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Abstract

Occupancy sensors installed in buildings and households turn off the light if the space is vacant. Currently PIR (pyroelectric
infra-red) motion sensors have been utilized. Recently, the researches using camera sensors have been carried out in order to
overcome the demerit of PIR that can not detect static people. If the tradeoff of cost and performance is satisfied, the camera
sensors are expected to replace the current PIRs. In this paper, we propose vision sensor-based occupancy detection being
composed of tracking, recognition and detection. Our softeware is designed to meet the real-time processing. In experiments,
14.5fps is achieved at 15fps USB input. Also, the detection accuracy reached 82.0%.

Keyword : Occupancy sensor, Camera sensor, Tracking, Recognition, Human Detection

a) Aty AFEHGREAL ]%dFHDept. of Computer and Communications Engineering, Kangwon National University)
¥ Corresponding Author : 715l (Manbae Kim)
E-mail: manbae@kangwon.ac.kr
Tel: +82-33-250-6395
ORCID: http://orcid.org/0000-0002-4702-8276
o] EES 201795 AR(AST)Y] AH0R s=AdFATe] AU wol FYH 7]2AFAIYY (No. 2017R1D1A3B03028806).

- Manuscript received July 25, 2017; Revised September 11, 2017; Accepted September 11, 2017.

Copyright © 2017 Korean Institute of Broadcast and Media Engineers. All rights reserved.
“This is an Open-Access article distributed under the terms of the Creative Commons BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/3.0) which
permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited and not altered.”



AFR 9 19 et uid AME F8ske AN AR AR HE 775

(Jong In Gil et al.: Real-time People Occupancy Detection by Camera Vision Sensor)

.M E

A B AEE Abgre]l EAIaH A5-8ka/(light on),
A A ake(light off) Al
sensor, motion sensor)”} A X o] ¢
7] S8 AXE Ao E T Hf4 *]/‘1“ A4 PIR(py-
roelectric infra-red)g AHEE T It PIRS Algke] Al
Aol A ¥A = ¥ (thermal temperature)S 7HA|8}L, He
Hstgs Aststel RS SAsTh wEkA Alde] AR
el A= wWele AE Aol Wokklth o] AlAE 1)
AAE AFE] HEo] EVFse, 2) BAE 3719 55
T W BAKradiation)o] 7, 3) Algo] ohd A
ER S AFES TFESIA] Bl S9] ©Ho] 9t

F 2o PIR tjAlell 7he et vldAlM g E&stels A+
7F A Qo gl A= elA AFE PIR94

GHE FEG F QY HIHH 07 AV 33, AlE |

seh Al 9] 5 ohkst A5 JRe g 5o 7]—-—-0]—1:]—

Benezeth 5 CAPTHOM ZZAHEQ] 9307 H]
ANE Fe5le] A A4 2 592 BAs= o
gl ol 2 fs A= A& % EYF Jes g%o
At} ZHo FHM e TAEAT, Ho) 21 9] Al Ul
A A%t Han 5-& v A4 9k PIRE o]} AL
F71%E ATE 5935 H. Nakashima 5-& 7Ho 2}k AlA]
-9 5le] £ o)1= AlES AEsl= L Aokl th

A -f-Al 4 (occupancy
. A718NE El

J ‘b‘ )

]
m

[5]. 3k Wl 3k Agolojr, o AlFo] Ye Ade
g9 ojggo] Atk Amin 52 PIRZ HJHAANE o1&
sol Aol BE Foe ATE A ge o

FoAE PIRS BIAANE B0 AHgatel 452 =
L, B 27 o] 0% MNE AHgakE oIk [3,
Sl E ek ALgstel BRAAE AASA, A
o) ko] WA ol A AE 9 Aol A, 5
5 4AZ AR Aol U@ Ael ol REsh
B ERAAE A F2elA Algel dashd HEst
RE Aol LI SFAL YR 192 AL

£

>

th A = A 2 0 F ul(ground floor)S
93l 2 8|8 = (overhead) 7]' HEZg o] &3ttt 37t
B AR 3, oAy, At A

o 94, o] Wy

o) TEAT ATk EH TS AL A

ot rir b ok kI

A I € 5 1 A, §AUS US AUE AL
3 % glojof dth @ MIFY AN S E
28 FeAL, AATOIH aek 1RAOE A

