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Abstract

Falling is one of the causes of accidental death of elderly people over 65
yearsold in Taiwan. If the elderly cannot be detected immediately in an accident,
he will increase the risk of death. The general fall detection requires the detector
to wear the sensors, which may cause maladjustment, forgetting to wear or
missing. Therefore, the thesis uses computer vision inspection without any
sensors. Here, we use OpenPose real-time multi-person 2D pose estimation to
grab 25 joint points of the human body. The movement of the joint point is
recognized through the movement of the human body. In addition to being able
to effectively grasp the joints of the human body, it has agood effect in the harsh
space environment. Because the use of joint pointsinstead of images, the training
time is effectively improved. In addition, it also improves image blur, light, and
shadow changes. The thesis uses single-view images to reduce equipment costs.
We experimented with time series recurrent neural network (RNN), long and
short-term memory (LSTM), and gated recurrent unit (GRU). The model learns
the changes of human joint pointsin continuoustime. In the experimental results,
the LSTM is 98.2% and the GRU is 97.3%. Therefore, the accuracy of the fall

detection method proposed in this article is quite high.

Keywords. OpenPose, 2D Pose Estimation, Recurrent Neural Network, Long

Short-Term Memory, Gated Recurrent Units, Fall Detection, Action Recognition.
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Wt 1A gl 10 - BREAECED Kol B ).
HERTEL LA BYRMIH a 5 hp wBFT LE Y2204 38

bW 22157 0 SRR ES 2 K o W KRR TR DR

Input layer Hidden layer Output layer

B 2-1- % kR +#(MLP)[19]



R ey D ENCNEANENIECHE S IR ¥-Eat- SRR
TR DS FY IR RTINS - L EEF v B 2
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L4 5 e e (Recurrent Neural Network, RNN)[23-24] - + #L 5 75 %4

SRR AA KRR Ao ;&,ETM‘! A RED LT E 0 doB] 2-5%7
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B 25~ A 5 e i (RNN)[25]
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ht = Jh(Vht—l + Uhxt + bh) (21)
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£ =3 2z B (Long Short-Term Memory, LSTM) » # RNN=vF it » d S,
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ft = O-g(fot + Ufht—l + bf)

(2.3)
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Sigmoid function -
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oy P ARTE MKRE e en @],\ Wi, »m &

= RATIE E B S
Bhc A EAH TR
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b3
Cr = o (Woxy + U he_q + be) (2.5)
H ¥ g, % tanh function -
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(2.6)
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F* 3L 7 8 ~ (Gated Recurrent Unit, GRU)[30][31] &iLfF 4! 5 4 & e
4484 - 4 Kyunghyun Cho% < +:20144# 51 ~[32] » % 7 sz L LSTM# 7
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H 2 i (Cell State) {8k 6 (Re) 7 £ B 71t 3 401 LSTM > <

Reset Gate Update Gate

I + ..h{ hf-! X +

1- 1-

X 1—] X |
It : X 7 X
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BY WU #E 58k b HiEE » g, = Sigmoid function -

P

P AR IBERFC-DeREFESHNETERNE riEERM

Eohidydie & BETORAE $EET - R 0 S F XKL
re = og(Wexy + Urhi—q1 + by) (2.10)

he = (1 = 2)Ohy—y + 2.O0, (Wrxe + Up(1ihe—1) + bp) (211

H ¢ © i Hadamards # - gy, 3 Tanh function -
22 o i

bt SRS AR B TR S TR LA R
5 R AL PR > A B R T kg Y

2.2.1 Logistic Sigmoid (Sigmoid)
Sigmoid 24 e B 1 F L sy ol 0 5 SR 0 i e~ 1L

v

BOXLenge FIp i 8 > 7 & 7 5

1

f) =0,(x) = —= (2.12)
x % gig] » K gjgl » il o
2.2.2 Hyperbolic Tangent Sigmoid (Tanh)
Tanhit %@?J A B SRR U B B R S
FG) = a(x) =52 (213)
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2.2.3 Rectified Linear Unit (Relu)
Reluf_R iZ 4 i@ * .’rﬁ;‘;;r@%&ﬁﬁzi— s Fox kN 0pF > ﬁ%lﬂzx s F x] A

i%ﬁ%?OEE’-f’ﬁi%Jﬂ:O, A A A

0forx<0
x forx >0

fe = |

(2.14)

X % @?J » K gigj e <
23 B RE 2

B FEEEY RRCIERIEE P EE L FFaff A o BSR4
g | o JRA SRR R Fa T
2.3.1 Gradient Descent

- - BB G RE ) AR e R L - o
(2.15) 5 #7715 e B w o t A PR 0 BB UTA EE Y St o] 2

B RVL - fLossend ] 3 &5 7 I 33 e g awtt o
wttl = wt +n(=VL(wY)) (2.15)
= wt —nVL(w?)

