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Image-Based Human Activity Detection for

Robotic Applications

Student: Wei-Jyun Chen Advisor: Dr. Kai-Tai Song
Dr. Pei-Chen Lo

Institute of Electrical Control Engineering
National Chiao Tung University

ABSTRACT

The main purpose of this thesis is to develop a vision-based human activity
detection system employing a monocular camera. This system can be used for
human-robot interaction in a home.setting to provide service to people. A method is
proposed to detect a human in acquired image frames. Five human poses are then
recognized. The human activity detection-system was designed by combining
information from human location, human pose and the stay time. An environmental
boundary detection method is proposed to determine the location of a human in the
environment. This method uses features in the environment to automatically set
environmental boundary, such that human location in the environment can be obtained.
Satisfactory experimental results have been obtained with human detection rate of
95.33%. The pose recognition rate of five poses (standing, walking, sitting, squatting
and lying) is 94.8%. Experimental study validates the performance of the developed

method for human activity detection from different view angles.
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64pixels*128 pixels saydas 3 f & > F A B HRPF § RN T }}.«\;;Ig[gﬁ IR

= 64pixels*128 pixels * | cFEAL T K A F B o

0.5 . : : :
v
- "%H%\m
0.2 '~ a“‘é"- _
R
B,
L 0.1 Bl
-— . A 1
By
[ '-ﬂ'\.
£ 0.05 . ]
R
"aT:'F.
0.02f -o 64x128 SUR
- 8- 56x120 RN
- 48x112 Wy
0.01 : - ' -
10° 107 10 10° 107 10

Bl 25 7 F #8820 5k4 [20]
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232 HRiEE

ot

Ak hf R e B Ao o o Dalal Bl 3 5 A b ki [21]0 2
/z\—»

i uncentred [-1,1] > centred [-1,0,1] > cubic-corrected [1,-8,0,8,-1] » 3*3 Sobel

ﬂ_F_k

SN

masks {- 2*2 diagonal ones [—01 3] ’ [—01 'ﬂ o W B EY K ded 210 F g T

1-D centred [-1,0,1] s it B 5 e ge P £ kT ¥ Gy =[-1,01]£2 £ ¥ G,
=[-1,01]" > & * &5 Bk A E T 2 Agk(xy)E Fl-k T % £ 4 (horizontal
difference) dn(X,y)fr &2 % £ 4~ (vertical difference) dy(x,y) > @ (X,y) 8- & 58 &
L mag(xy) > #HRE > e L 0(xy) B P

mag(x,y) = \/dh(XJY)z + dv(XrY)z

(2-1)
d, (¥,
dn(x,¥) (2-2)
221 7 B BB 2 vma ot A [21]
Mask Type 1-D 1-D 1-D 2 x 2 diagonal 3 x 3 Sobel

centred uncentred cubic-corrected

Operator [—1,0,1] [—1,1] [1,-8,0,8,—-1] [_01 %,] [_1 0]

Miss rate
at 10~* FPPW 11% 12.5% 12% 12.5% 14%

2.3.3 B

bR E AP S FRERART P A R R A et e o R F R
BALT BHA S X[ L 858 et 3 3 £ fpehme (cell) » 4o 2.6(Q)FF 0 o 3t
RS> L 180 AT AL - 3 % kA F P BF B RS v 2 0°
) 180° & & 9 B 3 & eh3e3t 44 (bin) - 4 1}—4\0° 3] 20° % binl > 20° 3] 40° 5 bin2
g4 T bind o & B hmre poir g o A W H AT B S R IR R Bt
SR B s R R A 0 B B e ERT Y Qe B AN A 4o
B 2.6(b)*77 > Bfé > T H(Dlock)* H N 4 B kmre S b chsit ks B3R
LR B ISR TR T 36 A £ A o 4B 26(C)%F -
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| ™a| 4| u| A

