OO sd0uouooouooongooouoog
googon
CLIPOODOOODODOODODOODODOOOO

00 oooooo
00 0000 (22NM712R)

oooo oooooo
00602020 (0)



OO0 S5000b0bobbooooobobobooogobobobooooon
CLIPODOODOO0OOOODOODOODOODOODOO

0o
0000 (22NM7I2R)

gooo
gooogd

gooo

goooobooboobobooobbooobboooboooboobboobooon
goboooboobbooboooboobboobuooobooboboooDoobo
goooobooobooboboobobobobooboboobbooobooobo
gooobooooboboobbooobbo0oboboobooobooobooobo
gboboboobooboboooobooboboboboboboboooobobog
ooobooboooobooobooobooboboobooobooobooobo
ooboobbooobooobooobooboboobooobobobooobo
gobooobooboobooboobboobbooboooboooboooDbo
gobooboobooobboobboobboobboobbooobooobooboooDooDo
gooboobobooobbooobooboboobboobbooobobobooobo
gooobobooobobooboobobooboboobooobooobooobo
god
OO00ooOooCLIPOO0OOOODOOOOOODOOOOODODOOOODOOOO
0000000000000 0000ooooooooooooocLIPOOOO
goboooboooboobboobboobboooboooboobbooobo
o000 MMPOSEOOOOCOCLIPOOOOOOODODOOODOOOOOODOOO
goboobbooobooobooobboooboooboooboobobooobobo
gboboooboboboooboboooboboooo
goobooobooooboooboooboobobooboboobbooobooon
gooboooooobbooobooboobobooboboooDooobooobo
oboboooboboooog
googooboobbooobboooboooboooboobbooobooob
goobobobooobooboooobooobooboooboooboooDbo
gbobooooooboobobobooboooboboboboooboobobooboo
gbobooboboobooobobooobooboobooobobooboobobooo



Master’s Thesis in Scholastic 2024, Major in Computer and Information Sciences,

Granduate School of Science and Engineering, Ibaraki University

Action Estimation of Individuals in Images Using CLIP and

Pose Estimation

Author : Ayato Kimura (22NM712R)
Adviser : Prof. Hiroyuki Shinnou

Abstract

Action recognition is a field that involves estimating the movements of indi-
viduals based on information obtained from sensors or cameras. In a similar
domain, there is a field known as Pose Estimation, which focuses on estimat-
ing the skeleton and facial features of humans present in an image. Accurately
recognizing the movements of individuals in an image leads to more advanced
image recognition, but relying solely on pose estimation is insufficient for ac-
tion estimation. It is essential to incorporate information such as surrounding
objects, locations, and spatial relationships. Therefore, action recognition is
not performed solely from individual images. By measuring differences in
position information, the method identifies specific actions. However, this ap-
proach requires datasets in the form of videos, leading to inevitable increases
in cost.

In this study, a methodology combining CLIP and pose estimation is pro-
posed for action recognition. The aim is to investigate whether the proposed
approach can accurately recognize details in single images. Image processing
using CLIP recognizes the surrounding context and interactions between peo-
ple and objects. By further integrating pose estimation, the goal is to enhance
the accuracy of action recognition for individuals in images.

In experiments, the proposed methodology is compared with models using
either image processing or pose estimation alone, assessing the accuracy of
each model. The evaluation of accuracy employs precision, and the study
investigates the impact of the proposed methodology on action recognition.

The experimental results indicate that the proposed methodology does not
improve the accuracy of action recognition. The main factor is the mismatch
between pose estimation and the dataset for the action recognition. However,
some instances show that the proposed methodology surpasses accuracy in

certain actions, suggesting there is still room for improvement in this study.



L] [

010

020
2.1

030
3.1
3.2
3.3
3.4

040
4.1
4.2
4.3

0o5b50

060
6.1
6.2
6.3
6.4

g

gooo

000000000 OpenPose 0000000000000 OOODOO

10
10
11
12
18

19
19
20
24

26



00 5
070 OO 36
080 OO 40
0Dooo 42
oo 44
A 00000000000000000 « . o oo oo oo e 44



010

L] [

gobbooobboooobbboooobobboooobbbooooobbboo
gogobdoodboboooobbooobbbooobobbooobbboobbbooOoon
goboboboooobboboooooooboooooboooobobooooooo

ggooooobbbbbooooooogououbbbbbbbbbooooooo
ggoooooobobobbbbooodoooouoobbobbobooobooooon

gogoouoooooooobobbobbobboooooooooooooboboobobon

AT] 7]

skateboard

SEHETE

O11: 000000000000



og1d 00 7

ugooooooooobbbbooooooooooooos bbbobobbbon
gobobobooboogooo®* bbogr gobbbogoboboooooobbbooaon
ggobobobbboddoooobbbbtbooob bbb bL b o
gogoboodoooboooobboooooobooooo obboooo»> bbooaon
gobobogobbboooobbooobbooobbobooobbbooobbobooan
uogbobbooobbbuooobobbuoooobobooon

ggouoobbobbboodooooouoooouooooobobobbbbooooa
gooboobbotbdodoooobbobbbooogubobobbbboooooobD oo
gogoboodoboooobbooobbboooobbooobbboobobbooOoon
gobobogoboooogobbooobooboooooboooboboooobobooan
goobooobboooobbooobbboooobbooubDbboooobboooo
ggoooooooobobobbbboobbboodoooooooooobobooboboon
ggbooobooogooo

0000000 00ooooooDo CLIPODOOOODDO0ODOOOOODODOOOODOO
O00D0O000ooO00ooOoooooOoooocLIPO00DoOOoOoOooOogoooDooOog
0000000000000 000O0000DO0O0O0b0O0O0Og MMPoseOO OO
000000000000 000oOooD CcLlp00O0D0DOO0ODOO0OO0OODOODOOOO
ggoouoooobobbobbbooodooooooououoooobobobbboooonon
gooooooooboboboboob b0 oooooobobbboboooboboon
000000000000 0o0o00oooooooooooooooooogcCLIPOoO
goboboooboobobooobobboooboboooooobooobobbooobbobooan
goobboooobobboooobooog



20

HRERERE

21 O000ODOD0OODOO OpenPose 0000 OO0ODOOOO
Joooodgoon

oo oooooonoooonooogo
00000000000000O0000(]

0000000000000 0000000000000000OpenPose 0000
O0000OpenPose 000001 0000000000000000O0DOOOOO 100
O000ooOoOoooooooooo

000000000STAIR Actions [2] 0000 O00OSTAIR Actions0 000000
000000000 Ss00Db000DU0OO0DbOODO0O0ODODODObOIOOODOODOOn
OOl1o000oo9ooCi1gopobooboooobobooboooobboooobobooooDo
0000000000000 000D0O0D0O0O0DODOOwriting, reading newspaper, bowing
0003000000000 0DO00DObOObO 27000DO0ODOODODOODOO1
OO0bOO0o0o0oOoboOOobD iooooooboooooobooboOobooboOoboooOooo

10000000000000000000D0000D0D00O0000 OpenPose 000
gOo0O00OO00DbOO0bOO0obOO0bOOO0obOOobOO0obOoOobOOobDOobObOOorOoobDOoDo
0300000000000000000000000000OSupport Vector Machinel
Neural Network 0 40 0000000000000 000OOpenPose 00000000
00000100000 2s000002000000000000000D00O0D0ODO 50
gobooboboooOoboooboobOo0 iooooboobooboboboobDobobDOobO



020 0000 9

training | validation
(1) B Y AT 1w 7 [l 0.688 0.640
(2) ZVZLT7H VAL 1.000 0.786
(3) SVM 1.000 0.454
(4) NN 1.000 0.828
(4a) NN w/ Dropout 0.987 0.820
(4b) NN w/ BN 1.000 0.842
(4c) NN w/ Dropout, BN | 0.970 0.813

021: 0000000000000 000 https://db-event. jpn.org/deim2019/

post/papers/174.pdf

gbob0oobobooobbo0obooboboobobooobobooboobooo 500
00000000000 00O0DbOO0Ol1bO00o0O0bO0o0obO0bDOo0obOO0bDOob0DbOOg NNDO
o000 o820000000000DO000O0O0ODODO0ODLDO0ODOOODO0ODDOOO

NNOOODOOOOoOoDOoooooobooo


https://db-event.jpn.org/deim2019/post/papers/174.pdf
https://db-event.jpn.org/deim2019/post/papers/174.pdf

10

30

HRERERE

3.1 00

ggbobboodoooboobboodgbobooooobboooobobooooobooboo
goooooooobbbbbbooobboodooooooooooboboboboboon
gobooobboooobobooo 1ocbooobboooobboooboDboooo
ggooooooobobbbbboodooooooooooooooobooboboboon
ogn

00000 201200 CNNOOOOODQOOODOOODOOODODoOoooooooo
gobo0oOoboOooboOobooOoboobOoobooUooobOob0 10obOobobDOobboobDOobo
gobobooobbtboooobbooobbboooobbooobbbooobobbooo
ggooooooobobbbbbooddoooooooooooooboobobobobobon
ggodoooouoooobbbbbbboooooooooooobooboobobbobbon
gobobbooooboobod

gboboooobobooobobooobbbooobobooobobboOoo 20D000
gogodoooouoooobbbbbbibbooooooouooooooobobbobbbon
gogbobbooobbtboooobobbooobbbooobobboooono