2.3.2 Adaptive Moment Estimation(Adam)

Adam[33] E_ G e Lt E i 522 - » P E PR - PFELGIm,
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m; =um;_; + (1 —u)g; (2.16)

ng =vn,_g + (1 —v)gf (2.17)
Blus-WBERFIRERFY vi - WERITRHERTRS tAFRF

g =R

B o FRmefen, 0 R F R R F RSB - [

B M oz PR AR R A, » BT AT ]mﬁ'&f@iAQt i;ﬁ?\%ﬁ% :

mt == 1-ut (218)
A n
iy = 1_; (2.19)
%
m
AG, = —— t+€n (2.20)

CERIE IR

24 4 ik
Loss function » #¢ % Object function » &_* &3+ B 40 5 g o3 Bl B fr

P2 e §F > Lossfunctionds |- % & Y 55 4 52 B g B A%4F o

2.4.1 Mean Square Error(MSE)
MSE¥ ALE* Lw fF ALt & 5 ¢
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MSE = =¥, (y; — 9))° (2.21)

n

Bons FTHEE Y- PHRE P ZIERIE -

2.4.2 Cross Entropy
CrossEntropy # #4i& * A A SR A cpi EF £ 2 g T 28 4 %

Xy .
I &

H = Y31 X1 —p(x)logaq(x:) (2.22)
BENZRFE S Xa 280 e
25 #A=E H %
AIHGRER S -BEBEEYANLEL R AT TR I -FER
ha v f A& dp % [34] 40 ¢ B om & (Accuracy) ~ A FE
<

(Precision) ~ z v & (Recall)frF1-Measure o 4B 2-8#775 - i#% iR

£ (Confusion Matrix) &3+ &%= & 3 1% » W RIHCE] & ok o
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False Negative

FN

False Positive True Negative

FP TN
\ AN J

"[34]

B 2-8~ 82

B 2-87 Positives 1 & 4~ #h P & > Negative s =x & 4 #f i1

P @ TruefrFalses W 5 S % FERI L FEZ 538 o & 5w B RIHF

/%t (True Positive, TP) ~ (True Negative, TN) - (False Positive, FP)

fr(False Negative, FN) -« TP& * fZ gl & P % > TN 5 T m7f Rl =
B P FPL R & PR FNZ &FFE R & P % -

25.1 &acR (Senstivity)

AT R LR AP HR(FE)P T A7 R IR AP
S0l B) o e B FEE ZEE (B )y £ BOATER. S E 0 A
—F]z B LA f;l] :

TP
S = e 100% (2.23)
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252 # 3 B (Specificity)

Kjﬁ FRLZXE LR R(MEL) s thd? o eI R LD
Tant bl o heB FE 2 5 AR FI(FEM)r g F B2 BAISER. 5 A
HIRER O

TN
F = varp 100% (2.24)

253 #rz R (Accuracy)

5"\#%'—’”1"7; /gé"ﬁ-ﬁj*ﬁj‘ﬂ ’ ’LIJI&{“—‘IEﬁ:‘; l_ﬁ»fr:'(_g Ao\ ‘J):*FTB 1}/@1‘ ELJ/’”’L /I}IJ o

'lif"""i"ﬁ :i (£ ﬁi‘?tl]-‘— ‘?F‘ /P ’fr’it H_l rrJLL |’;|J o
TN+TP
A= ! x 100% (2.25)
TP+TN+FP+FN

2.6 OpenPose# B~ F 3¢

OpenPose™r p& % 4 2DZ 1 iz 3+ » £.d4 2 B+ p A1~ F(CMU)&~
# o Lo AN ERN LA geR > nCafes fEE B e T Y RA
Rd it~ g AL r—t\ ijﬁ fnj—g_{g%%fégi o i F N H /\«f\_«g A s ,ELJP T 45
o g o TP FRRE R AR B

OpenPose;ir & 2 i R4 HAr 4 F 3= (Part Affinity Fields, PAFs)fr
¥ % Bl(Confidence Map)3+ & 41 A #8 % 78 - 7 £ » L GiEVGCG-19#-7) 17 7
FicE (Feature Map) » 2. 1518 * & o L 5 B anCNNA R - 3 L7025 b
#3@;@@%/\ o k- LA LIERMENEG- 22D TB 0 - A% E
PAFs » Z g B 40 > fs > B FH /7823478 & B{-PAFs > ¥
B ¥ et dd 22DF 2 o
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» OpenPosei® 78 &_i¢ * 2D ] i fF e R B8 F 28 » #r0u0 § 34 0
PL R ¢ A2 BZTERIS ARG FENE . AL T A
FRAMFGT P RS BN o g 4 R AR
2.7 i+ #.1« (Normalization)

