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naun1aglanadNsa liLinAn My

a

2. lau31s OpenPose \luATasilalunismqadnAynallsc&nsnnanga

o o A o

3. NMIANAANIANBIUEAINAARTATYUANINUBAINYNUATTZHEUNTENINIAANATY

Aaal A o o A yy
@q@NQﬁW@’]N’]?ﬂ@ﬂﬂﬂm@ﬂﬂm:ﬁgﬂ LL‘].I‘].I@LLi@


https://towardsdatascience.com/realtime-multiple-person-2d-pose-estimation-using-tensorflow2-x-93e4c156d45f
https://towardsdatascience.com/realtime-multiple-person-2d-pose-estimation-using-tensorflow2-x-93e4c156d45f
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lunudduaial gadulddnwenaisuazeuddeninasdes uazldinaueniu
vindasialll

1. dpdusranienyel

= ¥ a =K

- NsEeuiTan
- nsdszrnnrinnieesiyse
. NNIAIVRILAEATY
. 1au913 MoblieNets

. NNFASNLLUANaBIR8 ANN

~N OO o~ W N

a o A dl ¥
- AsENades
2.1 Andauseme Ny
nzannauAnsa aduseddilalassaieresnyedd Inalaseainezessienie
wyweaanidu 7 4o laun Aswe nezgn@lagg wau 2 499 n3zgNIEINTIU wazE 2 419 A

nndsznay 2 FeumAazdunnatauuesAlsznaudnAty Tunnmnannewauea (5]

Asue — ‘
M D -
s~ ,» 74 \ —

uwy |
R < X/ -/( \ |
Flass - | o

§’ | 1
nsEgnidensu ﬁf __h S : !

AMnLsznad 2 @dulsenataadsienie

P Hampton, M. (2009). Figure Drawing: Design and Invention (2nd edition).

United States: Michael Hampton.
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NTLANAUNAY Lﬂummm‘rﬁuﬂmlum?ﬁq INAAINYNAesTaIdndau Tnadndauansnyuel
Yuriumse wiaeentily 4 491 lawa A) anAswenelin B) antndef C) aanfuieuas D)
ANNUBIDNIN [6] ANAGL Aanwilsrnay 3 Lﬂu'ﬁugmmﬂmqLwi@m'qmméfmﬂw

Nl

ANUIENBL 3 NSEULATARd1 A) AnAsEEDanad B) anAaiaazinn C) angasinn

=® 1 1 KR E%
LN D) A1k aNnN

AN Hart, C. (2014). Figure It Out! Human Proportions: Draw the Head and

Figure Right Every Time (lllustrated edition). New York: Drawing with Christopher Hart.

=

2.2 N515EUSIEEN
= ya K dl . . = v a K g ¥
n1slraufimeaniugnuuilaras machine learning Tnginnsausideaniugn’ld
BENINANNUING 1T m?mqﬁmq (object recognition) mmmﬂ-ﬁﬂgmmu (pattern recognition)
N19UITNIANANIHIFIINTIR (natural language processing) kazN13UszuaKAgLAN
(image processing)
1N348An1 machine learning lalauean TRanssunN1sFUUMAELLLLBIANN S
m@\‘m”]'a‘l,?iluf@ﬁﬂ Taun deep artificial neural networks, convolutional neural networks,

deep belief networks LA g recurrent neural network Feinnsununldeuet1aunsvane



o o ¢

Tunnspaniowmaiied (computer vision) ¥AEANY LW N19aAAALNYA N19LEHIANA
NHNBIINTNR N17anaAeN [7] Telueuddsazyaie 2 dadalaun doseulnifa uay
Hoseuiliniisanauligiu

2.2.1 H250uULiinnsA

1 v
A o

Tn79uHRA5A (neural networks) WIWIELUNNENLNI VLA NDUALNNTNNNI UL

= ¥

d‘ IS = % c di b4 o = o
TLUUANDY TINNTEUIUNTTLTUUSTDIN Y el LW@I‘ML?ﬂuggﬂLLUUﬂWﬁ‘@ﬁ’Q’]LL‘U‘UL@ﬂQﬂUﬂW?

o a‘d‘ o o £ % o ] = o
NWNIULDIANDIN U 1+e) Gﬁqquumam%‘muuwmaLﬂjﬂﬂmimqmwﬂizmmmu %mvl,ﬂ

(% ] 1
a

o . A o [ ¥
TUNEaY (hidden layer) LW@Vﬂﬂ’Wﬁ‘ﬂ??&NQ@N@‘ﬂ‘ﬂﬂﬂ’]LﬂuN@@Wﬁﬂ@ﬁﬂl@H@

|
s A a I

TAr9t8sza e N AN UIENI1IN1UNLANAGALTENGT T2981 (neural)

q

Tassafemsnindsznay 4 Mndiuanuanldannusaznguasnanniu wazdwanidunns

NN AR LUANN1IN (1)

fO)= YL, WX;+b (1)
y
ne W WNUANUNTLN
b WNUANANNLEULBE
n wnuaUauedeladn

ANszney 4 Tpsea519199tinsauinLRTA



111 savannah logan, Nov 28, 2017. Understanding the Structure of Neural Networks

v

AUFUAIN https://becominghuman.ai/understanding-the-structure-of-neural-networks-

1fabbd17fef0

o

a @ a
2.2.2 Arsauiaisanaulogdu

Hazauiilmisanaulagdi (convolutional neural network) Liulassdng

Usza NN EaNUs TN U N9ABNAUNIANUIAEN A IUNN3TUENAAA NN Tae

o

dnaglddayasudrainginiwudawdusninduun 2 8fvse 3 NFluamenlasetie

a

dszaminanuuusssuauneiudayaddt 1 Afalaseaisrasliasednalscainines

paulagdullivaagluuy [7] Asnmdsenau 5

3 =N
g
-] o

Xk
A o ~o
° Mo
° Mo
o o
(-] o
3 °
3 °
. B o o
convolution + max poolmg vec a k

nonlinearity | °
L |
convolution + pooling layers fully connected layers ~ Nx binary classification

niseneu 5 Tassdneslszaminennaulagdu

AN dshahid380, Feb 25, 2019. Convolutional Neural Network AUAUAIN

https://towardsdatascience.com/covolutional-neural-network-cb0883dd6529

v 1
o o I

Tasvataaasiaseinaszarmninauneulagdi dugnesnuuusiienisia

ANAINNTD luNIsaT A AUAN HIUE A IMFUNNA LN (classification) ARaqdasiuglnin
a 3 o o a ¥ 1o Y dl
anivluifaqiiugninuusdnlillddesanninuiy uwddedpesnanysdlunisaanuuy
% ] v 1 Z’/ o :I/ AQI a
antTnenssnwes neural network Iaglsznausog 4 dou laun dunsulagdi duyads i
19an19vmeulagdu uazdunismen teauanguuy
1. 4unauligiu
v v i !
fupauligdis (convolutional layer) WuguAvinmEinAnI AUANHTAINNEN

193dayaginIn T9N197119114849 convolutional layer HIBN1TANUIDUNOMNTUIBILAANT


https://becominghuman.ai/understanding-the-structure-of-neural-networks-1fa5bd17fef0
https://becominghuman.ai/understanding-the-structure-of-neural-networks-1fa5bd17fef0
https://towardsdatascience.com/covolutional-neural-network-cb0883dd6529
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P ! )y o & A, , . o
T938N97 feature map AreN13tN WU udaa3ln I (sub-region) lilAMuanuuuy dot
product fiuLAasUaa (kernel) Iael kernel NINKNNATUIDIABINTWIALANNEIFLNIN T9nNg
ANLITLARY convolutional layer [1] Aen wdszney 6

Blue Channel Previous Patch (3x3) (Obtained after

Matrix Current Patch (3x3)  sliding from
- previous position

~ by 1 unit, i.e. .
— Stride = 1 unit) Activation
T Map
9 1 0 + +
rccl rcc2

3 8 6

39 17

177| 63 | 25 15— 7 ° L7 | o

L Py

A
Kernel (or Filter) Matrix (Sum of

Green Channel Matrix .
Red Channel Matrix values = 2)

nwisznay 6 Tuasulagdu (convolution layer)

11 Abhineet Saxena, June 29, 2016. Convolutional Neural Networks (CNNs):

An lllustrated Explanation AUAWANN hitps:/blog.xrds.acm.org/wp-

content/uploads/2016/06/Figure 2.png

1 v

A nnnUsznay 6 wasliuaneuz AN UANINANNYINTIa9TaIAN AN 3 &
o
7

TAUA IUNINTEIAAUIRU LNNINTEa9R AL LALINVINTE9A LAY IALENWFAINTRILNNING
= 1 & a o dl o o % = [~3
(381791 1AAuA TRHANNAINATRAINTANIUIA 3 x 3 NAUNNIAIL L TN IW R AU ALAN A
ndgdnnwias

2. FUNARY

FUNART (pooling layer) HqnLlszasriierinnisanuInesdayaiiniunis
pauligfunudotaninnseiuduaaulagdy uifianaldanlufasiinnseiuase i
=£I ‘é/ 1o ¢£I tal t:ll tﬂla a v [ aa A
Teazauagiunisaanuuuan1Tnanssy [1] Fennswasenidunfiaudsoani 2 35 An N9y
ARIULILWIAININTIAR LATNIINARILLUNIALRAE

2.1 MIYNWARILLLMAINNTGR
NNYINTWARILLILUNAININTGA (max pooling) HWABARLNUNINANE

unlunudsuiuasulagiuuualassdnalszaminanluaqiiu Inauannisinauiie


https://blog.xrds.acm.org/wp-content/uploads/2016/06/Figure_2.png
https://blog.xrds.acm.org/wp-content/uploads/2016/06/Figure_2.png
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mwgmmmﬁmﬂumﬁﬂsﬁ’ﬁﬁmummmﬂf’m * €119 %uvg@'ﬁ'q%v‘hm?mmLw?ﬂsﬁ’ﬁmﬂ
ﬁqm deudaadusmrsndlusl danmilszney 7
2.2 MSTNARILLLIN AR
mw‘immﬁmwummmﬁﬂ (average pooling) Lﬂﬁ%ﬂﬁﬂ@@?}luuﬁﬂuﬁu

= | i~ | e emn v N S v & =
NITNARILLLAIATNINNGA LLmma@‘w'ﬁfvﬂ,mmnmm@m@uﬂumm@ﬂ TIUARQ ILALDNNNT

1 v
a o

WReLNLREeINIIIIWaRIIIAaIuLIL AInwilsznay 7

max pooling
20| 30
112| 37
12120|30| O
8112120
34170137| 4 average pooling
112/100] 25 | 12 13 8
79|20

v 1
A lseney 7 GunNa’Ag (pooling layer)

11 Sumit Saha, Dec 16, 2018. A Comprehensive Guide to Convolutional

Neural Networks — the ELI5 way AUAUANN https://towardsdatascience.com/a-

comprehensive-guide-to-convolutional-neural-networks-the-eli5-way-3bd2b1164a53

annnntlsenay 7 kanslFuNIIIINaASLLLNIANNINAGA (max pooling) Tdf
WANNIYINNURaN NG NuLaANTEVENGN A UuATUIANGIS * 8n0FUNARIAZTIIN1IIN
ANUVEINGNNINTGA 49UN1IVWARILLLINNANLRAE (average pooling) THMANN9¥1911
o : o e . AN 4
Wanmgnudasanduwyizndiiuunauiandie * eredunaaeasiinisAiedsnislu

a o a a—dld ! dl

iwvisnduazuannaeanidusuuuiyisndnEAaae

3. 1imrainsvinaauligdu

niinreaniinaaulagdu (convolution type) tlunisvinmaulagiusiae iy

waneaia aln narrow convolution, wide convolution, stride size, number of filters GRYR!


https://towardsdatascience.com/a-comprehensive-guide-to-convolutional-neural-networks-the-eli5-way-3bd2b1164a53
https://towardsdatascience.com/a-comprehensive-guide-to-convolutional-neural-networks-the-eli5-way-3bd2b1164a53
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o

nsaeuligduiiiiusonsesniinvinnisaenuvisndinefusdi uazdinadansandnig

¥ o k4

Maaulgiunideyasudnawn N * N Ausansesawn M * M aglgiwvisndauin (N-M+1)

*(N-M+1) [1]