OO0O0O0OO0OO0OD0O Top Down O Bottom UpO OO 2000000000000OO
Top Down 00000000000 DOODODODOODOODOOODODOODODOODO
gogoboodboboooobbooobbboooobbooobbbooobbbooon
OO000DO0DbO0bO00O00b0000DO0bD0b0o0o00b0Bottom UpOOononoO

gbbgobooboboobouogobbooboooboobboobobbooboon



030 0000 11

ugoooooooobobobbbbbbbbooooooooooooobobobobobon
gobobooogooood

Bottom Up 00000000 ODOODOOODOODODOODOODOODOOODOODOODOO
0000000000000 0O0Db0O TopDownOOOOOODOOOOOOODOOOO
gogoouoooobobbobbbioodoooouoobbobobboobbboobbbon
ggboboboooobodoooboboboooobbboooobbbooUbLbboooo

32 0OOd

00000000 0o0oo0ooooDoo0o0000O0oo0ndnd mAPOmean Average
PrecisionD00 00000 0OmAPOOODOOOODODOOODODOOOOOOOOOOOO
Oo00oooooooooooootooootoocoooooooooooooooooo

mAPOOOO0ODOOOO0ODOOOO0O0OOO0OO OKSO Object Keypoint Similarity
googooooooooooooooooooooooooobbbobboboboobooboobooo
00000000000 000 1 0000000000000 o0 oKSOooooooo
SN exp(—di?/252k;)6 (v; > 0)

SN 8(vi > 0)
NOOOOOOOOoOoooooDoOd;0+«000000000000000O0O0OOOO0O

OKS =

000000000 000o0O0 oOKSOODOUoooOoOsOooooooooooooo
0000000000000k OD000000DO0DOO0O0ODO0ODO0O0ODOODODOO
ggooooooobobobbbbooddooooouooooooooooboboboboon
gobobogobobooooobbooobboooooboooobobooobobooan
gogobbobooooobobbotoy bbb bobboooobobbooooooboo
(v, >0)00000000000O0O0UOOOOOO0 100000 ODOOUOOOO
0000000000000 OoOKSOODDODOoOOoooooDoooDoooooooDoooDOo
Ubodscoreddngnooooon

APOOOO OKSOODODDODOOODOODODODODODODDODODODDODODODODODODOODOOOO
Oo0o00ooooooooMS-coCcoOopoooOopoOopooOoUOopDoOoDOo0s500
0950 1000000000000 0D0D0D0D MAPOODODODODO



030 0000 12

_______ |
1 1 2 0 1 N

o/1]|0 2— /3
2 1 1 1 0 0110 -
1 0 1 0 o | .. 0 010
0 0 0 0 0 1°0 + 2*1 + 0*0 +

01+1" +1"0 +
0 0 1 0 0 00+1"0+ 00

=3

O031:000000000D0000

3.3 000
3.3.1 CNN

CNNO Convolutional Neural NetworkD OO OO OOOOOOO0OOOOOOOOOO
bbbttt b oo ooobooo
0000000000000 CNNODODODODODODODOODO0oOoDOooDoooDoo
gododdoooooooooobbbbooooogooooooooooon
goboodboooboooobooobbooooboobuooboboobbooobooon
goooooooon

CNNOODODOOoOOoOoDOoDoDoooooDooooooooooDoooooooooog
ggooooooooooobbbbbbbooooooodooouuouoooooo
0o0000000o00o0oUo0ooDoooOo0ooUoOoooUoO I(x,y)DOoOOO

ooooood F(a:,y)DDDDDDDDDDDDDDDDDDDDDDDDDDDD
I'(wy) =YY Fli,j)I(x+i,y+1i)
T g

gboboooboooboboo slgubobobouoobuoboboobooboboobon

ggbooboogooo
CNNOOOOOOoOoOoOooooooDoooDoooooooooo s00oooon

goboboodboboooobboooboobbooooobobooobbbooobbobooaon



030 0000 13

uogoboboodoboboooobobooooboobooooobobooobbbooobbbooon
ggoouoooobobbobbiboodoooouooooooooobboobbbon
0000 Max Pooling 00 000000000000 ODOODOODODODODOOOO
gogboboodoobobooobbobooooobobooooboooobobooono
gogoboboobbodoooooobbobbooooooboobbboooooooobon
ggoooooooobbbbbbbooodoooooooooobbobobobobLon
gobobboodbobooboooobbooobobooooobooobbbooonbobooan
goobobooooobooog

CNNOO201200 AlexNet 3000 CNNOOOOODOOOOILSVCROOOO
0000000000000 0000000DOOoOo SVMOODoDoODoODOoOOoOODODOOOOO
gooooooobbbobbbbbboooodooooooobbobbbooobobon
CNNOOOOOoOooOooDooooDooooDoooooooooooooooooooo
gooood

3.3.2 ResNet

ResNetO Residual Network( O O 02015 O Microsoft 0 Kaiming He 00O 000
1520000000000 CNNOOOO[4]

OO0 CNNODOODDOOOooDooDoooooooDoooooooooooooooo
oot oooooooouooooo
0ooooooooooooooodo oooboobooooooobooooooooon
ggoooooooooobobbbb bbb ogouoooooo
oo ooooooobooobooooboooon
Jddddooooooooooooooooooooooooooooboonoonon
ggoooooooooobobbobb bbb oououoooooon
gooooooooobboboooooooooooboooobooood

000000000000 000000000 ResNetODODODOResNet0OOOO
gobgoboooooooboobuooobouoboobboobobuoobuoooo
goobooofd200 30000boooooooboooboodoooooooooogn
gooobbooooooobbooooobobooooooobooooobobooooo

00000000000000 HxUOODOODODODDOOOO F(x)DOOO 2000



030 0000 14

O0H(x)=F(z)+>00000000
00000000000000000000000000000000000000
0Doooo0oooo

ResNet 0000000000 CNNOOOOOOOOOOOOOOO0O0000000O
00000000000000000000000000000000000000

3.3.3 Simple Baseline

0000000000000 D0o0o0D0ooODoooO CNNoODOooooooo
oo oooooobooooooooon
ggooooooooooobobbbbooooooooooouooooooo
o000 ooobooboooobooon
gogoooooboobooooooooooooooobbooooogoooooooooon
0000000000201800 Microsoft 000000 Simple Baseline 0 0 0O O [5]

godooooooooooobbbooodoooooooooooon
oo uooboooboooon
000000000000 00000000000000000O0ODOdSimple Baseline
godooooooobobbooooooooooooooon

03200000000000000000DO00ODO0ODO0ODOO ResNetOOOOODO
oo oobooboooooouoooooo
ggoooooooooboooon

gogbobbodggooboboogoobob oo ooooooooo
o000 ooooooboooooo
gooboooooobbooooobobobbooooobL 330U boobboooo
ggodoooooooooobobbbboooooooooooooooooo
Joddddoooooooo1oooooboobobooboooooooooooooon
ggodoooobobbobbbooooooooguooooo

Simple Baseline 0 0000000 20000000000 400000000000
0dodooooo 1o0oooooooooooobooobboboboboboooooon
ggodooooooooboboooooo

Simple Baseline 0 0 00 0000000000000 0D0ODOO0ODODOO0OOOOODO



030 0000 15

Cs D

= (1]

0 3.2: Simple Baseline 0 0 00O O 0O OO0 O O https://openaccess.thecvf.
com/content_ECCV_2018/papers/Bin_Xiao_Simple_Baselines_for_ECCV_2018_

paper.pdf

gogodooooooooobbobbbboooooooooooobobbbbbon
goobdooobbtboooobbooobbboooobbooobbboobbbooo
gogobobooooobooooboboooobobboooobboooobnobobooon

3.3.4 HRNet

HRNet O O High-Resolution Net 00O OO OCVPRIOODOOOOODOODOOODO
Oooo0ooooooooooecocoooooooooo MPIIoOoOoooOoooo
oot oooobooooooboooo
good

0000000000000 Simple BaselineOOOODOOOOOOOOOOODOOO
0000000000000 00000000000000000HRNet OO 3400
000000000000 00O00DOO00DOO00DODO00DODDO0O0DDODOODODOO
Jdodddooooogooog 2000000000000 000000000000
ggoogooooooooobobtbotbbbboooodoouooooooo


https://openaccess.thecvf.com/content_ECCV_2018/papers/Bin_Xiao_Simple_Baselines_for_ECCV_2018_paper.pdf
https://openaccess.thecvf.com/content_ECCV_2018/papers/Bin_Xiao_Simple_Baselines_for_ECCV_2018_paper.pdf
https://openaccess.thecvf.com/content_ECCV_2018/papers/Bin_Xiao_Simple_Baselines_for_ECCV_2018_paper.pdf

030 0000 16

TTT—4 AbFRZTE2
1 10| 2

1| 2 { .- 2 | 1
ol o] o ]

3 > 1L 4 | 1
1 |0 | 3 o

/ _?1*‘#;[1. (2%2)

0 oo | _1|III
0 ;zw”ﬁ
0 0o
ol1|lo0]|3]|o
ololo|o]fo
AhF—% =

033 0000000000

scale

feature down

CONV. up
Iﬁ maps " unit \ samp. / samp.