4= Al*Kpeople counting)S 3+ W7} 00] HH A

U A4%%

off ox % flr x

o T
i
o
Hd
=2
[aui
£
rlo
>
o
o
i
SE
oX o2 N W 2

(motion history image, MHI)= &-£-3lo] 7449 F+34
S Eolaa gl
88 Sddld PIRF FARE 714 div] 45 73A48E 2
7] fAsiA = }“ﬂa} AA G e]E2 AAIZE A7 7FsEl
of gt} o]F WEat7] flsiAl Ak 7S AATE A7t
Feotes AAEAT A MaeHAAR 15fpsE
USBoﬂ QT‘:‘ RGB H]C] CE AXES o= 14.5fps=
= 720x480°]t}.
2 Zo A= Zﬁﬂ Al
FAANA Bag A
9 R e
FAME A & ]"é—:% Z}*ﬂ 3] A=drh A3

I WM Aeletar, v sz g s 28 %

fatoy =
bl
oxl
T
ot
4
2
=
N
E.
_Q

AFAA e HA S5+ 19 104 Bzt Abi
2 7]E A H(basic information) A4, E# 7(tracking),
2] (recognition), ¥ 7 Z(detection)] 4TAZ FAEH L
A ZhFA Rl e v 2tk
71 EAQE A DA M= HH(foreground) 2 I
(background) FZEste}. gk A& JAF L9 1,9 A9
(difference image)S T3t} FAFS] EAES A7 Y3l
-§-ghth Abgo] gls ol
A o] 72292 (reference image)= A A8 =of. 329

3 AAGAe) 4G P Fol, MHIS) 715A GO

o
<
7_]

MHI (motion history image)E £



776 W3 =54 2229 A6, 20173 119 (JBE Vol. 22, No. 6, November 2017)

Basic Information
Acquisition

Tracking

l

Recognition

l

Detection

Occupancy Decision
(Light On/Off)

T2 1. Mo diel MY 5=

Fig. 1. The overall block diagram of the proposed method

MHI oldA] 945 Lt

E dAIME L9 = HlaLste] E#7(tracker) ]
MzE F44e g, AHE A 22(bounding box)

°% EdAY A E Forh A @

A8t7] wioll Abgrel @9el Wow 274 o
&8l AR 7E B A 'J‘:’r. o] ‘%}‘ﬂ% TLFE 71 RF R H (part
based model)*o| A & =yHo g
EF gt

A4 SHAl= ABAEAFAA oJ7}p T Aol obd 7
Arts g FAste At A AT EYF Al 3
WAE7] wEe] Q122 BF 7)otk

AZE WA= Uil ME JAstAY, B el
Al EFIO] A2 AAE AIHES A A&z

R o 2 Yo Abgo] gl AFatA k. vy
E 19elgte gadHold AL Heeth

AV AHE BRI A o) Zddeie /)R AR
2 A2 5 ANBT W 29 D A FE
P ECEEER N

2 rlo

HEZ
ST IS T Aol EAlSHA] G el
FE= Gelth B717 AAGHR ERAAE dEE

O R yko] A 7] vl Ao FxPts &
=g

EYFL BE RGB 2 E &&otet|, g Hee] &
S AT AREAA ] Mo FAao] EAlstd EYFY
5ol Asteth o] Hekely] S1sA MHI 7|WIoR E
YA Tt

ARAAE A wiA S Fate AR Y PHEN
GMM(Gaussian Mixture Model)”, codebook!'” 5& 24|
ZkA el A gstAl edth weEbA 2 (1)9] WRls o3ttt
U o) vbi2 w97 BG, ,© FAzte] dA 94 1

= BA
B}y zZtom 1S a5, vitjold 1S 7HAsith

BG_, +1
BG_,—1

; iBG <1
BG=

t ifBG >
o71M iz A, t= Y Maoth
BGt & dAGA2E HIs] dzol Abde] A

o
o of Ae &t A el 2}017} Elﬂl e o]
ddstr] flaiA Za vttt E7 o] GANAE st
of ZAAETh N7K el E77E Q) o™ N7j o] ZAtr) &
At A Wil e A2 a=12 7HAL, oY
02 7HA oS o]&3dte Fx G Refe the 49
A eI

Ref =aRef +(1—a)BG! (2)

o] Ref= W37} ¢l

FEGdE ‘ﬂ?ﬂﬁ(abandoned) A& WEs}7] ﬂoH *1
AHEE ), Tian™ 52 28 204 B AAH 7hdo]
Fold, o] FAE ARG EeE Al v 9



