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ABSTRACT

Action recognition using ensemble-based and ROI-based deep

neural network and analysis of action characteristics

Byeon, Yeong Hyeon

Advisor : Prof. Kwak, Keun Chang, Ph. D.
Dept. of Control and Instrumentation Eng.,
Graduate School of Chosun University

This paper conducts behavior recognition and behavioral characteristic
analysis using deep neural networks based on ensembles and regions of
interest. Video—based behavior recognition is a method of automatically
identifying the behavior displayed by a target person through digital data
processing. It can be applied to video-based automatic crime monitoring,
automatic sports video analysis, and whether the situation of a silver
robot. In particular, as the necessity for silver robots increases to better
care for the elderly due to the aging of society, research on behavior
recognition as a core technology is also becoming more important. Behavior
recognition data is mainly composed of images and skeletons, and recognition
performance can be improved by combining the analysis of data with different
characteristics. In addition, the image data used for behavior recognition
is composed of sequences as well as spatial information and contains time
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information. Therefore, performance can likely be improved by analyzing and
combining spatial or temporal information in an optimal structure. Important
information can be gleaned from behavior recognition data if the region of
interest is correctly placed on the person performing the action, thus
removing ambient noise, and if the behavior recognition algorithm conducts
feature analysis by focusing on the behavior itself rather than learning the
entire domain. In addition, since humans use tools to perform actions
differently from animals, training of a neural network by placing a region
of interest on a hand-object enables feature analysis by focusing on
tool-related information. Performance can be improved by combining
information from models that have been trained by focusing on these regions
of interest. Because physical conditions change with age, the
characteristics of the data differ according to the age of the actor. To
analyze the behavioral characteristics of these differences, an explainable
artificial intelligence technigue can be used. The database used for this
experiment is the ETRI-Activity3D database, which contains color images,
skeletons, and depth images of 55 daily behaviors of 50 elderly individuals
and 50 adults. In this experiment, the performance of the proposed models,
the RGB-S-based 3-stream ensemble model and the ROI-based ensemble model,
improved by at least 2.6% and up to 20.97% compared to other behavior
recognition methods. In addition, the heat trajectory was obtained from the
skeleton information through an explainable artificial intelligence
technique, and comparative analysis was performed with the RGB video.
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HICI2Z 11890 £&BHACH42].

[U\U

_12_

Collection @ chosun



MSRDai lyActivity3D(Microsoft Research Daily Activity 3D)= Ze{0l01Xl, €

A0101K, AZYECZ AL UCH. AL SZUA 16t Lo HSSES
S 82 == 3200H0ICH. & AtE0l & =0l CHoll &= JHAI At

ot &

0

N2 "8 ot IIHLE vig 0l8d &SEACHA43].

Act4#?= 21210101 XI2t EAOI0IXIZ A0 UCH 14002 L& #HESS ALY
SEOA CHst Jtollet /XA Z2SEJACH. O0IE <ol 28 HEUAM TOE =
Olet Chefel 29| 442 JIHEE MEotRUL. ds2 24T2=FH el Xl

CAD-120(Cornel | Activity Datasets)= ZO0|0IXl, EAOQI0|Kl, AAYESCR
PHACAHUJULCH. 12001 S ARFAZ PHATN UL 4HO| A0l 2o #s=
2 M LS GHHCH. JtoicteE AFE0l s B 2tz stHN S0 =

2} o
= U EXotf) &5

== KAl S0l Jted& 0l QUCH45].
3D Action Pairse=
Xl AtBIE|= SHE H O

ACH46] .

HOISH0 2t BSOHCH 3814 10B2 CI2 ALZOl 4

Z20I0IX, EAO0I0IK, AFYELZ &N RUCH.

A SH 6|-

Multiview 30 Events= ZI2{0|0|Xl, EAO0I0IKl, AZYECZ RHZN ULH.

