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Counting Pedestrians Walking through a Hallway with Infrared Sensors

TOSHIHIKO HATA™  YUTA FUJIYOSHI™?  MASAYA 11

Low cost motion sensors are widely used for energy conservation control of lighting and air conditioning facilities. They could be
seen every several meters on ceilings and the facilities are controlled remotely via networks. They only detect human existence for
the current applications but some of them can give more information to count numbers and directions of pedestrians. Human flow
and occupancy information based on the data from the sensors can be used not only for improving energy conservation control but
also for spatial planning services and advanced security services. Infrared sensors are often used for people detection and counting
because they are very cheap and do not have a privacy problem. We propose novel methods to detect the number and direction of
people walking through a hallway. Multiple sensors are aligned orthogonally to the walking direction on a ceiling. One method
uses multiple Pyroelectric infrared (PIR) sensors and another uses a combination of thermopile array (TPA) sensors and PIR
sensors. Some feature quantities such as peak values of PIR signals, time intervals between the peaks and temperature distribution
are extracted and fed to classifiers of machine learning algorithms. The methods can detect the number and direction of people
passing through in various combinations of timing, position, speed and direction. We describe the methods and show some

Vol.2017-MBL-82 No.18
Vol.2017-UBI-53 No.18

2017/3/9

experimental results.
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Figure 2.1 Dual type PIR sensor and its output signal
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Table 3.1 Specifications of the thermopile array sensors
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FT 1x8 4x4
T 0, = 62.8° 0, = 44.2°
6, = 6.0° 6, = 45.7°
T R K P 5~50°C, H5EE +1.5°CLLN
F—H 7] WEIREEF 2, VTV
W) DC4.5~5.5V  Typ.5mA

b E T2 #lE

ﬂﬁwnmﬂﬂ

20.122.5 20.8 22.5

158]17.1 1607

1x8 RF DRIE B 4x4 FF DRI FE I
(D6T-8L-06) (D6T-44L-06)

K22 Y—FXfALT LAY
Figure 2.2 Thermopile array sensor
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Figure 3.1 Sensor placement and sensing areas in Method 1
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Figure 3.2 Feature quantities: peak values and times

#31 HFX1oHEEY F
Table 3.1 Feature quantity sets in Method 1

e S IR 5 L
PL | R (9 BE: () % (0
P2 | &l (9 BE: (6 Sl (1)
) Bt (6) il (1)
P4 | fA%iE 9 | KmrEE 9 | &l O
PS | i (©) | AmtBEE 9 | K& O

E O PIEEBEE O

4, HY—FENRALT LA LEEBRFARELY
I2&BHAXK

41 Y DOERELEITHEI

P—F AT LA 'Y BB Y
EHAE DRI HFNE A2 EFRL, LRSI
%, EEBRINRE T IFEE N BN 2 < R D LR
HTEpWY, F L3 ey bl 5 &
ELSHETERY. £IZT, HIELEZBFETHLR
HTEHY—F AT LA &b & EERRI
oY ALY FREE 2D, LIFICEOHR
WEIRAR D,
0 J—F ALV HIEE Y ZRA

=T A VIR ORI Z 5135 DT,

(© 2017 Information Processing Society of Japan

Vol.2017-MBL-82 No.18
Vol.2017-UBI-53 No.18
2017/3/9
MHIEES TS ANBRATE 5. AEE EReICHE
ETERWGADS, FEEZRMT 5 LIXTES.
o EERRIRY Y DRE LA E R
A7 —F A LT LAt P IRIREERIE Dk
JECRERINEMEDR A+ T, NEROBEZEN/ NS
WA, RWVEETEERT A5E, AEROHEERE
MMETT 5. 2hiucxt L, EERRNRE 0T
DS, IRFEEAIZ T 2 RO IS AR M ME L TV
5D ENRBRAICH > TS, BEEINVNEL R
BT HEERC, PV THYNCEITS 254
b, TOWTILCEEFNREDENS.
® (it Y OMICE ENDEITHEHREFIH
BRI W BRI RIS S DS @e T
LCH AEIRHETE 20D, ZOHNEFICITE
T4 50500 « HE - fEICET A HERNEGEND.
F72, Y= ANT LA YINEOIRESAIC
X, BT TONE & ANBICET A RPEEND.
INBEENG, BITHEICHD LR EL R
L, WBEEICLVHET AL 2B R D,

A EB T D701, TE D7Dl
U OMAGDOETEBL L. IE 2k E OFE T
ThE, 1EO 1 KTy —FE XM AT LA'T L
1~2 HOEERFIGE 2l ED 2%
Bt L CWa, B ofidE L B4 4. 112
AT X4 12BN, @IF—F AT LA E
U LR U CREBERRMRE Y L, (b) 13
—ESNANT LAY L EISK L CEERIRIME
oy 2l E VDS, EEADEEE N CH®ITT 55
G, () OFBAESNEICET D 1E®E L0 245
b, () KVHERBERENEBZZOLND. —F
@I —F AT LA o L EER RN E
Yo —ODERIINMNTE, ABLIOTEDa R
N2 D