W || €| x| y|X [

> m| el [ AIalx X

w | v ¥ [ ||| wj

AEINER Ik

’ > €| Y[ Y[ K[

v 4 e[|y v|e|*

| AR ¥ |
w|> | 4 u]| A
u|v|>| € Ay k>
> h| el | 4| a|x¥|¥
WRIM IR R e

;x\‘x“xE> e R?
> € Y| Y| ¥ K[>
IR IS RIE IR
w|>| A x> ¥ |
(b)
c R36

B 2.6 FHcELA 2 N LBl e (Q)B 7 A4 B = dmve (cell) - 1 cell p R
WA R E S (b)#-cell p ehifk & = 9 B 2w chit §5(bin) Rk & 5e3- (C)
d 4 1 cell 2= - i % H.(block) » — i block ¥ d 36 M & £ 77 < [22]

2.3.4 % H.it A1 (Block normalization)

#= i % .(Block) ¥ 3| 1136 B » & F 3 i 2 it (normalization) - Dalal[20]
FOEGE LAY e 2 o Blde L2-norm ~ L2-Hys ~ L1-sqrt = L1-norm ¥ % >
H @ 5 L2-norm ~ L2-Hys ~ L1-sqrt e it gp >t H i 3 jx IR0 s > L@ 2.7 »
AP R L2-norm kil it o L2-norm(5t 2-3) 0 ® v E A 1 AR ehdE
e o0 |Vik & Fiew £ ehk-norm o e A ] e dc o

v v/yIVIZ + €2 (2-3)
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025~ "
t...“;n . o
%EQ“‘-" . - . .
iﬁ&:‘h\ ‘ﬂ.\
01 T '
-l;.-%‘ n
k] -
E‘ ﬁ?}r a\"
@ R
a Ve, e
E 0057 o [o-Hys e
‘h\-‘-'\-
-a- | 2-norm R
-~ L1-Sqrt RO
-&- L1-norm !
No norm .
-&- Window norm
0,02 ———= e
107 107 107~ 107

false positives per window (FPPW)
B 2.7 2487 & R E st 1 EI[20]

2.3.5 HOG # ity it

BT H TR B BRI - B RIE - Blwre KE B 0B
2.8 #7710 — B FERAR T (detection window) € F-7*15 B F B > & B wR BTG 36 B
B to- BFERLT 6 F 37801 Bk s % AoB] 2.9 477 0 kfs 0 & %3780
BoFpcd ot S fFpee £ N ke (GE24) 2 ¢ binl 1 &4 % 1% block ¥
ik 1B & B Eoriaztandh R % AR 0 binl05 36 & % 105 B block # #% 36 B
4B (B ATIE R 55 B o

f = [bin1_1,bin1_2, ..., bin1_36, ..., bin105_36]

(2-4)
64pixe|s overlap
cell | cell | cell
cell | cell | cell | :>

overlap

s
LB
Bis

128pixels Detection window

as s

B28 HHEHRET L E
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HOG feature extract

Fl29 >+ HRE > BFEIPTZ5H

24SVM & g R

- EFTE T 0 jFEAPERG R TR O BT RAREHE TR
ALAaEoem ﬁ.};ﬁu Ha 2o ANe drd - Bk 7 A5 o blde BT R

E. (Nearest Neighbor) ~ #g#4¢ ‘5 4 g (Artificial Neural Networks)fe i i #H(Decision

Tree)% %2 N A dedk AT R * omk 2 T o S Nl goipd 23
i s SYM i st % P i g b o
241SVM 8B Ah 5

1 v jR[28] 2P > deF] 210 #757 > A #Fw Bk Ep ST - B R
AR AR RFLE2 G - B FRLAT 6 o s BEgp g™ o 5
HEIABIAATEFRTG c ARART R RS BT EFALT G PRSI S L oK
L FALT o Bt £ pEaR L > SR BRI LAR ] o

d B2.100 F AR5 F &4 T 6 (Hyper-plane) » & #-H12H2fE2 5 & 4
42T & (Support Hyper-planes) » @ 2% P % 3 i 4345 D1 b it chA ST &
(Classification Hyper-plane) ¢ = Support Hyper-planesz. fF 3 # =~ 1§ &
(margin) o H 3+ B iz 40T ¢
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Origin o
& ©)

o # Margin

Bl 2.10 SVM f 12 3 3. B [23]