AFR 9 19 et uid AME F8dske AN AR AR AE 777

(Jong In Gil et al.: Real-time People Occupancy Detection by Camera Vision Sensor)

2EF AHE o]83le] AAIAL vEHZ AA = A
A" AAZ AX

Abandoned Object

History Information

0% 2. WY slAE2| HES 0183 AXe| EF BL

o= T

Fig. 2. Decision of object types using background history information

Bovick =©] Aokt 224 1B g4 MHI = F2
ol A)

Al A9 2 EAE NS A9l 4 FolA B
87 ol&5lo] ek MHIS) 73 gelt thesh ek 4]
()3t Rol ALY [, [, EVE A9 A F FE

A== 1 (3)

o714 i Aotk A ZHEH MHIE 4] (4)9} 2o] +
Eia=g
A>T

MHI = ‘
MAX(O MHI_,—6) otherwise

A A r= AbHe 97 A& EHE 2y g
2>(decay) THeteElOlTh. A'>Tol™ MHI 3t
r7h Ba, oUW gvkE HAskA "k A FA el

T
A, v %

rE ) rlo 2

= A2 2 s /e 548 AL JTk a7 2
YAl o] MHI= w243] 74stA €t

Ao XM =255
™ MHI=255¢°]t}, Hiojold
4343 MHI®] ol &

Fl

Argst, 540 Was) wae
SR Atk 19 32 ¢

HojFEr o] MHIE EZ 7oA &

_,F'_I 3. 01_+_01M—1 MHI
Fig. 3. Subsequent images and their MHIs

FEQYH BAGIT 49Ge e Fol, o] 249

A3 MHI®] 7HsA] 2.2 MHI oY A] MHIE(MHI Ener-
A=
MHIE = o MHI'+ (1 —w)|Re f' — I'| (5)

o714 we[0,1] oItk

e WskA717] W—F-':Oﬂ
i) o] G Akl gledlle AR
o &, 1"EAe JAge] Wste BA ﬁiﬂi Lty
(false alarm) 73-9-7} #AY s}, T A= o] 29}
& HlolE o] ARt Abgto] gl oM AAR =
Fo] ¥7] Wl 7Hsshe 18R] s Fojof ¢
U3, 297+ F2 RGBE A3t A&eth. 4% RGB
St w7 RGBO] Aolgh FollA Huighs 3k

o
BHOE B % 2974
1

J&: Flo

¢ =MAX(IR'— BG}|1G'— BGLI|B'— BGy)  (6)

p3kol AAA THT Zo
2 7,

W2 gk w4, o -1

i_ |1 i< T
v {—1 otherwise M

Shadow' = Shadow! _, +w' (8)

AL okd TSl FEghe Xlé’ﬁﬂi Z7),

s @, AP Wakdh B E 1Y AE Bag)
A% WobA) 7] we] (1Y A= @a% o157 ),

A HAL R [Shadow| > T 24 WHET. F



778 WAl 2278 A6, 2017d 11€ (JBE Vol. 22, No. 6, November 2017)

s Argsie] Ao FA] oz WYy wiEel
A& HellA™ 022 st drth dushd SE4 o
+ B - 13E FY FEE wol HalF7] "ielth
ol A FellM= degte] ARH SR vropxith
web we AL -1 @ g doh

o

N. EZ e

A o] SFe] shbe Ak B9 ofgzolth
EAAE olgshs Aol AAGE] e Helk A%
ARz ddsr] fsA Beait EddE As 7
M 5ol F2 ARG Al oA E Az Al
£ 93l MHIE 7|Wte 2 EdS Fadich
NN EdAZ EAsd, 5402 EAS 9
o uhebA 1709 ESA H27E 1 secol W, N sec7t 4
A k. 53] A e dAE FAM A St 7t
FA, b S5 Al Tostth B des AT
=19

EY A9 FF(drifting) E ZH(occlusion)= 4 TAY

o=

o o

H

—

—

e e

AWFTE AR 7S] S5, W A 299 Wi,
dHAe G wol T Solvh wEhA] A4 A
EYF gueEe Heet 29 Wste F50] W3}

