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3. Research on Object Detection Method of Man-Machine Coexistence System
and Normality Confirmation Method for Image Sensor*

by Kyoko HAMAJIMA**

Abstract; The aim of this research is to develop a device to protect persons from possible collisions
with machines in environments where machines move around working persons and where conventional
protective measures for fixed machines such as guards are not applicable. Emphasis is placed on the
development of an object detection method for image analysis with the aid of a computer and video
cameras. This type of device is usually called a vision-based protective device (VBPD).

IEC/TR 61496-4 provides information related to the design, construction, and testing of electro-sensitive
protective equipment (ESPE) that employs VBPDs for sensing purposes for safeguarding machinery. For
writing this technical report, the results of a Japanese research project performed by JMF (The Japan
Machinery Federation) were used. In the project report, the following were pointed out as problems
encountered in the development of VBPDs. The integrity of the automatic image recognition technology
currently available is insufficient for the application of the technology to protective devices.

First, object zone detection with a volume intersection method using omnidirectional vision sensors
is proposed in this study. The detected object zone definitely contains the target object; however, the
detection method has a tendency to estimate the zone to be larger than the target's real volume. In
addition, false detection is unavoidable, and there is basically no solution for the ghost problem. These
are features pertaining to the safety aspect. When more than three vision sensors are used, by comparing
the inner areas enclosed by sensors, it is easy for the object zone of the object in the outer area to be
overestimated. Therefore, the detection zone should be set in the inner area.

Second, a normality confirmation method using a reference pattern created by a light source instead of
the floor or a wall filled with a reference pattern such as a checked pattern is proposed. The normality of
the camera system is verified by taking a picture of the pattern projected onto the monitor by timesharing
and checking the image. To take a picture of the reference light and the observation light alternately, a
beam splitter is attached to the camera. If a checked pattern is used as the reference pattern created by
a light source, a JMF normality confirmation algorithm can be used. Furthermore, the object detection
method is examined by using an overlay image of the pattern light and observation light so as to improve
the performance of the method. An experiment showed that the regularity of the pattern in the overlaid
image varied depending on the complexity of the observed image. The experimental result indicates that
object detection can be performed using an overlay image.

Keywords; Vision Based Protective Devices, Image sensor, Image analysis, Normality Confirmation
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Fig. 1 Object detection method in IEC/TR 61496-4.
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Fig. 2 Collision prediction method based on
protected zone.
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Fig. 3 Error consequences.
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Table 1 Combination of the placement of sensors.
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case 1 s11,s12, s14
case 2 s21, 822, s23
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Fig .8 Detected object zones of test piece which is

placed on measurement positions in Fig.7.
Y B LURBRREE (Fig7) ICHT2F
EEREHER



Ji 2 e G AR SR

case2 cased

casel

Area of object zone

= N w
- o1 N L o o
T

pl p3 pb5 p7 p9 pll p13 pld

Measurement position

Fig. 9 Area of object zone shown in Fig. 8.
Fig. 8ICH T 2 FEEFBE OEIE

Casel : pl18, Case2:pl7, Case3:pl8iZii) 2 frAEtH
WETHLTWD., ZoTHiEt otk e i3my
BTHY, NEWORESIBIVBIRE, v+ LM
SIMERRICE DV ETLHDTHS.

B X80 15 & OFFE 2 (22 M) 12 L, 18
FIROTWAHET XM A ED 5 2 L IT#EY TR AW,
Fig. 8% 1), fFIEEIRO T ¥ & » H CH £ 7z R
BWCIRAE LB\ 7z0, B X > [ AR A e
&L, HFE AR T E M SR OSMI 2o T 0
HEUZVEE, L EOLZ EDNHEYTHL I ENbN5S
o, &y, AR 3 AEREME LS.

33 AGVZEAL -FEEEKRE S LUCERFA
£
W04 A%t > % %2 HwTAGV (Automatic

Guided Vehicle : i A% 8) & 5 3 — NEOFFAEHHIR
e B X OFEAEFUSII 3D e fti 2 AR R 2 DL
TR
1) RER> 2T LB

Fig. 1013 EEBEDO Y 27 AR TH Y, EEIZET
LRt A, MEHZ =y b7, ¥ —3PC

— & (Windows 2000, Pentium IV 3GHz, Memory
1Gbhyte), 7 5 1 7>~ FPC—% (Windows 2000, Pentium
IV 3.6GHz (EMT64T), Memory 2Gbyte), AGV (7~
ALy rva—# ElFx)—x—2 M3-200), AGVa
vhu—7 (AGVO) KL Wi S b. = "PCL Y T
A4 7 > MPCIIZEthernets — 7 Vi CTHefe LUDP (User
Diagram Protocol) (2 & % 7 — 7 lfg %479