4
o

4, ﬁumsﬁfaﬂﬂuﬁugﬂuuu (fully connected layer)

Y 4 < Y 4 <
FunisimanlaaANgluuy (fully connected layer) taadunisizanlaatin

suny uduseugaieasstaseidnisareuligdu alsenaussdunauligiunaydu

a A

= @ > L A, | Y . Aaa g < &
waas Aan1sen ANy luduneuidaldeuslududeanuiaseuagdauniia @9
thasauusaztivsauariidulaeiuiivsauynsisluduneuneuntirtiuayiaueannao ludumnay
dnld M linisAuanuuudslddauanumin (feed forward) uaznisnszasuuudaUNAL

(backpropagation) @ x1sann LA [1]

2.3 Msilszanavinnieuanyue
1 c s J [ va
n19U3Tn1uvianneee9n s (human pose estimation) [8] @adnsaufudgelud
Usz@nBnmnn Tnan9iEausiTean (deep learning) waznMssstduinIuLLINelLIL 2

17 dwanunsaudsls 2 sluuu Ae top-down uaz bottom-up TneiusiazgilutuazEuaInnis

1
o o ) o o

gdnmidnaednFty eNqad Aty lulAfaIe uazuaAINAaNS AanINLsEney 8

7. q

Top-Down Approach Pipeline

/ input Human J [ Post output
. . image / detection processing Result
2D Pose Estimation

AMTUTETUN TN

Keypoints
estimationfor
detected box

wuuNyes W 2 38

Bottom-up Approach Pipeline
Input KeyPoints Keypoints Post output
image detection grouping processing Result

NNUsENay 8 N1IVNNULAAZIULIUIN13UsT WY MIRLILNYEeluLL 2 N5




13

Tunsanuunyimieaasiyeel lugosiaatsnunn dn1swmuinislssidurionig

WL 2 HF BIRINITDRBUINITANWLNYIN INALLL ARSI LA AN EALUN AN UWLe [9] alu

!
o as A v o

laqiiudanasnuinldluntsdszuinurianieaeanyse (human pose estimation) NFANAY
ataunsnanaifeiuet 2 35013 Ao N1IANUUNSANSTNNULLILIUAIANN (top-down) LAY

N179UNAANBINNHLLIANNTULL (bottom-up) [10]
2.3.1 TOP-DOWN

nsdszidunian1sreanym e uuy top-down atinanidnldlunszuaunis

AINANT AININszna (9a) aziinisnsaadumyaran g lun I AanIwLsznay (9b) Waa

=

¥11N199129LUATALYLAAANITENIT bounding box WAAYIIN1TAALNNAIULBININ (crop)

[ [ % 1

WANINNINNRARIATY WHAZAATININLAAZLAAR AININLsEnaL (9c) HaaINITaM

Vi’W]N‘ﬂ‘ﬂﬂlqlﬂﬁ@ AIN WU gznay (9d) 199n10 I a9t NN LA IR L AAS [8] Ad

3

A ndsznau (9e) WuaRALNIZUIUNIININNULLL top-down

(a)

NLsTNau 9 NITUAUNIYINNL top-down Tnel a) NWBUWA b) Ansauyaaalunw c)
AN NULEIAZLAAR d) A7 keypoints 184 pose waraFNlAsINIzgnTITanitIznIng

keypoints ) 99NN

AN Dang, Q., Yin, J., Wang, B., & Zheng, W. (2019). Deep learning based 2D

human pose estimation: A survey. Tsinghua Science and Technology, 24(6), 663-676.

2.3.2 BOTTOM-UP

N19UeENNYIINI0IN el WU bottom-up LHBEININIEINIZLIUNNT A

o o 1

nwtlsznad (10a) aziingmnammumiiqadiAtyusiazqanagnielunin danandseney



14

o [ 1

(10b) wALMNNITUTTHIANATDIAARIATYIBINAAEL AR LazATIelATINIzANITaNY

PENTNVINMNNLBIFATYAAR [8] AININLsznay (10c) 1UEUALNITLIUNITNINIULLIL

bottom-up

(a) (b) (©)

nwnsEnay 10 NFELIUNIINNNU bottom-up 1atl a) NINBUNA b) M1AREIATYURATA I

o o 1

NI ) #59NTEANNImaNUIENINNAARI ALY TIUAAZLAAR WA N

P Dang, Q., Yin, J., Wang, B., & Zheng, W. (2019). Deep learning based 2D

human pose estimation: A survey. Tsinghua Science and Technology, 24(6), 663-676.

o Qv

24 msmqqﬁuqmmﬂm

@

[

NN9M3IAAURAAIATY (keypoint detection) Hgtluuulunisnsaadudasiasing |99

1 o‘ni! ZJ/ = o U = dd! al v A £ 1 o A
Fananywe feduseunandudevaanldlausisdel liiaanlduainuanausgadeiasn

WFaLeusEdne PoseNet Laz OpenPose lun1sudneiedanasaneAa1N1sansaaL

2.4.1 PoseNet

PoseNets [11] {un13iszanawinnigassnyuel (human pose estimation) 1ae
¥ 1915 tensorflow uanaInRIATaai91ATIEEN1919U d1uNT0LlITIANALLIL
Baglnad Gannstszannyinnag (pose estimation) Fumefianisuasdiudianaufiamesi
parasuglierasystlunmuaiale munszuaunsmsiusan e e sn sy
qndAty 1o FaTlAATLLUAINNIERITY (confidence score) 351914 0.0 B4 1.0 3ae 1.0 iy
Azuungagn tnatlsz@vEnImaes th-pose-estimation azusnseiullanginsniuas stride
(heatmaps and offset vectors) FIULUANA09AL U AN N AN AN NG N 5D

v
ynwasuknnsuatiulng A tiednnmazgnantuaise LN gAN9n tpose-

estimation @1N130NUUAAN TR AN BN UMY stride TILTUFINIUUATIRZAATUIA
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[ dl = o a; ¥ dl v A 1 & [ &
mewmLu@mammmmmwmﬂmmﬂﬂ IIHNUNHNARNAUAUIAUBRILA LE]@?LL@ZE‘H LULNRANT

84 stride 11nwinlaanuazidanvevanesiulassinauazian e Aaztadanas lunis

[

ANHUNI9Y stride 1891816WAAINNTONAN 8 16 138 32 1 stride 183116WA 389 32 A

denalisrAnsnmiidangausmnuuiug A Ngn Tuanieh stride 121076WA 2949 8 Az

!
TWAauudutgegn witse@nsninndnge TnauuzinldiZususae stride 16 A3

Awisznad 11

lower
accuracy

Taster

32
8x8x17

16

15x15x17

input image

225 x 225
(width x height)

29x29x17 slower higher
heatmap accuracy

output stride
o =2 . =
AWU9ZNAL 11 NNINNU PoseNet @94 stride 8, 16 1198 32

11 Tensorflow, (2021). Pose estimation AUAUANN

https://www.tensorflow.org/lite/examples/pose _estimation/overview

AINNITLIBNININAIININY FUULLTRY PoseNet wn1zdmiLualnaAduie
A ¥ a o = 1 n&l ndl =3 o Y
neuaznisdadnllluuendndis Inadqaanuzesauinsesiinanianandudanaesnsy
1lszananaiAoudntios [12]
2.4.2 OpenPose

OpenPose LuN13137810711919 (pose estimation) Lafs9aaLUI9ARIATY
LULMANEAY TALNUINIANN NUIINUNAY Carnegie Mellon University (CMU) [13] Thel

v
OpenPose ldan1tTnanssauiuy CNN ausnszyaadiAyuulunty Hauaziin wiauna


https://www.tensorflow.org/lite/examples/pose_estimation/overview
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seydaseresiananysdaInn Il avqndrAyiuiesnunldaiuisasyydudausianig
¥

=

v U ¥ 1 1 ¥ v dj o a‘d‘ 1%
I/LC"WLLﬂ AN Y AN AN UBABN 114@ 121 Tadia dain wazazInn “ﬁ\iNﬂ@WﬁWi@@Wﬂﬂ’]?ﬂﬁ‘ZNQ@Nﬂ

TnansBunaninann azlaand1Atyyia 18 9a MNENT99 1 [14]

& q

o [ % o

B9 1 AARIATYUAZTOAI UM BIAF ALY

o

ARRATY FemumaasaadiAny
PO Nose
P1 Neck
P2 Right Shoulder
P3 Right Elbow
P4 Right Wrist
P5 Left Shoulder
P6 Left Elbow
P7 Left Wrist
P8 Right Hip
P9 Right Knee
P10 Right Ankle
P11 Left Hip
P12 Left Knee
P13 Left Ankle
P14 Right Eye
P15 Left Eye
P16 Right Ear

P17 Left Ear
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Tuinaa89 OpenPose [13] 111911 U MoblieNet [15] HqnilszasAaainsii
Tuwaliiauiuaz lddasya training angadaya COCO datasets [16] Inautiuanaas

N13U72H NN NN TATIAT 19894 D11 TRENTINNNFUILRWYINNG Aan Il sznan 12

Suge 1 Seapge 2
Branch | Lozs] Branch | Loss{
! P
T - E
1 -
—= | Convs || T Convs W wxH
W L " g
& % 2
] o e
el 3 +
= = S e— &
== | Convs - Convs -E R
WxH WxH = ‘
—| &
N
T i -
Suage 1 1 :’..t“.
Mranch 2 Loss! Benach 2 Loss}

nwdsenal 12 n1InenuLes pose estimation

11 : Chen, X., Zhou, Z., Ying, Y., & Qi, D. (2019, July 2019). Real-time Human
Segmentation using Pose Skeleton Map. Paper presented at the 2019 Chinese Control

Conference (CCC).

poaanilnanssnnuinnld § 2 branches uaz 2 stage svuvazilauglnin
e W * H Tnaigininazyingueinu MoblieNet tweasnuaneue (feature) 1ngl stage 1 ax

v
ueinaaniily 2 branches Aail

1. branches 1 NsauAdn azldRudanwuzynuaangAyRvd ldaingnin

1 v 1 1
waagIqad ATy IMINN Al BAraruimeduiniiuqadasaaassnaniauysedagfinmi

u

¥

Tiutig
2. branches 2 N7aUAUNIIU azldAuanwmeiIuIauIfaAg1 ATy N

q

AHANAUsIzIdedasie NununlanianumesiuaeslasansegnuAardounassene

nywedeeumdlnuing

Walduaann stage 1 azlarnassusazqanddnyuazanassiasanseanusay

o

v
o o

dauszndneqednAtyiinisniuieldlu stage 2 wazfivinduiiau stage 1 qaving azls
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ANBUMINqARIATYUAAzaR wazAlATaNsTgnuAazdIu e A 2 dautifiaziinun map

AuN WEWAN A Aannilsznay 12

2.5 1811913 MobileNets

MobileNets [15] tlugtlutiunigtszunnuyianig (pose estimation) tWags9aaLuY

o o d‘ o v 1 = a a . .

‘M’Wﬁ&’lﬁﬂg%ﬁ/]’ld’]iﬂﬂﬂﬂﬂﬂﬂ?t@%ﬁwafmﬁ\lgﬂLL‘LI‘U convolutions Tatl depthwise
convolutions k14l® convolutions Aumns1aruLLaaantdu 2 asn4Aa depthwise
convolution Wa g pointwise convolution BBNAINUAIA@Y hyperparameters Tudazgn
wun 14l MobileNets Tedaeliilsznaanalaifannusfasuaniuaugniesnanas ws
Tuﬂ@ﬂﬁuﬁ MobileNetV1 finnann Google Al depthwise separable convolution [17] 1

ARTUNALAZANTUTRUIBILLLANARY AININLTzNaL 13

Depthwise Convolu-

2 Pointwise Convolution
tion

nisenay 13 Tasvtnailsyaminanaaulagdis 2 uiin depthwise waz pointwise

N : Ke, K., Yin, Z., Wu, M., & Wu, Z. (2019). Depthwise separable convolution
architectures for plant disease classification. Computers and Electronics in Agriculture,

165, 104948.