4 Classification Hyper-plane( st) % % 5% W' x=-b Tw' x+b=0-

F]pt o ¥ 2 4= Support Hyper-plane(H1 ~ H2) % %

Hl1:wix+b+6

(2-5)
. T _
H2 :w'x+b—-6 (2-6)
fEAT A - BF B Wb LéESfé.i%F‘ﬁ%i(Scaling) P FE T P A NER

- T _
Hl: wax+b=1 2-7)

H2 : wT h=-1
w'x + (2-8)

Aok pE o S HL Bl R ghengedr St |1-b)/ [[w || 5 H2 3l R Zhengedr S

F1-bl/ [[w | > Flet HI 22 H2 2 @ ciped i 0 2/ || w |
ARG RE > T R R

o «Nw o nE ;R v @ ¥

wix+b=1,ify;, =1

(2-9)
wix+b=-1,ify; = -1 (2-10)
RS VR RS d = SR
y:(wTx +b) = 1 (2-11)
e pE > T4 F %A B Support Hyper-plansz. FF JESE 5 B % » T2 % 2/ [[w]| 2

Maximize » 7 = : Minimize(||w || /2) -
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4 —'I‘r’?"ﬁﬁ?;}w'—g; g . {Xi,yi},izl,z,...,n ’ ;F'_\ V-‘ XI eRd’ yI e{l,-l} 9 5—\} fFB# i{ ?IJ’!" ’é;ll‘gﬁ
TSN - B BAZT G H o IR o)A o FE L 0 T AR (54 2-12)

PHERT ALY RTS8 T i M

1
mlbn W w
h (2-12)

yl.((wjxr.)+b)21

2.4.2 "'Si FL R L

EPTREFES G0 4oBl2.11 2% < # * INRIA Person dataset [32] 2 MIT
Pedestrian Database[33] 2~ 11 1 & - +F £ X A58 2L X A5t F L > KR -
ESVMA R > B % b FHE? ¥ bt - F 5t A5{o2b A A enpRE TR &
RIFS s g B o BB R AcA 22977 0 A ASRRRT ALY el S L
96.8% > @ b A A5 5 A AR AR F 5% o Ar i i gt T AL A
& eSVM A& 4 B erieay .7 AR ¥ e

# 2.2 SVM $RIFFA AR 2 B S

RIFFT A A A LA B Er %
4 2510004 968 32 96.8%
2t 42510004 15 985 98.5%

] 2.11 INRIA person dataset %2 MIT Pedestrian Database % i» A A52 2L 4 A5 27
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2.5 3w

LE R EE R NS E s R

B IR - 5 AR HR
o 4

ETIS

)

SVM A #7 B2k » 4

Sy >

GrenA A5 R A AhTRE o TR B i ]y
= 64pixels*128pixels » #-#7F & chSVM A 5§ B 2" 5
PO T4 B o

,‘:’:jg a#’_%_%ﬁf‘a*flj'# 4
FER R B 2E 2 2 > Bary

B23% %
TR R BNk
64pixels*128pixels + ]

- b

RS I AL =
BH RS FH B

20 4

e 21 45 eSVM
\FT g-i e”“‘\n ?, = A T]/ o
P A ;w%;g, »h

Z_ 18 ”]ﬂ%«ff’ﬁﬁ CR ik I B eI T

5 SR s BB 1 R R A
|- *+50pixels > ﬁuﬁn - PP RBHBEPRRIFEGRA R BB 2R
# 15 e B o] *50pixelst 1B

LA RARG R B4 E
vads g B @

Bl A bGP B PR G GT

. T

e )0

AT R
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IS S BN L
AR FAPEG AR AREY FERA R 2 E Al s AR P hE
BBIRB Y A nZ ek o A8 5 %% Fujiyoshi and Lipton[3]#73% 1 ek ik
FoERFAFEIRAC AR E 2 e B4R DI EFE T LT
(Hidden Markov Model HMM)?" 3 28 enie & Ky fk o & e F 2 § - ;fé;ﬁd
By P S P EEERR B BRI F L frw G A A Ak
RAVEL ST FERE AR XA S Ak Bl o B F > RBLE TR L ICEFR

