo0ooobooboboboboboboobo
gooooooobooooboboboboboboboobo
0o000oooooooooooooobooooooood

3.1.2 0O g

0000000000000 000000D0O0 (Age Clas-
sification) [36]0 [38] D DO 00D O O0O0OO (Age Estima-
tion) [39]0[49] 00O DO DO

goooooboboobobOobobobobobooooo
goobooobooboooobobooobooboobobooon

Kwon [36)000000000000O000OO0O0O0OO
goooooboobooobobobobobobobooba
gooooooooooobooboboboboboboobo
o000 100% 000000000000

Davis[50|0 000000000 00O0OODOO0OOOOOO
gooooooooooobooboboboboboboobo
00000 0o00d0o0oooooooooooooboooooa
0000000o00ooooooooooooD 9%%0oo0
gooooooo

Zhou[37] 0000000000000 DO0O0ODOOScaling
SVvMOOOOOUOUOOOOOOO0O00O00O00O00OScaling SVM O
00000000000 0000ORényi0DO0ODODOOODOOO
gooobooboboobobobobooobooon

Ylioinas 0 [38) 000000000000 O0O0OOOOOO
goooooobobobobooooooobobobobo
goooOr70O000DOO0ODOO0OOOOOOOODOOOODODO
goooOo0oo0ooOooLBPO 2000000000000
Jooodooooogooo cLBPpMOOOODODOOOOOO
0 0 O Images of Groups database D0 0000000070
00o0o0oooOos7%000000ooooog

gooooooooobobOobobobobobooooo
0000000000000 FG-Net Aging Database 0 O O
goooboboobobogoog

Geng O [39] O O Aging Pattern Vector 00 0000000
0000000000000000 Aging Pattern 0000 O
gooooobooboooboboboboboboboobg
000 Aging Pattern 0000000000000 OOOCOO
0000000FG-Net Aging Database 0000 6.7700
ooooooog

GuoU [40)000000D0UODOO0OOULULOODOOOOO
0000000000000 DoDOooo0DoDOooogoooOdsvVR
J0000C00O00C0ODO000C0ODO0O0DOO0O0Ogn Locally
Adjusted Robust Regression (LARR) 0000000000
000000000000 00FG-Net Aging Database 0 O
gooso070bo0o0oOooDooOon

Chen 0O [48] U O Cumulative Attribute 0 00000 OO
000000000 Cumulative Attributed Cumulative At-
tribute 0 0000000000000 DOOOOOOOOODO
goooooooooooboobobobobobobobo
0000000000 00000000D0O0FG-Net Aging
Database 00000 467000000000

Nguyen O [51] O OMultilevel LBP (MLBP) 0 0O Support
Vector Regression (SVR) 0O O00OO0OO00000O000OO
000000 000d0ooooooooooooooooooo
gooooooooooobooboboobobobobobo
goobooooooooooobobobobobobobo
oooooooo

goooooooooboobobobobobobobgoon
0000000000000 0000O0OGeO [47 00OSIFT
goooooooooooboobobobobobobobo
goooooOWwebOOOODODOODOOOOOK7T600000
gooooog

O0O0Fu0O [2)0000000000000000O0OOO0
ooo

3.1.3 U 0

goooooooooboobobobobobobnobooon
0000000 0000oooooooooooooooooo
gooooooooooobooboboobobobobobo
gooooocooooooooobob

goooooo0oooboobOobobobobobooobooo
goooooooooooboobobobobobobobo
goooooooooooooboboobobobobobo
0000 [53]0 [65]0

Momeni-K 0 [61] 0000000000000 DO0OOOO
gooooooooooobooboboobobobobobo
gooo0oooooooooobobooboobobobobo
goooooooooooboobobobobobobobo
ooooooooooooooo

LoO [62)000000000O0UOOOLOOOOOOOO
goobooooooooooobobobobobobobo
gooooooooooobooboboobobobobobo
gooboooooooooboobobobobobobobo
goobobooobobooobooobbooobboooobo
gooobooboboboobobobooooobobobo
goooooooooooooboboboobobobobo
gooooog

Lig s 000000000000000000D00O00O
gooooooooooobooboboobobobobobo
Oooooooooooooooooobooon

3.1.4 0 0O O

0b0DO0o0oboobooooooooobbooboooooo
O [66]0[68)000DD00 [69),[70] 000000000 DODN
gooooooog

O0O0OHanO [71] 000000000000 0O0O0O Amazon
Mechanical Twk OO0 00000000 OO0OOCCOOOODOO

— 3 —



0000000000000 000000000000000
goooooooooooo

3.2 0 OooOanO
000000oooooooooooooooooooooon
00000000oooooooooooooooooooon
000000oooooooooooooooooooooon
J000000o0o0oo0o0o0o0ooooogooooooooog
000000000oooooooooooooooooooon
ooooooooood

3.2.1 O O
g0dddoooooooooooooooooooooo
0000000000000 00000000ooooooon
000000000000 0o0OoOooOooooo [r2,(73]00
00000000000 o0oUooOoOor4oeuoooo
o00ooO0oooUoU0oo0DOo0OU0O0LiwO [7v6)0000
00o0ooooooooon
00000d0oooooooooooooooooooooon
00000000ooooooooooooooooooooon
ooooooooooo [, [, [f99ooouooooooo
00000000000000D0D0D0000 [80),[81]000
ooo

0000000000000 0000000Bossard O [77)
0000000000oooooooooooooooooon
O000Random Forest 0 SVMsOOOOOOOOOOOO
ChenU [79]00Web OO OOODOODDOODOOUDDOOOO
J00000D00ODO0ORegion Proposal D00 O0OOOODOO
000000000o0ooooooooooooooo
0000000000000 0D0D0oO00D0O0O00OPose-
lets[82] 0000000000 DO0OOOODOOOODOOOO
0000000oooooooooooooooooooooon
0 O Flexible Mixtures of Parts (FMP) D00 00O [83]000
000ooooooooooooooon
OO00d0O0ObOO0O000b0ObODOOoOo0OoDoDDOOOoOoOooDod.
0000000000000ooooooooooooooon
goooooogd

3.2.2 0 O O
gdoooooooooooodoooooooooobooo
0000000000000 Uoo4oErsiooooooo
00000ooo0ooOoooooooooooo (89094
ooooooo
0000o0o0oooooooooooooooooogoooo
0000000oooooooooooooooooon
Damen O [85],[87] 000000000000 0OO0ODOO
gooooooooobobooooooooobooooooaa
00000000ooooooooooooooooooooon
ooo