2.6 MIRTNULLIIRRIAE ANN

n3aF1auuLanaedsag ANN Ae gaaediaetiasendnedunnuazian e tnad An
tuin(weight) @anszndne 2 Al Insilsznaudas dudunes 1 44 ieasnavetiias 1
Y AP . o - P S
fu wazduesmm 194 Inalasetnadszaminenazizauilnanisdiuaiimin veenng
= ' = o TR T oA a a \ af &
dewsie Ingaziinisdniananiminougn Wedszdnsninvesiassdneasniu Ineugnu

m@qma‘ﬁmmi@ ANN d18190uLNaanww 2 Usznn ﬁ@ feed-forward network LLas recurrent
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network f4lAseaineIlsza NN feed-forward network azldausanqan il lunAnig
el wAlATANEUIEANMNNLLIL recurrent network AZITANFABNUIENAINTDLN AT

Tusend9an1slnaLs (training) A utinMimassellluusiaslnunazgnilfulmuunzas

|
¥

! . = | o = o Ao 2 ANy aa d Y ,
QUﬂquﬁ?\jmqﬂ@:ﬁﬁJﬂquLLﬁJuﬁlqﬂﬂﬁ‘:ﬁﬁUVlﬂqﬁuﬂ EINEY 'ﬂﬁﬂ/]@qﬂq?ﬂL?ﬂugmﬂﬂ:ﬁm'ﬂﬂtﬂ?ﬂmqﬂ
v P [% v 1 o
1@@I@ﬂ artificial neural network Zﬁﬂmﬂiﬂhx‘lﬂuimﬁa’mﬂﬂ’mgﬂLLUU1NQW@:LﬂuﬂW?@m@W

guuun nsunnel wetnAiadunisgaiia nsfani@es s

' '
o o =X

ANN Husruunislsusandudandsaiuisadasulansairanialulanadaniy
v A, . % . 4, 4 T A
fayandaeiru nenisdiuaiivinaesnisaesse mnsaeausaLAarAalA1IuEng
4 CY e a oA . 4 o e % o4
Neaded Inapntivin Ae AAINAILANTTIGNN 2 Tnus TeEn1sUsuAiimin el il
o & ac = Ddla dvd”
HARNS 1AeRENIFeugnten Jaail

1
=

. . a dl ¥ o aid 1

1. Supervised learning vlwmalaNNeade9iUNFHNBLINARAINAAIANTD

TAgeang
. - a n:ll k% d‘ 1= o ] dld o

2. Unsupervised learning \lumatiafiaz ldile lidgasaatnanimnay

3. Reinforcement learning Lﬂuﬂﬂﬁ‘ﬁmﬁu%uuﬁuﬁﬁu‘mﬂiﬂL'&uﬂ bUEann
ANTNLIAFAN

gﬂLLuuﬁﬂzﬁ’lﬂ'ﬂ feature vector N1l M&115U ANN (Artificial Neural Network) [18]
o dl dl o o Y ¥ 4‘ ¥

Inndszneu 14 F9annnsanazaniunlssinnlun1ssanunanyatsgadeya Mgateya

utiheanidy 2 491 Ae training phase Laz test phase Taaid training phase azldd115unns
Beiuilasetng (learing of network) UAY test phase ld@uiLTAAMNLILETEINTFATUUN

dszinn Tuntsuthgadeyaszrianisguan Tnaen parameters daulugiazdl input node

output node waz hidden layer T4AYNANMUARILAIUIBAIAT
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nilsznay 14 Tasgaineszaininey

1" Conor Mc., Dec 22, 2017. Machine learning fundamentals (Il): Neural

networks ALAWANN https://towardsdatascience.com/machine-learning-fundamentals-ii-

neural-networks-f1e7b2cb3eef

2.7 UL N TR

ludauregiadearuiddaninaadea Z Cao, T. Simon, S.-E. Wei, and V.
Sheikh.,2016 [4] ladn 3wl laus3nTed1 OpenPose [19] TAgssLLAzUseNaaNALLIL
- s o o e il 7 - 1y o = |
Faalnd drusunismsaaduqadiAnyaessenianyel de 1 wasluwin daludouaes

lausisll Annslderuiuadnsunsuanaluifaqiiu 201, [21], [14], [13], [12] wanannil

OpenPose fl9u790¢ lulatsnTuas OpenCV [22] Tnagaansaatineeuisaninaadas
taue 3 Wdedsil

2.7.1 UNAINNARELFRY Human posture classification using skeleton information
Tna [21]

nMsvinguiznaIningnnanBumasidaaua 146 gulaaugautiuvzeiianu

o

£ 1
e tneldlausns OpenPose lunnsuanamuantmguiunisdnlszinnvinguuasziis Tng

sruvaldaUBunaLazaFIuR AN LMNT899ARNATYTY 18 4R TaBNsNRNaaNNIAY

o

Hulasesranszgnueed Aanndsznay 15


https://towardsdatascience.com/machine-learning-fundamentals-ii-neural-networks-f1e7b2cb3eef
https://towardsdatascience.com/machine-learning-fundamentals-ii-neural-networks-f1e7b2cb3eef
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andszney 15 sumsdesenlsiuainnisldlausns OpenPose

AN Ghazal, S., & Khan, U. S. (2018, March 2018). Human posture
classification using skeleton information. Paper presented at the 2018 International

Conference on Computing, Mathematics and Engineering Technologies (iCOMET).

n1sRsaauyinnsaesanlunnilalngande OpenPose TnannsaninAuan My

[ [ %

BIANTBIYNIATTTAZUNNTEUI AR ATY TRAIN A8 10 ATUAN T Farnl s uun
sewInannauasingin reantsvnauaesdaneifiunissiuunyingeinduild s Aoy
LLﬂJuéﬁ@gjﬁ 95%

2.7.2 UVIﬂQﬁua'iJilL?l"m OpenPose’s Evaluation in The Video Traditional Martial
Arts Presentation lug@quaas [23]

TN AL iEualild Convolutional Neural Network (CNN) Tun1sdszaunod

o a

qndrAtyuazdesiaresfatznisfesiuialuuuy 2 86 udaruadwsnlavindugluny 3
15 Tnaldn9sdnannqadndty drufunisszidiunisilszinurinnie 4iuma CNN Aa CPM
(Convolutional Pose Machine) IaaifFeuieugadayanldlunisinausud iy CPM Aa

1adaya MSCOCO Keypoints Challenge ka% Human3.6m san nisznay 16
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Input image 2-D pose estimation Depth image

Trained CPM
on COCO
dataset
(Method 1)

Projecting 2-D
results to 3-D

space

CNN model for Result of

lnp{tgén;?ge estimating 2-D Huorggn
key points est?malion

Trained CPM
on
Human 3.6M
dataset
{(Method 2)

Resultin 3-D
space

J

2-D CompaTrative Study

6 o o &

nwilsznay 16 NswFaunauNIeLsuiiuinnIaNyee 2 J5 Aunaang 3 N5

AN Le, V., Nguyen, T., Tran, N., & Pham, T. (2019, Sep. 2019). OpenPose’s
Evaluation in The Video Traditional Martial Arts Presentation. Paper presented at the

2019 19th International Symposium on Communications and Information Technologies

(ISCIT).

N1911 OpenPose N1U5ztiWyinn19ann VDO Aavlznistaaniusa anniw 3 Nf
Tnanisdsziiuvianneldnisdn aoanentvesdesie yuuadtase wazszazidoauann
andnity TneadnsTlaTunsUssifiusnangedeyafatzniasied nadus wasiv

273 UNAAINIRE Lfi:’asi Implementation of Machine Learning Technique for
Identification of Yoga Poses. bAaTITUIAEURY [14]

Tuunaonitlaldinatianisnsaaduianienainisossyiniseeslons tng

¥

v ]
NunseldNaatana F1USUN17ATIATUYINNY TINATIANIIATIAT LTIt AL &519870

q u

k4

gadayalunzauau 5,500 N InganuunvinTaazls 10 intwaluas Tnadanesnu t-pose

v
estimation #1N1991AATINTEANURITINNENYEE Aanndsenay 17 aanduvinnisaianml

' '
ema a al

AsaNTTRENARAINyNINIAndesie e lddmiuTunanisBeuiaeceses Tnagadayaas

q Q

QnuiNgegusLENaUsH 80% wazdadayaduiunimaasy 20% tneld machine learning
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model lun13a1unnislsziluvinnig Iagld Random Forest Classifier IagiNA2 M LN 1eN

99.04%

e

e T

(a) (b)

(c)

nilsznay 17 tassinanszpniairsaningld tf-pose estimation

AN Agrawal, Y., Shah, Y., & Sharma, A. (2020, April 2020). Implementation of
Machine Learning Technique for Identification of Yoga Poses. Paper presented at the
2020 IEEE 9th International Conference on Communication Systems and Network

Technologies (CSNT).
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o a o o v A =3 o/ QJQJdI ¥ =3
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o o

Fn AL L UBLARZ AW BN IUN1TAI98 AL LULATNINAAULANFIN AR AIUAZ LULANN

£19149 2

F1979 2 0N AT UUUIB T e T YA N19INANINALFNFA

TASIAS AR AU WINUNLAIIN S1EASLAUALALLA U 593
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wWrauiay Tnarhundfuliidy 100% Wwethsnmeuduinis@aainnsnssyazuuulugon
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3.5 AANATNNLAZLLULANABIUDINITVINUNE

o o

nuAdelAldaana3nn OpenPose uaz tf-pose estimation lunisuiqndnAtyuay

7

¥

o . = a 0 ] .
aFraiulaseinanszan aedeyalu dataset LIUNNINANYNULNANNNGN A U UNaIS ugl :
Faduldpiunszurunisuazldn19aLunLATaINam28 ANN LAR459LLUA1a04 1o
LULAN889 IAEILNTENALTN LATUNAININANINARDLIANNTUADUAIT

3.5.1 NM9LATLNNTINIA

1
o A

MawBELNNI AN Tiunseziuanddsamadunianann
AT I VR T TN o AT T o g[GP Rt U

1. NANNININAR

2. NNNININALIUNAN
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3.5.2 laus13 OpenPose

1a1977 OpenPose ALATARILALIAARIA T INDTZUANLNUNAARNATULARZ AR
P q o ] q o q

1
| =

nogluninanauANd Telviaunn 18 4a TaaiEuansIume?l 0 Aa UTnuaynuasls

Ae U IUAUDIANLNT 17 Al UFaNdg1e saniwilsznatl 23

a) Feature Angle b) Feature Distance

14 15
1607 17 f1 = PO, P1, P2 fld = PO - P1
f2 = P1, P2, P3 f15 = P1 - P2
2 ! 5 f3 = P2, P3, P4 f16 = P2 - P3
f4 = PO, P1, P5 f17 = P3 - P4
f5 = P1, P5, P6 f18 = P1 - P5
3e .6
f6 = P5, P6, PT f19 = P5 - P6
8e 1 f7 = P5, P1, P11 f20 = P6 - P7
g 7  f8-p1,P11,P12  f21=P1-P11
fg = P11, P12, P13 22 = P11 - P12
f10 = P11, P1,P8 23 = P12 - P13
9e 12
f11 = P2, P1, P8 f24 = P1 - P8
f12 = P1, P8, P9 f25 = P8 - P9
10b 3 f13 = P8, P9, P10 26 = P9 - P10

v
o o o

NWLITNeL 23 ANUNNAARIATYYIN 18 90 &) AMANHIUIBINNANAAFIARY b) FLEIEYN

FLNTNYAFIATY

N Ale Solano, Nov 20, 2017. Human pose estimation using OpenPose with

v

TensorFlow (Part 2) AUAUAIN https://arvrjourney.com/human-pose-estimation-using-

openpose-with-tensorflow-part-2-e78ab9104fc8

v
o

A ndsznay 23 wanaliiiudisnunileandAnyiic 18 qaiuatsuniielating

[ dl ¥ o 1 o o :J/ o o o ndl v o ¥
‘Vi@\‘i"ﬂ’?ﬂﬂ/]iﬂlﬂqLLMH\V‘?‘@@’]WNAN’]VN 18 ANAZUIFAAN mmimmmﬂm@ﬂwmmﬂmﬂh

a a

qndnAtyatnatias 3 9aTun1suyuuFazAIAANEuTAININLTENeL (23a) warlunigun


https://arvrjourney.com/human-pose-estimation-using-openpose-with-tensorflow-part-2-e78ab9104fc8
https://arvrjourney.com/human-pose-estimation-using-openpose-with-tensorflow-part-2-e78ab9104fc8
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o