—HOTa T NI —1"PCBLU 2547~ bPC
CTHEMIEE N, B — PCTIEBEMRD AL AL f
Bt 2, 754 7 v FPCTIE ST X 577
I B L EZR T Th R, AGVCH 5 D

JNIOSH-SRR-N0.36 (2008)

AGV
() % ODVSs

[ =]
Server PC s1 s4

(a) Pattern A

Ethernet

| ClientPC  AGVC

RS232
. O durmy
0] (SECS) :“] 32 s3
PR E ey
|I'DA: J Y Y Lda
EREE AN
s1 sS4
(b) Pattern B
Fig. 10 Fig. 11
System configuration. AGV route and dummy
KBRS X T LB placement.
AGVEITRKR ESF I —
AR E PR

STOP zone

\L S3

S2

_Objectzone__———>

SLOW zone

(@) AGV on tracking (b) Detected object and

protected zones

Fig. 12 Example of detected object zone of moving
AGV.

EITHOAGVICH T B FEFER S L UHAE
ZRE O LB

EJIE U TAGV A DOl 474
2) KB&H %
AGVDOIEFT#RIEE ¥ 3 — AT O ik iE &
(a) B X UFig. 11 (b) 2R

Fig. 12\ fF7E5HIS B L OB ZE M oM fl 2 7R 7.
PHIEZEIH & 3B BA DR Z2 M SIS 2 WA AT £ 9 1B
WS NI HREE TH 5. PZEZR MG IER IS
X OGRS SRR S, SRS RBEIKO BB
LRI U TERSNS. BEROMmZ2E, H»

FTEREETS.

% Fig. 11

11:2) BLE O RER P 2 B DO T e il 3 TR 9 % 7290
EN5.

B, BRI DOROSMI O ZE R XK. BRI XIROBER 2 E 0 5 2ol 5



NI & BFANRAES 255 C ORI T & Bi§ & > IR R TR OGS

(sl~s4: ¥, A:AGV, D: ¥ I — AW, GEIIERINIH > TFR)
Fig. 13 Collision protection experiment in Pattern A.
NG AT OEREEEER

DOZEEBOBEHRICL ) FHIEN S, Fig. 12 (a) IZBW
TN TS H~ET T OAGV DAETE#HIE B X OB %
oM RZ R L72b OHFig. 12 (b) TH 5. Fig.
12 (b) ICFREN TV B IFEFEIE, Aol & ) fFFEFHI
(Object zone), JE¥ 15 173 (STOP zone) 3 X U3
FH1% (SLOW zone) % #7.

3) FRFAIC & B REERR

Fig. 11 (a) BLiE (2x) L CHljZ2 bt % s 74 R % Fig.
1312, Fig. 11 (b) FiE TO# % Fig. 1412R 7. &I
ZFEBRBIGIE 2 & ORERINZHY > THERSENT WS, 7
B, KEBTIE, AGVHIEIIAR S R OBRTIEF
1Ly % — R b TR LIAT L 72

Fig. 13 (a) Tldt ¥ H B ZERNEB ORI XTI BT
7 I—= AN EhTBY, Fig. 13 (b) TIdEfTHD
AGVE 7 3 — A HH S, AGVO IR 515 118
BY I = NEOWHFIRE EEHEL T 5%. Fig. 13(d) T
FAGVITH LIEH I dr 4 (FEBRICIE—RefEak) A3RELC
EEINTVE 00, HMEEENLOBKRTE Z4EILIC
EFE > T, Fig. 13 (e) 3EILERITH Y, PHIEEZ:
BOKESDHSBENHPLTD I EHDbr5b. Fig.
13 (f) TIZAGVAEIL L THE Y, Fig. 13 (e) &L
THZEZEMIVNELL ZoTWwWb I b2 b, F7-Fig.
13(F) TET—A MHPRAELTVD.

WIZ, Fig. 11 (b) OETRERIC B 5 B 2R D
R EFig. 14187, T2 TR& L ¥ B ORI f
PRI M S (screen2) & FEBFHERR Y 2 7 410 TOMK
HikE & (screen3) # € C/R9. Fig. 14M4screen3 T
&, RS NZWRMVEY BHTERL, BHosMIIC
WROBEYHEEE IS U7z EH IR E R L Tn b,
Z DOFEBRTIL, Fig. 14 (b) IZBWVW T »H#S2, S4T,
Fig. 14 (C) IZBW T ¥ #S1, S3, S4TH 7 V=V 3
YA LT WA, Fig. 14 (C) TIZFERRHEH Y 2 7 A
WIFAGVE Y I —AEEZEbLET—20BERE LT
Bt LT %28, ARAESIE I T TR oM )
TILTw5b.