Tavanai 0 [88] 00000000000 O0OOLOOOOOOO
0 0 O Geometric Shape Model 0000000000000
00000ooooooooooooooon
gdoo0ooooo0oooooooooooocoooooo

gooooooooooobooboboobobobobobo
gooooobooboobobobobooobooobooo

Schels 0 [89] D00 O0O0O0OD trolley, suitcase, backpack
goooooooooooboobobobobobobobo
gooboOo 3boooboobooboboobooobbooo
gooooooooooobooboobobobobobobo
gooooobbOOoobDoODbOO 300uobobooboooo
goooooooooooboobobobobobobobo
poobobooooboobooa

o0o[@)o0oo00o0o0o0oooUoooooooooo
gboooboobbbobobbooooboboboboobo
gooooooooooobooboboboobobobobo
goobooooooooobooboboobobobobobo
goooooooooooboobobobobobobobo
gooooooooooobooboboobobobobobo
goooooooooooboobobobobobobobo
ooooooooUoUOoUoUOoOooOoooplooooo
gooo

Chua O [92] O O Sling Bag O Backpack 00000000
pooobobooobooobbuoobbboobbooobo
goooooooooooboobobobobobobobo
ogooooo

Dul [94|0 000000000000 LD0OOUOOOODOO
goooooooDbbOOoOO0oO0oOooooOooooOobbORandom
Forest 000 0O0O0O0O0OCOOO0OOOOO0O0OOOOODOO
J00000D0ODORegion Proposal OO O0OO0OOOODOO
Convolutional Neural Network 000 000000000OCO
gooooooobooooboboboboobon

goooo0oboobobooboboobouoobobobobOoo
00 Kresnaraman 0 [95] 0 000000000000000O
goooo0oooboobobOobooobOoDooboobo

goooooooooboobobobobobobobooo
poobobooobooobboobbboobbooobo
goooooooooooboobobooboobobobobo
gooboooooooooboobobobobobobobo
goooooooboOoooboboboboboon

0009 000000000000 00O00oDbD0ODOO
gooooooooooooobobobobobobobo
goooooooooooboobobobobobobobo
gooooooooooooobobooboobobobobo
goooooboobobbbooooooobobobbboooo
gooo

0 0 0 Dondera [97] O O O Multiple Instance Learning O 0
pooobobbooooobbooobbboobDbboooo
gooooooooooobobobobo

3.3 0D OO0

go0o20000000b0b00oboobOoOobDobDooOoon
gooboooooooooboobobobobobobobo
gooooooo Irsooodooooodooooooog
gooooboooooooboboboboboboo

4



3.3.1 0OOOOO

0000ddoooooooooooooooooooooon
0000000000000000000000000000
00000000oooooooooooooooooooon
0000000ooooooooooooooooooooon
000oooooooooooooooo

0000000000000 0ooooooooooogon
gooooOoOoOooOooooegUuooooooooooo
0[99),[100] 00 000000000000 [10]00000
0000000000000ooooooooooooooon
000dddoooooooooooooooooooooo
00o000o0ooooOooOooebooooUooooo
00000dooooooooooooooooooooooon
0000000000000 000000oooooooon
0O [103],[l04 0000000000000 OOOODOOO
0000000000000000000000000000
00000000ooooooooooooooooooooon
0000000000000 o0o0ooooooooooooon
0o0oOooooo[osoo7rjoboooouooooooo
gooooooooooooooooooooboboooooa
00o0oUoU0oooooouoo g oooooooo
0o0o0oo0oobooooooooboobooboooooooa
0 [110],[111]O

0000ddoooooooooooooooooooooo
000000000000 0000000000000040
gdog8UiUiopoopooUoUopoooooUooooooooooo
J0oo000Do0o4000 8000D0OO00OOOOODOOODOO
oooooood

0000oooooooooooooooooog

000000000000 D0ODO0O0On low level 0O
0000000ooooooooooooooooooooon
0000000000ooooooooooooooooooon
0o00000o0o0o0ooooooooooooboboooooa
0000000000000000000 45°000 8000
goOoo°045°000000000°0 18°000000O0O0O
0000000000000 0o0ooooooooooooon
0000000000000 000000LOoooooo
00ooO0oooooo[1o0),[103j000000oUooUooOg
gd0o0o0o0O0C0OoO0O0o0o0o0ooooooooooooooo
0000000000000000000000000000
goooUooooooesiooooouoon

Shimizu 0 (990 0000000000000 OOOOOO
joo0o0o0oooUooooooooDoooooooooooog
0000 Haar wavelet 000000000000 SVM OO
000ooo225°00 160000000000000000
045° 0000 22.5°0 67.5°000000000000000
000000000000oooooooooooooooon
gddo0dloooo0oOoooooooooooooooooo
ooooooooon

Baltieri O [103]0 0000000000000 0OO0OOOO

goooooooooooboobobooboobobobobo
000000000DoooOooo 3000 HOGO three level
HOGOOODOOOOOOOOOODOOOOOOoooooo
goooooooooooboobobobobobobobo
O Mixture of Approximated Wrapped Gaussiand] MoAWGO
00000000 ooDooooooddMoAWGODOOOOO
00 «00”000000000000000D0000000
goo0ooopooooooboTUbOODOObDOODOO
go0DbO0o0oD0DbO8sD0DbOO00DbOOo0ObD e0Db0OOO0ODODO
ooo

gooobbobbbbobbooooooooooooooboo
gooooooboobboooooobobobbobboooooo
gooooooobobboooooobobbbbbobooogo
googdooooooooooooggobooobobo
O0o0oO00o00ooooooloouon lowlevelDOOO
0000005 0000000000000000 Pictorial
Structure [112] O Poselets [82] 0000000

Hayashi 0 [107) 0 000000000000 0O0OOspine
posel00O0O0OO0ODODODODODODODOODOOODOOOOOOO
Poselet-regressor 0 0 0000000000000 0OO0OODO
goooooooooooboobobobobobobobo
poobobooobooobbuoobbboobbooobo
ooo

Tao O [105| 00000000000 O0DOODOODOODOODO
000000000 000Obody partsI 0O OOOOOOO
goobobooooboobbooobboobooboboooo
goobooooboooooboobooboooboobooboooo
goooooooooooboobobobobobobobo
gooobooooooooTubbOOoObObObOOOobOOobODbDO
gobo0o400000D00000e660O000000OO0OCOOO

go0ob0o0ooOooobooooooDobooboboooo
00000000D0000000000 [98),[101] O HOG
0 O [100], [102], [103], [105],[107] O O O 0 0 0 O O O Tosato
0[l0400000000o0ooo0o0ooooooooooo
gooboooooooooboobobobobobobobo
0000000000000 0000Goto O [109] O OHOG
000000000 0000D00000 Feature Interaction
Descriptor0 FIND) D00 00000

goooooooooboboboboboboboobooon
o008, 000o00oo0o0oonooooooDo
gooooobobobbbooooooooboobobbboooo
0 [108]0 Goto 0 [109) 00 000000000000 00D0
goobooooboobbooboboobobooboboooo
pooobooobooobbuoobbboobbooobo
goooooooboboboboboooboboobboboboooooo
pgoobobooobooobbuoobbboobbooobo
Jo00d0O0000DO0DO0bO00COU00oODdGotodOd
goooboobobobobobobooboooobobobo
gooboooobooooboboobobooobooboboooo
gooooooooooobobobobo