Auanwzaevsrevinaniudecldandrdny 2 anlunismszesiinausiazAAIaNHUE A

A ndsznau (23b)

3.5.3 MsannandIATY
o ¥

annqnd ATy (keypoints) ANNTATIAFIANTZANANNYIININTDIN YR 18

qAANATY TABATHAMUAN BT LLLINADT NHAGIATYWINAL N A1U0UaINTDLAAIALE

w

o

nnwes 2 ARTaLlsenausefin x waz y VBIYARATY wanaluguniai (2)

F = [x1,¥1,%X2,Y2,X3, Y3, e, Xn, YN ] (2)

ANNITUAAIAMUAN Uz Az WILlA T ayaanannish (2) arunsaldiiludaya

gnusumpudnszsiall

ANNINARBLIMNAE ATYTRIUARZNNAANLFIAINAMANAT AR 66 NN
SUAUNTNINAT OpenPose d13nTnRTIad LAY aziulddndasrniadnaeandndy Ao
ANUIUAA °ﬂﬁa&n7imﬂﬂdm@zwhﬁu keypoint = 14 CINNEYGE keypoint = 18 Aa119U

v
NAININATIAL 41 ARLTIL 62.62% ARININAINATINNNA AINTNLFZnaL 24

keypoint detection

10

Q\"a"ﬁh"}-obo'\o .\Q\"a-\"a-e b'\%

S SIS i@”’ ’“ﬁﬁ‘*fﬁﬁﬁﬁ

‘%-‘%'

NINLFENDU 24 ANUIUNTNINANATNIDAFIATLAANATY Lo
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3.5.4 AANA5NN tf-pose-estimation

o a K . . ¥ dl 1

AANATNH tf-pose-estimation [11] Tﬂuﬂﬁim’mﬂiz@]ﬂ%mﬂﬁamLL@ ANNININ
waznnlnaddesausazdruneasieniadaniulasanszan [14] Inadanasnuyineuly
NNIUBNFAUNLNAAAIATYUFARZA

3.5.5 TAsas9anszAn

[

Tn99s19nszgn (skeleton feature) HBNININAAINITOTEYANUNLNAARIATYLIY

o
o 3 v o

NINAIAATLTY 18 AnlaLsTs OpenPose AZ1INNINIAYINANNUSTEUNINANEIATY WATYIN

o

nsanidumaniiulasesenseanaaninilsznay (25c)

b) keypoints c) skeleton

a) input image
) £ o o %
A ndsenau 25 a) mmgﬂmw b) anaALY C) Tmamwm:qﬂ

3.5.6 NMSANAAANHUE

NMsAfAAMANEALE (feature extraction) 149a1NN1911IATNFINTEAN NN

[ o

ATUADINN 2 ATUANHOLE AW yNTe9qAg ATy AINnLlszney (23a) LAy FrETHINTENINg

o

o o o o o

Ad1ATY AaNINLsznay (23b) TudiauauANHUENAINANEIATY AaINITDLEnalnE

[

D

ANNIN (3) LAYANNITN (4)

0; = arctan (&) (3)

Xi

Fg == [HA,HB,HC, ...,QH] (4)
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Tuusiazyy B Auonlaafiarsananileidu arctan2 [24] MGaNABIENIN

o o a e o < y X < :
AGIATY AdEaniNAesAIAN Iz NlsznauAfeyN Nhandluannish (4) wazludou

|
ovslbdld

AUANEUENNIIRszazsEnIeqadAty I9LAsaeia euclidean distance [25] @ilunnasndn

o

sreziugulddniunimmnszezniaseideqn 2 9m aanisnAwlinINannisi (5)

WAZANNTN (6)

di(p, @) =/ Xi=1(q; — p)? (5)
Fy = [dadgdc, ..., dy] 6)

1 v
LHAINIFANT AR UANHZANNANNITAIBUBLANINNA 26 ATUANHUE AN

° A o < o Y !
ml,muqm:uifﬂu AaNINLIENaL 26 mnuu@maﬂwm:ﬂmmnﬁgmmmymma‘mzum

AMANHEUEANARAIUT NN BN AN Izna 26

a) angle features b) distance features

f1 = PO, P1, P2 fid = PO - P1 \‘fr‘jb
f2 = P1, P2, P3 f15 = P1 - P2 —d Do fadauvesiameayuduenniunmuansus Fail
f3 = P2, P3, P4 f16 = P2-P3 k [ ‘ et - F1 4 F14
fa = PO, P1, P5 f17 = P3 - P4 \ a\*l g\
\ ! 3 %
f5 = P1, P5, P6 £l o BB \ : ) wvudhe : £2 3 f16 f17
f6 = P5, P6, P7 f19 = P5 - P6 ﬁ | wuwn : f5 f6 f19 f20
i ik Flasa : 7 10 f11 15 18

f§ = P1,P11,P12  f21=P1-P11
f9 = P11, P12, P13 f22 = P11- P12
f10 = P11,P1,P8 23 =P12-P13 ) \, e : 13 £25 26
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3.5.8 NMFAMUUNNGNA ANN
nasanuunnguAae ANN lunisatuunnguinaiipn feature vector vivald
&115U ANN (Artificial Neural Network) Iagianunsnnazatuunilszinnlunisdnuuonmg
ARETATRLARINAINGIA 66 NN OpenPose A1NNIOATIATLAAKIATYANNNITNAFBLAIN
NINANLIIHNININRARIU 41 nndianunsanssanuqediAnldninngn 14 qaanu
o Py o Sa oo o L. @ = =
62.12% AINNINIIANIUNA Uaziegatayalldd1miunis training Tayatazinie
dl ¥ - o dl a a o
nWaen training AU 32 nnuaraInn i lun A UlsTENENINAIUIN 9 NN

Tneitiadayaiiu train LAz test AIA1319 9

A1979 9 NITULNATUIUNINIIALFAALNAN

WIEUUY  NANAIUUN ANUIUNWA L training AMUIUNNA L testing
Figure 1 A 3 1
Figure 1 111nans 6 1
Figure 1 1t 3 1
79U 12 3
. a
Figure 2 A 5 1
Figure 2 1unang 3 1 5
Figure 2 el 2 1
794 10 3
) =
Figure 3 A 3 1
Figure 3 U1unans 3 1
Figure 3 1t 4 1

EREN 10 3
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AR5l g lun1sA1uumAAT ANN parameter

v
o o

Ardaudsnldlunisnauundn ANN parameter Hngade latnunasaatg

Wi dma 4 lunnsFaus fen1919 10

AN99 10 NNTANUUAATNIITHIABFANNTL T MUN1INARDLNININA

Fansdmas Afausisnsu
Input_node 26
Hidden_node 38
Output_node 3

o

IneludonaasnialmefiduanBusares ANN parameter T9tsenavsail
1. Input nodes LwnnieasAnIAN U NsznauAIY 26 ATUANHLAILAAS Y
M1979 10
2. Hidden node (lulnuniaigasizninsluundunnuasluuatansnaniacing
Hauilaaeafingianuan hidden node N1NN9Y Input nodes > 20%
3. Output node 114 class Mutisilsznnatuau 3 ngu laun & drunans wazuel
wasanldrmnsfmaild sallilunszuaunisutisdaya train uaz test Al
1. Training phase ~
Training phase Wudayanldd1uiunisindy ivanisauunilssinnans
nwanaAUANA ludauillalda5n13289 ANN Iaguann132e9siufiAg training phase WAz
=< o L ANy ' " I
test phase #dumaulunIg training Tnedidayari x Aa feature vector 1841AT9AF19519N"E
“ o Ans o -
(Tﬁﬂ feature vector A® keypoints Alpunann skeleton RINNININA) LATAT Yy AR Uszinnin
o 1 a v o A 1 a 1
AzAWUNNGNNINIA (InaRAaiu 3 Uszinyn e NNATWINAR NENAINIALIUNAY

WATNANNININALE) AININLsTNaL 34



grading score

feature vector of _ X o

the skeleton

45

= & o

cdlassification

model

NMNUIENAL 34 NILUIUNITNNIU training 123 ANN for classification model

2. Test phase

ludaua9y test phase avtindayalnaiaaii feature vector Nagldlunis

= o eml oA i . = o | Ao = Iy
NAKA[LU sﬁ\‘]N@@‘Wﬁ‘Wi@ AR classification model Nﬂ’]?wqu’]ﬂﬂ@‘llwuﬂﬂﬂﬂqqq@ﬂ']LWLL@

lungule Asnndsenay 35

feature vector of
the test image

188

classification
model

grading score
A
Yy

nwdsznau 35 NTrUAUNNT testing 183 ANN for classification model
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NANTITALUUNITIAE

TUN13398N01391U 8N INNATAE LLNNINITARINNGH (class good moderate
POOr) WARZNINUNRILLILIEEUFDILAR mnﬁuﬁmwﬁmmu%ga TnsainAnsanEuy i
26 AANHZINAf UL aesdmiuTneusudayadaadeyaninaaidelfuundiang
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a o Y o

Uss@nanm e lWussqqmatsrasdresnsidedldrmnlilame
1. N9M9AdAsYAaE OpenPose
2. NMIFFNULLAIABS ANN
3. MIUFALNIUNIIVUNERAIINNANEANNTUTEHUNINGIA

4. N179AU5Z@NSNINUR9 ANN

o @ %

4.1 "15UN9ARIATYMIEY OpenPose

o

D,

Vv
[

nsaaaitlinanismnqndAtysan OpenPose Taatindayadieiiungudayadaiily
NINAAULANAAAININANHIAUIL 22 AL AUAZ 3 UL 991 66 NN AINNLlsznaL 36
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figure figure
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4.2 N9&919UULA1829 ANN
HANNTAFILLLANAEY ANN LHANIN17a519UuLa1a89 ANN HUN1INaAdaLAael

NNAUIINGINNINIIARALENGR d1NnsoRaztsziiumNngn A daunans uazugl Tnedu
AINNIINARBLAININAANNAINUIBRLLAWN 1 D9 3 1R sigmoid (1.0) dmfuldaig

ULLANAAY LL@ZN@ﬂﬁiﬁﬁuﬁﬂ@Wﬂﬁl’ﬁ"N‘ﬁ 11

A7 11 ﬂﬂﬁ‘ﬁﬁu’]ﬂLLﬁi@ﬁﬂ@:NﬂWWfﬂﬁ

ANALNTNAAAL True_label Predict_label

1 Poor Poor

2 Moderate Moderate

3 Good Moderate

4 Poor Good

5 Moderate Moderate

6 Good Good

7 Poor Poor

8 Moderate Moderate ~
oo

9 Good Moderate

aNA1919 11 wansliiindnnismagauninaaiieusn 9 nanlaas
daenannylsziiulunadnd true_label uaztlsziiuannuuuanasslunadny predict_label
TILATBINIVINUNEAINITDNIUNE A NUNBE LS 67.33% Aa1N1909INUIEYN 6 NINAIN 9

NINUAZYINUNLRA 3 NIWAIN 9 NN

4.3 msufFaumsumsinungnaannauranIslssiiunInIg

N BEUNELNIsYNUNERAAINNANNAN 19U sz iUNIN0A e lALUUANAa83aN
nsafinAudnuzaInaInaanldlunimeasusiindiuuuanaenisineusy (model

training) HN9ELAUNNT ANN e liuuuanaesinwedeyaainninen Tnanenudansue
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293uAAENgN A U1unans ug dannanaguieglungula natnineiauinaaey e
Mwenguuazilssiulss@ninneaniiuaAiazuuuaumeNiy (confidence score) @A
4 L : , 4@ o d : :
AZLUUAMNLTBNUNIANNA28Y weight output BadusauLsNazidaeuudasanlisenans
n1s Aneussiina’led fit fudeyas 1Fand trainable parameter @91unn node 11 neural
o . a’l’ [ { a a ¥ ! |
network axHFauls weight HaaaliuA1a9BunnlaaEuAuTaINITHNaUINLATdHAY
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AN
©