\J

0 34: HRNet 000 OO0ODOOO0O https://openaccess.thecvf.com/content_
CVPR_2019/papers/Sun_Deep_High-Resolution_Representation_Learning_

for_Human_Pose_Estimation_CVPR_2019_paper.pdf


https://openaccess.thecvf.com/content_CVPR_2019/papers/Sun_Deep_High-Resolution_Representation_Learning_for_Human_Pose_Estimation_CVPR_2019_paper.pdf
https://openaccess.thecvf.com/content_CVPR_2019/papers/Sun_Deep_High-Resolution_Representation_Learning_for_Human_Pose_Estimation_CVPR_2019_paper.pdf
https://openaccess.thecvf.com/content_CVPR_2019/papers/Sun_Deep_High-Resolution_Representation_Learning_for_Human_Pose_Estimation_CVPR_2019_paper.pdf

030 0000 17

1/4

1/4 |
I I I ------% ------- ﬂ—{_.

imi

feature : conv.\ strided
maps blocks conv. upsample

Image

: . deconv.
_____ dentity @ | C  concat i
b identity o $ module ‘ 112

0o 3.5 HigherHRNet 0O O O 0O O O OO O O https://openaccess.
thecvf.com/content _CVPR_2020/papers/Cheng_HigherHRNet_Scale-Aware_
Representation_Learning_for_Bottom-Up_Human_Pose_Estimation_CVPR_

2020_paper.pdf

ggoouoooooboobbbbbbooooooououooooboboobbboooonn
ggooouoooobbbbbbooddboodooooooooubobobbboboon
goobooooooo

3.3.5 HigherHRNet

HigherHRNet O O OHRNet 0 000000 Bottomup 000 O0O0O0OOOODO
O0[7 Bottomup 0000000000000 D00OO00O0O0OOODO0O0OOODOOOO
0000000000000 00000D00O000Doo0ooodTopdownOOOOO
0000000000000 DbO0ObO000000DO BottomupOOOOoonooOO
ggooooooobbbbbboooooooouoooobbbobbobbboboon
ugooobooooboboooonoo

HigherHRNet 00000000000 O0ODOO0ODOOOOODOOOOODOOOOODOO
0 3.5 0 HighertHRNet 00 0000000000000 COO HRNetDOOOODOODO
ggooooooooobbbbbboooodoouoooooobooobobobbobon
gogoouoooobbbobbibiooooooouoobbobobbobbbbbbbibn


https://openaccess.thecvf.com/content_CVPR_2020/papers/Cheng_HigherHRNet_Scale-Aware_Representation_Learning_for_Bottom-Up_Human_Pose_Estimation_CVPR_2020_paper.pdf
https://openaccess.thecvf.com/content_CVPR_2020/papers/Cheng_HigherHRNet_Scale-Aware_Representation_Learning_for_Bottom-Up_Human_Pose_Estimation_CVPR_2020_paper.pdf
https://openaccess.thecvf.com/content_CVPR_2020/papers/Cheng_HigherHRNet_Scale-Aware_Representation_Learning_for_Bottom-Up_Human_Pose_Estimation_CVPR_2020_paper.pdf
https://openaccess.thecvf.com/content_CVPR_2020/papers/Cheng_HigherHRNet_Scale-Aware_Representation_Learning_for_Bottom-Up_Human_Pose_Estimation_CVPR_2020_paper.pdf

18

0 3.6: mmpose OO0 OO0 https://mmpose.readthedocs.io/en/latest/

overview.html

ugoouooooobbobobbbooodoooouooouoooobooobobobobobon
gogooooooobobobbbibodobboooooooooooobobobbbbon
gooboodboboooobbooobbbooobobbooobbboobbbooo
goobooodon

HighertHRNet 0000000000 O0O0OBottomup 00000 O0OCOCODODODO
ggogouoooobobbtbbboodddd0doooooouobobbobbooo
00000 TopdownOOOOOOOOOOOOOO

3.4 MMPose

MMPose 000 OpenMMLab OO DO OO0 PyTorch DODOOOOOOO0O0ODOO
goodoooooooobobboooooooooboboooobbooooooon
oo ooouoobooooouoooo
0000000000 00000000OO000OO0U0DODOOU0ODOOUODOOUODOOO
0000000000000 DO0000O00DbO00O0MMPose 0000 OOO0OOOO
goood


https://mmpose.readthedocs.io/en/latest/overview.html
https://mmpose.readthedocs.io/en/latest/overview.html

19

4 [

CLIP:Contrastive Language-Image

Pre-training

41 OO

CLIP(Contrastive Language-Image Pre-training) 0 0 0 OpenAI 00 0 002021 0
2000000000000000000D0000O00D00O00O00O0OO0O0OO0O0I8]
godooodbooodbooodbooobooodooooooobooooooongn
godooooooboobbooooooooooogooooo

bbb uoobooobooo
o0ooboooooooobobodoooooboooooobooooooooooo
gogogooboboboboboboooooooooooooobobobbboooooooooooon
gogooobooobbbbboooooooouooobobobobobobobon

O0DO0Doo0oooDooCLIPOOOODOOOODOODOOOODOOOOOOOn
gogodoooooobobooooooooooooooooooo.ooooooo
godooodooooooooooooooooooooooooooooon
gooooooooboboboboooooooooooooooooooooooa

CLIPOODDOODODODOOODOODOODODOODODOODOODOOODODOO
gooooodotooodoioodooooodoonoodooboooooooao
CLIpOODOODODOO0OOODOODOOOOODOODOOOOOOODOOOOOOOO
bbb b oo ooobooon
goodooood



0 40 CLIP:Contrastive Language-Image Pre-training 20

(1) Contrastive pre-training (2) CGreate dataset classifier from label text

g = m S =

T

» I L1 S L, O S o
- : (3) Use for zero-shot prediction v

o 1Ty | Iy Tg | 1Ty Ty T | T T

> I - 2T 2 - Tx
Image - ; . n
|| T T | BT | L | T ) ) )
w Encoder | e e B e VT T [T | - | T
rs 1).TI 1N-T: 1N.T-‘ ) Ih-Ts

04.1: CLIPOOOOOOOOOO https://openai.com/research/clip

42 000

CLIP O O OImage Encoder 000 ResNet 000 D0O0OOODOOODOOOODODO
00000000000 VisionTransforme 00 0 0 0 0O O O Text Encoder O O O
Transformer 0 0 00 OImage Encoder 00 0000000000000 DODOO0OOOO
000D00o000o0o0o0oodo0o0ooU0oOOooD0oooodoDooogooDOoooooog
oo oooooo
O00000000D0OoO000ooo0ooodoooooolooooooogooDoooog
0000000ooo00oOo00ooooO0U0oDoO00oooOoooDoOoooooCLIPO
oo ouooooooo
00000ooO000oooO0oDoo0oooodooDoOooooooooooooooog
Oo00o0oooOoooooooooo

421 Transformer

Transformer 0 0201700 Vaswani 000 0000000000000 90000
0000000000000 000000000000000 Attention0O0OO0OO0OOOO
O000000000OOAttention 00000000000 DODOODODOOOODODOOOO
D00D0000D0000000D0000OEncoderdDecoder 000000000000
gogbobboooobbooooboobuoooobbbooobbboood

Encoder 00000000 O0O0OOO Positional Encoding 000000000000


https://openai.com/research/clip

0 40 CLIP:Contrastive Language-Image Pre-training 21

Qutput
Probabilities

' N

Feed
Forward

™\ | Add & Norm ;

Ve

1
£dd & Norm Multi-Head
Feed Attention
Forward T 7 Nx
Nix Add & Norm _Je=
(—PI Add & Norm | Masked
Multi-Head Multi-Head
Attention Attention
1t At
C— J . )
Positional D @ Positional
Encoding y Encoding
Input Output
Embedding Embedding
Inputs Qutputs
(shifted right)

0 4.2: Transformer 0000000000 https://papers.nips.cc/paper_files/

paper/2017/file/3f5ee243547dee91fbd053c1c4a845aa-Paper. pdf

ggooooooobbobbbbooodoooouoobbobboboobboooonon
gobboboooobobooooooboooobbboooobboooooo

POS

PE(pos,2i) = sin(—————)
10000 4mode:

(4.1)

pos
———)
10000 dmodaet
000o0oooooood pesOO0OD0ODODOO0O0OOOOODOODODOOOO0O 00

PE(pos,2i+ 1) = cos( (4.2)

0000000000000000000 dyneee 0000000100000000000

goobdooobboooobbooobbboooobbooobbbooobbbooo


https://papers.nips.cc/paper_files/paper/2017/file/3f5ee243547dee91fbd053c1c4a845aa-Paper.pdf
https://papers.nips.cc/paper_files/paper/2017/file/3f5ee243547dee91fbd053c1c4a845aa-Paper.pdf

0 40 CLIP:Contrastive Language-Image Pre-training 22

gooooooobbboooooooooooooooboboooo

Encoder O O Multi-Head Attention O O O Self-Attention 0 0O 0O 0O 0O O O O Self-
Attention 000 000000000000 DOO0O0OOODOODOOOOODOOOOOOOO
oo ooobooooooooon

O00000DOSelf-Attention 0 000000000000

. QKT
Attention(Q, K, V) = softmax(W)V (4.3)
k

00000000000 QueryOKeyOValue 000 300000000000000
000 QUKOVOODOOd, O Query O KeyDDDDDDDDsoftmax(Q—\/Ig)DDD
Query 0 Key OO OODOODODOO Attention weight 00 0D 000000 O0OOOO
0000000 Attention weight 0 Value 000000000000 OOOODODOOO
00000000000 ValueOOODOODOODOOOODOO ValueOOOOOOOO
ggooooooon