Fre— st B B RF 2 LI Fle 2R 58 I ERNEF LK

©

Dt
o

R NERREFTHEY @

A

[¢

31 F ByHeE

B 3.1 BEm Ay 2 E BFRECAEERD LW B RS RT A S K

FBe PACHAR R B TR SRS R e gt AT g s s A s
U

B B5ieT BE A 0 - B el i R e

(%‘a
3
~
\
=
=
=
Pl
4

WIH>1.5 3eyeads = 8 end i o %’“W/Hgl.Sfrﬁug B B B o
LR PRy > T L AR BRlenpRiE e L E D) A A e B ’n‘iﬁ“)’j'&!f”i"gr
TR %}"gme’»’m LR BeaguRAre @ % & R F 2 andoiE ki dy it gt 2 A5 e

)g J—l:;f'ftz‘:gxf']ﬁ”&;”k% %5 g e du%};’&ra-f&_rﬁ" ;\1 T'E‘f%. Z_ AT R }']J}'J%;éﬁ\‘rjq

ot

—

=
-k
=
o
F_k
A

so g Fle R RSk B HBE A 7 R0 o

(\x

FE S B
- %

%0—?' &}\éf\‘»..

AR B TER R SR

e

CH Y e 5B R e e BOTHP
NYnFE I E Tl nkh hA SOl S e e B oy A B iTenk kb 3E

);'J °§’%i%ﬁ‘§'1§w¥?§;é’ /Z,\ B oml )"éﬁ'fr """Js.o "+€)ll‘gﬁ—§ 3 Eﬁ_\? ;t‘,,lf(‘g:__ %3:_9
W et (Thag AP kE 2 BV A F gk A~k e Y A
AR e
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Human Silhouette

)

Contour Extract

Human Contour

Lying

Action
Recognition

Skeleton feature vectors
v F=fi'farfr
Mapping features

to symbols

0=01 ’02’... ’OT

A 4

Probability

ﬁaining of Hidden Markov ModeN

Human Contour

Feature Extraction

F=fi7f27.."fr

v

Mapping features

to symbols

0=0;,"0;..0r
v

Building CodeBook

Pose Symbols series

\ 4

Train Specific

Ao A
Computation <

P(O[X") > P(O]X) -

.2 P(O[")

A 4

Select Maximum
Probability Pose

v
Pose Result

(Standing ~ Walking ~ Squatting ~ Sitting)
Bl 3.1 A 8F sy
B LT S
FERZ G 0§ T -

Bor 2 rEEN BT A HAY P h H g

fo R R A 0 A s

(K2

T od Buz

B P & S BRR D

Pose Model
% 15
IR L CEERES S1)

Bpldan A R r R R R SRR L P AT G A BT B E

AN
3

:C ", %% 3 ‘% ’F)‘;“

B 1 FLARIT S B RS B

v J[42734]7 2 g SRR o R

SR L n? R 4‘_4’5 1A -



T A% T A B EENE T 2 A2 B R 2 ek A

B AMAME T AHDT GIERL 0T o BAERS I T AR RY E a5

[ 8 d & Bk (state)ig 3] ¥ - B AP T ArEL A
o MEFPEF o e 0 R ehid 3 £ - 8 RE 1% (stochastically) sh 5N g g e
ARG AT PR kG - BREREGR G M- B
@ 5i(symbol)sg 2 E d FEEGY S T A Ak s Soerde Rl e o e
RIEAET N ERRAT G N BEY - FRPERTAE L T LB ELE T
BLZ T o & Rabiner [27]#'2 &0 5 7 2 3P ¢ > WP HMM 7 & & B S8

