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Industrial Work Assisting System Based on
Augmented Reality”

Yoshihiro Ban

Abstract

Augmented reality (AR) has been received with much attention for a new in-
terface between humans and computers. In this paper, two types of computer
aided operation support system based on AR are proposed. One is a new support-
ing environment for inspection work of electronic parts by using AR technology.
This system has an inspection management system with visual target tracking
subsystem with two sided cameras. The other is a field operation supporting en-
vironment system which integrating a see-through head mounted display (HMD),
an inertia navigation sensor, a PC with a 3D graphics engine and a battery onto
a back-packing frame. This system, which is carried on a human operator’s back,
guides the operator by displaying a 3D view of a target part to be inspected and
graphical information by superimposing on the operator’s see-through real view.
As it is a stand-alone system, the operator can use its online support anywhere
in a large field plant. Simple tools attached on the target assist user’s calibration
between the operator’s real view and the virtual view. A prototype systeni was
applied to a field electric inspection task.

As AR aims to augment the real world, this paper treats a concrete inspection
work with real industrial work by superimposing visual markers, visual commands

and virtual instruments. Virtual manual and the virtual instruments can reduce

*Doctor’s Thesis, Department of Information Processing, Graduate School of Information
Science, Nara Institute of Science and Technology, NAIST-IS-DT9661024, March 24, 1999.
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work time and the number of mistakes. Results showed that ten or five subjects
who used these environmental system did a typical inspection faster with less

number of mistakes than other ten subjects who used a paper manual did.

Keywords:

augmented reality, wearable computer, work assist, visual tracking, optical see-

through
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B RECE DERLE . RERTFEL OEFBO LR WEENFET 5o AR
Fr VDS L TAEAHBEOBO N AR, (ERENT ) NSETOFME
ﬁié:tﬁ?%tmﬂ%ﬁ%b\%MKIUW%ﬁWﬁE85tb\#ﬁKﬁ
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75 NADT 4 — IV FRFEEDNS I, BT T ¥ FPRICEET 2 RE
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@Ry b ARy D OERE ZOBFH~OBE, REF Y P ARy PAO
CHEO NS b, RETIX, BREHEOREMIETIIE | BERORFR
EELBEL . BEOELOREAR Y PATOEREEARET 2o
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WCIRRBEE & & B o7 fd8, FlEPT LN -TL %o

39



E£5 74— NVFIEEOSHE

VE¥X 5 ERAE

JEIBAES Ve T DR
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I HMD &&E DBk
W HMD 34V g 2 B2 ik ), 2—FORROANEZ &
EHLTWb, 207 HMD 2 EHF L 7B RINREZRH I LATE
T, WbWAETFF Y — AN —FRIBROBEBEERICHRFEHT S
) TP EEEORE . M. BEWLRE ORI Z BRHEET
XY, FEBOREEHRT AL IIEEL 25,

11 I8 - BBBREHOHIK
BWEDVR VAT AT, ERBVERELLEO—EOREzHEH SN
@EMTRHAT 22 L 2RHRE LTV A0, (EREOME LS LR
3705 I SHBITTREROE L > FRNE SV A v ¥R LEET S
RS TOHEANTRETH S, LHALT S Y P —RIIERTH Y, 5
RGP FE M ORI L ) AR TH 5 .

111 {RARBREE A B4R B DRIt
ERE TEXEORFLAEDORBREL EXT 2 LEU,PL, CGIZLD
VREBBOERICRBERELRS 7 74077 —2 A7 ar2fHT 5,
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HMD % 3% L - EZFHET PRt BHEETE 2 X ), BICKi
RoOMeE B2 2 LAST X 5EBR HMD 2 ivb, WhbW b HEY —A
NW—=HRAMEL TV b,

II 1Bt HiC &k BA0E - BHEHA
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FOEML T ZHVS,
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A LABBRRELEBECTOERTRTH L, T/, EREOWMFL HHE
2t B0, BERYERM, D S VI 228 TR/, KIRBIDESE TTHE
(wearable) 72 b D TR MT R B2V 8],

TNEDEZZEICLIZAR VAT LADOBEBESER 2565 ISR T,
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B 26 %A% AR 3%I1& (AR-Backpacker)