% ]

o
of

ot
To
__ﬁ‘—i

O,oox i g o of
EN
>~
>
ol
o

dlo
JE g

-
o
—10{1 é
=

S o] g3t EYFA n, BB, IS Faih
Aol Aol Apo|gke] THTE 2+ HAl o] /55
BB 4 7i+E thepE Al p7t 0.04 ©]3to]
A4 EYAR Addh o] A9 BBo 44 TP
74skA) oA, o) Zaldd I olA e 3he IUE ARE-si

E 2

Wz Ed7]o] g4 2 (search window)S A4 gheh. Al

Ho o WE 799 50| ool EAY wF
(drifting)7} WA BT 1 o]f= o] E3 Alge] BaR 9
Bol) $125)7] W Eolch. Woj2 AW Az SEe] Ae)
S ST galge) 3719 24 4k A4 S 7o
AL ole ¢ BEAlo|th, Aol A= Aol BE 3Im

QoA Abgrel oS =7 A

T

2 o5 Hrk ol @ B4 WS =G wFel
2
E

e 4 (5ol 3 MHIE®] & E;
4(0)). k= B59] W0tk 17 4(c)= 17 4(d) MHI
izl #4 oS g Fdelth

i
N
o
o
ko
—
[

i)

E,= Y, MHIE (9)

1S block(k)

8x8 block decomposition
TG

A

Pi

(b) (©)

MHI energy map

T8l 4. SHMAIS 8x8 blockSE EEF, 220 TAo| MHI9| &2 A
Fig. 4. Saving the sum of all pixel MHIs into a 8x8 block after decom-
position of a search window

o G413 ol q 3x3 25 MHIE o] 714 2 2%
S 23, 34 250 47 g 227 TRl Vek x,

TPn :argmax,” ( E Ek) (]D)

39 5= Ao R BN A G4S Holsn 4
%749 MHIEE o}l +- g

M
2
>
58
8
R
=
3
>
>
o
)
9
offt



s % )] EdAT B el
& he A% NS Edsy
HelZET, 4 ZANAE B
Ed Aol o] 3E 7|3 2d

gt Auths E97 A9g

7, A% AE FH s
nE @ s AAE o8
A EYA T, JHE 4

oo
-

179 EdAE

A
=4 3

121 5. MHI O] 7|HE E2iZlo] Axt Hat

Fig. 5. Resulting tracking images obtained by the MHI energy-based
tracking method

2. 714 AtE B

oM

AA T o]ao] FH(overlap)El+= double tracker,
multi-person tracker 7377} &% WAl of 2] Aol A
A= Ao g 71 A Bl&(occlusion level)©] T 718t A
£ gEo| Y& #ZA3A EU. continuous energy mini-
mization problem, A3 & 9 $]X|¢] &§, vtz 7|2t
o] &g, A% A 54 F& 59 7ol AlRMEAA
T AE AIEE 50% olakE dEA Antt I 6
7F o] WAt o & EQlth EYA YEE e EY
7F A7) wZell, £ A, ZA JR7F BAYsH
Hrk

07 6. 71240l AGHE AL BN ZAetaS S Yool
Fig. 6. Images with overlapped people. Overlapped regions are marked
by a yellow bounding box

o1& s s Aghue 19 794 dguch
2]

AEQ 9 1% A BlE AXE e AAZ AR AR AE 779
(Jong In Gil et al.:

Real-time People Occupancy Detection by Camera Vision Sensor)

AW (ZF 7(a)), 1 F2E ()l A Tracker, o F3 o] &
Aygteh (718 7(b)). ©|" TrackersE Trackery 4] W ®
go = olFatd FHY JFS ATt (IH (o).

Tracker, Tracker,

ek »
Overlapged
region

Tracker,

Trackery Tragkerg

Trackery

Tracker; moved to
opposite direction

I(t-1) I(t)

(@) (b) (©

T2 7. 7RAES] A2, I(t)OllA overlapO| EHHSIH (c)HZ ZAEIAE BiTH
HISEOZ O|SA|Z

Fig. 7. Handling occlusion: When TrackerB is overlapped with
TrackerA, TrackerB is forced to the opposite direction

EYA o5 A A HEE 8= vk 73
EA] AE F317] 2814 4-bit region outcodeE ©]
237, 18 82 outcodeE HojF=d, 7Hd AL
',"_]E—?‘g ZA0Z Hol 9= i o™ 000002