Decoder O O O O O Masked Multi-Head Attention 00 0000000000000
O000000000000000 Self-Attention 000000000000 O0OOO
gobddobuoobboobbouoboobboobuoobboobbobobooon
000000 Encoder 00 Key O ValueOOODOOOOOODOOOOO Query J0OO
Attention 00000000000 O00O0OOOO0OOOOOOOOOODOOOOOOOO
godoobooouoobooouooonog

Transformer 00201700 00000000 CNNO RNNOOOOOOOODOOOO
ggoddoooooooooobbboooooddgoooooooon

goooooooobobobbod

4.2.2 VisionTransformer

VisionTransformer [10] O Google 0 2020 0 00 000 Transformer 0000000
O000000000Transformer 000 0000000000000 O0O0ODOOOOO
ggoooooobobbtbbbooddddodoodgououbobobbobboo
ggooooooobobbbbbooddoooououoooooooooboobooboboon
oo oooooooboooooooooooooogo
0000 Attention0 0000000000000 0OOOOOODOOOOOOOOOOOO
gogboobooooboobooond



0 40 CLIP:Contrastive Language-Image Pre-training 23

Vision Transformer (ViT) Transformer Encoder

T
I
NENe
|
!
1
I
Transformer Encoder I
I
I
Patch + Position J Multi-Head
Embedding - mg @ [% d) i‘ i] 1 Attention
* I
I
1
I
I
1

—_—

Extrn learnable

[class] embedding Linear Pm]cctmn of Flattened Patches

ST - [T 1 )

mma—»@il%%ﬁﬁ%ﬁ

o
atches

0 4.3: VisionTransformer D0 OO OOOOODO https://openreview.net/pdf?id=

YicbFdNTTy

VisionTransformer ] 0 0 0000 0000000000000000000000O0
00000000000000000000000 SoTAOOOO0O

VisionTransformer 0 00000 00000000000000000000000
00000000000 ze REOXWXCOopooo(H,W)00000000C00000
0 (0000000)0000 VisionTransformer 10 000000000000000

z, € RNXPO) npoopoooN=2Y 0opoo00000000000000(P,P)

gooooooooooon

0000000000000 000O0D0OdOPatch Embedding [0 Position Embedding
0000Patch Embedding 0 0000000000000 O00DO0O0ODOODOOODOODOO
Position Embedding 0 0000000000000 O0OO0O0ODOOOOODOOOOOOOO
00000000000 00000000000OTransformer 00000000000
goooooooooobobobooooooo

0000000000000 QOOTransformer Encoder 0 0 0O 0O O O O Transformer O
00000000 Multihead Self-Attention O 0 0O 0O O Multi Layer Perceptrorld MLPO
O0D00000DO0000DO000Db00D0D0bOObO0DO0 Layer Normalization O OO
0000000000000 0000000Multihead Self-Attention O O Transformer

00000000000 0000000 QueryOKeyO ValueOOOOOOOOOOOO


https://openreview.net/pdf?id=YicbFdNTTy
https://openreview.net/pdf?id=YicbFdNTTy

0 40 CLIP:Contrastive Language-Image Pre-training 24

Multi Layer Perceptron 00 000000000000

VisionTransformer 0 0 00 0000000000000 00OOOOOOOOOOO
O00 JFT300MO000000000000SeTAOOODODOODOOOOOOOOODO
O00d66000000000D00000000O0DOOOO0OTransformer 00000
O00COCNNOOOOOOUOOOoooooooOoOOoOOoOoOooooooooooDoDO
0000000000 000oo0oooooOoooDooOooooo

43 OO

oo ooooooboooonooon
oottt ooboobobboobooo
00000000 DOO0000D0ODOO000ODOOO000DDODbOO000DDOO0Od ImageNet O
gododdboooobogooooboooboooboooboboooooooboooon
ResNet-50 0 0 0O O

0440027000000000D00000O0O0DOOOODODOOOO2rO0O0 16
0000000000000 00000000000DoDOo0o0oDoo0ooOooOoOSTLIOOO
oo obobobobobononououooooooo
0000000000000 000000000000Country211 000000000
bbbt b oo ooobooo
000000000000D0D00 Kinetiecs7000 UCKF101 000000000 0ODOO
O00000DOO00oo00ooooooooDooooooo CLIPOOOODOODODOOO
O0000000000000000000000 EwreSATOOODOOOOODOOO
00000000000 PatchCamelyon 0000000000000 OCOOODOOOO
ggoooooobboboboooooogoooooo



0 40 CLIP:Contrastive Language-Image Pre-training 25

StanfordCars
Country211 +23.2
Food101 +22.5
Kinetics700
SST2

SUN397
UCF101 .
HatefulMemes +6.7
CIFAR10 .
CIFAR100 4+ 3.0
STL1O0+3.0

ImageNetjj+1.9

OxfordPetsf§+1.1
PascalvOC2007 Jj+0.5

. Birdsnap

MNIST
FGVCAircraft
RESISC45
Flowers102
DTD
CLEVRCounts
GTSRB
PatchCamelyon
KITTI Distance
EuroSleT . . .

-40 -30 -20 -10 O 10 20 30 40

A Score (%)
Zero-Shot CLIP vs. Linear Probe on ResNet50

0 4.4: CLIP O ResNet-50 0000000 OO0 https://arxiv.org/pdf/2103.

00020 . pdf


https://arxiv.org/pdf/2103.00020.pdf
https://arxiv.org/pdf/2103.00020.pdf

26

[ 5[0

HRERERE

CLIPO0ODOO0O0OOO0DOOO0ODOOOODOOOOOOOOOOOOOODn
O00000000o0odooooooo CLIPOODOO0ODOOODOOOOOOOO
gobobooobbooooobboooboboooooboooobooooobooan
00000000000 00Do00oCLIPOOOO0OO0ODOOOOOOOODODOOO
ugoooooaooon

00000000 CLIPOODOOOODODOOODOOOOODOODOOODODOOODOO
0000000000000 MMPoseOOODODOODODODOOODOODOODODOOO
ggooooooobooobbbbbboooodoooouoooobooboboboobobobobon
gobbboooobbboooobbobuooooon



27

060

L] [

6.1 0OO0O0O

O000O0OCLIPO MMPose 00 00O0ODOO0ODOOOODOOODOOOOOOODOO
goobooooboboooooo
gogobooooboboooooo

e CLIPOODDODOODODDO
e MMPose OO0 DO OOOODOO
e CLIPO MMPose DO OO OODO

00000 CLIPO MMPose 000000000000 0OOOOOO CLIPODDOOO
O000D0O0O00D0O0D00O0 MMPoseDOOOOOODOODOODOODOODO 300
ggoooooooobobbbbbbooodoooououoooooboobbbon
gooboodon
ggboboodobobodoooboboooobobooobboooobbooobooboa
gogoouooooooobbbbbibiboooooooooooboooooobobbbbbn
ggooooooobbbbbbooddooooooooooooobobbboboon
ggobobooobbbooooboobouoooooo
ooobbooobbtbooobbboooobobbooobobboooo

e ODODOO 50
e JOODOODO 15



o60 OO 28

e 100 0.0001
e J0OIDOO Adam
e 1000 BCEWIithLogitsLoss

gooo

6.2 ODOOOO

0000000 V-COCO [11]0000000000V-COCO(Verbs in COCO) O O
0 OHuman-Object Interaction Detection 0 0 00 MS-COCO [12] 000000000
Oo00o0o0OO0O0OO0OO0O0O0OOOO0O00U0ODUOoOoooooooooOooMS-COCO
gboboboboboboboboboboboboboboboboboOobob
v-COCOODOOOODOOoUooooouooooooooO dietO000lLstO0OD0O0O0O0O
000000000 00dict0000000ooooo

mimage-id O00O0000O000DOOO list0O0O00OMS-COCOOODODOOO idO
O00000000O0OMS-COCOOU APIDODO0DO0O0O0OOOUODDDODOODODOOOOO
00000000 idODODOOO0ODO0DO0O0OO

mann-d O000O00O0O000CO00O0OO0D0OOO0idODOOODODOOOimage-idO0O0O0O
MS-COCOODODODOOOODOODOOUODODOMS-COCOO APIDODOODOODO
gogobbooobbboooobbboooobbbooobbbooobLbboooo

m action-name holdOstandOsitOrideOwalkOlookThitOeatdjumpOlay (talk-on-phoneld
carryOthrowOcatchOcut OrunCwork-on-computerOskilsurfOskateboard OsmileOdrink ™

kick[O pointd readd snowboard 00 26 00 000000000 OO0ODOOOOOOO

mroleename OJ00000D00O0OD0ODODOODODOODODAOaction-name O stand
000 dict000D00D0D0D00D00DO0D00D00D0000 agent00O00O0O0OO0O
O O action-name 0 kick 000 dict 0000000000000 O0OODOO agent O