4.3 ZRRBA TV AT L

REL VAT LR 26 ICRT L)%, PCER—ARLLI-BFREDBIRE
Thbo BEBIE 27T IIRT LI LHEBELD, M28ITRTLHIC, WIS
PC ICi., RABBREMBA RO/ OD I KRS T 74y 2T 77V =% 2 HER
L. CCOIBHEISTEETH o FAL VAT LLDEBRLMETE ) 1-DICE
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BRELTWS, FEREDOTFT A AS VA EEBL L TEAR HMD 2HL 72, &
NS DOEBIZTRTE—D/Ny 7 ) HWTH 1.5 BEEEREIT 5 Z L STTRETH %,
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7 6 AR-Backpacker f:#%
PC 4% AMD K-6 233MHz
128MB Main memory
PCA-Furoh x2
YUTAE-: x4
757 4927 % | Daiamond Multimedia FIRE GL-
b 3] et 3000
#E#% Ethernet M5 E % AirPort LAN (2MBps)
0S Windows NT 4.0
IRABERIEESE S 1 | SENSE8 WorldToolKit ver.2.1
o e 4.
By Data Tec. GU-3011
;8% HMD B STV-E(N v 7 ) BRBhIC i)
289 ) 12V 5Ah x 2
DC-DC avii—%
A Ve Bl 228y 7 H
T ATk
HiE # 15Kg

29 iR T L0, BHEBEIBEBEOE 2 —VHELE-TB), ZhbHE
Va— oy MIBILUAZV—2FAVWTWS, BEROERELILL, Z0OE
{8 % AR-Backpacker & IFA TV 5, ZDFMZE6ICR T,

4.4 FEIREEBEE(N—Fr v aT7I)DER

A7 0 b ¥ 47 Tix. AR-Backpacker ICEEL /z/N—F ¥ V=2 T VIIXF
FHRE . FERREZBLRTERA Y &, RICBRD3FHOFHAKEDORKRE =
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X 30 REA V¥

Bl 31 NN—FxNv=aTlh

46



F7 N—F A NToaTVORBRIELEY AT ATHWEREZTOL DR
5. ET.8IRT LI RBEENO I~ F LB X 2B TRETH L. I
20 2 T VORI BT A0 DI SHPBB SNz, EROR
BENIE 20 LI ck )., FE—FEE—2D 77 ANVELTERT S,

FT7T N—Fy a7 VERDLODITYFEZD1

s - bl 51% av v FOHHA
XFHN RN TE
align [center, left, right] | XFFIDEEDHE
color rgh XFEFNDOEDRE
scale Xy2 XFFIDOKE S DERE
position Xyz XFHNORRGH DKE
orientation Xy2z XFFIDmE & DRRE
text string FRXLFHIDRETE
HA Y VRE
pscale Xy z KAV I DKE SORE
pposition Xy z KAV 5 ORFGHTDRE
proientation | xy z KAV & DI DRRE
pointer type RA V& OfEH
Vx4 a2l
gstop ZL Ay F by FVTELE
gstart 2L Ay Kby xr 7RG
ginit ZL A= ¥ VKRV a ViR
¥ a—RA @ik
vreset ot I8 ¥a—¥RAr howmit
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£ N—FX VT2 VRRBRDLODITLFZED2

2 1 4 o

1%

a<w v FOHHA

tool

type mode orderdval
branchfile

N—=F %) —ND
RE

giodnast i 8" 4>t 4
DEFHM S 4T
(type)

»DCmV”, "DCV”, "ACmV”, "ACV”,
"FREQ”, "LOGIC”, "REG”, "DIODE”,
"CAP”, "hFE”, "TEMP”, "DC4mA”,
»AC4mA”, "DC400mA”, "AC400mA”,
"DC20A”, ”AC20A”, " OFF”

Fhdash ot 6 8V e
‘DE—F (mode)

1: Bi#iEHAl€— F (branchfile i3 %))

2: S IEEHAE — F (orderdval i3 #%h)

branchfile D&

orderdvalO script0
orderdvall scriptl
orderdval2 script2
orderdval3 script3

orderdvaln scriptn
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gstart

position 0 0 4000.0
scale 25 25 1.0

text Tester_power_ON_and
text Connect_PROBE

position 1800 2000 4000
scale 25 25 1.0
text T16

pposition 1800 2100 4000
pscale 25 25 1.0
pointer 1

 tposition 1800 1600 4000
~ tscale 40 40 1.0
‘tool 2 DCV 0.0 branchfile. txt

E 32 N—F ¥ )= 7 IVl
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DEVREBICRAMELL VYV ATAEAVAIENL, AR ATT
RO & BB EFEZRALL.