ANLIZNAL 37 NMINAFALNTWINAALELLLANAAY ANN

4.4 n5IRUSLANENIWURI ANN
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NAsadladnlsransninaas ANN Inaldimatialasstnalssganinaudaanlu

o
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FEazLREALARN LT b UN1FIRE (L LUAIAD)

import argparse

import logging

import time

import cv2

import numpy as np

from tf pose.estimator import TfPoseEstimator

from tf pose.networks import get graph path, model wh
import tkinter as tk

from PIL import ImageTk, Image

from tkinter import filedialog

from tgdm import tgdm

from os import path

from sklearn.model selection import train test split
from skimage import feature

import pandas as pd

from model import NeuralNetwork

import os

from tkinter import messagebox

from sklearn import preprocessing

logger = logging.getLogger ('TfPoseEstimator-WebCam')
logger.setlLevel (logging.DEBUG)

ch = logging.StreamHandler ()

ch.setLevel (logging.DEBRUG)

formatter = logging.Formatter ('[% (asctime)s] [%(name)s]
[%$ (levelname)s] % (message)s')

ch.setFormatter (formatter)

logger.addHandler (ch)

fps time = 0

zero_count = 0

zero_count prototype = 0

def str2bool (v):
return v.lower () in ("yes", "true", "t", "1")

Yy

def Classify():

mm scaler = preprocessing.MinMaxScaler ()
norm divide = 1000

### Drawing ###
# Opendialog

file = filedialog.askopenfilename (initialdir=os.getcwd(),
title="Select file", filetypes=(("jpeg files", "*.jpg"), ("all
files", "*.*")))

image = cv2.imread(file, cv2.IMREAD UNCHANGED)
file prototype = file



parser = argparse.ArgumentParser (description='tf-pose-estimation')
#parser.add argument ('--camera', type=int, default=1)

parser.add argument ('--resize', type=str, default='432x368",
help='if provided, resize images before they

are processed. default=0x0, Recommends : 432x368 or 656x368 or c

")

parser.add argument ('--resize-out-ratio', type=float, default=4.0,
help='if provided, resize heatmaps before they

are post-processed. default=1.0")

parser.add argument ('--model', type=str, default='mobilenet thin',
help='cmu / mobilenet_ thin /

mobilenet v2 large / mobilenet v2 small')

parser.add argument ('--show-process', type=bool, default=False,
help='for debug purpose, if enabled, speed for

inference is dropped.')

parser.add argument ('--tensorrt', type=str, default="False",
help='for tensorrt process.')
args = parser.parse args()

logger.debug('initialization %s : %s' % (args.model,
get graph path(args.model)))

w, h = model wh(args.resize)

if w >0 and h > 0:

e = TfPoseEstimator (get graph path(args.model),
target size=(w, h), trt bool=str2bool (args.tensorrt))
else:

e = TfPoseEstimator (get graph path(args.model),
target size=(432, 368), trt bool=str2bool (args.tensorrt))

logger.info ('cam image=%dx%d' % (image.shape[l], image.shapell]))
logger.debug ('image process+')

humans = e.inference (image, resize to default=(w > 0 and h > 0),
upsample size=args.resize out ratio)

logger.debug ('postprocess+')

[image, feature, key point length] =
TfPoseEstimator.draw humans (image, humans, imgcopy=False)

if key point length >= 14:

print (feature)

X test = np.zeros([1, len(feature)], dtype=float)
for i in range(len (feature)):

X test[0, 1] = feature[i] / norm divide
#X;test = mm scaler.fit transform (X test)

#X test = X test.T

nn = NeuralNetwork ()

#nn.create (layer sizes)
nn.load_model('nﬁ_model_drawing.xml')
#result = nn.predict (X test)

ret, resp = nn.predict (X test)
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print ('ret', ret)
print ('resp', resp)

Score = '!
if ret ==
Score = 'poor'
elif ret == 1:
Score = 'moderate'
elif ret == 2:
Score = 'good'
img = cv2.resize (image, (800, 500),

interpolation=cv2.INTER LINEAR)

cv2.putText (img, 'The result of ANN model prediction for score

range.', (20, 30), cv2.FONT HERSHEY SIMPLEX, 0.7, (255, 0, 0), 2)
cv2.putText (img, 'Class : ' + Score, (20, 60),

cv2.FONT HERSHEY SIMPLEX, 0.7, (255, 0, 0), 2)

resp = respl[l].tolist ()

# Check accuracy

acc = respl[int(ret)] * 100
if acc > 100:
acc = 100

cv2.putText (img, 'Confidence : ' + '{0:.2f} %'.format (acc), (20,
90), cv2.FONT HERSHEY SIMPLEX, 0.7, (255, 0, 0), 2)

# File name

file name = os.path.basename (file)

index of dot = file name.index('.'")

file name without extension = file name[:index of dot]
cv2.putText (img, 'File name : ' + file name without extension,

(20, 120), cv2.FONT HERSHEY SIMPLEX, 0.7, (255, 0, 0), 2)

# Show 1n tkinter label

dim = (500, 666)
img = cv2.resize(img, dim, interpolation=cv2.INTER AREA)
previmg = Image.fromarray (img)

imgtk = ImageTk.PhotoImage (image=prevImg)
panel.imgtk = imgtk
panel.configure (image=imgtk)

### Prototype ###

image = cv2.imread(file, cv2.IMREAD UNCHANGED)
image prototype = image

logger.debug ('image process+')
humans = e.inference (image prototype, resize to default=(w > 0 and
h > 0), upsample size=args.resize out ratio)

logger.debug ('postprocess+')

[image, feature, key point length] =
TfPoseEstimator.draw_humans (image prototype, humans,
imgcopy=False)
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if key point length >= 14:
print (feature)

X test = np.zeros([1l, len(feature)], dtype=float)
for 1 in range(len(feature)):
X test[0, i] = feature[i] / norm divide

#X;test = mm scaler.fit transform(X test)
#X test = X test.T

nn = NeuralNetwork()

# nn.create (layer sizes)
nn.load_model('nn:model_prototype.xml')
# result = nn.predict (X test)

ret, resp = nn.predict (X test)

print ("prototype predicted : {}".format (resp))

# Show image

files = os.listdir('Dataset_train prototype/' +
str (int (ret)+1))

img files = list(filter(lambda x: '.jpg' in x, files))

p_file = 'Dataset_train prototype/' + str(int(ret)+1) + '/' +
img files[1]

image = cv2.imread(p file, cv2.IMREAD UNCHANGED)

humans = e.inference (image, resize to default=(w > 0 and h >
0),
upsample size=args.resize out ratio)

[image, feature, key point length] =
TfPoseEstimator.draw humans (image, humans, imgcopy=False)

img = cv2.resize(image, (800, 500),
interpolation=cv2.INTER LINEAR)

Score = "'
if ret ==

Score = 'Figure 1'
elif ret == 1:

Score = 'Figure 2'
elif ret == 2:

Score = 'Figure 3'

img = cv2.resize(image, (800, 500),
interpolation=cv2.INTER LINEAR)

cv2.putText (img, 'The result of ANN model prediction for model
figure.', (20, 30), cv2.FONT HERSHEY SIMPLEX, 0.7, (255, 0, 0), 2)
cv2.putText (img, 'Class : ' + Score, (20, 60),
cv2.FONT HERSHEY SIMPLEX, 0.7, (255, 0, 0), 2)
resp = respl[l].tolist()

# Check accuracy
acc = resplint(ret)] * 100
if acc > 100:

acc = 100

Oy



cv2.putText (img, 'Confidence : ' + '{0:.2f}
$'.format (acc), (20, 90), cv2.FONT_HERSHEY_SIMPLEX, 0.7,
(255, 0, 0), 2)

# File name

file name = os.path.basename(p file)

index of dot = file name.index('.")

file name without extension = file name[:index of dot]

cv2.putText (img, 'File name : ' +
file name without extension, (20, 120), cv2.FONT HERSHEY SIMPLEX,
0.7,

(255, 0, 0), 2)

# Show in tkinter label

dim = (500, 666)

img = cv2.resize(img, dim,
interpolation=cv2.INTER AREA)

previmg = Image.fromarray(img)

imgtk = ImageTk.PhotoImage (image=prevIimg)

panel2.imgtk = imgtk

panel2.configure (image=imgtk)

else:
messagebox.showerror ("Error", "Can't find all key points.
Please try other image !")

def openpose (image, e, humans) :

logger.debug ('postprocess+')
[image, feature, key point length] =
TfPoseEstimator.draw_humans (image, humans, imgcopy=False)

#cv2.imshow ('tf-pose-estimation result', image)
return feature, key point length
def Create data set():

### Drawing ###
global zero count, zero count prototype

# Openpose

parser = argparse.ArgumentParser (description='tf-pose-
estimation')

#parser.add argument ('--camera', type=int, default=1)

parser.add argument ('--resize', type=str, default='432x368",
help='if provided, resize images before
they are processed. default=0x0, Recommends : 432x368 or 656x368
or 1312x736 ')
parser.add argument ('--resize-out-ratio', type=float,
default=4.0,
help='if provided, resize heatmaps before
they are post-processed. default=1.0'")
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parser.add argument ('--model', type=str, default='mobilenet thin',
help='cmu / mobilenet thin /

mobilenet v2 large / mobilenet v2 small')

parser.add argument ('--show-process', type=bool, default=False,
help="'for debug purpose, if enabled, speed for

inference is dropped.')

parser.add argument ('--tensorrt', type=str, default="False",
help="'for tensorrt process.')
args = parser.parse_args ()

logger.debug('initialization %s : %s' % (args.model,
get graph path (args.model)))

w, h = model wh(args.resize)

if w >0 and h > 0:

e = TfPoseEstimator (get graph path(args.model),
target size=(w, h), trt bool=str2bool (args.tensorrt))
else:

e = TfPoseEstimator (get graph path(args.model),
target size=(432, 368), trt bool=str2bool (args.tensorrt))

if path.exists("Feature_ train.csv"):
os.remove("Feature_train.csv")

# Feature extraction training

data count train = Files count train(1l)

pbar = tgdm(total=data count train)

Feature extraction train = np.zeros([data count train, 27],
dtype=float) ;

# Extract feature all image
c =20
for r, d, £ in os.walk('Dataset train'):
for dir in d:
for r2, d2, f2 in os.walk(‘Dataset_train/' + dir):
for file in f2:
if file.endswith(".jpg") :
full path = os.path.join(r, dir, file)
image = cv2.imread(full path)

# openpose
logger.debug ('image process+')
humans = e.inference (image,
resize to default=(w > 0 and h > 0),
upsample size=args.resize out ratio)

[F, key point length] = openpose (image, e,
humans) # feature extraction

if key point length >= 14:
print ('Have full key poinst
{}'.format (full path))
if F:
for i in range(len(F)):
Feature extraction train[c, i] =

Feature extraction train[c, i + 1]
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c +=1

pbar.update (1)
else:

zero_count += 1

# Write feature to csv
np.savetxt ("Feature train.csv", Feature extraction train,
fmt="%.5f", delimiter=",")

### Prototype ###

# Openpose
parser = argparse.ArgumentParser (description='tf-pose-estimation')
# parser.add argument ('--camera', type=int, default=1)

parser.add argument ('--resize', type=str, default='432x368",
help='if provided, resize images before they

are processed. default=0x0, Recommends : 432x368 or 656x368 or

1312x736 ')

parser.add argument ('--resize-out-ratio', type=float, default=4.0,
help='if provided, resize heatmaps before they

are post-processed. default=1.0")

parser.add argument ('--model', type=str, default='mobilenet thin',
help='cmu / mobilenet thin /
mobilenet v2 large / mobilenet v2 small')
parser.add argument ('--show-process', type=bool, default=False,
help="'for debug purpose, if enabled, speed for
inference is dropped.')

parser.add argument ('--tensorrt', type=str, default="False",
help="'for tensorrt process.')
args = parser.parse_args()

logger.debug ('initialization %s : %s' % (args.model,
get graph path(args.model)))
w, h = model wh(args.resize)

if w >0 and h > 0:

e = TfPoseEstimator (get graph path(args.model),
target size=(w, h), trt bool=str2bool (args.tensorrt))
else:

e = TfPoseEstimator (get graph path(args.model),
target size=(432, 368), trt bool=str2bool (args.tensorrt))

if path.exists("Feature_ train prototype.csv"):
os.remove ("Feature_train prototype.csv")

# Feature extraction training

data count train prototype = Files count train(2)

pbar = tgdm(total=data count train prototype)

Feature extraction train prototype =

np.zeros ([data count train prototype, 27], dtype=float);

oY
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# Extract feature all image
c =0
for r, d, £ in os.walk('Dataset train prototype'):
for dir in d:
for r2, d2, f2 in os.walk('Dataset train prototype/' +
dir):
for file in f2:
if file.endswith(".jpg"):
full path = os.path.join(r, dir, file)
image = cv2.imread(full path)