obj00ODODOODOODO

m role-object-id rolename 0O 000 agent 0 obj 00D OO0OO0O idODOODOO
goooo



o60 OO 29

minclude 00000000000 COOOODOO0ODOOOOOOOOOQDOOAO action-
name 0 drink 0000 Owine glassO bottle D00 O0O0O0O0O0OO0O0OO
00000D000000000000 image-id0 ann-idO action-name 0 0 0 00O O
000000000 dO00000 dict0D0000000000000O0O000OO0
oo oooouoouoooooooboonog
MS-coCcOoOOoOoOopoOoOoUoopooopoUOUoUoopooooOooooooooooooDo
Ooo0oOoooooooooooooov-cocoopooooooooooooood
000000000000 000000D000DDO00DOO00DO0oODOoOooDoDOo0ODn
O000C0COCOOOOOO 3800 00ogg 7674000ooooooooog
Ooodoo0obo0oOofoooUooOoodbOoOooOooOoo0oobooogDbDobooooo
00000000000 113200000000000000000DOD0O0ODODOO
0220700 00001000000000000003000000O00000C0O0O0O0O
0610000000000 0O000O0DODOOO0ODOOODOOOOOOOOOOOON
stand 0 hold DOOOO0OO0OODOOCOO0OODOOO0OOOOODOOOODOD point O

reed 0000000000 D0OOO0ODOOCOOOOOOODOO

6.3 00O

ggoooooobbbbbbooooooououooooo

e CLIP
ViT-B/320 00000000 Image Encoder O VisionTransformer 00 00 O
000000 32*3200000000000000

e MMPose
MS-COCOOOOUOO0OODOOOOO HigherHRNet O 0O 0O 0O O 0O HigherHRNet
O Bottom UpOODODOO0OODOOOOODOODOODOOODOODOODOOOOODO
ugoooooooo

ge6.1000000000DO0O0ODOOOO
ugobboooobobooooobooobooa

1. CLIPOOOODODOOODODDOOODOOO



o60 OO

30

goo gooono oOooooo
hold 1838 3608
stand 2150 4118
sit 935 1916
ride 252 556
walk 300 597
look 1770 3347
hit 164 349
eat 301 521
jump 319 635
lay 243 387
talk-on-phone 167 285
carry 236 472
throw 159 244
catch 152 246
cut 127 269
run 305 687
work-on-computer 210 410
ski 190 424
surf 239 486
skateboard 220 417
smile 678 1415
drink 63 82
kick 65 180
point 15 31
read 51 111
snowboard 176 277

06.1: 000000000



snowboard

7 (@)

MMPose
AS (EfR)

REIEE

06.1: 000000O0OOO0ODO

gbogsl2000000b0OoOonDo
2.000000000000C00OOC0DOO0ODOOOMMPoseC0O0O0ODOODOO
gogobooooooo
000 17300000000000
3.200000000000O
OO0OOMMPose OOOOODODODODODOSMOIOOODODODODODODODDODDOOOO
CLIPODOO0DOOO0ODOOOOOOOSR3 0000000000000
4. 30 NNOOODOOO
3000 2600000000020 0000000000
5. 0O NNOODOOOODODOooboooobooo
ggbboooboboooobbooobbbooobbooobbboooobn
gogobobooooboooood
6. 0000000
00000000000 NNDODODOOOOOOCLIPO MMPose OO0 OO0

2000000000000 O0ODO0OO0ODOODO0OO0ODOODbDOODOODODO
O000000O00oo0ooo0oooooOoobogoboOdMMPoese0DOO0OO0ODOO
goobooobboooobboooobbbooobobbooobbbooobbboon
gobobdoooboboooboobtoodobooooboooobbuooobobooaon
gbooboboooboobooboobobooboobooboboobooboboobbo



O60 OO 32

FAEZ L DIEREERD L

60.00%
50.00%

40.00%
Bt 30.00%
20.00%

10.00%

0.00%
0 2 4 6 81012141618202224262830323436384042444648

TRy
e | [P e POSE  smm CLIP & POSE

062 00000000O0O0O0OODO

O000000O00oo0oobo0oooobooobogooMMPoseJOOOOOODOO
Udddlscorel 00000 0O0O0O0O0OOOUODDODDODDODOOOUOOOODDDOO
ggoouoooogoooooobobbobbbbooooooooooooobooboboboon
gbobbooboobob scoredbgboobobbooboobobbOobOoOoDbO

6.4 0OOOO

641 0O0O1

o000 3000boooobooboooobob e2000b0obooboobobOoDOoD
CLIPOO0000DODOOO0OOODOODOOR040%000000000000000O00
041180 00000000000 MMPose D0OO0O0OODOODOODOOOODOO
20.19% 0000

642 00O 2

g0l0dddodo0ooobbobobbbboooooooooooob oo
CLIPOO0O00O0ODODOOU0OOOOOODODOOOCLIPOOODOOOOODODOD



o660 OO 33

1) B> 7B ICCLPZ FH W 2358 D LR

60.00%
50.00% e ——

40.00%

574
=+

2

30.00%

20.00%
10.00%

0.00%
0 2 4 6 810121416182022242628303234363840424446

gho )L

e C||P e POSE & CLIP

063 00000000 CLIPOODOO0OOOOOOOOOO

ggogooooobbbbbbooodooogouooobbbobbbbbobobbobon

0000 CLIPOO0OO0OO0OODOO0OOODOOOOODOODOODOOOODOOOOO

ooboobooboobobooooooobbooboe3booboonog
obobooobobobobooboobobu 1obooboboooboboooobo

0 40.83%x 00000

643 OO 3

0000000000 0DO0O00000DO MMPoseOOODODOODOOODOOO
O0000000O0DO0D0O00O0000O00DO0ODbOODbOOOMMPoseJ0OD0ODOO
score UOODOOOOOONO

0o00o0DOoO0o0OoOooO0UopooOoOoOooOo0UobDboOoUoOoDboOoOOooOooOoOooDoo
000000000 DO0ODODOODbDObOOOO scored0000O00OO00ODOODOODOOO
MMPose OO0 00000000 OO0ODOOO0ODOOOODOOOOODOO

00000000000 scored0000ODODODOOOOOOSscored O 05600
OO000D0O0O00OD0O0O 1srooboooboog

0000000 6400000000CLIPODO0ODODOOODOOOODOOO 52.22%



o660 OO 34

ZAAT7THRLETAMN T —2A2BWEFR

60.00%
50.00%
40.00%

3z
=+

zZ

30.00%

20.00%
10.00%

0.00%
0 2 4 6 81012141618202224262830323436384042444648

i ANy

e C| [P s POSE & CLIP

064:score000000O0000O0ODO0ODOOOOODOODODO

0000000000 00DOOO00DO0O0ODO 483600000

O00oooCLIPOOOOODDOO0ODOOOOODOOODOOOOODOOOD 100
0200000000000 0D0OC00O0ODOOOODOODODOOODObOObODO
O000000ooooooocCLIPO000OO0ODOOOO 182, 00000000000
oo0ooooogg rag,000oooo

644 004

OO0 3000score0 00000000000 MMPoseOOOOOOOOODOODOO
gobbooobobbuooobboobbboodib scoredbOogonooonobooogn
goooo

O000DO0O0ODOO0O0OO0O0ODO0ODbOO scored 0b00000DOODOODOODOODO
00000000000 00000000000DDOdcutO drink0 pointO read O
0000000 bO00ObO00ObO0oO0bO0o0obOoOoDbOoOobDOoOoOTeUIO0DOODOO
O0O000O00O0O0obO0OO04looboobooboobooboboboDooDbOoo
O6500000000CLIPODODODOOODODODOODOOUOOO4r100000000
O000O000000OoO0Q0D 40.04%00000000CO0O00O0O0ODODOOCODOO



O60 OO 35

T — 22X 27 THIR L -ERER

50.00%

40.00%
B 30.00%
o
M 20.00%

10.00%

0.00%

0 2 4 6 81012141618202224262830 323436384042 4446 48
IRy y

e POSE & CLIP e CLIP

O6.5:scoreJ 000000000 ODO0ODOOOOODOODOODOO

go0boooobobooobobboooobobooooboboboobobOoo 3obboooo
ggbobobooooboobobooooobouooooooboda



36

0 70

L] [

00 1000040000000000000000 CLIPODOOODOOOOODOOO

ugboobooobobbooooobobuoooobbboooboboa

I gggooon

00 1000040000000000D00000O00ODOODODOODODOOODOOD
gogobobooobobooooooog

CLIPOO0DDOO00DODOOO0DODOOOODOO 30000000000 00DO0O0O0O15
goobooobbtbooobobbooobbtooobobbooobbooobbbooo
O00o00obOO0bOO0obOobDOobOOobOU0oOob0obO02000000bO0ObDObDOobDOobOOn
00000000000 00D00O00O000DO00o0oOoODOoOoDooOCLIPODOOO
ggoboboobbboddooooboboobboodoouooboobobbboooooubnoo
gogobobooboboodoooooooobbooooooobooobooooooooooon
ggoououoobobbbtbboodooddooooooouobobobbbLon
ggboboboooooboboooobobooo

gobbogoobboooobobooooobooobbooonobbooooboboo
oo0o0ob0obOo0o0oboo0ob0ooboobOobDboOobDOoUo 260b00D0ODDOOO 30
goobooooboboobobboooobobooobobboob 1booobobboooon
O0OO0O0OMMPose JOOODOOODOOODOOODOOODOODOOODOODOODOO
gogbobbooobbtbooobbboooobbbooobobboooono

00000oo00d0DO0oDOoO00oooooooOooooogocLIPooooooOO
gooboooboboooobboooobboooobbooobobboooobobooon



070 OO

37

oo Oooooo CLIP 0000
hold 626 264 206
stand 1078 551 475
sit 136 28 21
ride 50 7 11
walk 66 11 13
look 889 475 387
hit 192 95 78
eat 15 3 1
jump 256 124 119
lay 17 2 0
talk-on-phone 23 2 1
carry 49 9 6
throw 139 50 25
catch 99 15 6
run 408 183 164
work-on-computer 17 1 2
ski 115 78 60
surf 160 112 97
skateboard 160 112 92
smile 175 42 40
kick 127 78 73
snowboard 63 26 19