36 ¥rI)7L—arHBE

53



3612, VE¥ky P AEY VRO AT ONIRETLHEELZRT. ZDiA
BRIgEE R A2BE2ATATFERTH ), EEFIFEHRE AL FELICES
D|EHMET 5 LI, FEROE L R0V OHEMEE R0 FHEIONME %
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AR-Backpacker I[Z#E# L TW5a PCHMTLIRBRY TNV A s LRLE
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37 VAT LMET7O—

Gyro sensor data sync
for head attitude module Memory, [Mouse | [Keyboard|

Position/Orientation Rendering See-through
tracking module module HMD
Mesurment Tinterface Shared Instruction management
instrument(s) Lmodule Memory, module

Host system

Communication
module .5'
¥ el
Ethemet
Wireless
Ethernet I/F

X 38 V7 b7ox TR
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4.8 FHERER
AR-Backpacker I~ X AERTIRICL Y, CORERRILINS D% G 5
72T, RTIERZAT 272,

4.8.1 FBREMF

SEEBREZT O ICH- ., EBROBRFITbhETH A ) MEEEZEEL . K39
DI HEBNREERL:. COEBRNRIZIZ 420Xy FL, 120K
Ja—AZLTI6HNY —IFADLBRENT VS, /o, TLENOEH
B HOBRENIE-TH Y, =2 TIVEERICIIZOFS L ) S #ME
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FIZERET 5,

2 | HEDS —
T50

IV —T R EEREL . BELZEHH
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LR, VERFIEE EIRT 5o
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—IFNVEETF—TIVTERT 5,

A4 v FednRICEINREBICEET S,
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—I T O—-TEERL, FBES
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F |70-F&7—3F+hoil ., EREET 5,

4.8.2 HITE%E
HITEEIIRKR IDHNET,
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2f7oTd 5ol MAMMEET =2 7 VhOSIKEFROEE TH 5,

57



fERT=aT7N

(1) PYIATASF A= 2 (UFTLF 2~ 7) ORBERAL, MEE-FIT 2.
AT A— S ORARNMEALT 2 FBLBEDVRTS.

(2) TAFA—FOTO=TEF— 1N I6~RRT 20
(3) DL AOWEERH, E1romET 3 REOFP L R- TNk,

*1: fERMER

W | BIEAEE | S111 5210 5321 S475 | | MAE | #FiE | S111 8210 8321 S475

OFF ON ON OFF 2.6 ON ON ON ON

0.2 OFF OFF OFF ON 2.7 OFF ON ON ON
0.3 OFF ON ON OFF 2.8 OFF ON ON ON
0.4 OFF ON ON ON 29 ON OFF OFF ON
0.5 OFF ON ON ON 3.0 OFF OFF OFF ON

OFF ON ON ON i1 ON ON ON OFF

OFF ON ON OFF 3.2 OFF ON ON OFF

ON OFF OFF ON 3.3 OFF ON ON OFF

OFF OFF OFF ON 3.4 ON OFF OFF ON
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ON OFF OFF ON 49 ON OFF OFF ON

almlw|al>|=|w|=|lalo|o|o|m| > ojw|e|w|wlo|o|@ = =a
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z
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-
t
olmlala|=|lalo|w|> o|w|e|m| =000 = e = =lew 0w
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£ 10 FRl==27 V2 AWK R

Ve | ARVEERFR [sec.) | MEERR Y %4 [H)
A 150 1
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{ 332 3
D 544 5
E 148 1
¥ 268.2 2.0

3% 11 AR-Backpacker  Fi\ 7B R

Ve | MVEFERFR [sec.) | 7EER Y B [H]
F 146 0
G 349 0
H 422 0
I 253 0
J 282 0
T 290.4 . 0.0

4.9 FEREREER

FIR~ =27 V& BV 7-REOVERRH L | 7ERDRD IOV TORKRER 1012,
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R~ =a27 V& BV 2 OEEOFERIEERMIIH 268 TH ), FH
MO EIZ 2 BITH o7z, FL { AR-Backpacker ¥ F\ 7z & & DIEEDFIEAE
KEFRIZH 200 X TH Y, PRV BT 0EITH o7,
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FRERFETERZ R TS, L2L ., EETOR YV FEHL T2HEE T

59



Wa7H, EEOEOHETIZEL ZWI 25905, —FD AR-Backpacker
b XOFEERBBIIZAR~= 27 VOEEL VERZEL TS, LA L,
VDB BT 0OEICHIBENR TS, TEHRL L TRICEEHSINLEXED
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Wk EDHD., REEERHEEL-OPZRIERET 5,