# openpose

logger.debug ('image process+')

humans = e.inference (image,
resize to default=(w > 0 and h > 0),

upsample size=args.resize out ratio)

[F, key point length] = openpose(image, e,
humans) # feature extraction
#print ("key point length
{}".format (key point length))
if key point length >= 14:
if F:
for i in range(len(F)):

Feature extraction train prototypelc, i] = F[i]

Feature extraction train prototypelc,
i+ 1] = dir # Class

c += 1

pbar.update (1)

else:
zero_count prototype += 1

# Write feature to csv
np.savetxt ("Feature_train prototype.csv",
Feature extraction train prototype, fmt="%.5f", delimiter=",")
def ML training():
global zero count, zero count prototype
mm scaler = preprocessing.MinMaxScaler ()

norm divide = 1000
#num class = 14

Y
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### Drawing ###

# Training
df train = pd.read_csv('Feature_train.csv', header=None)
Feature train = df train.values

[r, c] = Feature train.shape
row = 0
for i in range(r):

sum = 0

for j in range(c):

sum += Feature train[i, J]
if sum > O:

row += 1

X train = np.zeros([row, 26], dtype=float);

y_train = np.zeros([row, 3], dtype=float);
for i in range(row) :
for j in range(c - 1):
X train[i, j] = Feature train[i, j] / norm divide

target = np.zeros(shape=(1, 3), dtype=float)
Class = Feature train[i, 26]
target [0, (int(Class) - 1)] =1

for k in range(3):
y_train[i, k] = target[0, k]

#X;train = anscaler.fitftransform(x;train.T).T

# train test split
ANN training(X train, y train, 'nn model drawing.xml',6 'drawing')

### Prototype ###
# Training

df train = pd.read csv('Feature_train prototype.csv', header=None)
Feature train = df train.values

vy

[r, c] = Feature train.shape
row = 0
for i in range(r):

sum = 0

for j in range(c):

sum += Feature train[i, J]
if sum > 0O:

row += 1

X train = np.zeros([row, 26], dtype=float);
y_train = np.zeros([row, 3], dtype=float);
for i in range(row) :
for j in range(c - 1):
X train[i, j] = Feature train[i, j] / norm divide



target = np.zeros (shape=(1, 3), dtype=float)
Class = Feature train[i, 26]
target[0, (int(Class) - 1)] =1

for k in range(3):
y train([i, k] = target[0, k]

#X train = mm scaler.fit transform(X train.T).T

# train test split

ANN training (X train, y train, 'nn model prototype.xml',

'prototype’')
def ANN training(X train, y train, model name, type):
# Neural network training

input node = 26
hidden node = 38

if type == 'prototype':
output node = 3
else:
output node = 3
epoch = 10000
mse = 0.0001
layer sizes = [input node, hidden node, output node]

nn = NeuralNetwork (epoch, mse)
nn.create (layer sizes)

#print (model name)

nn.train(X train, y train)

# evaluate on train data
train accuracy = nn.evaluate (X train, y train)

print ("Train accuracy: ", "{O:TZf}%".format(train_accuracy *

100))

# save model
nn.save model (model name)

def Files count train(m):

if m ==
count = 0
for r, d, £ in os.walk('Dataset train'):
for dir in d:

for r2, d2, f2 in os.walk('Dataset train/' + dir):

for file in f2:
if file.endswith(".Jjpg"):
full path = os.path.join(zr,
count += 1

file)
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else:
count = 0
for r, d, £ in os.walk('Dataset_ train prototype'):
for dir in d:
for r2, d2, f2 in
os.walk ('Dataset_train prototype/' + dir):
for file in £f2:
if file.endswith(".jpg") :

full path = os.path.join(r, file)
count += 1

return count
if name == ' main ':

# GUI
global mainWindow, w, panel

mainWindow = tk.Tk()
mainWindow.title ('Openpose estimation')
mainWindow.resizable (width=False, height=False)

window_height = 700
window width = 1200

screen width = mainWindow.winfo screenwidth ()
screen_height = mainWindow.winfo screenheight ()

x _cordinate = int((screen width / 2) - (window width / 2))
y _cordinate int ((screen height / 2) - (window height / 2))

mainWindow.geometry ("{}x{}+{}+{}".format (window width,
window_height, x cordinate, y cordinate))

panel = tk.Label (mainWindow, compound=tk.CENTER,
anchor=tk.CENTER, bg="white")

panel.place (x=10, y=10, bordermode="outside", height=666,
width=500)

panel?2 = tk.Label (mainWindow, compound=tk.CENTER,
anchor=tk.CENTER, bg="white")

panel2.place(x=10 + 510, y=10, bordermode="outside",
height=666, width=500)

button webcam start = tk.Button (mainWindow, text="Classify",
command=Classify, height=3, width=20)

button webcam start.place(x=660 + 380, y=10, width=130,
height=40)

button webcam stop = tk.Button(mainWindow, text="Create data
set", command=Create data set, height=3, width=20)

button webcam stop.place(x=660 + 380, y=55, width=130,
height=40)

button webcam stop = tk.Button(mainWindow, text="Training ML",

command=ML_ training, height=3, width=20)
button webcam stop.place(x=660 + 380, y=100, width=130,
heiaght=40)
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import logging
import math

import slidingwindow as sw

import cv2

import numpy as np
import tensorflow as tf
import time

from tf pose import common

from tf pose.common import CocoPart

from tf pose.tensblur.smoother import Smoother
#import tensorflow.contrib.tensorrt as trt

try:

from tf pose.pafprocess import pafprocess
except ModuleNotFoundError as e:

print (e)

print ('you need to build c++ library for pafprocess.

https://github.com/ildoonet/tf-pose-
estimation/tree/master/tf pose/pafprocess’)
exit (-1)

logger = logging.getLogger ('TfPoseEstimator')
logger.handlers.clear ()

logger.setlLevel (logging.INFO)

ch = logging.StreamHandler ()

formatter = logging.Formatter ('[%(asctime)s] [%(name)s]
[% (levelname) s] % (message)s')

ch.setFormatter (formatter)

logger.addHandler (ch)

logger.setlLevel (logging.INFO)

def round(v):
return int (round(v))

def include part(part list, part idx):
for part in part list:
if part idx == part.part idx:
return True, part
return False, None

class Human:

mrrn

body parts: list of BodyPart

mrmrn

__slots = ('body parts', 'pairs', 'uidx list', 'score')

See
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def init (self, pairs):
self.pairs = []
self.uidx list = set()

self.body parts = {}

for pair in pairs:
self.add pair(pair)

self.score = 0.0

@staticmethod
def get uidx(part idx, idx):
return '%d-%d' % (part idx, idx)

def add pair(self, pair):
self.pairs.append(pair)
self.body parts[pair.part idxl] =
BodyPart (Human. get uidx(pair.part idxl, pair.idxl),
pair.part idx1,
pair.coordl[1l],
pair.coordl[1l], pair.score)
self.body parts[pair.part idx2] =
BodyPart (Human. get uidx(pair.part idx2, pair.idx2),
pair.part idx2,
pair.coord2[1l],
pair.coord2[1l], pair.score)
self.uidx list.add(Human. get uidx(pair.part idxl, pair.idxl))
self.uidx list.add(Human. get uidx(pair.part idx2, pair.idx2))

def is connected(self, other):
return len(self.uidx list & other.uidx list) > 0

def merge(self, other):
for pair in other.pairs:
self.add pair(pair)

def part count (self):
return len(self.body parts.keys())

def get max score(self):
return max([x.score for , x in self.body parts.items()])

def get face box(self, img w, img h, mode=0):
Get Face box compared to img size (w, h)
:param img w:
:param img h:
:param mode:
:return:
mrrn
# SEE : https://github.com/ildoonet/tf-pose-
estimation/blob/master/tf pose/common.py#L13
_NOSE = CocoPart.Nose.value
_NECK = CocoPart.Neck.value
_REye = CocoPart.REye.value
_LEye = CocoPart.LEye.value
_REar = CocoPart.REar.value
_LEar = CocoPart.LEar.value
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_ THRESHOLD PART CONFIDENCE = 0.2
parts = [part for idx, part in self.body parts.items() if
part.score > THRESHOLD PART CONFIDENCE]

is nose, part nose = include part(parts, NOSE)
if not is nose:
return None

size = 0
is neck, part neck = include part(parts, NECK)
if is neck:
size = max(size, img h * (part neck.y - part nose.y) * 0.8)

is reye, part reye = include part(parts, REye)

is leye, part leye = include part(parts, LEye)

if is _reye and is leye:
size = max(size, img w * (part reye.x - part leye.x) * 2.0)
size = max(size,

img w * math.sgrt ((part reye.x - part leye.x) ** 2
+ (part reye.y - part leye.y) ** 2) * 2.0)

if mode == 1:
if not is_reye and not is_ leye:
return None

is rear, part rear = include part (parts, REar)
is lear, part lear = include part(parts, _LEar)
if is rear and is_lear:
size = max(size, img w * (part rear.x - part lear.x) * 1.6)

if size <= 0:
return None

if not is reye and is_ leye:

x = part nose.x * img w - (size // 3 * 2)
elif is reye and not is leye:
x = part nose.x * img w - (size // 3)
else: # is reye and is leye:
X = part nose.x * img w - size // 2
X2 = x + size
if mode == 0:
y = part nose.y * img h - size // 3
else:
y = part nose.y * img h - round(size / 2 * 1.2)

y2 =y + size

# fit into the image frame

X = max (0, x)
y = max (0, y)
X2 = min(img w - x, X2 - x) + X
y2 = min(img h -y, y2 - y) + vy

oY



def

if round(x2 - x) == 0.0 or round(y2 - y) == 0.
return None
if mode == 0:
return {"x": round((x + x2) / 2),
"y": round((y + y2) / 2),
"w": round(x2 - x),
"h": round(y2 - y)}
else:
return {"x": round(x),
"y": round(y),
"w": round(x2 - x),
"h": round(y2 - y)}
get upper body box(self, img w, img h):

mrmrn

Get Upper body box compared to img size (w, h)
:param img w:
:param img h:

:return:
mrrn

if not (img w > 0 and img h > 0):

0:

raise Exception ("img size should be positive")

~ NOSE CocoPart.Nose.value

~NECK = CocoPart.Neck.value
_RSHOULDER = CocoPart.RShoulder.value
_LSHOULDER = CocoPart.LShoulder.value
_THRESHOLD PART CONFIDENCE = 0.3
parts =

part.score > THRESHOLD PART CONFIDENCE]

part coords = [(img w * part.x, img h * part.y)

parts if

16,

* 2.

part.part idx in [0, 1, 2, 5, 8,

1711

if len(part coords) < 5:
return None

# Initial Bounding Box

x = min([part[0] for part in part coords])

y = min([part[1l] for part in part coords])

= max ([part[0] for part in part coords])
([part[1l] for part in part coords])

# #

# 1f face points are

Adjust heuristically +
detcted, adjust y value

is nose, part nose
is neck, part neck =
torso _height = 0
if is nose and is_neck:
y —= (part neck.y * img h - y)
torso height = max(0,

_include part (parts, NOSE)
_include part(parts, NECK)

* 0.8

5)

[part for idx, part in self.body parts.items ()

(part neck.y - part nose.y)

if
for part in
11,

14, 15,

* img h
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#

# # by using shoulder position, adjust width

is rshoulder, part rshoulder = include part (parts,
_RSHOULDER)

is lshoulder, part lshoulder = include part (parts,
_ LSHOULDER)

if is rshoulder and is_ lshoulder:
half w = x2 - x
dx = half w * 0.15
x —-= dx
X2 += dx
elif is neck:
if is lshoulder and not is_rshoulder:
half w = abs(part lshoulder.x - part neck.x)
img w * 1.15
x = min(part neck.x * img w - half w, x)
x2 = max(part neck.x * img w + half w, x2)
elif not is lshoulder and is_rshoulder:
half w = abs(part rshoulder.x - part neck.x)
img w * 1.15
x = min(part neck.x * img w - half w, x)
x2 = max(part neck.x * img w + half w, x2)