BEUIGR 6 T R 20 SR BO  2 2 g B ORGR A 0 ) P

\\\?{r

PR AR AR ) 0 B B R 2w T H gy i ST
TRAEIER -

Q={0192 ....qn} * s (state) & &

N @3] P ok i (state) B £e

V ={vi,Vo,....vm} : 31%1 1 25 (symbol) & & o

M:+ & mﬁi.,?] 41 33 55 (symbol) #ic & -

A={aij| aij = Pe(Stea = 0 | st =i} © sk s 48 5 -

B = {bjc [ bje = Pr(vic| st= qp)} = # 5oy S48 5 -

n={mi| 7= Pr(S1 =)} - A4k i o

A={AB,n}  HMM 5 i Bt & -

S={s},t=1,2,..., T Fie s o FEFtayk i -

0=040,..,01: ¥ LBEEZ| o

A& (01, O,

F_‘-

Bl 32%M 7 - B HMM chpr & fofk e E3 B > Gt b5 ¢ 33 Bk
Gs) > & - iEdpe A A - BREEHEIT - BRE A ay R T AGR G g

IR G o B HMM ¥ s - R GRS B B R
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%

P-4

Qj T B EL v TS S AT S e FF N B 0 2 MR E S R
R R f L B NTM L st 5 HMM i B § 9 A

B m kw0 - B HMM g d 2 BeEsere gk B e A

NERPFELB R RS e

Bl 3.2 RGBS T AHA L B

PORFERV LORELAE SO BRI B L A PR X
H

B2 2 & B HMM 8 3t B2 A B E £ i HMM shdodic i 2 ¢ 4= {ALB;,
My, i=1234 BN AP ENT H oo EdoF FHAEIERT AV FTRF
FEPrO|A) AEENBFIEFHMM R & chE o E AP - B

A

Fipe

FRABEE ] 0=01,0,....00 1% HMM 1} & & mfi‘w‘?—JQ Y@t B A €

4R et PrO | L) ALs .
AL - BEAARGER ] QS qule. . qr B P Qb A ke B BT

AR I Q SELRIA Al G

T
P(0]Q, 1) = HP(oﬂqt,/l) = by 0. X by.o. “bero
t=1 (3-1)

P(Ql‘&) = TEQlafIleaqzqs ”.aqT—qu (3-2)
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SRS R @ HMM § A AT LR 5 O i 5

P(OI) = ) P(0I0. DP(QID

all @

= E T4,0q,0,%q,4,P4,0, " Aqr_arParor
ql--qT (3-3)

2180 A BE DA PRG-I @E-3)HuE L o per Fedipt B O By

T e S U MR T R R T AR F R e

T

o i — pde (vgmrs - B F ~ 3 5 (Symbol) k 5078 » T RG> ¢ S P o

# € Sagh (Motion No.) « F1ut » — S & ¥ i e s (Een® i 7 % 3 25

8-

Gkt N A2 T - FAPRE N RAoR F B A M T R 2
Moo ROIT LU A o
3.3 HHHF

W ER R EEM A ET M B 22 4] o A M A
d iR E TR SIS G 0 AdR R L (Tt e LAY AR D
LR RS EERE EItEs N E ST AR RS S RY EL oY
2 fp it A M E ITana £ L eh o BRI A & & 4 47 (principle component
analysis, PCA)ef1™ 34 & &t — ot i engh il o i LFWeap 5 2By on
Ao F -G - BFEATAGETRIR R T AT Rk g i - B E
ek iR T MR Sy - Ep g Tom &k F ,T}‘t}\—* Fau A
PR N KA et i v E G B EH TR R L T A

e EH BORE ZE R TR TR e

3.3.1 &R F 7R Ml i
i€ AP S BET A M AR B 3 B AR E XA S Plke BofL2 5 4
;}%@,-5_[4]01\@@%&\5:1\;5 &gé‘v%ﬂ;é #Qm;mm s F] v e

T LR E A RALR R o B ST P K DA Y R B gt
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B hHy XA R AT e R o LB IFRES g frst - SALEE