TR AT R
IPSJ SIG Technical Report

L Jim-1
=] =] =]

50cm ' 50cm 50cm |

iwr P ) ) ®

fE e ® @
(@) TPA(H—F AL TLA)1{HE PIR(FEEA) 1 {HOFERL

Jim-1

i X
[=) [e)

(b) TPA(H—E/ AT LA)L L PIR (BREM) 2 H DM AL

K 4.1 FR 22T ORLE SR
Figure 4.1 Sensor placement and sensing areas in Method 2
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Table 5.1 Specifications of the prototype
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Table 5.2 A list of passing movements
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Figure 5.3 Examples of passing movements
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Table 5.3 Method 1: Effect on errors by peak detection problem
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Table 5.4 Method 1: Errors in training and 10 cross validation at 15°C

R 3] 2% 3k
P1 13.95 | 1451 0.97 3.15 0.01 241
P2 1259 | 13.19 0.2 2.21 0 112
P3 115 | 12.39 0.12 181 0 151
P4 1121 | 1212 0.01 177 0 1.24
P5 9.53 | 1061 0.01 1.67 0 1.23
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Table 5.5 Method 1: Errors in training and 10 cross validation at 5 - 15C

R 317 2% 3l
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P2 18.09 | 18.96 0.43 3.27 0 2.77
P3 18.08 | 18.93 0.39 3.17 0 271
P4 17.02 | 17.72 0.05 2.86 0 2.34
P5 16.92 | 17.65 0.07 2.91 0 2.46
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FEHBO XML 0 TH LN, REERY IIBRHI AT
— X ERI LT TN 1~2% S < leoTWna. FR1 LR
RV, SEBHETE R o7 B — 27 OFRN TR
WhEHZ DAREENRENEEZLND.

#56 FH2: B—7RHI AL LB RADORE
Table 5.6 Method 2: Effect on errors by peak detection problem

RTINS S22 2k 3wk
) 0 6.43 0 6.51 0 7.30
FiliS 0 5.32 0 4.64 0 5.42

I IREZE 15°C, [ Ca@iEesZ] (126x10=1260 i@1T), HF&E T2

ASEIOE—7 BRI A& AT FEEERIZOVTIER
5. RB5TICREZE 15CO®MITT —# (750X 10), & 5.8 1
REZE 5~15COlITT —# (1256X10) |Zxf L CH¥&E %
TolBD, FMEYry b TL & T2 O 2HHEY L3k
R EoRT

I —RNVITRR Y B30 K& L, FHEBRVZOLO
DRENOT, FEHRICGETETWRNENVWZ D, 1
Wxt LT, 2 kEEAX L 3RESEXN — RV OFEFRY 1T
0~4% &L /hEL, HOBRESFTETNDLDR, REERD
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X 7~14% & K& <, FUERRIDMEVWEWNWR 5.

BEHES~15COT — X D FPIREXE I5COT—F L Y
ROPRKREL STV D., P—F AT LA U HITE
EZED/NS WA ORRECIRRISEEN R e, J
K1 EIZBRVICHEZ AEBRRENIENEZOLND.
EEAFARE Y 2AWS T2 2, 1EAWD T1 &
DB/ EV. 2, Brd 2E»L@ETHEICKLE

REEHRE LV ZBOENTHDEZDEEZLND.

#5657 FHR2:FEL I0REEDOBRYE (%) 15C
Table 5.7 Method 2: Errors in training and 10 cross validation at 15°C

R E S SiA 2K 3%

Ty b | Y| RE | FE | RE | Y | kE
T1 2776 | 29.77 | 1.06 | 9.78 0| 7.36
T2 13.13 | 17.34 0| 953 0| 718

#5658 2 EE 10 8B EORY R (%) 5-15C
Table 5.8 Method 2: Errors in training and 10 cross validation at 5 - 15°C
Fefd i HrIY 2K 3k
T1 2351 | 25.36 3.72 | 13.87 3.30 | 12.12
T2 14.88 | 19.08 3.02 | 1217 3.02 | 10.67

6. £&&H

BENPHA THEAT TE D FIZB W T AL BT
i EHES D720, BROEERRIE 2D
FHRE, Y= A NT LAkt L BRI Y
ERLAGOE D HFRNERE L. Mx O@ITEEINT 5
FRF—2IIX LT, PR IR A= BN TE
H L. AEOERTIIAREIRZET -2 NEE
NTHEY, +ohofinTElholen, HX1ITEITS
2RI L BB IAAN —F L TIIAEER Y /s <,
BWERps G, —J7, TR 2 3PULREAIMENZ &
Nhohpolz., BRELT, =AM LT LA & DRK
JELJRBEMEMENZ &, FEEBEORTER LN &2 EN
Eiobib.

L, BRI AERL, FRT—FEMVEL
TEHMmZATV, FRC TR 2 ORTESHT & B RFE1T 9 .
F7z, ZEOAPERICRONA R BITT 558, Lo
BAIVTTHETDINEVWI BT AT — a URE
ThHY, G THRHFEZIT.
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