0000000000000 0000FIohr O [106] 000
goo0ooooOoOo0oooO0oooooooooooooooo
o0o000oO0oO0O0o0ooo0o0ooooOoOooooOoOooooo
ooooooooOooooO0oooooooooooooooo
00000000Dynamic Bayesian network model 00 00O
JO0O0O00OC0OOO0OC00O0 Pictorial structure model O O O
00o000o00o000oo00ooo0ooooooOooooo
oo0o0o0ooOoooooOoooooOooooooooo
J00000RGBOODODOOOODODODOOOOOOOO
00000 Shinmura O [110],[113] D 0RGBOOOOOOO
ODepth 00000000000 ODOOODOOOOOOOOO
0000000000000 0O0000O00OODepthO OO
gooooooO0O0O0000000000000ORGBOODO
oo0o0o0ooOoOo0oooO0oooooOOoooooOoOooooo
go0o0o0oooO0o0oooO0oooooooooooooo
Liu0 [111] 000000 RGBOOO Depth 0O 0000
gooo0oooooooO0oooooooooooooooo
0000ooooooooooooooooooooog 30
00000000000000Dynamic Bayesian network O
00000000 000RGBOOOONO DepthOOOOOad
O0000O0O0OUOORGBO DepthOOOOOOOOOODO
poooobooobobooa

3.3.2 0 0O O
ooo0o0ooOo0o0oooOo0o0oooooO0ooOooooo
o0o0o00ooO0o0o0ooo0oooDooOoOoooooOooooo
ooo0o0ooooOooooO0oooooooooooooooo
0000000000000 0000000000 [114],[115]0
oooooooooooe)Do0ooooooooooo
o0o000oo0o0o0ooo0o0oooOoOOoUoUobOOoOoooOoO
goooooooooooooo

4. J0oo0oooooooo

gooo00o0O0obO0obO0oboboboooooooooooD
gooooobooooboooooboooobooooooooooo
gooooooooooobooboooobooboboobooOoOOoOooDo
goooooboooooooooboooobOoooooooooo
goooooooo

00000000000 O000000O0Neural Network O
000000000000 00oO0oUoUUCottrell O [117]
0000000000 Autoencoder 0000000 OOODO
Neural Network 00000000000 O0O0O0DOOOOOO
00 Neural Network 000 0000000000O0O0OCOO
ooo

poooobobooobboobobooobobooooobo
gboooobooooooobooooooobooboooooo
poooobbooobboooooboboooobooboooo
00o00o0o0ooo0 (73] 00 Bayesian Network 00 000
00000000 [80],[118],[119]0 Yang O [73] D000 0O
goooooooobooooboooboobooobooooo
ooo0o0o0ooo0ooooooooooo SsvMOooooo

0000000000000 000000Bourdev O [80] OO
Poselets [(82] 00000000 OOOOO0OOUOOOUOOOO
0000000000 Bayesian Network 00000000
oooooDOo0ooOoUoooooooOooOooooooo
0 O Conditional Random Field (CRF) D OO O0OOO0OO
O [r4],[120|0 (12200 000000000000 OOOO
00000000000000000000O0 Yamaguchi O [78]
0000000 Superpixel 1000000 OOOOOOOO
J000000o00DoOooO0 CRFOOODOO0OO0OODOOoOO
00000000ooooooooooooooooooooo
o0o0opooooUdOooo CRFOOOOOOOOOOOOO
00oooO0o[4oooooooo
O00O00ODeep Learming D OO ODODOOO0O0O0OOOOD
0000000000o0o0ooooooooooooooooo
O0ooUoooooooooooo [r9),[123]0 Zhang O [123] 0
00O Convolutional 0000000 CNNOOOOOOODODO
0000ooooooooooooooooo
00000oooooooooooooooooooooon
000000ooooooooooooooooooooooo
Oo0o0o0o0ooodooooooooooooooooooo
00o0o000o0oO0oU0oO0Doo0oo0oooUoooDooooo
000000 00o00ooooooooooooooooooo
0 [124) 00 Codebook 00 DO OOOUOOOOOOOOOO
00ddoooooooooooooooooooooooo
0000o0ooooooooooooooon

5. Jgnooooood

gobooobobooobooooboooobooooboooooo
gooogooooooooobooooobooobooboDoOoo
0, Color FERET dataset [125]0 Labeled Face in the Wild
(LFW) dataset [126], USTC-NAIVE database [127] 00 0 O
goobooooooboboooooboobobooooboboooono
0 0O FG-Net Aging Database [128] 0 MORPH [129] 0 00O
gooooboooooooboooobOooOoboOobooOoooDooo
00 0 CBSR NIR Face Dataset [130] D 0000000 DO

goooooooooooooooboooooOoObObOOoOoOoo
gobobooooboboooooobooooboobooooooog
000000 H3D([82), VIPeR [131), ETHZ[132) D000 O
0000000000 Amazon Mechanical Turkk 000000
goooobooobooooooooboobooobboooooooo
Dataset of Human Attribute (HAT) [133], Attributes of Peo-
ple dataset [80], Attributes for Re-identification [134], APiS
1.0 Database [135], PEdesTrian Attribute (PETA) [136] 0 O
000000000000 00000000Yamaguchi O [137]
00000000000 SNSOOO ChictopiaD0ODOOOODO
0000000000 0O0DO Vittayakorn O [138] D00 O
ls00000oocooooooooooooooooooonoo
goooooooooad

gooOoooO0oOooOooooDOoooOooooITsooooon
gooooooooooboOoooooooobobboooooa

— 6 —



00139 000000000000000000 (14010000

OOoOOOoOOO0O0O00ooooo0o0o000d Pedestrian Di-

rection Classification (PDC) [105] 0000000 O0TUD [141]0

Human Orientation Classification Dataset (HOC) [104] O O
ooooooooog

6. 0000

gbobooooooooooobooooboooooboooooo
gooooooooobobooobooobooboooboOoooo
gbooboooobooboooobooboobobooobo 3oono
gobooooooooooooboooobooooooooo
goooooobooooooooboooobobooooooooo
gobooooboboooooooooon

gooooooooooooobboooboobooooboooooo
obooooboooobooooboouoobooooboboOoooo
gooooooooooooobooooboobooooboooooo
ooooooboooooogoo

o0 O0oobOooobOoobooobooobOooooo
(JsST)oUoOooOooOoUOoUOoOobDOoUDUOOOOoOoOoOU
00000 (oo cooooooooooooooooo)o
oobooooboooooo

(1]

2]

(3]

(8]

[9]

(10]

(11]

g 0

V. Ferrari and A. Zisserman: “Learning visual attributes”,
Proceedings of Advances in Neural Information Processing
Systems, pp. 433—440 (2008).