CHE YA IIHE Ut SAl0 CIOIHE +=&ettt. 230N 830l
S ot AMEBOICH & HSS 20 AGHHAM 110tX12 O E SH2 ABEE 2
ALCH. 3815012 HICIL AldAZ FHEN USH 2 252 B2H2=Z 4770
El

ANJAAE I JACHAT].
n2 ZAHO0I0IX, EAOI0IK, AFHES

SH
=

ot

is
JT O

Online RGB+D Action ol A 2 AHEEN UCH.
HAOA LR HE 7IHNE SHGIA2H, =2 A0l AISS AIEol= &
S== AHOIALH. 0 Zd YO A2 ZAHEAZ &= ctEE S oD
JIHE HMME 0IE6tRUCH. H Bl s2s SZ0A 1622 AE2=22H O
HSOICH 281 S G, & BlMe O S30AHd MZ2 882 MEe=2
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H 3-1. R3D-182 =
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ID Joint
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2 Spine emid
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4 Head
5 Left shoulder
6 Left elbow
7 Left wrist
8 Left hand
9 Right shoulder
10 Right elbow
11 Right wrist
12 Right hand
13 Left hip
14 Left knee
15 Left ankle
16 Left foot
17 Right hip
18 Right knee
19 Right ankle
20 Right foot
21 Spine shoulder
22 Left hand tip
23 Left thumb
24 Right hand tip
25 Right thumb
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I 3-3. LEXZ X(openpose)l AAYE AEHE
ID Joint
1 Nose
2 Neck
3 Right shoulder
4 Right elbow
5 Right wrist
6 Left shoulder
7 Left elbow
8 Left wrist
9 Middle Hip
10 Right hip
11 Right knee
12 Right ankle
13 Left hip
14 Left knee
15 Left ankle
16 Right eye
17 Left eye
18 Right ear
19 Left ear
20 Left big toe
21 Left small toe
22 Left heel
23 Right big toe
24 Right small toe
25 Right heel
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16 RightEye 17 LeftEye
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18 RightEar @
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¢}
H 412 Z2=2 S A4S UEHD
=

Qe 1 AHYE AMBAE JI=2=2 SHoAL. La=0 JI0E= HE 220

(]
=

RGB (2D-CNN-LSTM)

6.937s (47.1 f/s)

Skeleton (PEI-2D0-CNN)

0.023s (14217.4 f/s)

RGB (3D-CNN)

3.571s (91.6 f/s)

Body ROl RGB (3D-CNN)

11.831s (27.6 f/s)

Hand-object ROl RGB (3D-CNN)

5.698s (57.4 f/s)

OpenPose

16.786s (19.5 f/s)

RGB-S-based 3-Stream Ensemble

10.531s (31.051 f/s)

ROl-based 4-Stream Ensemble

37.909s (8.626 f/s)

BEOIA DU HSEI HEs FEE
S 249 S@ 2R4(N,)9 BO=2 U=

(accuracy)2 22 28+ (N)E =
2O0ICH A 412 BEEES KHarsts
- (4-1)

accuracy = W
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H 4-2. ETRI-Activity3D2e s BEF
1 | X322 34 9] 29 | NEE 4D
2 | &o 2 =21 30 | R0t &I
3 | < 9D 31 | 2221 AFZ5tD]
4 | 2 0FAIDI 32 | M 9iD|
5 | HHEIOWAM Sa HUWAU ED] 33 | &IE DI
6 | M CHSD| 34 | M|
7| 0t %O 35 | ™3O0l ZSH|
8 | It 2 HJI 36 | SUHESZE =D
9 | ZOOIA A A 37 | BFE B2
10 | O &DI 38 | &bl TIJ|
11 | & AD| 39 | g XID|
12 | AI==3tD] 40 | &2 = XD
13 | &2z d= <D 41 | MHEXIZSH|
14 | &3] 42 | DI =elJ|
15 | §AE BtE)] 43 | 22X O =227
16 | eIt gio] 44 | QLALGH|
17 | Helot= Eet0lotd] 45 | M2 CHstold|
18 | M3l D] 46 | 2 ==5tJ|
19 | TH2! &D| 47 | M2 ZESolD|
20 | AR ADALE SO 48 | N2 M|
21 | etE ML "] 49 | & &=
22 | &4 Xlok)| 50 | @2t £=X6H)]
23 | Bt &Z HAGH 51 | &Jttoz Jtelald|
24 | Z2d2 HE D 52 | & €1 S0I|
25 | AlE S 53 | B0 M4 XD
26 | Jt= S| 54 | tAHLE LU AD]
27 | BF AL IO 55 | 571
28 | £=22 4 W)
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" 4.1 ETRI-Activity3D GIOIEl OGllAl
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HI3E &It ¢d