Aol whet bitgro] 10] == 7Mootk EFFA L Af
& FHAo] 10019 13, FH o] WA, 7hedl A
Hh2o vt WEFO R o] F AT o5 Wk AARrA
E9 HRE ¢ 7] wFol Aite] shsdith 1Y 9=
3 DAY dd dojx= EYAES HoFrh

fubi)
1o
L

0101 ; 0100 | 0110

T2 8. 4-bit ¥ 0FRI=
Fig. 8. 4-bit region outcode

72 9. BHO| wAsts Z2AA0N EBUSIE Vfl o1 it
Fig. 9. Two subsequent images showing trackers’ movement under
overlap



780 WETEI=EA A28 A6=, 2017d 11€ (JBE Vol. 22, No. 6, November 2017)

V. elal g

Al 2" A= EYA A AT AR oA T &4}
HEE AAHAT olFste EYAE AR 80l A
A, B gHolE THES 7‘31]”5117} = A A S
2](Recognition) T 8] F H24& Q4 EA AT} AFRRIA
obdAIE HAkshE Zlolth otz HA] AdEid o=t
u, - 5 Aol obzbA Al Az oF gtk b
ol k= At 23l AR el e AbES AlES EYF
wojof g}, d EYAE RFSEA U2 B T )
A 7l "ok o de Sl 271 o] E
HA7F SFE e 7ol 17H—4 EYQAE Y AHE 34
SHAYE O EdAE EFREH|E f?_

MHI o] 9] % "ELO] THoh 2o

p=h
L

-

a

xﬂ At st

w7 AL FAQYGOE FHE] wolt) oy
o BFE g AolA A,
Energypp = N E MHIE; (1)
BBiSBB

1714 Npg& E&7] ZAr2e] "Aolr) o] offAgh
o] YA TEY =A™ Ed7|e FA8kaL, ohyd AlAZTh

g {Maim‘ain if Bnergypp > T (12)

Reject otherwise

AF M= T=12< AFE39Th MHIES = 239 4b3}
MHI®] 35 &, A7H5 02 MHIE 002 $838kA]1

2o e Wst glok meEbs TRT 2o H w7 o2 7
w3hA Hoh

T8 102 1A SAINA ARl = Abgro] obd ZdAI ¥k
£ HolZEt) o] AA U e EYAEL EYF B 1E

T2 10. (@)A S5 Aol ZHEAT} ARFEL (b )OHHE SE Mgio| tia
74 AR

Fig. 10. Bounding boxes at the top-left are removed. Other boxes are
maintained

HZ(detection) FAAAM= A2 YA}
st E A7t S A
S S8l GdE 30x30 BEECE BTl 7t B5o
EdA 9] AARtA7E X3 e A S AL
o, 50% oldeld g EF ozl wkiA g}
Mask=255% 3t} o] EFX & 7]E AA AT S48
nE Ed7E S84 et

ojx k2= gl Hdh ] e S Adsto 7|1E AA

313, o 45 MHIE $ol YA ool o

SE AT of FHL AR Ko 25

AR, 0| 7144 MHIE Fo] 2 17]9] B5-< 3o}

A ARe EdAZ FEaT o Ze et Ao ]9
4

—_—

l@)olME AN ZE S0 o= AlS AE
Jol3, 18 11(b)= 7Ftl oate] 2HAs)

AE Aol EEF] A2 AT, TA AEEHE 4

HEGANAN A2 == EY7S dE

T 1. HE EAIM M2 MYEE B2 of
Fig. 11. Examples of new trackers generated in detection part

v, AE Aot
AFE S USBE vt e ZHUE 15psE Y HH,

Visual C/C++ 719 AFAA AZEY o= 14.5fpsE A A]
7+ Attt 94 AR = 720x480°] 7 RGBYEo|th



AFQ 9 19 Ae miAd AAE E8ete AN AR AR HE 781

(Jong In Gil et al.: Real-time People Occupancy Detection by Camera Vision Sensor)

Ago| A AFESE FHFE Q] AL CPUE Intel core i7,
2.20GHz, % xﬂx—]]-— 64bit Window 7, 4GB H E.g]o|t}.
/‘]@Oﬂ"i% ATFAAA FH s A o= ARt
Atk AAEole 2
EUF-4-AF gAZ A 3
stth EYF A=
VLS A AgArI7ke] A
AdAE EG7 A kLS
sHA stk HEEA A=
£ MHIE#S.Z JAste A}
= BAskE AFES %
AZ3HA 3t AAH R A2AIZEY ZAE A%tk E
A9 JfFTt Tt E AeEEe & At YA

or=r}

o,
=
o

oxl mh: Flr

o

AAZE APl s Aol olf7] Wil ZddE A
A Foll, LZRICR ATE sl 12709] B2 A
EE A9IELE ARSI, AET 500~2,0007 0]t