A. Farhadi, I. Endres, D. Hoiem and D. Forsyth: “Describ-
ing objects by their attributes”, Proceedings of the 2009
IEEE Computer Society Conference on Computer Vision
and Pattern Recognition Workshops, pp. 1778-1785 (2009).
D. Parikh and K. Grauman: “Relative Attributes”, Pro-
ceedings of the 13th International Conference on Computer
Vision (2011).

C. H. Lampert, H. Nickisch and S. Harmeling: “Learning
to detect unseen object classes by between-class attribute
transfer”, Proceedings of the 2009 IEEE Computer Society
Conference on Computer Vision and Pattern Recognition
Workshops, pp. 951-958 (2009).

A. Farhadi, I. Endres and D. Hoiem: “Attribute-centric
recognition for cross-category generalization”,
ings of the 2010 IEEE Computer Society Conference on
Computer Vision and Pattern Recognition, pp. 2352-2359
(2010).

Y. Wang and G. Mori: “A discriminative latent model of
object classes and attributes”, Proceedings of the 11th Eu-

Proceed-

ropean Conference on Computer Vision, pp. 155-168 (2010).
T. Nortcliffe: “People analysis cctv investigator handbook”,
Home Office Centre of Applied Science and Technology, 2,
p.- 3 (2011).

M. Enzweiler and D. M. Gavrila:
Detection: Survey and Experiments”, IEEE Transactions
on Pattern Analysis and Machine Intelligence, 31, 12, pp.
2179-2195 (2009).
0o0,00,000«000000]000000O00O0OOOO
0”, 0000 (2012).

E. Murphy-Chutorian, S. Member and M. M. Trivedi:
“Head Pose Estimation in Computer Vision: A Survey”,
IEEE Transactions on Pattern Analysis and Machine Intel-
ligence, 31, 4, pp. 607626 (2009).

Z. Liu, J. Zhu, J. Bu and C. Chen: “A survey of human
pose estimation: The body parts parsing based methods”,

“Monocular Pedestrian

(12]

(13]

(14]

(15]

(16]

(17]

(18]

(19]

20]

(21]

(22]

23]

(24]

25]

[26]

27]

28]

29]

Journal of Visual Communication and Image Representa-
tion, 32, pp. 10-19 (2015).

S. Mitra and T. Acharya: “Gesture Recognition : A Sur-
vey”, IEEE Transactions On Systems, Man, And Cybernet-
ics - Part C: Applications And Reviews, 37, 3, pp. 311-324
(2007).

R. Poppe: “A survey on vision-based human action recog-
nition”, Image and Vision Computing, 28, 6, pp. 976-990
(2010).

R. Farrell, O. Oza, V. I. Morariu, T. Darrell and L. S.
Davis: “Birdlets: Subordinate categorization using volu-
metric primitives and pose-normalized appearance”, Pro-
ceedings of the 13th International Conference on Computer
Vision, pp. 161-168 (2011).

A. Kovashka, D. Parikh and K. Grauman: “WhittleSearch:
Image search with relative attribute feedback”, Proceed-
ings of the 2012 IEEE Computer Society Conference on
Computer Vision and Pattern Recognition, pp. 2973-2980
(2012).

S. Shankar, V. K. Garg and R. Cipolla: “DEEP-CARVING
: Discovering Visual Attributes by Carving Deep Neural
Nets”, Proceedings of the 2015 IEEE Computer Society
Conference on Computer Vision and Pattern Recognition
(2015).

A. Dantcheva, C. Velardo, A. D’Angelo and J. L. Dugelay:
“Bag of soft biometrics for person identification: New trends
and challenges”, Multimedia Tools and Applications, 51, 2,
pp. 739-777 (2011).

D. A. Reid, M. S. Nixon and S. V. Stevenage: “Soft Bio-
metrics; Human Identification Using Comparative Descrip-
tions”, Pattern Analysis and Machine Intelligence, IEEE
Transactions on, 36, 6, pp. 1216-1228 (2014).

P. Tome, J. Fierrez, R. Vera-Rodriguez and M. S. Nixon:
“Soft biometrics and their application in person recognition
at a distance”, IEEE Transactions on Information Forensics
and Security, 9, 3, pp. 464-472 (2014).

R. Brunelli and T. A. Poggio: “HyberBF Network for Gen-
der Classification”, DARPA Image Understanding Work-
shop, pp. 311-314 (1992).

A. M. Burton, V. Bruce and N. Dench: “What’s the differ-
ence between men and women? Evidence from facial mea-
surement”, PERCEPTION-LONDON-, 22, p. 153 (1993).
J. M. Fellous: “Gender discrimination and prediction on the
basis of facial metric information”, Vision Research, 37, 14,
pp. 1961-1973 (1997).

A. J. O’Toole, N. Troje and H. H. Biilthoff: “Sex classifi-
cation is better with three-dimensional head structure than
with image intensity information”, Perception, 26, 1, pp.
75-84 (1997).

B. Moghaddam and M.-h. Yang: “Gender Classification
with Support Vector Machines”, Proceedings of the 4th
International Conference on Automatic Face and Gesture
Recognition (2000).

B. Moghaddam and M. H. Yang: “Learning gender with
support faces”, IEEE Transactions on Pattern Analysis and
Machine Intelligence, 24, pp. 707-711 (2002).

G. Bebis and S. Louis: “Genetic feature subset selection for
gender classification: a comparison study”, Workshop on
Applications of Computer Vision, pp. 165-170 (2002).

S. Buchala, N. Davey, T. M. Gale and R. J. Frank: “Anal-
ysis of linear and nonlinear dimensionality reduction meth-
ods for gender classification of face images”, International
Journal of Systems Science, 36, 14, pp. 931-942 (2005).
H.-c. Lian, B.-1. Lu, E. Takikawa and S. Hosoi: “Gender
Recognition Using a Min-Max Modular Support Vector Ma-
chine”, Advances in Natural Computation, 3611, pp. 438—
441 (2005).

B. Golomb, D. Lawrence and T. Sejnowski: “Sexnet: A

— 7 —



(30]

(31]

(32]

(33]

(34]

(35]

(36]

(37)

(38]

39]

(40]

[41]

42]

(43]

[44]

[45]

(46]

[47]

(48]

Neural Network Identifies Sex from Human Faces” (1990).
C. Wang, D. Huang, Y. Wang and G. Zhang: “Facial image-
based gender classification using local circular patterns”, In-
ternational Conference on Pattern Recognition, pp. 2432—
2435 (2012).