PRk B RRARE K0T o EF R R Bk B R
&

AR (R ] 6T B BT F R YT o kR R pe
Fd AR A BRI e A i e B 0 50 45 0 X Wi e
B SRR S AR Y S Tl BRenE B EEERS Ao B’ti‘%g AT Rl R E
RAIMEEE P oF P T TR M A R SR o T U -
Tt B AN gk BIRIERE LR DT o Rty NRiE o &
FIg g T{’L— P R BB R A R Y o ks B R R B Tl AR

4ef] 334957 » @ 8 A~BCo D E AL I hh SR -

O.end
=
S
0
centroid = §
distance =
0 i — end
e border position
a d
-
-~
~]
k-]
b ¢
“star" skeleton of the shape a b ¢ d e

B 3.3 &k ¥ 2 n 42 R[3]

EE B AT 4o

¥

e

A7

# ~ ¢ % B #Ex(Human contour)

3

P-4

ﬁi%l a0 & Al ik BI(A skeleton in star fashion)

1. 255 A R e o BE(X,Yo)

1 N
XC :Ni % ’ X;_
b i=1 (3_4)

1 N
O
b i=1 (3_5)



Ny, 2_#% o s chpixel #&£ > & (Xi,Yi) 2 & - B #%5rg % pixel e x Afdry
B A% o

2. B B OG,Y)I P BE(X, Y o) SEE AR,

d; = \/(xi —x )2+ — Y )? (3-6)
#Bd 47— B- moe g di)=d, -
3. HREHLIELT 1 d(i) to d(i) 0 RAEE Y # ¥ Mad i B iéi/,a“f Fe U R-FEAE
B A
4. 35 d(i) B+ EenEk o Hi Q&.,Th,k Fo A R enEp IRfew > B o4 BB
T d wgigde koo od (58 3-7) 4 A 3 4258 e zero-crossings 45 21 d(i) £ 204

& emk, o

§() =d(@) —dGi—1) (3.7)

332 Bk ¥ EPEFHTA

BAFE Y A ARG R i A M o JRd - P e
BH ITEE e PIRFAERSE T APAIR R A P E A H RIS
— B FAARPVIRE FER OO e £ &&,Th\’» R "o T B GRF 2D
Picr AR ALY TR A FILG B EE Y LeanhInR
B o» ST BEITERMAE TN o dok A M ead (TSR R RS
TG TR - ER TR ACET ot P g T R B R e
MR A P o F RIS Vo T LR E AR i AR
EEVEE R R A T Y L SR R L S
o BB EES Ly g F] S Ak oA kg R o FIR R B E T
A @ RIAp A T e £ o0 LETI P T RS e X A R4

TR Y SRR AT R T IE36 XX B (XiXo) Hu 0 ViV

S B ¥ (yrylHh > 40 3-8 907 o ¥ Hy 3 LR o Hy B 42508 A -
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R e R
w h
(3-8)
3.4 Frico ¥
e FE R R B R K2 8 AR WP Ao R R BB 2
FER DB E R o BB T @R A SR T Ershig ¢ e (TR

“ﬁ'ﬁiHMMﬂéJa—&%ﬁﬁ%%’ﬁﬁﬁﬁﬁﬁﬁ%%%&ﬁﬂﬁﬁ
BTSRRI ke ki e E LR EA
341 » R B 1
b BRY o RgEHgEeR Y A REEH AL T AR Fgz Y Gd
Hh oA - BREORge R f - BRRRAT RS FRARL
p 2 *"erﬁ_tmﬁvmmﬁ,,g%)rgmq\ A TS L o FI o HdE E s ) 3
HMM it g &1 038 e @ 8- Ry - R (e e 38 e £ fi 30 § A3 T
Trdhafh % ¥ BApiS e B vide 3-005% » SES R € B L SRS Y g B

AR A g o B P dXy) s X v B EywE 2 B R o

fi = r Jf = argminjd(ﬁ,vj)

AR ST RS R ST 7 S PR S
BRBRET > 4B 33977 0 ARG aE kBT o
35 S i

dAFFT U AT AN AR EIKEA MM IT 2 NN E T

e £d - R T s e A AP TR R o Mg F L f
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FEG RN 2 b d o Bts o JIF RRNB T A HA L S sk A o

e fEE R - %Fﬁi%p— p end (TR L AR S Y TR A RS

HRREE AR F LR AN ] e B EE R BRI A

O ENEG Vg

]

1. Stand

el

Star-Skeleton features

Motion No. 1 2

Pose

2. Walk

Star-Skeleton

features

Motion No.