9128 ZAECA & Fe A2 T Fe] IS B

o) o AZHE 9A, 95 o) st thoket 29

sl

&

9
STk Adlel = A}EW 1~4mo=
Eo] Ad) e E 19014 Bt
3] 7k 3017391 47l €] A EAIM = ZHe ol Bl

SHES Aol 052 2SI 7o) vES 50%

=
g

2oz BN AN

712, 129] HIDI2 MEo U= B Z9
Fig. 12 One frame included in twelve video sets

= ?}Uﬂa} wg% TPgA I HOR AFHA BT
ST mehd B AdeldE 48Pl BYE WeE
o1 galed e ASA BN AR A5 ATE R
F3 AT, Hoh 20 F38 Aol vt @t
ARAA A5S AZ5] 9NN B 3719 A5E
Aol B, @ FE 9

~
Q
Q
=
=g
a.
Q
=]
2
=.
>
~—
HE
@

At A8 ASEE 48] 91814 Mean Absolute
Error (MAE)$} Mean Relative Error (MRE)E AH&-ghet.

N
MAE:iZIG’“—E’“I (13)
Nk:l
1 &G |G~ EY
MRE=—_Y,———- 14
Nk; o (4)

4714 G ZH Y k& A3 (ground truth) A|50] 3, E,
© 34 AFelth N Zg 4 Folth

1= 12709 Bt 9] Ht) B P, 123 MAES}
MREE HoFrh A5 g vf Zg ol Atge] gaE

-
31

T 1. A2 A2 MAESE MRE. P ZCH AR H4l
Table 1. MAE and MRE of people counting. Pmax= maximum no. of
people

Video Proax MAE MRE(%)
V03 1 0.31 63.30
Vo4 1 0.54 59.46
V10 1 0.44 34.91
V12 1 0.30 73.68
V20 1 0.24 41.71
v21 3 0.80 4313
V40 4 0.64 30.86
v41 4 0.66 30.84
V50 1 0.66 30.84
V51 2 0.45 39.85
V60 1 0.29 42.70
V71 3 1.51 69.97
Avg. 0.57 46.77
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Table 2. Detection output of 10,267 frames. (TP=True Positive,
TN=True Negative, FP=False Positive (False Alarm), FN=False
Negative)

Video TP FN FP TN
V03 90 14 22 92
V04 120 86 23 35
V10 670 16 201 104
V12 302 312 47 589
V20 500 88 78 233
V21 470 53 54 42
V40 661 15 22 58
Va1 798 4 36 47
V50 338 77 49 286
V51 951 71 62 123
V60 1163 373 288 604
V71 415 27 6 35
Sum 6,478 1,136 888 2,248
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Table 3. Confusion matrix of occupancy and vacancy of 10,267 frames

Classification Result
occupied vacant
Ground occupied al(atb) b/(a+b)
Truth vacant c/(c+d) d/(c+d)
Classification Result
occupied vacant
Ground occupied 0.845 0.155
Truth vacant 0.284 0.716
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Table 4. Frequency of light on/off during occupancy and vacancy peri-
ods

TIMe A5, BS &4 Acc=Accuracy?| ©h2l=

No. Vacancy | Light | Light | Occupancy | Light | Light
frequency Off On frequency On Off
V03 4 4 0 3 3 0
V04 1 1 0 1 0 1
V10 8 5 3 9 9 0
V12 6 5 1 11 9 2
V20 5 5 0 9 7 2
V21 2 1 1 7 4 3
V40 2 1 1 2 2 0
V41 3 2 1 3 3 0
V50 9 9 0 13 12 1
V51 5 4 1 5 5 0
V60 11 11 0 23 16 7
V71 2 1 1 3 2 1
Sum 58 49 9 89 72 17
Acc. 845 | 155 80.9 | 19.1
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Table 5. Confusion matrix of 147 occupancy periods

Classification Result

occupied vacant

Ground occupied 0.809 0.191

Truth vacant 0.155 0.845
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(Jong In Gil et al.:

Real-time People Occupancy Detection by Camera Vision Sensor)
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