# o Adjust heuristically -

# fit into the image frame
x = max (0, x)
y

= max (0, vy)
x2 = min(img w - x, X2 - x) + X
y2 = min(img_h - vy, y2 - y) + vy
if round(x2 - x) == 0.0 or round(y2 - y) == 0.0:
return None
return {"x": round((x + x2) / 2),
"y": round((y + y2) / 2),
"w": round(x2 - x),
"h": round(y2 - y)}

def  str (self):
return ' '.join([str(x) for x in
self.body parts.values()])

def  repr (self):
return self. str ()

class BodyPart:
mrrn
part idx : part index(eg. 0 for nose)
X, y: coordinate of body part
score : confidence score

mmrn

*

*
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__slots = ('uidx', 'part idx', 'x', 'y', 'score')
def init (self, uidx, part idx, x, y, score):
self.uidx = uidx

self.part idx = part idx
self.x, self.y = x, y
self.score = score

def get part name (self):
return CocoPart (self.part idx)

def  str (self):
return 'BodyPart:%d-(%.2f, %.2f) score=%.2f' %
(self.part idx, self.x, self.y, self.score)

def  repr (self):
return self. str ()

class PoseEstimator:
def init (self):
pass

@staticmethod
def estimate paf (peaks, heat mat, paf mat):
pafprocess.process paf (peaks, heat mat, paf mat)

humans = []
for human id in range (pafprocess.get num humans()) :
human = Human ([])

is added = False

for part idx in range(18):
c_idx = int (pafprocess.get part cid(human id,
part idx))
if ¢ idx < 0O:
continue

<L

is added = True
human.body parts[part idx] = BodyPart(
'$d-%d' % (human id, part idx), part idx,
float (pafprocess.get part x(c_idx)) /
heat mat.shapel[l],
float (pafprocess.get part y(c idx)) /
heat mat.shapel[l],
pafprocess.get part score(c_idx)

)

if is added:
score = pafprocess.get score (human id)
human.score = score
humans.append (human)

return humans
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class TfPoseEstimator:
# TODO : multi-scale

def init (self, graph path, target size=(320, 240),
tf config=None, trt bool=False):
self.target size = target size

# load graph
logger.info('loading graph from %s(default size=%dx%d)' %
(graph _path, target size[l], target size[l]))
with tf.gfile.GFile(graph path, 'rb') as f:
graph def = tf.GraphDef ()
graph def.ParseFromString (f.read())

if trt bool is True:

output nodes = ["Openpose/concat_stage7"]
graph def = trt.create inference graph
graph def,

output nodes,

max batch size=1,

max_ workspace size bytes=1 << 20,
precision mode="FPlé6",

# precision mode="INT8",

minimum segment size=3,

is dynamic_ op=True,

maximum cached engines=int(le3),
use calibration=True,

)

self.graph = tf.get default graph()
tf.import graph def(graph def, name='TfPoseEstimator')
self.persistent sess = tf.Session(graph=self.graph,

config=tf config)

for ts in [n.name for n in
tf.get default graph().as graph def () .node]:
print (ts)

(VA

self.tensor image =
self.graph.get tensor by name ('TfPoseEstimator/image:0')
self.tensor output =
self.graph.get tensor by name ('TfPoseEstimator/Openpose/concat sta
ge7:0")
self.tensor heatMat = self.tensor output([:, :, :, :19]
self.tensor pafMat = self.tensor output[:, :, :, 19:]
self.upsample size = tf.placeholder (dtype=tf.int32,
shape=(2,), name='upsample size')
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self.tensor heatMat up =
tf.image.resize area(self.tensor output([:, :, :, :19],
self.upsample size,

align corners=False, name='upsample heatmat')
self.tensor pafMat up =

tf.image.resize area(self.tensor output(:, :, :, 19:],

self.upsample size,

align corners=False, name='upsample pafmat')
if trt bool is True:
smoother = Smoother ({'data': self.tensor heatMat up}, 25,
3.0, 19)
else:
smoother = Smoother ({'data': self.tensor heatMat up}, 25,
3.0)
gaussian heatMat = smoother.get output ()

max_pooled in tensor = tf.nn.pool (gaussian heatMat,
window shape=(3, 3), pooling type='MAX', padding='SAME')
self.tensor peaks = tf.where(tf.equal (gaussian heatMat,
max pooled in tensor), gaussian heatMat,
tf.zeros like(gaussian heatMat))

self.heatMat = self.pafMat = None

# warm-up

self.persistent sess.run(tf.variables initializer(
[v for v in tf.global variables() if
v.name.split(':') [0] in [x.decode('utf-8') for x in

self.persistent sess.run(tf.report uninitialized variables())]
1)
)
self.persistent sess.run(
[self.tensor peaks, self.tensor heatMat up,
self.tensor pafMat up],
feed dict={

V.

self.tensor image: [np.ndarray(shape=(target size[l],
target sizel[l], 3), dtype=np.float32)],
self.upsample size: [target size[l], target size[l]]

}
)
self.persistent sess.run/(
[self.tensor peaks, self.tensor heatMat up,
self.tensor pafMat up],
feed dict={
self.tensor image: [np.ndarray(shape=(target size[l],
target size[l], 3), dtype=np.float32)],
self.upsample size: [target size[l] // 2,
target size[l] // 2]
}
)
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self.persistent sess.run(
[self.tensor peaks, self.tensor heatMat up,
self.tensor pafMat up],
feed dict={

self.tensor image: [np.ndarray (shape=(target size[l],
target size[l], 3), dtype=np.float32)],
self.upsample size: [target size[l] // 4,

target size[l] // 4]
}
)

# logs
if self.tensor image.dtype == tf.quint8:
logger.info ('quantization mode enabled.')

def del (self):
# self.persistent sess.close()
pass

def get flops(self):
flops = tf.profiler.profile(self.graph,
options=tf.profiler.ProfileOptionBuilder.float operation())
return flops.total float ops

@staticmethod
def quantize img(npimg) :
npimg g = npimg + 1.0
npimg q /= (2.0 / 2 ** 8)
# npimg g += 0.5
npimg g = npimg g.astype (np.uint8)
return npimg gq

def angle between (pl, p2):
angl = np.arctan2 (*pl[::-11])
ang2 = np.arctan2 (*p2[::-1])
return np.rad2deg((angl - ang2) % (2 * np.pi))

VA

def angle3pt(a, b, c):
"""Counterclockwise angle in degrees by turning from a to c
around b
Returns a float between 0.0 and 360.0"""
ang = math.degrees (math.atan2(c[1] - b[1l], c[1] - b[1l]) -
math.atan2 (a[1l] - b[1l], al[l] - b[1]))
return ang + 360 if ang < 0 else ang

@staticmethod
def draw_humans (npimg, humans, imgcopy=False):

feature = []
position = np.zeros((18, 2), dtype=float)
counter = 0

if imgcopy:

npimg = np.copy (npimg)
image h, image w = npimg.shape[:2]
centers = {}
for human in humans:



# draw point
for i in range (common.CocoPart.Background.value) :
if i not in human.body parts.keys():
continue
#print ("human.body parts : {}'.format (len(human.body parts)))
body part = human.body parts[i]

center = (int(body part.x * image w + 0.5), int(body part.y *
image h + 0.5))
centers([i] = center

cv2.circle (npimg, center, 3, common.CocoColors[i],
thickness=3, lineType=8, shift=0)

# Fall detection
try:

#if 1 <= 17:

color = (0, 255, 0)

cv2.circle (npimg, center, 5, color, thickness=10,
lineType=8, shift=0)

position[counter, 0] = center([l]

position[counter, 1] center[1]

counter += 1

Te

elif i ==
color = (0, 0, 255)
cv2.circle (npimg, center, 5, color, thickness=10,
lineType=8, shift=0)
position[counter, 0]
position[counter, 1]
counter += 1
elif i ==
color = (255, 0, 0)
cv2.circle (npimg, center, 5, color, thickness=10,
lineType=8, shift=0)
position[counter, 0]

center[1l]
center[1l]

center|[1]

position[counter, 1] = center[1]
counter += 1
elif i ==

color = (255, 0, 0)

cv2.circle (npimg, center, 5, color, thickness=10,
lineType=8, shift=0)

position[counter, 0]

position[counter, 1]

counter += 1

elif i ==

color = (255, 0, 0)

cv2.circle (npimg, center, 5, color, thickness=10,
lineType=8, shift=0)

position[counter, 0]

position[counter, 1]

counter +=1

elif i == 11:

color = (255, 0, 0)

cv2.circle (npimg, center, 5, color, thickness=10,
lineType=8, shift=0)

position[counter, 0]

position[counter, 1]

counter += 1

center[1]
center[1l]

center[1l]
center|[1]

center[1]
center[1l]

YL
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#else:
#cv2.circle (npimg, center, 3, common.CocoColors[i],
thickness=3, lineType=8, shift=0)

Tea

body part 1 = human.body parts[1]
center 1 = (int (body part 1.x * image w + 0.5),
int (body part 1.y * image h + 0.5))

body part 2 = human.body parts[1]
center 2 = (int(body part 2.x * image w + 0.5),
int (body part 2.y * image h + 0.5))

changeInX = center 2[1] - center 1[1]

changeInY = center 2[1] - center 1[1]

Degree = math.degrees (math.atan2 (changeInY, changelInX))
org = (100, 100)

font = cv2 .FONT HERSHEY SIMPLEX
fontScale = 2
thickness 2

if Degree > 100 or Degree < 80:
color = (0, 0, 255)
#cv2.putText (npimg, 'Falling', org, font, fontScale,
color, thickness, cvZ.LINE AA)
else:
color = (0, 255, 0)
#cv2.putText (npimg, 'Normal', org, font, fontScale,
color, thickness, cvZ.LINE AA)

except Exception as e:
logger.error ('Failed to upload to ftp: ' + str(e))

# draw line
for pair order, pair in enumerate (common.CocoPairsRender) :
if pair[1l] not in human.body parts.keys() or pair[l] not in
human.body parts.keys() :
continue

LL

# npimg = cv2.line(npimg, centers[pair[0]], centers([pair[1]],
common.CocoColors([pair order], 3)

cv2.line (npimg, centers[pair[0]], centers[pair[1l]],
common.CocoColors[pair order], 3)



# Feature extraction radius

# Angle 01

a = [position[0O, 0], position[0, 1]]

b [position[l, 0], position[l, 1]]

c = [position[2, 0], position[2, 1]]

angle = math.degrees (math.atan2 (c[1]

math.atan2(a[l] - b[1l], al[l] - b[1l]))

if angle < 0:
angle = 360 + angle

feature.append (angle)

# Angle 02

a [position[l, 0], position[1l, 1]]

b [position[2, 0], position[2, 1]]

c = [position[3, 0], position[3, 11]

angle = math.degrees (math.atan2 (c[1]

math.atan2(a[l] - b[1], a[l] - b[1l]))

if angle < 0:
angle = 360 + angle

feature.append(angle)

# Angle 03

a = [position[2, 0], position[2, 1]]

b [position[3, 0], position[3, 1]]

c = [position[4, 0], position[4, 1]]

angle = math.degrees (math.atan2 (c[1]

math.atan2(a[l] - b[1], al[l] - b[1l]))

if angle < 0:
angle = 360 + angle

feature.append(angle)

# Angle 04

a = [position[0O, 0], position[0, 1]]

b [position[l, 0], position[l, 1]]

c = [position[5, 0], position[5, 1]]

angle = math.degrees (math.atan2 (c[1]

math.atan2(a[l] - b[l], all] - b[1l]))

if angle < O:
angle = 360 + angle

feature.append (angle)

- b[1l])
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# Angle 05

a = [position[l, 0], position[l, 1]]

b [position[5, 0], position[5, 1]]

c = [position[6, 0], position[6, 1]]

angle = math.degrees (math.atan2(c[1] - b[l], c[l] - b[l]) -
math.atan2 (a[l] - b[l], al[l] - b[1l]))

if angle < 0:
angle = 360 + angle

feature.append(angle)

# Angle 06
a = [position[5, 0], position[5, 1]]
b [position[6, 0], position[6, 1]]
c = [position[7, 0], position[7, 1]]
angle = math.degrees (math.atan2(c[1l] - b[l], c[l] - b[l]) -
math.atan2(a[l] - b[l], all] - b[1l]))
if angle < O:
angle = 360 + angle
feature.append(angle)
# Angle 07
a [position[5, 0], position[5, 1]]
b = [position[11l, 0], position[l11l, 1]]
c = [position[l, 0], position[l, 1]]
angle = math.degrees (math.atan2(c[1] - b[l], c[1l] - b[1l]) -
math.atan2(a[l] - b[1l], all] - b[1]))

if angle < 0:
angle = 360 + angle

(VA

feature.append (angle)