JIE A3 720 et GIOIEIAE CS(Cross-Subject) 2t CA(Cross-Age) &2 LIS
O ZTOIstCh. ETRI-Activity3DE JIE2L &, CS= Lo 5082 1
5082 5126 1000tXlct) & M 126 3ti=E HMAst HS= && HolIeHZ, 1

£H 3= H3S OOIHZ Ze2lotALt. &5 dIolEu el 210l 285 d
67%, 2Z OIOIEN Helu L0210 28%0 3BYez RHECH. CAs =2 4
olg =ZZ2Iote RHE 2oz Lolsts, LodE, 4oss, dedsez 2y
EC. CA= CS2t =2otH =0l 50ES 12H 500K, &S 512H 100MtKIct
S [ 198 3Hi==E Melst Bs= sts OO0IHZ, 198 3= &3 HOIHZ
Z2lotE 5080 51 AN0ISl ol Holo AAMHUAM Zmels FelstCH83].
5, CSel WxtAS(cross validation)22 w02l 5082 126 500K, 40l 50
YES 512H 100Kt & M 22H 3tH+E HMs HS= & U0IHZ, 28
B 3= ZS OIO0IeHZ =2IotCH. IO 301 20l 182 ndES
+HotUCH. 18 4.2 ETRI-Activity32l Cross-SubjectAlel S 20=F=1 1
g 4.32 ETRI-Activity32l Cross-Agelel #d= EWEC. 18 4.4= WAES
£ <8t ETRI-Activity32| Cross-SubjectAl2l A2 B ECH.

Cross-Subject Set

Training (67 %)

ID=1245,..,100

Test (33H)

ID = 3,6912,15,....99

& 4.2 ETRI-Activity3D2 CS(Cross-Subject)Allel 24
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Cross-Age Set

Elderly Training (349H) Young Training (33%)
ID=1245,..,50 ID = 52,53,55,56, ... ,100
Elderly Test (16%) Young Test (179%)
ID = 3691215, ... 48 ID = 51,54,57,60,63, ... .99

2 4.3 ETRI-Activity3D2 CA(Cross—Age)Alol &

Cross-Subject Set

Training (672)

ID=1346,7,..,100

Test (339)

ID=25811,14, ... .98

D8 4.4 XAEES <8t ETRI-Activity32l Cross-SubjectAlle] 24
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D-ONN eie 242 HOolEIo X0l 3R (N2 SHEES 2o Lh=ol
S} BES SAT XY HES OIACH 3% BHT MM BYH®o
OLIZH AIZIZSi0l ST 20l HATI W20 AIRA GIOIEH 20-CW2CH O
T sis® 4 UC

0.001, =XHsteHS Adam, It
X2t (weight decay)= 0.00005, OILIBHXI AJ1= 1002 AFSSHACH. & 5.1
RGBHICI2 OIOIEIS GIAIS 20F1D H 5-1= RGBIIEH SisSQIAl9] HET(CS)

S O0ECH RGB (20-CNN-LSTM-Typel)2 SAFZ=S <8t 20-CNN= GoogleNet,
RGB (2D-CNN-LSTM-Type2)2 SEZEZ2 £ ResNet-101, RGB (3D-CNN)
2 SEAFE ¥ EFRE SIS 30-CNN=2 R3D-182 FHESHRULCH. el O 5.210
8 5.3= RGBUICIL 2l 20-CNN-LSTM-Typel &=0HE 10 RGBHICIR &2
20-CNN-LSTM-Type2 SIS tE =S 2010 18 5.42 RGBHICIL 222l 30-CNN
SUES UEHHC.