O71:. 0030000000000

gogbbbooobboooobboooobbboogobon

I J000ooooooooon

ggoooobbbbboooboooooouooobbbbbooooooOouoa

000000000 v-coCcOoonoonooooo26000000000000000



070 OO 38

0000000000000 000D000000oO00oOo sit0 ride0Od00OOOOO
goboboooobobboobbboooobobboooobooooobbboooon
O0000D0o00ooooooo CLIPODOO0OODOOODOODOOOOOOOODOOOO
gboooboobooboobobooboobobooobooboboooboobo
Or7l0003000000Db0O0Ob0DO0OO0OODODOOO0ODODOoODOoODbODOOD
Oo00ooCLIPODOOOO0OOOOO0ODOO0OOOOOODODOO0OOOOOODOOOO
O00O00Oeat O talk-on-phone 00 000000000000 O0OOOOOODOOO
o0oo0bo0o0oo0oboooobbb0ooooobb0ooooobooooDbboooo
ood
O00000O0O0o0OoCLIPOOOOODOOOODOODODOODODOODOrided
walkOwork-on-computer 0 30 000000000000000D000O0OODOO0ODOO
000000000000 000000000D0000D0O0rided walkOOOOOOO
gboboodoboobobbooboobobobobooboboboobon

mgdooo

v-coCOOpooopoooooooooooooooooooooooooooooo
goobooobobbooobbiooobobbooobbbooonon scoreboggn
03000000 0obbooobooobooobobDbooobDboobobooooo
gObo0oO0oOooo0o0obo0ooboOoOobDU0o0obDOoOobDOoOobOoOobDOooDoobOo 2000 3
oobbboooubbbbooooobbbuoogdtbscoreddoboooon
O0000000000O0Osmiled lookOO0DOOOOO0OODOOOOOOOOODODOO
000000 0o0oooooooov-coCcCOODDoDoUU0oopooooooooDoDO
ugn

gobbogobobbdooobbooooobooobbooobbbooobboo
UoobbbooouobbbOscorel0ooobbbooooobbbooogon
ggbooboooooboboooooo

godooboboboodgoooobobobbbodooooooobobooooogoooo
goobooobboooobboooobbboooobbooobbbooobDbbooo
O000ooO0oOopoooooo CcLlp0dO0OoOOoOO0DOOOUOOOOoOOoOOOO

goboboooobbooobbtoooobbooobbboooobbouooboboo



070 OO 39

O0000000DOo0oooooooo CLIPOO0OCODOOODUOOODOODOOOO
ggoouoooobobbobbboodoooooooouoooobobobbbboooonn
000000000000 DOONNDODODOODODODODOOODOODODOO
gogooo



40

] 80

L] [

O0000O0CLIPOOOOOODOOOOOOOODOOOOODOOOOOOOOO
ugobbooobobboooobobuoooobobooon
gobobogooobbodooobbogooboboooboboooobbooooboobooo
oobbbooodbbbuooouobbbuoogdUtscorednbonboooon
ggoooooobbobbbboobbobooodooooooooboobbboooboboon
gobobooobboooobbooobboooooboooobobooobobooaon
goooogo
Udbobooodobobbuooudbbuodgdibibscore00gnoooooooog
OoooOooooo CLIPOO0DO0OOOOODODOOOOOOOOOOOOOOODOOOOO
ggooooooobobbbbbobbbbboodoooooooobobobobbobLbon
ggoboobodooooooobooboboooooobooobobbooooooooobooon
ooobooooobboooooobooooobooon
ggoobobbbodooooobbobbotbodoodoobDbobbboooooobLboD
goboboooboboboooobbooobbooooooboooobbbooobboooan
ggoooooobbbbboooooooooogoooboboboboboon

ugooobooooboboooonoo



L] [

gooooobooobbbbbboboooo

41



42

HRERERE

1]

00000,00000,0000,0000. 000000000 openpose 00
0D00000000000000000. 0810000000000, Vol. 2019,
No. 1, pp. 275-276, 02 2019.

[2] Yuya Yoshikawa, Jiaqing Lin, and Akikazu Takeuchi. Stair actions: A video

3]

8]

dataset of everyday home actions. arXiv preprint arXiv:1804.04326, 2018.

Alex Krizhevsky, Ilya Sutskever, and Geoffrey E Hinton. Imagenet classification
with deep convolutional neural networks. In F. Pereira, C.J. Burges, L. Bot-
tou, and K.Q. Weinberger, editors, Advances in Neural Information Processing
Systems, Vol. 25. Curran Associates, Inc., 2012.

Kaiming He, Xiangyu Zhang, Shaoqing Ren, and Jian Sun. Deep residual learn-
ing for image recognition. In 2016 IEEE Conference on Computer Vision and
Pattern Recognition (CVPR), pp. 7T70-778, 2016.

Bin Xiao, Haiping Wu, and Yichen Wei. Simple baselines for human pose esti-
mation and tracking. In Proceedings of the FEuropean Conference on Computer
Vision (ECCYV), September 2018.

Ke Sun, Bin Xiao, Dong Liu, and Jingdong Wang. Deep high-resolution repre-
sentation learning for human pose estimation. In Proceedings of the IEEE/CVF
conference on computer vision and pattern recognition, pp. 5693-5703, 2019.
Bowen Cheng, Bin Xiao, Jingdong Wang, Honghui Shi, Thomas S. Huang, and
Lei Zhang. Higherhrnet: Scale-aware representation learning for bottom-up hu-
man pose estimation. In Proceedings of the IEEE/CVF Conference on Computer
Vision and Pattern Recognition (CVPR), June 2020.

Alec Radford, Jong Wook Kim, Chris Hallacy, Aditya Ramesh, Gabriel Goh,



gooo 43

[10]

Sandhini Agarwal, Girish Sastry, Amanda Askell, Pamela Mishkin, Jack Clark,
Gretchen Krueger, and Ilya Sutskever. Learning transferable visual models from
natural language supervision. CoRR, Vol. abs/2103.00020, , 2021.

Ashish Vaswani, Noam Shazeer, Niki Parmar, Jakob Uszkoreit, Llion Jones,
Aidan N Gomez, L ukasz Kaiser, and Illia Polosukhin. Attention is all you
need. In I. Guyon, U. Von Luxburg, S. Bengio, H. Wallach, R. Fergus, S. Vish-
wanathan, and R. Garnett, editors, Advances in Neural Information Processing
Systems, Vol. 30. Curran Associates, Inc., 2017.

Alexey Dosovitskiy, Lucas Beyer, Alexander Kolesnikov, Dirk Weissenborn, Xi-
aohua Zhai, Thomas Unterthiner, Mostafa Dehghani, Matthias Minderer, Georg
Heigold, Sylvain Gelly, Jakob Uszkoreit, and Neil Houlsby. An image is worth
16x16 words: Transformers for image recognition at scale. In International Con-
ference on Learning Representations, 2021.

Saurabh Gupta and Jitendra Malik. Visual semantic role labeling. arXiv preprint
arXiw:1505.04474, 2015.

Tsung-Yi Lin, Michael Maire, Serge Belongie, James Hays, Pietro Perona, Deva
Ramanan, Piotr Dolldr, and C Lawrence Zitnick. Microsoft coco: Common
objects in context. In Computer Vision-ECCYV 2014, pp. 740-755. Springer,
2014.



44

L] [

A O0000O00OD0ODOOOODOOOOOO

000000000000 000000000 Al0D0OO0O00O0DDOOOO0OO0OO0OO
goob00o0ob0oo0o0obob0o0ob0obo 1obobDUo0obOobDOoOobOobObOOobDOon

uogobooooooon

000000 A.1: withbboxdatareform.py

2 import matplotlib

import matplotlib.pyplot as plt
import __init__

import vsrl_utils as wvu

import numpy as np

import torch

import clip

© 0 N O Ot ke W

import matplotlib.pyplot as plt

10 from PIL import Image

11 import glob

12 import os

13 import numpy as np

14 from torch.utils.data import Dataloader
15 from torch import nn

16 from torch.nn import functional as F

17 from torch import optim

18

19

20 coco = vu.load_coco()

21

22 #Load the VCOCO annotations for wcoco_train image set

23 vcoco_all = vu.load_vcoco(’vcoco_train’)
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24 #000000000000O0DO

25 file_base_dir = os.path.expanduser("~/clip_prefix_caption/
CLIP_prefix_caption/ClipCap-for-Japanese/train2014/")

26

27

28 device = torch.device(’cuda’ if torch.cuda.is_available() else ’cpu’)

29

30 #000000000000O0O00O0 bboz

31 import pickle

32 f = open("./trainimage_to_mmpose_cutbybbox_plus20.pkl","rb")

33 image_to_pose = pickle.load(f)

34 f.close()

35

36

37 A 00000000000 <4

38 import pickle

39 £ = open("./simple_trainimage_to_clip.pkl","rb")

40 train_clip = pickle.load(f)

41 f.close()

42

43 0000000000000 0O0O0O00O00 <d

44 import pickle

45 £ = open("./ann_dic_withbbox.pkl","rb")

46 train_verb = pickle.load(f)

47 f.close()

48

4 10D 000OD0O0ODO0OD0O0OO0O0OODOOOOO0

50 for d in image_to_pose:

51 image_to_pose[d] [’image_name’] = train_verb[d] [’image_name’]

52 image_to_pose[d] [’verb’] = train_verb[d] [’verb’]

53

54

5 A1 000 0000O0000O0O0O00O00O0O tensor DOOODOOOOOO
tensoronehot

56 #1 tensor512(clip)+51(mmpose)] 011 563

57

58 def data_change(d_clip, d_mmpose):

59 verb_index = [’hold’, ’stand’, ’sit’, ’ride’, ’walk’, ’look’, ’hit
’, ’eat’, ’jump’, ’lay’, ’talk_on_phomne’, ’carry’, ’throw’, ’
catch’, ’cut’, ’run’, ’work_on_computer’, ’ski’, ’surf’, °’

skateboard’, ’smile’, ’drink’, ’kick’, ’point’, ’read’, °’
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snowboard’]
60 K = len(d_clip)
61 perfect_data = np.empty((0, 563))#0 0000000 clipmmpose
62 perfect_label = np.zeros((len(d_mmpose), len(verb_index)))#1 00
oooooooooooon 26
63 num = O
64 label_index = []
65 for s,v in enumerate(d_mmpose):#1 0000000000000
anotationidd_mmpose 0 O OO UOODODO wvid
66 if ’score’ in d_mmpose[v].keys() and d_mmposel[v] [’score’] >
0:
67 perfect_v = []
68 for vs in d_mmpose[v] [’verb’]:#0 00000000 werb
69 index_num = verb_index.index(vs)#1 0000000000
agoo
70 perfect_v.append (index_num)
71 i = d_mmpose[v] [’image_name’1#0 00000000
72 m_vec = d_mmpose[v] [’keypoints’].flattenO#J 000000
mmposearray
73 c_vec = d_clip[i] [0] .to(’cpu’) .detach() .numpy() .copy() #
gooooooo
cliptensornumpy
74 perfect_vec = np.append(c_vec, m_vec)#] 00 numpy
75 perfect_data = np.append(perfect_data, np.array([
perfect_vec]), axis=0)#1 00000
g
76 for ind in perfect_v:#
77 perfect_label[s] [ind] = 1
78 #num += 1
79 else:
80 label_index.append(s)
81 print (label_index)
82 gati_perfect_data = torch.from_numpy(perfect_data) .to(device,
torch.float) #J
tensor
83 gati_perfect_label = torch.from_numpy(np.delete(perfect_label,
label_index, 0)).to(device, torch.float)
84 return gati_perfect_data, gati_perfect_label
85
86

87 data, label = data_change(train_clip,image_to_pose)

0000000000000 00D0D0O000D PythonOOOOODODODO A20000

O000A100D0O000 1000000000000 DOOO0O0O0O
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000000 A.2: train-cutbybbox.py
1 import matplotlib
2 import matplotlib.pyplot as plt
3
4 import __init__
5 import vsrl_utils as vu
6 import numpy as np
7
8 import torch
9 import clip
10 import matplotlib.pyplot as plt
11 from PIL import Image
12 import glob
13 import os
14 import numpy as np
15 from torch.utils.data import DataLoader
16 from torch import nn
17 from torch.nn import functional as F
18 from torch import optim
19 import withbboxdatareform
20 import make_train_cutclip_andpose
21 from torch.autograd import Variable
22
23 import pickle
24
25 batch_size = 15 #0 00000000
26 coco = vu.load_coco()
27
28 #Load the VCOCO annotations for wcoco_train image set
29 vcoco_all = vu.load_vcoco(’vcoco_train’)
3o 40 000000000 boDboa
31 file_base_dir = os.path.expanduser("~/clip_prefix_caption/
CLIP_prefix_caption/ClipCap-for-Japanese/train2014/")
32
33 device = torch.device(’cuda’ if torch.cuda.is_available() else ’cpu’)
34
35
36 AU D0OO0O0O0O0O0DODOO0O0O0 clep
37 perfect_data = withbboxdatareform.data
38 perfect_label = withbboxdatareform.label

39
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40

41

42 #0000000

43 #perfect_data = make_train_cutclip_andpose.data

44 #perfect_label = make_train_cutclip_andpose.label

45

46

47

48 #1000 00000 datasetval

49 dataset = torch.utils.data.TensorDataset(perfect_data, perfect_label)

50 r = int(0.95*1len(dataset))# ] 00000000 wal

51 train_dataset, val_dataset = torch.utils.data.random_split(dataset, [r
, len(dataset)-r])

52 M

53

54 Mhn

5 #0100 000000 Dataloder

56 #batch_size = 30

57 train_loader = Dataloader(train_dataset, batch_size=batch_size,
shuffle=True)

58 val_loader = Dataloader(val_dataset, batch_size=len(val_dataset),
shuffle=False)

59

60 print("dataset is_ ok")

61 #00000O0

62 class Simplemodel (nn.Module) :

63 def __init__(self):

64 super () . __init__()

65 self.fcl = nn.Linear(563, 1024)#1 0000 563

66 self.fc2 = nn.Linear(1024,1024)

67 self.fc3 = nn.Linear (1024, 26)#0 0000000 26

68 self.criterion = nn.BCEWithLogitsLoss()#1 000000

69 self.optimizer = optim.Adam(self.parameters(), 1r=0.0001)

70

71 def forward(self, x):

72 x = self.fcl(x)

73 x = F.relu(x)

74 x = self.fc2(x)

75 x = F.relu(x)

76 x = self.fc3(x)

77 return x



00 49

78

79 def train(model, data_loader):

80 #0000000000O0OOOOOOO0O

81 model .train()

82

83 # 00000000000 O0OO0OOOOOOOOODODOO0OO o

84 total_correct = 0

85 total_data_len = O

86

87 loss_mean = 0O

88

89 0000000 0OO00OO00OO0O,00000000000000000

train_loaderl

90 for j, (x, t) in enumerate(data_loader):

91 y = model(x) # OO0

92 model.optimizer.zero_grad() # 000000000 DODOOODOOOO

oo

93 loss = model.criterion(y, t) # 00000

94 loss.backward() # 00O 0OOO0OOO

95 model.optimizer.step() # 0O 0O

96

97 loss_mean += loss.item()

98

99 #00000000000O0O0O0O0OOOO

100 for i in range(len(t)): # 000D 0O0OOODOOO0DOODOOODOOO

ggoooo,

101 total_data_len += 1 # JUOUO0O0OOOO

102 #if index_y[i] == index_t[i]:

103 # total_correct += 1 # 00O OOOODODOO

104 count = torch.sum(t[i] == 1).itemQOQ#0 000000000
gooooooono 1

105 top_N_values, top_N_indices_kaitou = torch.topk(t[i],
cont)## 0O 0OO0O0OOOO
N)

106 top_N_indices_kaitou_list = top_N_indices_kaitou.tolist()#
ol o0o0o0odooooooooooooooon

107 #p'r"zl;:t( "top_N_indices_kattou_list = ",
top_N_indices_kaitou_list)

108 Al 0000000000

109 top_N_values, top_N_indices_syuturyoku = torch.topk(yl[i],
count)## 000000000
N)

110 top_N_indices_syuturyoku_list = top_N_indices_syuturyoku.
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tolistOQ#0 0 MO 00000000 DODOO0ODODOOODOOO
oozr

111 #print ("top_N_indices_syuturyoku_list =",
top_N_tindices_syuturyoku_list)

112 kyoutu = set(top_N_indices_kaitou_list) & set(
top_N_indices_syuturyoku_list)#] 00000000
oo

113

114 total_correct = total_correct + len(kyoutu)/len(
top_N_indices_kaitou_list)#1 000000000
oo

115

116 loss_mean = loss_mean / (j+1)

117

118 return total_correct, total_data_len, loss_mean

119

120 def test(model, data_loader):

121 #» 000000DODOOODO

122 model .eval()

123

124 #» 000000D00D0DOODOO0ODOOO0DOODOOODOOODOg o

125 total_data_len = O

126 total_correct = 0

127

128 loss_mean = O

129

130 for j, (x, t) in enumerate(data_loader):

131 y =model(x) # 000000O0O=

132 loss = model.criterion(y, t) # 00000

133 loss_mean += loss.item()

134

135 0000000 0OO0OO0OO0OO0OO0O

136 #print (t,"=t ", y ,"=Y")

137 #_, indexz_y = torch.maz(y, azis=1) # UL DOO0OOODOOOO

index

138 #_, index_t = torch.maz(t, azis=1) # OO0 <ndex

139

140 for i in range(len(t)): # 00000 OODOOODOODOOODOOO

opooooag,

141 total_data_len += 1 # JUOUOOUOOOO

142 #if index_y[i] == index_t[i]:

143 # total_correct += 1 # OO DOOOODODOO

144 count = torch.sum(t[i] == 1).itemQO#0 000000000
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145

146

147

148
149

150

151

152

153
154

155
156
157
158
159
160
161
162
163
164
165
166
167
168
169

170

171

gooooooono g
top_N_values, top_N_indices_kaitou = torch.topk(tl[i],

count)## D00 O0O0ODOOO
N
top_N_indices_kaitou_list = top_N_indices_kaitou.tolist()#

udaibooooooobooooobooaooo
}

#print ( "top_N_indices_kaitou_list = ",
top_N_indices_kaitou_list)

x10000gooooon

top_N_values, top_N_indices_syuturyoku = torch.topk(y[i],

count)## OO0 O0O0ODOOODO
N)
top_N_indices_syuturyoku_list = top_N_indices_syuturyoku.