H.-C. Shih: “Robust gender classification using a precise
patch histogram”, Pattern Recognition, 46, 2, pp. 519-528
(2013).

S. Wang, Z. Gao, S. He, M. He and Q. Ji: “Gender recogni-
tion from visible and thermal infrared facial images”, Mul-
timedia Tools and Applications (2015).

L. Cao, M. Dikmen, Y. Fu and T. S. Huang: “Gender
Recognition from Body”, Proceedings of the 16th ACM in-
ternational conference on Multimedia, pp. 725-728 (2008).
C. B. Ng, Y. H. Tay and B. M. Goi: “Vision-based Human
Gender Recognition: A Survey”, Proceedings of the 2012
IEEE Computer Society Conference on Computer Vision
and Pattern Recognition, p. 30 (2012).

C. B. Ng, Y. H. Tay and B.-m. Goi: “Recognizing Human
Gender in Computer Vision: A Survey”, Proceedings of the
12th Pacific Rim International Conference on Artificial In-
telligence, Vol. 7458, pp. 335-346 (2012).

Y. H. K. Y. H. Kwon and N. D. V. Lobo: “Age classifi-
cation from facial images”, Proceedings of the 1994 IEEE
Computer Society Conference on Computer Vision and Pat-
tern Recognition (1994).

H. Zhou, P. Miller and J. Zhang: “Age classification using
Radon transform and entropy based scaling SVM”, Pro-
ceedings of the British Machine Vision Conference, pp. 1-28
(2011).

J. Ylioinas, A. Hadid and M. Pietikdinen: “Age Classifi-
cation in Unconstrained Conditions Using LBP Variants”,
Proceedings of the 21st International Conference on Pattern
Recognition, pp. 1257-1260 (2012).

X. Geng, Z. H. Zhou and K. Smith-Miles: “Automatic age
estimation based on facial aging patterns”, IEEE Transac-
tions on Pattern Analysis and Machine Intelligence, 29, 12,
pp. 2234-2240 (2007).

G. Guo, Y. Fu, C. R. Dyer and T. S. Huang: “Image-based
human age estimation by manifold learning and locally ad-
justed robust regression”, IEEE Transactions on Image Pro-
cessing, 17, 7, pp. 11781188 (2008).

Y. Fu and T. S. Huang: “Human Age Estimation With
Regression on Discriminative Aging Manifold” (2008).

G. Guo, G. Mu, Y. Fu and T. S. Huang: “Human Age Es-
timation Using Bio-Inspired Features”, Proceedings of the
2009 IEEE Computer Society Conference on Computer Vi-
sion and Pattern Recognition, pp. 112-119 (2009).

K.-Y. C. K.-Y. Chang, C.-S. C. C.-S. Chen and Y.-P. H.
Y.-P. Hung: “A Ranking Approach for Human Ages Es-
timation Based on Face Images”, Proceedings of the 20th
International Conference on Pattern Recognition (2010).

S. E. Choi, Y. J. Lee, S. J. Lee, K. R. Park and J. Kim: “Age
estimation using a hierarchical classifier based on global and
local facial features”, Pattern Recognition, 44, 6, pp. 1262—
1281 (2011).

K. Y. Chang, C. S. Chen and Y. P. Hung: “Ordinal hy-
perplanes ranker with cost sensitivities for age estimation”,
Proceedings of the 2011 IEEE Computer Society Conference
on Computer Vision and Pattern Recognition, pp. 585-592
(2011).

C. Li, Q. Liu, J. Liu and H. Lu: “Learning ordinal discrimi-
native features for age estimation”, Proceedings of the 2012
IEEE Computer Society Conference on Computer Vision
and Pattern Recognition, pp. 2570-2577 (2012).

Y. Ge, J. Lu, X. Feng and D. Yang: “Body-based human
age estimation at a distance” (2013).

K. Chen, S. Gong, T. Xiang and C. C. Loy: “Cumulative

[49]

[50]

[51]

[52]

(53]

[54]

[55]

[56]

[57]

58]

[59]

(60]

[61]

(62]

(63]

(64]

[65]

attribute space for age and crowd density estimation”, Pro-
ceedings of the 2013 IEEE Computer Society Conference on
Computer Vision and Pattern Recognition, pp. 24672474
(2013).

D. R. Gadbail, S. Dhande and K. M. Pimple: “Age Synthe-
sis and Estimation From Face Image”, International Journal
of Engineering and Computer Science, 3, 4, pp. 5462-5466
(2014).

J. W. Davis: “Visual Categorization of Children and Adult
Walking Styles”, Proceedings of the Third International
Conference on Audio- and Video-Based Biometric Person
Authentication, pp. 295-300 (2001).

D. T. Nguyen, S. R. Cho, K. Y. Shin, J. W. Bang and K. R.
Park: “Comparative study of human age estimation with or
without preclassification of gender and facial expression.”,
The Scientific World Journal, 2014, p. 905269 (2014).

Y. Fu, G. Guo and T. S. Huang: “Age Synthesis and Esti-
mation via Faces: A Survey” (2010).

A. Bovyrin and K. Rodyushkin: “Human height prediction
and roads estimation for advanced video surveillance sys-
tems” (2005).

I. Kispal and E. Jeges: “Human Height Estimation using a
Calibrated Camera”, Proceedings of the 2008 IEEE Com-
puter Society Conference on Computer Vision and Pattern
Recognition (2008).

C. BenAbdelkader and Y. Yacoob: “Statistical body height
estimation from a single image”, Proceedings of the 8th
IEEE International Conference on Automatic Face & Ges-
ture Recognition, pp. 1-7 (2008).

E. Jeges, I. Kispal and Z. Hornak: “Measuring human
height using calibrated cameras” (2008).

B. Hoogeboom, I. Alberink and M. Goos: “Body height
measurements in images.”, Journal of forensic sciences, 54,
6, pp. 1365-75 (2009).

A. Utasi and C. Benedek: “Multi-Camera People Localiza-
tion and Height Estimation using Multiple Birth-and-Death
Dynamics”, Proceedings of The 10th International Work-
shop on Visual Surveillance, pp. 74-83 (2010).

J. Shao, S. K. Zhou and R. Chellappa: “Robust Height
Estimation of Moving Objects From Uncalibrated Videos”
(2010).

N. Ramstrand, S. Ramstrand, P. Brolund, K. Norell and
P. Bergstrom: “Relative effects of posture and activity on
human height estimation from surveillance footage.”, Foren-
sic science international, 212, 1-3, pp. 27-31 (2011).

M. Momeni-K, S. Diamantas, F. Ruggiero and B. Siciliano:
“Height Estimation from a Single Camera View”, Proceed-
ings of International Conference on Computer Vision The-
ory and Applications, pp. page 358-364. (2012).