10 Oof

i

ol
27| MBS

Lol
CEEER]

ol
7| A&

dol2
ey

13 5.1 RGBHICI2 CIOIE S GllAl
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8 BT (%)
20-CNN-LSTM-Type 49.47
RGB-based network 2D-CNN-LSTM-Type2 47 .49
30-CNN 79.20
45 — - - - - - —

V 1I “WHMHj

4

Accuracy (%)

05|
! : ! rIteramcmB " v . m14
(a) &= (b) &4
18 5.2 RGBUHICI2 2 =2 20-CNN-LSTM-Type1 S=50HE

100

o0

I |ﬂMHWmeT f_

80

70
60

50 [

Accuracy (%)

40

30

20

lteration «104

(a) 3=t (b) &4
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100 T T T T T T 45
90 - 1 4t
80 [ 35|
70
80 F

]
50 1 5

Accuracy

40

30

20

0 5 10 15 20 25 30 35 40 45 50 0 5 10 15 20 25 30 35 40 45 50

PEI-T1-20-CNN 22 3Xt2 2o AZYE AMIEAE PEI 2HE= Sol OI0IKI=Z
gt = 1 OI0IXIS 20-CNNOl 2 &5t 2Rote A2 =2 PEI EHY 142 RES
Ti~42 HI|GHQUCH. Bat & O|0|KlE 224 x224x3 AJ|2] RGBOICH. 2D-CNN= At
Mdets 20l ResNet101=2 ALEoHRUCH. = H3 2H2 Adam, OILIBHXIZ D=
ZJ| SEEE 0.0001, & &==(epoch)= 202 ALESHACH. O 5.52H 18
5.8= PEI-T1, PEI-T2, PEI-T3, PEI-T42] MIAIE E0WH=1 H 52= AZED|E
HESOolAl HET(CS)E E20ECH. 8 5.9598 18 5.122 PEI-T1-2D-CNN,
PEI-T2-2D-CNN, PEI-T3-2D0-CNN, PE|-T4-20-CNN2| StESUHE S LIEIHCE.
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ey 7]

" 5.8 PEI-T42 OiIAl
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T 5-2. AZYED|E #SIA HET(CS)
= HET (%)
PEI-T1-2D-CNN 84.95
PEI-T2-2D-CNN 85.88
Skeleton—based network
PEI-T3-2D-CNN 86.09
PE [-T4-2D-CNN 85.20
100 —— 45
90 s
80 35
70 s
%; &0 P
g % 9
g ’
= - 15
20 !
10 05
D0 1 2 3 4 5 6 U0 | 2 3 4 5 3
[teration <104 Iteration <104
(a) 3% (b) &4
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N
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Ensemble

Skeleton

Skeleton-based ensemble network

N RBGIIEH SiEsolA N AAYED|E HSOUAM2 A2 UE |FEQ HOIEH=Z
22 JIXD U= EEIF U2 28J| 2Y T =880z F=Eol=s EXO|
CtEJ] =0 012 2% Z21UE AAM=S0IH = FEs2 2018 & = JACH. &
a2 YHoZ=E o 28I BEO =2 ADNHO =2 Hot AL oM =0
e £E EFotUCH. E 5-4= RGBLF AZYSI|8 HsQIAS AAME HEL
(CS)E EW=C. RBG-SIIEt 3-AEZ AdAs DA RGB-S-based ensemble
network (Typel)= RGBYAIS 22 OZ 3D-CNN, RGBEAIS 220 2D-CNN-LSTM,