Pose

3. Squat

Star-Skeleton

features
Motion No. 13 14 15 16 17 18 19 20 21
Pose Squat

34 LFjLeré 5 s (€t adh
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4. Sit

Star-Skeleton

features

Motion No.

Pose

Sit

B 3.4(F) 2 FE f9ré 5 b (TS B

30




b
ke

: e

R g e AR 0 e B TR A

F_*

AR BBy = R iR AP 5V uEn LR
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i 7 1114 i 8 At (Homography) endd 4 B 0345 41§ 7 P R4 M2 B T 6
Pl od WP RS REER ARE Y AFHITF EHF T ARG T PR
BP ok e § 03 b BARR OB T o 2V e ) g g K08
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BAPEI AN BN RRRREEG Y G F A SRR RS AR

ot bt B SR g IR M A - TR AR R

31



(b)
B4l BT e B65 G e 5454 frRBE IR =3 @QBF 5
(D)FEF L #6 18

411 BBEEF R AW

BP BRI H IR 4oB 42 2 Bl 43 907 0 AR 44 917 0 @
PR HIES R R RS BN o B R RIS 0 E B ORR 2
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% 5.1 PEAERIS 25m 2 A X iRl s
Actual Action ) , _ . )
Standing | Walking | Squatting | Sitting Lying
Estimated Action
Standing 47 2 0 0 0
Walking 3 48 1 0 0
Squatting 0 0 46 4 0
Sitting 0 0 3 46 0
Lying 0 0 0 0 50
Recognition rate 94% 96% 92% 92% 100%
Average Recognition 94.8%
rate
4 5.2 PEHIEDH 3M 2 AREE jL iR
Actual Action ) _ . o )
Standing | Walking | Squatting | Sitting Lying
Estimated Action
Standing 49 1 0 0 0
Walking 1 48 1 0 0
Squatting 0 1 45 3 0
Sitting 0 0 4 47 0
Lying 0 0 0 0 50
Recognition rate 98% 96% 90% 94% 100%
Average Recognition 95 6%

rate
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4 5.3 FEYEIERES 35m 2 A WE L rERE S

Actual Action Standing | Walking | Squatting | Sitting Lying
Estimated Action
Standing 50 3 0 0 0
Walking 0 47 0 1 0
Squatting 0 0 45 6 0
Sitting 0 0 5 43 0
Lying 0 0 0 0 50
Recognition rate 100% 94% 90% 86% 100%
Average Recognition 949%
rate
% 5.4 JERET AN AW EIER S S
Actual Action ) , . - .
Standing | Walking | Squatting | Sitting Lying
Estimated Action
Standing 45 3 0 0 0
Walking 5 47 2 0 0
Squatting 0 0 46 3 0
Sitting 0 0 2 47 0
Lying 0 0 0 0 50
Recognition rate 90% 94% 92% 94% 100%
Average Recognition 94%

rate
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% 5.5 PR 45m 2 A HE Bt s
Actual Action Standing | Walking | Squatting | Sitting Lying
Estimated Action
Standing 48 2 0 0 0
Walking 2 48 1 0 0
Squatting 0 0 44 3 0
Sitting 0 0 5 47 0
Lying 0 0 0 0 50
Recognition rate 96% 96% 88% 94% 100%
Average Recognition 94.89%
rate
3 5.6 FEHLIERIOM 2 AREE ML re R %
Actual Action Standing | Walking | Squatting | Sitting Lying
Estimated Action
Standing 44 1 0 0 0
Walking 4 49 0 0 0
Squatting 0 0 49 3 0
Sitting 2 0 1 47 0
Lying 0 0 0 0 50
Recognition rate 88% 98% 98% 94% 100%
Average Recognition 95 £9%

rate
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