HEIZEVHLWEEIZALDED, BREDF AT LBFEICRANDDICH
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HRERLDODTH A0, TEMNLZFMHICOVWTHEETHLEER D, AKX
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o SHAERFEERREICRRESh, 21-ORBEENF BRI 1
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AIET, FAX VR EDORER LFAECEILOFER/IVELLZY
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o AP, BEEBUY TS,
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BEVWHIERTHY, EEESP VI VEV) BRI 2P o7, ERMNZME
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WA o72A, EBOIHICBWTIIEHEEEEMNC ., BELEMTHVEE
ET, BEIDSTERETHLLEX D, BENZEROKED, FHlIZRE AV
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5. f&iA

ABFZEIE. AR HIC X ARENBEERRICL D, TEERICBTA1EE~
— 27 VDBRPLFHIEBOBEIC o TRES L2 -V L7 — DR, T~
Va—# ik B THRERL, FHIEBOMEIC X 25HHKEORELE L &
Bl RO EBBURIC X ABIR R EEEIT 2 TR L - TRMEESHR Y AT A 21
L7

BFHAREOTIEY A7 LTIE, FHEHNRT ) ¥ MEROBREL V) ELD
Ve iz BRELD, FRAZ V9 TTFAATVAEN=T7 35— 2HWAI LT
EH R L REERYRITXOTNE CMATREE 2 o7z /E¥FIX HMD FD %
B2 IO BLENE L, HHICHERERTE, EROEERLEDL 2V
RTHEENTETH S,

37-. BFHAHRED LD L EMMASELEL T AEEZTIRICIE, 20
EFER R L7227 VHFLEE RS, TDL ) RIEXET IR, =27
NERBE R HBFBEMORALTESEENERB LURY OFRICKELEE
¥BLIZLTBY, BABREREM AV TEEFIEL SR Bm LICEEL TX
Tt A LT, EEMEBL 20OEERE KIBICALETETS L Z B0 o7,
F7-. FEFNE* PCICEBE S5 LITL o T, EEFIIEETEOLE,
IS RIC L AEETREOSBEOHET L VW IRRD 2RI LR T WIERED LR S
n, BYZ2BLTEBEILENFD o7,

SITiE, FAZ My TEOPCEHAWN, /- RHOPCEAWAI LIS
FoT., WHEBEAELEAR VAT LADOERIBESTH Y, ILFLRISHIHRE S
b,

EERAABEREBICIA 74— VFEEXBRI AT LATIE, ThITER
FERICEINNER ARV AT LR 74— VFERICIRT 2BICLER R %
7o, BEBOFa ¥4 TR2ERLE. SOVAT AILELFHIZEERZ . AR
BC L A —F v VB L TEEBERICEREL THH ., ehHills% BReIC#
T+a0EEILEV, RAM IV 2a—FHICBRESN TV AEET= 2T IVIZE
BLANICEoTWOTHEZTHSRETHY, —BEhZ2REAICT TV~
o—F 3L, Hlb G0 REN L EIREEOTTERT A LN TE %,
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LELEBYTAV., HICII HMD 288 T 5 LW I RFTIE, B/EREZE
TEELLEND DM, RFEEE TR EDRBRYOPRVERNFTZ., L2 d
VEENBHF VT4~ Ttk - 77 - BETEIARIREERLARTH 2,
72750 . COFENEPEBARIZT YT A VEHITRER S DIZREINTED |
SIVT OB ERERESEATE 2 VEBEZ RIS L TIE, dLERE
ERHEENTH VAT LAHBATE LR VWHEEND 5, SHRBITNEMELL
ABL TV 5,

74—V FEEFBECIRET A ERE L RAREMOX v ) 7L — ¥ 3 VI,
2 FHERE B2b OEEZHSOBEB2MH T2 0TH ), HITRELL
TOERNRBEH-7-bDThH b, 4k, ¥T7F b I v ¥ FHRENEBRE
CERT LI ENTENE, BAEB~OBRLTERTHLLEX LIS [30)

SO 4TI EE)CELIHBHAREREBEY 2o TL F 07225, 4HO/N
RRE(LICRIEE 2 2 BRERIIZ (. FERACHAY TOEEFTI2IDEER
Bo Sk, TOMERELV AR BT E THRICAEAS O EEZHIT 2V,

INLTODYVAFAICE D, KRILTRET S AR HWIC X 2 BER CEE
BIC AT X AERIETEBL . o Y a— 2 IC X AEHIEBEMAL /KL
RS L 2 T EERIB Y AT ADTEH A O BN ESIC BV TEIETTRE
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