Angle 08

= [position[l, 0], position[l, 1]]
[position[11, 0], position([l11l, 11]

= [position[l2, 0], position[l2, 1]]

Q O O =

angle = math.degrees (math.atan?2

(c[1] = b[1], c[1] - b[1l]) -
math.atan2(a[l] - b[l], al[l] - b[1l]

[
1
if angle < 0:

angle = 360 + angle

feature.append(angle)

Angle 09

= [position[ll, 0], position[l1l, 1]]
[position[12, 0], position([12, 11]

= [position[13, 0], position[13, 1]]

Q O o =%

angle = math.degrees (math.atan2(cl11 - bl1ll, cll1l]l - bl1l1) -



if angle < 0:
angle = 360 + angle

feature.append(angle)

# Angle 10

a = [position[1l1l, 0], position[11, 1]
b [position[l, 0], position[1l, 1]]

c = [position[8, 0], position[8, 1]]

angle = math.degrees (math.atan2 (c[1]

math.atan2(a[l] - b[1l], al[l] - b[l]))

if angle < O:
angle = 360 + angle

feature.append (angle)

# Angle 11

a [position[2, 0], position[2, 1]]
b = [position[l, 0], position[l, 1]]
c = [position[8, 0], position[8, 111
angle = math.degrees (math.atan2 (c[1]
math.atan2(a[l] - b[1], al[l] - b[1l]))

if angle < 0:
angle = 360 + angle

feature.append(angle)

# Angle 12

a = [position[l, 0], position[l, 11]
b [position[8, 0], position[8, 1]]
c = [position[9, 0], position[9, 1]]
angle = math.degrees (math.atan2 (c[1]
math.atan2(a[l] - b[l], all] - b[1l]))

if angle < 0:
angle = 360 + angle

feature.append (angle)

# Angle 13

a [position[8, 0], position[8, 1]]
b [position[9, 0], position[9, 1]]
c = [position[l0, 0], position[10, 1]
angle = math.degrees (math.atan2 (c[1]
math.atan2(a[l] - b[1], al[l] - b[1l]))

if angle < 0:
angle = 360 + angle

feature.append(angle)

]

]
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# Feature extraction distance

# Distance 14
Pl = [position[0, 0], position[0, 1]]
P2 = [position[l, 0], position[l, 11]

eDistance = math.sqrt (((P1[1] - P2[1])
2))

feature.append (eDistance)

# Distance 15
Pl = [position[l, 0], position[l, 1]]
P2 = [position[2, 0], position[2, 11]

eDistance = math.sqrt (((P1[1] - P2[1])
2))

feature.append (eDistance)

# Distance 16
Pl = [position[2, 0], position[2, 1]]
P2 = [position[3, 0], position[3, 1]]

eDistance = math.sqrt (((P1[1] - P2[1])
2))

feature.append (eDistance)

# Distance 17
Pl = [position[3, 0], position[3, 11]
P2 [position[4, 0], positionf[4, 1]]

eDistance = math.sqgrt (((P1[1] - P2[11])
2))

feature.append (eDistance)

# Distance 18
Pl = [position[l, 0], position[l, 1]]
P2 = [position[5, 0], position[5, 1]]

eDistance = math.sqrt (((P1[1] - P2[1])
2))

feature.append (eDistance)

# Distance 19
Pl = [position[5, 0], position[5, 1]]
P2 = [position[6, 0], position[6, 1]]

eDistance = math.sqgrt (((P1[1] - P2[11])
2))

feature.append (eDistance)

# Distance 20
Pl = [position[6, 0], position[6, 1]]
P2 = [position[7, 0], position[7, 1]]

eDistance = math.sgrt (((P1[1] - P2[11])
2))

feature.append (eDistance)

((P1[1]

((P1[1]

((P1[1]

((P1[1]

P2[11])

P2[17])

P2[1])

P2[11])

P2[11])

P2[11])

P2[11])
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# Distance 21
Pl = [position[l, 0], position[l, 1]]
P2 = [position[11l, 0], position[l11l, 11]

eDistance = math.sgrt (((P1[1] - P2[1]) **

2))
feature.append (eDistance)

# Distance 22
Pl = [position[ll, 0], position[l11l, 11]]
P2 [position[l2, 0], position[l12, 11]]

eDistance = math.sgrt (((PL[1] - P2[1]) =**
2))

feature.append (eDistance)

# Distance 23
Pl = [position[l1l2, 0], position[l2, 1]]
P2 = [position[13, 0], position[13, 1]]

eDistance = math.sqgrt (((P1[1] - P2[1]) **
2))

feature.append (eDistance)

# Distance 24
Pl = [position[l, 0], position[l, 1]]
P2 = [position[8, 0], position[8, 1]]

eDistance = math.sqrt (((PL[1] - P2[1]) =**
2))

feature.append (eDistance)

# Distance 25
Pl = [position[8, 0], position[8, 1]]
P2 = [position[9, 0], position[9, 1]]

eDistance = math.sqgrt (((P1[1] - P2[1]) **
2))

feature.append (eDistance)

# Distance 26
Pl = [position[9, 0], position[9, 1]]
P2 = [position[10, 0], position[10, 17]

eDistance = math.sgrt (((P1[1] - P2[1]) **
2))

feature.append (eDistance)

((P1[1]

((P1[1]

((P1[1]

((P1[1]

P2[11])

P2[1])

P2[17])

P2[11])

P2[17])

P2[17])

82

¢8



R = 0;
if humans:

R = len (human.body parts)

return npimg, feature, R

def get scaled img(self, npimg, scale):

get base scale = lambda s,

w, h: max(self.target size[l] /

float (h), self.target size[l] / float(w)) * s

img h, img w = npimg.shape

if scale is None:
if npimg.shape[:2] !=
self.target sizel[l]):
# resize
npimg = cv2.resize
interpolation=cv2.INTER CUBIC)
return [npimg]l, [(0.0,

[:2]

(self.target size[l],

(npimg, self.target size,

0.0, 1.0, 1.0)]

elif isinstance(scale, float):
# scaling with center crop
base scale = get base scale(scale, img w, img h)
npimg = cv2.resize(npimg, dsize=None, fx=base scale,
fy=base scale, interpolation=cv2.INTER CUBIC)

O size h, o size w = npimg.shapel[:2]
if npimg.shape[l] < self.target size[l] or npimg.shape[l]

< self.target size[l]:
newimg = np.zeros (

(max (self.target size[l], npimg.shape(l]),
max (self.target size[l], npimg.shape[l]), 3),

dtype=np.uint8)

newimg[:npimg.shape[0], :npimg.shape[l], :] = npimg
npimg = newimg
windows = sw.generate (npimg,

sw.DimOrder.HeightWidthChannel,
self.target size[l], 0.2)

rois = []
ratios = []
for window in windows:

self.target sizel[l],

indices = window.indices ()
roi = npimg[indices]

rois.append (roi)
ratio x, ratio y =

float (indices[1].start) / o _size w,

float (indices[1].start) / o _size h

ratio w, ratio h =

float (indices[1].stop -

indices[1].start) / o _size w, float(
indices[1l].stop - indices[1l].start) / o size h
ratios.append((ratio x, ratio y, ratio w, ratio h))

return rois, ratios
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elif isinstance(scale, tuple) and len(scale) ==
# scaling with sliding window : (scale, step)
base scale = get base scale(scale[l], img w, img h)
npimg = cv2.resize(npimg, dsize=None, fx=base scale,
fy=base scale, interpolation=cv2.INTER CUBIC)
O size h, o size w = npimg.shapel:2]
if npimg.shape[l] < self.target size[l] or npimg.shape[l] <
self.target size[l]:
newimg = np.zeros (
(max (self.target size[l], npimg.shape[l]),
max (self.target size[l], npimg.shape([l]), 3),
dtype=np.uint8)
newimg|[:npimg.shape[0], :npimg.shape[l]l, :] = npimg
npimg = newimg

window step = scale[l]
windows = sw.generate (npimg, sw.DimOrder.HeightWidthChannel,

self.target size[l], self.target size[l],
window step)

rois = []
ratios = []
for window in windows:
indices = window.indices ()
roili = npimg[indices]
rois.append (roi)
ratio x, ratio y = float(indices[l].start) / o size w,
float (indices[1l].start) / o_size h
ratio w, ratio h = float(indices[1l].stop -
indices[1].start) / o_size w, float(

indices[1].stop - indices[1l].start) / o _size h
ratios.append((ratio x, ratio y, ratio w, ratio h))

return rois, ratios
elif isinstance(scale, tuple) and len(scale) == 3:
# scaling with ROI : (want x, want y, scale ratio)
base scale = get base scale(scale[2], img w, img h)
npimg = cv2.resize(npimg, dsize=None, fx=base scale,
fy=base scale, interpolation=cv2.INTER CUBIC)
ratio w = self.target size[l] / float(npimg.shape[l])
ratio h = self.target size[l] / float(npimg.shape[l])

Vs

want x, want y = scalel[:2]
ratio x = want x - ratio w / 2.
ratio y = want y - ratio h / 2.
ratio x = max(ratio_x, 0.0)
ratio y = max(ratio y, 0.0)
if ratio x + ratio w > 1.0:
ratio x = 1. - ratio w
if ratio y + ratio h > 1.0:
ratio y = 1. - ratio h
roi = self. crop roi(npimg, ratio x, ratio_ y)

return [roi], [(ratio x, ratio y, ratio w, ratio h)]
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def crop roi(self, npimg, ratio x, ratio y):
target w, target h = self.target size
h, w = npimg.shapel[:2]
X max (int(w * ratio x - .5), 0)
y = max(int(h * ratio y - .5), 0)
cropped = npimgly:y + target h, x:x + target w]

cropped h, cropped w = cropped.shape[:2]
if cropped w < target w or cropped h < target h:
npblank = np.zeros((self.target size[l],
self.target size[l], 3), dtype=np.uint8)

copy X, copy y = (target w - cropped w) // 2, (target h -
cropped h) // 2
npblank[copy y:copy y + cropped h, copy x:copy X +
cropped w] = cropped
else:
return cropped

def inference(self, npimg, resize to default=True,
upsample size=1.0):
if npimg is None:
raise Exception ('The image is not valid. Please check your
image exists.')

if resize to default:

upsample size = [int(self.target size[l] / 8 *
upsample size), int(self.target size[l] / 8 * upsample size)]
else:
upsample size = [int (npimg.shape[0] / 8 * upsample size),

int (npimg.shape[1l] / 8 * upsample size)]

if self.tensor image.dtype == tf.quint8:
# quantize input image
npimg = TfPoseEstimator. quantize img (npimg)
pass

Y8

logger.debug ('inference+ original shape=%dx%d' %
(npimg.shape[l], npimg.shape[l]))

img = npimg
if resize to default:
img = self. get scaled img(npimg, None) [1]
peaks, heatMat up, pafMat up = self.persistent sess.run(

[self.tensor peaks, self.tensor heatMat up,
self.tensor pafMat up], feed dict=({
self.tensor image: [img], self.upsample size:
upsample size
})
peaks = peaks[1]
self.heatMat = heatMat up[1]
self.pafMat pafMat up[1]
logger.debug ('inference- heatMat=%dx%d pafMat=%dx%d' % (
self.heatMat.shape[l], self.heatMat.shapel[l],
self.pafMat.shape[l], self.pafMat.shape[l]))
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t = time.time ()

humans = PoseEstimator.estimate paf (peaks, self.heatMat,
self.pafMat)

logger.debug ('estimate time=%.5f' % (time.time() - t))

return humans

if name == ' main_':
import pickle
f = open('./etcs/heatpafl.pkl', 'rb')

data = pickle.load(f)
logger.info('size={}"'.format (data['heatMat'] .shape))

f.close()

t = time.time ()

humans = PoseEstimator.estimate paf (data['peaks'],
data['heatMat'], datal['pafMat'])

dt = time.time () - t;

t = time.time ()

Q

logger.info ('elapsed #humans=%d time=%.8f' % (len (humans),
dt))
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