K. Lo and C. Wang: “Acceleration of vanishing point-based
line sampling scheme for people localization and height esti-
mation via 3D line sampling”, Proceedings of the 21st Inter-
national Conference on Pattern Recognition, pp. 2788-2791
(2012).

S. Diamantas and P. Dasgupta: “An Active Vision Ap-
proach to Height Estimation with Optical Flow”, Ad-
vances in Visual Computing SE - 17 (Eds. by G. Bebis,
R. Boyle, B. Parvin, D. Koracin, B. Li, F. Porikli, V. Zor-
dan, J. Klosowski, S. Coquillart, X. Luo, M. Chen and
D. Gotz), Vol. 8033 of Lecture Notes in Computer Science,
Springer Berlin Heidelberg, pp. 160-170 (2013).

S. X. M. Yang, P. K. Larsen, T. Alkjeer, B. Juul-Kristensen,
E. B. Simonsen and N. Lynnerup: “Height estimations
based on eye measurements throughout a gait cycle”, Foren-
sic Science International, 236, pp. 170-174 (2015).

S. Li, V. H. Nguyen, M. Ma, C.-B. Jin, T. D. Do and H. Kim:
“A simplified nonlinear regression method for human height
estimation in video surveillance”, EURASIP Journal on Im-

— 8 —



(6]

[67]

(68]

[69]

[70]

[71]

(72]

(73]

[74]

[75]

[76]

[77]

(78]

[79]

(80]

(81]

(82]

age and Video Processing, 2015, 1, p. 32 (2015).

S. Gutta, H. Wechsler and P. Phillips: “Gender and ethnic
classification of face images”, International Conference on
Automatic Face and Gesture Recognition (1998).

D. Huang, H. Ding, C. Wang, Y. Wang, G. Zhang and
L. Chen: “Local circular patterns for multi-modal facial
gender and ethnicity classification”, Image and Vision Com-
puting, 32, 12, pp. 1181-1193 (2014).

E. Boutellaa, A. Hadid, M. Bengherabi and S. Ait-Aoudia:
“On the use of Kinect depth data for identity, gender and
ethnicity classification from facial images”, Pattern Recog-
nition Letters, 68, pp. 270-277 (2015).

N. Kumar, A. C. Berg, P. N. Belhumeur and S. K. Na-
yar: “Attribute and simile classifiers for face verification”,
Proceedings of the 12th IEEE International Conference on
Computer Vision, pp. 365-372 (2009).

R. Feris, R. Bobbitt, L. Brown and S. Pankanti: “Attribute-
based People Search: Lessons Learnt from a Practical
Surveillance System”, Proceedings of the 2014 International
Conference on Multimedia Retrieval (2014).

H. Han, C. Otto, X. Liu and A. Jain: “Demographic Es-
timation from Face Images: Human vs. Machine Perfor-
mance”, IEEE Transactions on Pattern Analysis and Ma-
chine Intelligence, 37, 6, pp. 1148-1161 (2014).

E. S. Jaha and M. S. Nixon: “Soft Biometrics for Sub-
ject Identification using Clothing Attributes”, Proceedings
of the 2014 IEEE/IAPR International Joint Conference on
Biometrics (2014).

M. Yang and K. Yu: “Real-Time Clothing Recognition in
Surveillance Videos”, Proceedings of the 18th International
Conference on Image Processing, pp. 2998-3001 (2011).

K. Yamaguchi, T. Okatani, K. Sudo, K. Murasaki and
Y. Taniguchi: “Mix and Match: Joint Model for Clothing
and Attribute Recognition”, Proceedings of the 2015 British
Machine Vision Conference (2015).

H. M. Kiapour, K. Yamaguchi, A. C. Berg and T. L. Berg:
“Hipster Wars : Discovering Elements of Fashion”, Proceed-
ings of the 13th European Conference on Coputer Vision,
pp. 472-488 (2014).

S. Liu, L. Liu and S. Yan: “Fashion Analysis:
Techniques and Future Directions”, IEEE Computer Soci-
ety Magazine, 21, 2, pp. 72-79 (2014).

L. Bossard, M. Dantone, C. Leistner, C. Wengert, T. Quack
and L. Van Gool: “Apparel classification with style”, Pro-
ceedings of the 11th Asian Conference on Compute, pp.
321-335 (2013).

K. Yamaguchi, M. H. Kiapour, L. E. Ortiz and T. L. Berg:
“Parsing clothing in fashion photographs”, Proceedings of

Current

the 2012 IEEE Computer Society Conference on Computer
Vision and Pattern Recognition, pp. 3570-3577 (2012).

Q. Chen, J. Huang, R. Feris, L. M. Brown, J. Dong and
S. Yan: “Deep Domain Adaptation for Describing Peo-
ple Based on Fine-Grained Clothing Attributes”, Proceed-
ings of the 2015 IEEE Computer Society Conference on
Computer Vision and Pattern Recognition, pp. 5315—-5324
(2015).

L. Bourdev, S. Maji, J. Malik, U. C. Berkeley, A. Systems,
P. Ave and S. Jose: “Describing People : A Poselet-Based
, Proceedings of the

”»

Approach to Attribute Classification
13th International Conference on Computer Vision (2011).
X. Liang, S. Liu, X. Shen, J. Yang, L. Liu, J. Dong, L. Lin
and S. Yan: “Deep Human Parsing with Active Template
Regression”, IEEE Transactions on Pattern Analysis and
Machine Intelligence, XX, X, pp. 1-14 (2015).

L. Bourdev, J. Malik, U. C. Berkeley, A. Systems, P. Ave
and S. Jose: “Poselets : Body Part Detectors Trained Using
3D Human Pose Annotations”, Proceedings of 2009 IEEE
International Conference on Computer Vision, pp. 1365—

(83]

(84]

(85]

(86]

(87)

(88]

(89]

[90]

(91]

(92]

93]

(94]

[95]

[96]

[97)

(98]

[99]

[100]

[101]

1372 (2009).

Y. Yang and D. Ramanan: “Articulated Human Detection
with Flexible Mixtures-of-Parts.”, IEEE Transactions on
Pattern Analysis and Machine Intelligence, pp. 1-15 (2012).
I. Haritaoglu, R. Cutler, D. Harwood and L. S. Davis:
“Backpack: detection of people carrying objects using sil-
houettes” (1999).

D. Damen and D. Hogg: “Detecting Carried Objects in
Short Video Sequences”, Proceedings of the 10th European
Conference on Computer Vision, pp. 154-167 (2008).

T. Senst, A. Kuhn, H. Theisel and T. Sikora: “Detecting
people carrying objects utilizing lagrangian dynamics”, Pro-
ceedings of the 9th IEEE International Conference on Ad-
vanced Video and Signal-Based Surveillance, pp. 398-403
(2012).