tolistO#0 0 MO D000 O0OO0DO0O0ODOO0O0ODOO0ODOO
odz
#print ("top_N_indices_syuturyoku_list =",

top_N_indices_syuturyoku_list)
kyoutu = set(top_N_indices_kaitou_list) & set(

top_N_indices_syuturyoku_list)#1 00000000
0o

total_correct = total_correct + len(kyoutu)/len(

top_N_indices_kaitou_list)#] 000000000
0o

loss_mean = loss_mean / (j+1)

return total_correct, total_data_len, loss_mean

#000000O00O00O0OOOOOOOO
model = Simplemodel().to(device)

epochs = 50
record_train_loss = []
record_test_loss = []

for epoch in range(epochs) :
train_correct_len, train_data_len, train_loss = train(model,
train_loader)
test_correct_len, test_data_len, test_loss = test(model,

val_loader)
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172
173
174
175
176
177
178

179
180
181
182
183
184
185
186
187

train_acc = train_correct_len/train_data_len*100

test_acc = test_correct_len/test_data_len*x100

record_train_loss.append(train_loss)

record_test_loss.append(test_loss)

print (f"epoch={epoch}, train:{train_correct_len}/{train_data_len}({
train_acc:.2f}%), {train_loss:.5f}, test:{test_correct_len}/{
test_data_len}({test_acc:.2f}%), {test_loss:.5f}")

modelname = ’modelcutbybbox_’ + str(epoch)

#A1 00000000 clip

#PATH = ’./model_cutbybboz_poseandclip_plus20/’+ modelname

A1 0000000

PATH = °’./model_cutbybbox/’+ modelname

torch.save(model.state_dict () ,PATH) #0000 00O

A1 000000

#model = Simplemodel().to(device)

#model. load_state_dict(torch.load(PATH))

A20000000000000000000O0O0O0O0O0 A30D0OO

© 00 N O ot ok~ W N
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000000 A.3: test-cutbybbox.py

import

import
import

import

import
import

import

import matplotlib
matplotlib.pyplot as plt

__init__
vsrl_utils as vu

numpy as np

torch
clip
matplotlib.pyplot as plt

from PIL import Image

import
import

import

glob
os

numpy as np

from torch.utils.data import Datal.oader

from torch import nn

from torch.nn import functional as F

from torch import optim

import

test_withbboxdatareform
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20 import make_test_cutclip_andpose

21 from torch.autograd import Variable

22

23 import pickle

24

25 batch_size = 15 #000000000O0

26 coco = vu.load_coco()

27

28 #Load the VCOCO annotations for vcoco_train image set

29 vcoco_all = vu.load_vcoco(’vcoco_test’)

30 0 0000000000000

31 file_base_dir = os.path.expanduser("~/clip_prefix_caption/
CLIP_prefix_caption/ClipCap-for-Japanese/val2014/")

32

33 device = torch.device(’cuda’ if torch.cuda.is_available() else ’cpu’)

3¢ 100D 0O0O0O0

35 perfect_data = test_withbboxdatareform.data

36 perfect_label = test_withbboxdatareform.label

37

33 0000000

39 #perfect_data = make_test_cutclip_andpose.data

40 #perfect_label = make_test_cutclip_andpose.label

41

42 #A10000000U datasetval

43 dataset = torch.utils.data.TensorDataset(perfect_data, perfect_label)

44 test_loader = Dataloader(dataset, batch_size=len(dataset), shuffle=
False)

45

46 print("dataset,is ok")

47 #OQOGQOOO

48 class Simplemodel (nn.Module) :

49 def __init__(self):

50 super().__init__()

51 self.fcl = nn.Linear (563, 1024)#1 0000 563

52 self.fc2 = nn.Linear(1024,1024)

53 self.fc3 = nn.Linear(1024, 26)#J 0000000 26

54 self.criterion = nn.BCEWithLogitsLoss()#1 000000

55 self.optimizer = optim.Adam(self.parameters(), 1r=0.0001)

56

57 def forward(self, x):

58 x = self.fcl(x)
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59 x = F.relu(x)

60 x = self.fc2(x)

61 x = F.relu(x)

62 x = self.fc3(x)

63 return x

64

65

66 def test(model, data_loader):

67 U0000O0O00OOOO0O0O

68 model.eval ()

69

70 U000O0O0O0OOO0O0OOO0O0O0OO0O0O0OO00O0O0O0 o

71 total_data_len = O

72 total_correct = 0

73

74 loss_mean = 0

75

76 for j, (x, t) in enumerate(data_loader):

77 y =model(x) # 0000000=

78 loss = model.criterion(y, t) # 00000

79 loss_mean += loss.item()

80

81 # 0000000000000 O0O0OO0O

82 #print(t,"=t ", y ,"=Y")

83 #_, index_y = torch.maz(y, azis=1) # UU DO DOOOUOOODOOO

index

84 #_, index_t = torch.maz(t, azis=1) # OO0 <ndex

85

86 for i in range(len(t)): # 0000 0OD0O0OODOODOODOOODOODO

gooooo,

87 total_data_len += 1 # 0000000

88 #if index_y[i] == index_t[i]:

89 # total_correct += 1 # U UOU0O0OOOO0O

90 count = torch.sum(t[i] == 1).itemQO)#0 000000000
goodooodgo 1

91 top_N_values, top_N_indices_kaitou = torch.topk(tl[i],
count)## DO O0OO0ODOOO
1)

92 top_N_indices_kaitou_list = top_N_indices_kaitou.tolist()#
Oo0nOo00o0ooooooooooooooon

93 #priit( "top_N_indices_kaitou_list = ",

top_N_indices_kaitou_list)
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94 #10000000000

95 top_N_values, top_N_indices_syuturyoku = torch.topk(y[i],
count)## 000000000
N)

96 top_N_indices_syuturyoku_list = top_N_indices_syuturyoku.
tolistOQ#0 0 MO OO000O0OO0OODODOO0ODODOOODODOO
Oogdzr

97 #print ("top_N_indices_syuturyoku_list =",
top_N_indices_syuturyoku_list)

98 kyoutu = set(top_N_indices_kaitou_list) & set(
top_N_indices_syuturyoku_list)#1 00000000
oo

99

100 total_correct = total_correct + len(kyoutu)/len(
top_N_indices_kaitou_list)#1 000000000
0o

101

102

103 loss_mean = loss_mean / (j+1)

104

105 return total_correct, total_data_len, loss_mean

106

107

108 def test2(model, data_loader):

109 #» J00000D0O0CO0ODOO

110 model .eval()

111

112 #» J0000000O00D0OOO0ODOOOODOOOOOOOO0 o

113 total_data_len = O

114 total_correct = O

115

116 loss_mean = O

117

118 for j, (x, t) in enumerate(data_loader):

119 y =model(x) # 000000O0O=

120 loss = model.criterion(y, t) # 00000

121 loss_mean += loss.item()

122

123 #» 0000000000DODOO0ODOOO

124 #print (t, "=t ", y ,"=Y")

125 #_, indez_y = torch.maz(y, azis=1) # U U DO0O0O0OOOOOO

index
126 #_, index_t = torch.maz(t, azis=1) # U U0 <ndex
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127
128

129
130
131
132

133

134

135

136
137

138

139

140

141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156

for i in range(len(t)): # 0000 0OD0O0OODOODOODOOODOODO

gooooo,

total_data_len += 1 20 000O0OOO0O

#1f index_y[i] == index_t[<]:

# total_correct += 1 # UU U O0ODOOODOO

count = torch.sum(t[i] == 1).itemQO#0 000000000
gooooooono z

top_N_values, top_N_indices_kaitou = torch.topk(tl[i],

count)## 0O 00OO0OODO
N)
top_N_indices_kaitou_list = top_N_indices_kaitou.tolist()#

ugdanboooogooboooooboooooo
}

#print ( "top_N_indices_kaitou_list = ",
top_N_indices_kaitou_list)

£ 0000000000

top_N_values, top_N_indices_syuturyoku = torch.topk(y[i],

count)## 00 O000O0OOODO
N)
top_N_indices_syuturyoku_list = top_N_indices_syuturyoku.

tolistO#0 0 IO O0O000O0O0ODODOOOOCOCOODOOO
odz
#print ("top_N_indices_syuturyoku_list =",

top_N_indices_syuturyoku_list)
kyoutu = set(top_N_indices_kaitou_list) & set(

top_N_indices_syuturyoku_list)#1 00000000
oo

if len(kyoutu) ==count:

total_correct += 1000000000000

loss_mean = loss_mean / (j+1)

return total_correct, total_data_len, loss_mean

Simplemodel () .to(device)
while i < 50:
modelname = ’modelcutbybbox_’ + str(i)
#1 000000
#PATH = ’./model_cutbybboz_poseandclip_plus20/’+ modelname
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157 xl000oooa

158 PATH = ’./model_cutbybbox/’+ modelname

159 model.load_state_dict (torch.load (PATH))

160 test_correct_len, test_data_len, test_loss = test2(model,
test_loader)

161

162 record_test_loss = []

163 test_acc = test_correct_len/test_data_len*100

164 record_test_loss.append(test_loss)

165 print (£"i:{i},test:{test_correct_len}/{test_data_len}({test_acc:.2f

166

¥4 ,u{test_loss:.5f}")

i +=1
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