AR B BB ISR R R Y 0 P AR R AT o
P T e A e A e ariE R > TRF AR RE - F Bk
p o p R E TR
271 74 #& % i (Z-Score Standardization)

FZABAEEM G TS L ERE Y LA F (Standard Normal

Distribution) » $#4% (& ch-T 32 =0 &% £ =1 ¥ * L& 5 fics f Z4 #ic(Z-
Score) % ¥ 5 H =% & 5 ¢
Z="F~N(0,1) (2.26)
B Xa hbolicdy us T8k os REZL -
2.7.2 B EE + E i i (Min-Max Normalization)
Bool B x EE AR DT 2 LT R HHE[0,1] %FY

B HCEE A 0 S HRRYE AT GLPT A S X L B

Xpom = ——amin_ e 10 1] (2.27)

Xmax—Xmin

HOX 5 RASEIE o Xom 5 B Y B ] B0 X & BIR Y Bt o
28 FwEF
BlCE A ATAAER Y 0 P IRE & LIS E (Interpolation) £ - f8id iF ¢ 4

0~ BEAT O RCIR B 0t B e B AT BRI AR 02 o A Ui
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Ppo AP E R ED - B S B jTﬁzEI—LEb' ) e

281 MIIER
RPAEEET D BRI A B A okl DA B

Freng » Y2 daPlE T & 5 ¢

Y =Y, +

(2.28)

B Xy Yy Xy oY, S B B P ehe dedicdy o X 5 XpfrX 2 B ehiz e dicdy o
RPpEL e fE > BFEAT R o
2.9 é?’ez}ﬁi;{v}

NG E BRI MY TR AR R TR BRI B RIAP B 2
}}% s fRE MR R o
291 TR EE B ERPR

Aol E AR T A KR B R RAD M AT B 2 RR[6-7] - [40-42]
£ F @ e ik @ B (Gyro Sensors) ~ & @ g % (Fusion of Heart Rate
Sensor) ~ ¥ 7§ 2 5 F F T LR E & 5 (Wearable Biomedical Signal
Measurement Terminal) 2 2_4v i# & 3+ (Accelerometer) k 5 (F4F @ {27 E o
i * kg T H 2 L E Y (Machine Learning) 4 [
(Decision Tree, DT) ~ . i7 4% £ ;> (K-Nearest Neighbor, KNN)fr & 3%+ & #

(Support Vector Machine, SVM) & # B[ % ®] > &85 FH R > 3 B R s

Fp R Bl @ B AR B XD TR > T A G a8 A A
S RHTE{ORE RIS ] R
AL REAE  F RS TR BB A R 2
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FRAENR > g @ @ERRRIEIT e ¥R g HE L AR AR
= {

Eg;'é‘mx%i“,l}‘]wﬁ_g fé—j”‘l‘i\“},é‘i?ﬂ

292 BB R RIEE KRR

B o] 8RB TR S B RS SRR BEAT B 2 R[]~ [43-47) > 1 & L

BH G R B AL AR RIEE R TR A E o ETiE R > @
PR HE S AR EWEEY 2 A SRR L EERAC E AT

2.9.3 T Feil X R

Lol SRR R AL BIR R B AR e ko A LB N W
Brejk ) # R > 72 [10] ~ [35] ~ [48-50] » 5 7 A HLIE ok 30 % i@ B o
BPWE 3 FHH 2T F B G &% 3208 & 7 (Gaussian Mixture
Model, GMM) £l % § %) » 95 B BI= @it (5 » = BT 704 % 4
R o A (7 ’5’3{‘—"%119’%‘3%1‘*47?‘1’%})'3’@*’]}3‘3??33 R~ Ll
PRAEFAHF O ZE IR L A EFRPIET LR RE o R

FEPAFIBBFF 4ot BR REFRA LA KLl B 23R

2 0~ 554 R gk ipde R 2 2 [9] ~ [51-52] - i# * Kinect

OpenPose:t ¥ _Deepcut[36] & = ;N k45 I A f8# 2 > B~E 3| enfld & 2Lix > B
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§ =% S+ OpenPose® % &L STM/GRU%-3]

RS HR A om R 2 foEk B RIECA RGP > T A B
A eI IR 2 PV AE o B A BLE L R SURRZL WP 3.28 5 Hdy
BIP ; A3 3HRRA R A MEF EBRES N 34 HLFLAT L WP