D. Damen and D. Hogg: “Detecting Carried Objects from
Sequences of Walking Pedestrians”, IEEE Transactions on
Pattern Analysis and Machine Intelligence, 34, 6, pp. 1056—
1067 (2012).

A. Tavanai, M. Sridhar, F. Gu, A. G. Cohn and D. C. Hogg:
“Carried Object Detection and Tracking using Geometric
Shape Models and Spatio-Temporal Consistency”, Com-
puter Vision Systems SE - 23, 7963, pp. 223-233 (2013).
J. Schels, J. Liebelt and R. Lienhart: “Self-calibrating 3D
context for retrieving people with luggage”, Proceedings of
the 13th IEEE International Conference on Computer Vi-
sion Workshops, pp. 1920-1927 (2011).
00,00,00,00,000“00000000000000
00000000000 0000000000”, 0000, pp.
115-120 (2013).
00,00,00,00,00,000000000000
D0000000000OD00000”, 0000, pp. 21-24
(2015).

T. W. Chua, K. Leman, H. L. Wang, N. T. Pham, R. Chang,
D. D. Nguyen and J. Zhang: “Sling bag and backpack de-
tection for human appearance semantic in vision system”,
Proceedings of 2013 IEEE/RSJ International Conference on
Intelligent Robots and Systems, pp. 2130-2135 (2013).

B. Yuan, Q. Ruan and G. An:
in short video sequences”, Proceedings of 2014 12th Inter-
national Conference on Signal Processing, pp. 1311-1316
(2014).

Y. Du, H. Ai and S. Lao: “A Two-Stage Approach for Bag
Detection in Pedestrian Images”, Proceedings of the 12th
Asian Conference on Computer Vision (2014).

B. Kresnaraman, D. Deguchi, T. Takahashi, I. Ide and
H. Murase: “A Preliminary Study on Human Attribute
Classification in Thermal Image”, 2015 00000000
000oo0o00ooooo, p. 66 (2015).
go,00,oo,0oo“0opoooooooocooogooog
gooooo0oooooooooooooor,0oooood
770000000000, pp. 547-549 (2015).

R. Dondera, V. Morariu and L. Davis: “Learning to Detect
Objects with Minimal Supervision”, Proceedings of the 2013
IEEE Computer Society Conference on Computer Vision
and Pattern Recognition Workshops, pp. 759-766 (2013).
G. Shakhnarovich, P. Viola and T. Darrell: “Fast pose es-
timation with parameter-sensitive hashing”, Proceedings of

“Carried object detection

the 9th IEEE International Conference on Computer Vision,
p- 750 (2003).

H. Shimizu and T. Poggio: “Direction estimation of pedes-
trian from multiple still images”, Proceedings of 2004 IEEE
Intelligent Vehicles Symposium, pp. 596-600 (2004).

T. Gandhi and M. M. Trivedi: “Image based estimation of
pedestrian orientation for improving path prediction”, Pro-
ceedings of 2008 IEEE Intelligent Vehicles Symposium, pp.
506-511 (2008).

O. Ozturk, T. Yamasaki and K. Aizawa: “Estimating hu-

— 9 —



[102]

[103]

[104]

[105)

[106)

[107]

[108)]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

man body and head orientation change to detect visual at-
tention direction”, 10th Asian Conference on Computer Vi-
sion Workshop (2010).

C. Weinrich, C. Vollmer and H. M. Gross: “Estimation of
human upper body orientation for mobile robotics using
an SVM decision tree on monocular images”, Proceedings
of 2012 IEEE/RSJ International Conference on Intelligent
Robots and Systems, pp. 2147-2152 (2012).
D. Baltieri, R. Vezzani and R. Cucchiara:
tation recognition by mixtures of wrapped distributions on
random trees”, Proceedings of the 12th European Confer-
ence on Computer Vision, pp. 270-283 (2012).

D. Tosato, M. Spera, M. Cristani and V. Murino: “Charac-
terizing Humans on Riemannian Manifolds”, IEEE Trans-
actions on Pattern Analysis and Machine Intelligence, 35,
8, pp. 1972-84 (2013).

J. Tao and R. Klette: “Part-based RDF for Direction Clas-
sification of Pedestrians , and a Benchmark”, Proceedings of

“People orien-

the 12th Asian Conference on Computer Vision Workshop
(2014).

F. Flohr, M. Dumitru-Guzu, J. F. P. Kooij and D. M.
Gavrila: “Joint probabilistic pedestrian head and body ori-
entation estimation”, Proceedings of 2014 IEEE Intelligent
Vehicles Symposium, pp. 617-622 (2014).

M. Hayashi, K. Oshima, M. Tanabiki and Y. Aoki: “Up-
per Body Pose Estimation for Team Sports Videos Using a
Poselet-Regressor of Spine Pose and Body Orientation Clas-
sifiers Conditioned by the Spine Angle Prior”, IPSJ Trans-
actions on Computer Vision and Applications, 7, pp. 121—
137 (2015).

M. Enzweiler and D. M. Gavrila: “Integrated pedestrian
classification and orientation estimation”, Proceedings of
the 2010 IEEE Computer Society Conference on Computer
Vision and Pattern Recognition, pp. 982-989 (2010).

K. Goto, K. Kidono, Y. Kimura and T. Naito: “Pedes-
trian detection and direction estimation by cascade detector
with multi-classifiers utilizing feature interaction descrip-
tor”, Proceedings of 2011 IEEE Intelligent Vehicles Sympo-
sium, pp. 224-229 (2011).

F. Shinmura, D. Deguchi, I. Ide, H. Murase and H. Fu-
jiyoshi: “Estimation of Human Orientation using Coax-
ial RGB-Depth Images”, Proceedings of 10th International
Conference on Computer Vision Theory and Applications,
pp. 113-120 (2015).

W. Liu, Y. Zhang, S. Tang, J. Tang, R. Hong and J. Li: “Ac-
curate estimation of human body orientation from RGB-
D sensors”, IEEE Transactions on Cybernetics, 43, 5, pp.
1442-1452 (2013).

P. F. Felzenszwalb and D. P. Huttenlocher: “Pictorial struc-
tures for object recognition”, International Journal of Com-
puter Vision, 61, 1, pp. 55-79 (2005).

F. Shinmura, Y. Kawanishi, D. Deguchi, I. Ide and
H. Murase: “Pedestrian Orientation Classification Utiliz-
ing Single-Chip Coaxial RGB-ToF Camera”, Proceedings of
Workshop on Environment Perception for Automated On-
road Vehicles in conjunction with 2015 IEEE Intelllgent Ve-
hicles Symposium, pp. 7-11 (2015).