4. WEEIEF RS FROKE

WSRO AR B L, BEBEIRR I C R o CTRATEHRE A K
TR, M RMEER AT RER ST
WEE IR, PRV AT ALTH0101E, HiE 2K
T53VR—=F Y MEIZFOEESIER TH ST &
RTERITINUTR SRV,

ZZT, Wifft 1 G055 FEAN 2 WG AR
HELEE A XBIT, RFROT A A MEFETE v
I R—=2 Y P ORBBIEFEMERTREZRE T 5.



Ji 2 e G AR SR

41 AXA MBI RATLELD-DDEE

WA A R 25 18 o FE AR K 2 Fig. 150 71 v 7 [X]
TEL, #BREZEZK J=0..5) £¥5. 2721, K,
g s oREREEEL, K3k v X, K,
R T 4V F R, Kdiig T34 285 (CCD), K
E TR, Kl X BEFREH EHTHL. 22T
fESER 1EFig. 15ICR TIPSR AT 2D DL L
TEEBR BB EINICHFEL T AhnwE E%H =1, 1
LT3 EEX%H =0TET. T/, HMREEMNIE
WThHHEXEK; =1, EWTEVWHZK, =0TEL
FHERBEEDNIER ThL o EOMNEK,;TEL
Hiidhxl HLZEOET S, 5612, MREEIIER
ThbrbrlExL=1 IEH¥FTHRVEEZL=0TEL, LW
ThHL olzt EOBAGIEI» L OREHEE L T
FL, EHV %L L2035, HEIMNT
2 BHRFF 5 XK TR I LATE BT,

W= (((H Ko-LvEKy-Kog vL-L)-KyvKi-K;)
’K2VK2'K2)'K3VK3'K3) (1)
K4V Ky-Ky)-Ksv Ks-Ks)

72721, W=LiZ B o i ar i, W=01diE i 1k %
WY 5. Fig. 1508BE2 244 ey 27T 5
Wik, HoWLR B2 EBEL2TNNERLT, 414
Y AT MFRNTEHAT L EHNTE B,

5
w=H-L-]] (2)
=

(2) g, BIRKBNIIEERPAIEE S, 2o, o
BRIENIEH T, POEBEOLETHREL TWwiwne X2
RoT, BEFEEDERTTETEHITHILERL
TWah. $Thbb, YATFAIIHDSOEREDIEREZ i
AL, WEIEE LTS EZEH L2 TE RS
o,

42 AVKR—Z> P OWEEEEMHRERSE

FERED IEH P 2 AT RELKL T Y HR—% ~ b (Fig. 15
IZBIFAL, KO~K5) ®9 b, F50iH (K4) BLO
HGRLEE - FE S (K5) ISR LTI, £ HEAL 3Bk
e L OXFRFA R B g% 4 (IEC61508) Hiffi 7 & 348
57,

WAL, JBBEEE (L), & x FiEIRE (KO), L

YA (K1), #7414 0v% (K2), CCDET (K3)IBw
T, HOOEHMZAHTE LW R ELZTH S
7o, L UHIRRICHRBEINIZY T 7 LY AR YRR

WL, ZTOEEEGERRSL L CIEWEZ I L2
hi&%&w 22T, UTFICIEEMEMRISRO N5
V77 VLY ANY L OMER X OREEF 2T 5.

JNIOSH-SRR-N0.36 (2008)

Bl VIR LT IR DTS5 L £ eI

j&i _H
: - p
i g e S4
fjhﬂ%%—iL_r s1
s2 s3 52

52 53 screen?

A
A

D st

e LR
REEAEE T D L 0 sk b =i E
(@

screend

» iz ﬂ
Jggu = =

A
D D

[ screen3 mess S4

S4

screen4d

(b)
wdha 83

1&E,A{}
}H- s1

sS3 screen2

D
S4

screend

screen Ao e

(©)

sl~sdidt v¥, AIZFAGVBLUDIRY I —ABZ&£T. (c) TOPIZ
AGVE 72135 I — NEOHEENETH 5. MEHEETE IS TRD 720
RAiE 2 L TEL, WIROBBEY IS W T g & 7z ik
W2 BHIMIOIKBHTIRLTWD. 2B, (a) ~ (c) DEEIIKRY]
Zifto THRE E N TV 5.

Fig. 14 Collision protection experiment in Pattern B.
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Fig. 15 The block diagram of a vision system.
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image sensor and locations of the detected
pattern elements (brighter dots).

Y7 7L ANE U IBEEGREINI TR
REER



NI & BFANRAES 255 C ORI T & Bi§ & > IR R TR OGS

a similar checked pattern (left) and the
camera image with the locations indicated
by dots where pattern elements are
detected (right).
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Fig. 22 The camera image of detection zone (left)
and the overlay image of detection zone
image (observation image) and reference
pattern image.
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