3.5& LA QRRIFHFLARDN 3.6 B FRERL AP

3.1 HBAII IR
YoB] 3197 o WO A Lo BENA o B BB TF kAT R

?t'] g,ll‘gﬁ; l;n];é o

Fall Dataset

Sequence of images

il i i i i il

s

w

Data
preprocessing

Traning modi_//— —\_\_\_lesting mode

Training Data Testing Data
w v
LETM > Classification

w

Predicted Class

B 3-1 -~ fi-d] " B AR
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7 * OpenPose®~ ! # 28 » (B D25 X B8R & BE(X)Y) ° % = R > g o
TFRIL > 4t B Bt BRI NN PR PEARNSE o AfShItAe
Ly 2 5 R R A0 R o By~ TUHCAL Y 2 = SRR
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3.2.1 UR Fall Detection Dataset
# g * UR Fall Detection Dataset[37] » v &k p #1404 < 52

&?gﬁﬂﬂ AT pR# 2 707 (3018 i 5] o401 p ¥ A EER) A

&30 B o e ARET R > s FA DT aER s AP

i

a2

FERGF S Bk cH T RS SAcBT o R B E R Lo
&R # @ % 25 Microsoft Kinectip % » 22 4p fis cde & B 3 Hicdf 2o 45

B e REEERYA SRG P FERFEEY - SR G (B0
feif Rbied o ARl 3277 0 WA R R RS N R HEINR R R
ot 4 5 640%x480 » 2 i szt B A 5] 21005k A - o BT TR 1S
£ 4 7925 o

i
Bl 3-2 ~ UR Fall Detectlon Datasetv,‘ By
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3.2.2 Fall Detection Dataset
# Fall detection Dataset[38] ¥ - 4k fed 8B 4 AL & 22 5B 7

‘»T
=3

R I b S B A LR e B R A i B

FEE AT FR R ASE A BhE R pRE R a2 L F 5y
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el
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w
o
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4
i

640*480 > Bl 4~ 7[1211005% & — %2 > &0 TR MRS 0 & 5 9365k o

________

B 3-3 -~ Fal Detection Datasetzk # i~ %
AR LT A BEGE - 2 6 ARG - TehlkpE o V- 2
B E_5 7 A4S (Overfitting) » @ % 7 AL & clicdh B 0 B St A S
foo ded 31970 0 AP B R EIR Y BRI Edy 0 5 REFES T
B 2ot 5 E E B AR 0 A2 % % Mix Dataset % § (7533

PET = S
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T ARgEe B
i & (& (&)
UR Fall Detection Dataset 240 240
Fall Detection Dataset 330 330
RE By b 570 570

3.3 OpenPose®~# X ¥ # 3%

&~ & * OpenPosej# & 2 k$iB~¥ 28 > 4r@ 3-4%77 » 2 OpenPosefs
A BB S8 H25B RSB 05 5 0 (15~18) 5 L A B L
15530 > (2~7)5 & 2 %~ £ qedms > 85 KR Y 4 > (9~14) 5 - = &

Bl ~ % EAouriR > (19~24) 5 2L 4rE - yrik & %rpd o

Sy 2

=T

[id

h

N

oy

boB) 35977 » A OpenPosediBcihd & 8L » & 35 Lyt 2 2 i A
ZERE? ol AHATRE > RSN A SR - R T B
Mayossh3E 'L o pH 4B 5250 B & Bhih(x, y) R R fo bl & gk eniB & 0 F

AAER A A M B R E BRERARE o

34 HIpIE AR
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RE R PR EDERS IR AR S B 7
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B A 18 B Masas B 0 A EHLM BB R 0 R S Myyps i

o F5 1005 Bl 5 Lo 51140/ » RRFEA SRR A B~ R
A3 000 MMy o5 B L G Myxsg = AR o F U o
342 jpging o R

SORARANERES > A EER Y R A B ED R kK
Afcacd B> elcip P FRABTE HEZOLRT > T 82 R
Blp A AT 0 B A P RETOAT e 0 TN A PR - R e
FE O BEBIAPRPE AR TR A MRS
el vy n=1{0,1,2,..14} 5 B & B35 > f ={0,1,2,..99} % Bl & St -

R SLE SRS I LIS XU VAL Sk &

x] == (3.1)

2
f _H
Ye ) (32)
Ao Fxfiylsovop s vl iR E o FY omids

B Md P E ehd g E AR WEIBPEAR CHLIRYBAE -

G AR R A A A IEM (X Yais) T B

xgis = xg—xf (3.3)
b3
Viis = Ya =¥ (3.4)
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