R. D. Lang: “Don’t Text, Talk, and Walk: The Emerging
Smartphone Defense in Personal Injury Litigation”, Albany
Law Review, 77, 2, p. 425 (2014).

C. H. Basch, D. Ethan, S. Rajan and C. E. Basch:
“Technology-related distracted walking behaviours in Man-
hattan’s most dangerous intersections”, Injury Prevention,
20, 5, pp. 343-346 (2014).
go,00,00,00,00,000“00000000000
goooooooooooooooooooo», oooo0, pp.
83-88 (2015).

G. W. Cottrell and J. Metcalfe: “EMPATH: Face, emotion,

[118]

[119]

[120]

[121]

[122]

[123]

[124]

[125]

[126]

[127]

[128)]
[129]

[130]

[131]

[132]

[133)

[134]

[135)

and gender recognition using holons”, Proceedings of the
1990 conference on Advances in neural information process-
ing systems 3, pp. 564-571 (1990).

J. Dong, Q. Chen, W. Xia, Z. Huang and S. Yan: “A De-
formable Mixture Parsing Model with Parselets”, Proceed-
ings of the 14th IEEE International Conference on Com-
puter Vision, pp. 3408-3415 (2013).

J. Zhu, S. Liao, Z. Lei and S. Z. Li: “Improve Pedestrian At-
tribute Classification by Weighted Interactions from Other
Attributes”, Proceedings of the 12th Asian Conference on
Computer Vision, pp. wl6-pl4 (2014).

A. C. Gallagher and T. Chen: “Estimating Age , Gender ,
and Identity using First Name Priors”, Proceedings of the
2008 IEEE Computer Society Conference on Computer Vi-
sion and Pattern Recognition (2008).

H. Chen, A. Gallagher and B. Girod: “Describing clothing
by semantic attributes”, Proceedings of the 12th European
Conference on Computer Vision, Vol. 3, pp. 609-623 (2012).
E. Simo-serra, S. Fidler, F. Moreno-noguer and R. Urta-
“A High Performance CRF Model for Clothes Pars-
ing”, Proceedings of the 12th Asian Conference on Com-
puter Vision, pp. P2-11 (2014).

N. Zhang, M. Paluri, M. Ranzato, T. Darrell and L. Bour-
dev: “PANDA: Pose Aligned Networks for Deep Attribute
Modeling”, Proceedings of the 2014 IEEE Computer Society
Conference on Computer Vision and Pattern Recognition,
pp. 1637-1644 (2014).
00o,0,000¢“000000000000000000000
000000000000007, 0000, pp. 97-102 (2009).
P. Phillips, Hyeonjoon Moon, S. Rizvi and P. Rauss: “The
FERET evaluation methodology for face-recognition algo-
rithms”, IEEE Transactions on Pattern Analysis and Ma-
chine Intelligence, 22, 10, pp. 1090-1104 (2000).

G. B. Huang, M. Ramesh, T. Berg and E. Learned-Miller:
“Labeled Faces in the Wild: A Database for Studying Face
Recognition in Unconstrained Environments”, University of
Massachusetts Technical Report (2007).

S. Wang, Z. Liu, Z. Wang, G. Wu, P. Shen, S. He and
X. Wang:
expression database”, Affective Computing, IEEE Transac-
tions on, 4, 1, pp. 34-46 (2013).

FG-NET: “The Fg-Net Aging Database” (2014).

K. R. Jr. and T. Tesafaye: “MORPH: A Longitudinal Image
Database of Normal Adult Age-Progression”, Proceedings
of the 7th International Conference on Automatic Face and
Gesture Recognition, pp. 341-345 (2006).

S. Z. Li, R. Chu, S. Liao and L. Zhang: “Illumination in-
variant face recognition using near-infrared images”, IEEE

sun.

“Analyses of a multimodal spontaneous facial

Transactions on Pattern Analysis and Machine Intelligence,
29, 4, pp. 627-639 (2007).

D. Gray, S. Brennan and H. Tao: “Evaluating appearance
models for recognition, reacquisition, and tracking”, Pro-
ceedings of the 10th IEEE International Workshop on Per-
formance Evaluation of Tracking and Surveillance, Vol. 3,
pp. 41-47 (2007).

A. Ess, B. Leibe, K. Schindler, L. V. Gool and L. Van Gool:
“A mobile vision system for robust multi-person tracking”,
Proceedings of the 2008 IEEE Computer Society Conference
on Computer Vision and Pattern Recognition, Anchorage,
AK, IEEE, pp. 1-8 (2008).

G. Sharma and F. Jurie: “Learning discriminative spa-
tial representation for image classification”, Procedings of
the 2011 British Machine Vision Conference, pp. 6.1-6.11
(2011).

R. Layne and T. Hospedales: “Person Re-identification by
Attributes”, Proceedings of the 2012 British Machine Vision
Conference (2012).

J. Zhu, S. Liao, Z. Lei, D. Yi and S. Z. Li: “Pedestrian

— 10 —



[136]

[137)

[138]

[139]

[140]

[141]

attribute classification in surveillance: Database and evalu-
ation”, Proceedings of the 2013 IEEE International Confer-
ence on Computer Vision Workshops, Sydney, NSW, IEEE,
pp. 331-338 (2013).

Y. Deng, P. Luo, C. C. Loy and X. Tang: “Pedestrian At-
tribute Recognition At Far Distance”, 22nd ACM interna-
tional conference on Multimedia, pp. 789-792 (2014).

K. Yamaguchi, S. Brook, T. L. Berg, C. Hill and L. E. Ortiz:
“Chic or Social: Visual Popularity Analysis in Online Fash-
ion Networks”, Proceedings of the 22nd ACM International
Conference on Multimedia, pp. 773776 (2014).

S. Vittayakorn, K. Yamaguchi, A. C. Berg and T. L. Berg:
“Runway to Realway: Visual Analysis of Fashion”, Proceed-
ings of the 2015 IEEE Winter Conference on Applications of
Computer Vision, Waikoloa, HI, IEEE, pp. 951-958 (2015).
A. Geiger, P. Lenz and R. Urtasun: “Are we ready for Au-
tonomous Driving? The KITTI Vision Benchmark Suite”,
Proceedings of the 2012 IEEE Computer Society Conference
on Computer Vision and Pattern Recognition, pp. 3354—
3361 (2012).

S. Munder and D. M. Gavrila: “An experimental study on
pedestrian classification”, IEEE Transactions on Pattern
Analysis and Machine Intelligence, 28, 11, pp. 1863-1868
(2006).

M. Andriluka, S. Roth and B. Schiele: “Monocular 3d pose
estimation and tracking by detection”, Proceedings of the
2010 IEEE Computer Society Conference on Computer Vi-
sion and Pattern Recognition, San Francisco, CA, IEEE,
pp. 623-630 (2010).