A2 E OI0IES PEI-T3 SasS LYHASZIZ 20-CNN2| £ AZDN USS

Ciol A

A2

oo =2

tAtE Bt 210/ OF&JEAIZ RGB-S-based ensenble network (Type2)= RGB
3o Z 3D-CNN, RGBEAZS 22O = 2D-CNN-LSTM, AZIHIE HIOIE2 PEI-T3 &
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HEE (%)
(= =
- col Aol
Casel 90.78 68.96
TypeT
Case? 70.96 87.16
RGB-S—based ensemble network
Casel 92.81 73.56
Type2
Case2 75.08 90.37
— 72 —
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H 5-9. ROID|EF SSOlAl HET(CS)
8 HET (%)
RGB-based network 79.20
Hand-object ROl-based network 30-CNN 73.11
Body ROI-based network 76.85
100 4.5
90 F 4
aur 35+
70 5
o) or & 25T
3 W 13
2 2l
40
o 15
20| :
105 05 f
U[J 5 10 15 20 25 30 35 40 45 50 UO 5 10 15 20 25 30 35 40 45 50
Epoch Epoch
(a) H&t (b) =4
& 5.16 Body ROI 2J|B8F 30-CNN St HA
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100 - T —— B T — T — T T -] 4.5 {- T - ™ - — e ™ T -

Accuracy
I
3
Los:

RBGHICI20IA HSAN =2 ZLE JtXl= Body ROIOI &S0ot0 30-CNNS
MEA st5ctE2 010IKY MMFEE2x stsAlZ Mo=s £ O EHE0 =
=) E 242 otH =0, 8 RGBHICIQ0A HSCIAN =2 HE2E ItX
= Hand-object ROI0I HSot MEH stsot22 0I0IXIS HNEE222 StSAl

Z Mot & OE EES0l &80 UE 24= ofH 0. ROl= RGBOUIM &
BE N Hao #=sdcz 4501 Ot SOotE == UKL 0lH & Ctst 2
Aol Zel FEE Ydy=sotH oY ds20 28 FHode dss JIUlE =
UCH. = 5-102 RoIJIgr 2o 2as ZW(CS)E EOUWECH. ROI-based
ensemble network2 Typellt Type2= RGBHICIL &2 3D-CNNt Body ROl 22
30-CNN2 Zutss 22 Hdu sd 248t 2H0l10 ROI-based ensemble

|0

network2l Type3lt Typed= RGBHICIL /22 3D-CNN, Body ROI £/23°] 3D-CNN,
Jell) Hand-object ROI &2 3D-CNN2l 2SS 22 W8N S AdH4EE 2
2OICt. ROl-based ensemble network2 Typeb%t Type6& RGBHICI2 e
30-CNN, Body ROl &= 2| 3D-CNN, Hand-object ROI 21282 3D-CNN, PEI-T3-2D0-CNN
o Zits= A2 TN S daSs 20l ROI-based ensemble network<l

Type72t Type82 RGBHICI2 /22| 3D-CNN, Body ROI /22| 3D-CNN, Hand-object

ROI =2 3D-CNN, PEI-T1~T4-2D-CNNS Z =2 22 F&l sS4 dAa=Sst 2
gio|Ch. Al&8Z 1 ROl-based ensemble network (Type6)0| CHE ZX&o AME A

HSE0 Y =2 TS I
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2 g ZEE(%)
Typel 84.68
Type2 85.85
Type3 86.83
Typed 87.98
ROI-based ensemble network
Typed 92.79
Type6 94.87
Type7 94.18
Type8 94.69

5
gt Z(CS)E E0=Ct. Hetst RGB-S-based ensemble network (Type2) 2t
ROl-based ensemble network (Type6)0l CIE J|& YHEC =4 2.6%0 A =ICH

20.97% O ds Hd&E A= =2l & &= UL

—
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U 511, j|_7F_ ECF!EOI/\I =1 =}

— O = T o -

o4

min

SHI1(CS)

=1 =3]
=N=]

ETRI-Activity3D

IndRNN[20] 73.90%
Beyond Joints[21] 79.10%
SK-CNN[22] 83.60%
ST-GCN[23] 86.80%
Motif ST-GCN[24] 89.90%
Ensem-NN[25] 83.00%
MANs [26] 82.40%
HCN[27] 88.00%
FSA-CNN[83] 90.60%
HICtEl RGB-S-based ensemble network (Type2) 93.20%
HMICtEl ROI-based ensemble network (Type6) 94.87%
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I 5-15. ROIDIB 2EO| AAS 2 DH(CA)
e (%)
g o
L0l A0l
Case1 92.53 70.35
Typeb
Case? 73.57 89.87
ROl-based ensemble network
Case1 94 .57 75.04
Typeb
Case? 79.51 92.54
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