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The Performance of An Inspection System Providing
3D Spatial Proximity Data and Its” Design Considerations

ABSTRACT

Due to economical or technological reasons, humans are responsible for inspection
functions in many cases. Humans, however, are rarely perfect, thus allowing
non-confirming parts to be processed. As the attributes of interest or the variety of
products increases, the inspection system becomes less effective because of the sensory
and cognitive limitations of human inspectors. Any means that can support or aid the
human inspectors is necessary to compensate for inspection difficulty.

Augmented reality (AR) offers a new approach in designing an inspection system as a means to
augment the cognitive capability of inspectors by providing the 3D spatial proximity between two
information channels. The experimental results suggest that AR might be an effective tool that

reduces inspection time without sacrificing the measuring accuracy.

Keyword: Augmented Reality, Virtual Reality, Dimensional Inspection, Spatial Proximity.

*PZHREEAEN

F2a: 138-803 MEAl $9F 712tF 78¥A
A3l 02-405-5120

E-mail: khc@kisa.or.kr



14 283

27484 (Augmented Reality) 71€& =
A 2Hoz AMgsol geod, tEA
Ag= A%7], AeFHY YA ARES
Helmet-mounted Display (HMD), ¥ Head-
up Display (HUD)S| elolA AuiE o sith.
olze BTyl F8 AVIERE oY wd
Ao AFo M, wgAzL AZIHES oF
Ans ZA AYT F A=S AL
(Goesch. 1990: Wickens & Long, 1995
Newman, 1995).

z=RE A7 0] AA FFY olE Adse
e AFY & ke S FPeR O
okt Ajedeol Z27EAr e 8 o
& A7} Agsn Aok ol e #A
o] A 2guolnAE FAF e &8
A ~8 (Bajura, 1992), @A ZdHd &
AdAns AP FAESF Al=" (Feiner,
1993). HARAEZ|Y AolE =¥ AT B
Qale] AR ERHE ToN Ad 2+ A0
(Sims. 1994). 2784 ol &3 gt A7
At#l=  Shewchuk., Chung. & Williges
(2002)o14 BB & glen, FHELE °1F
& =4 24 (Thickness) HAt 2% S
wale) Hla) o 50%0)% NS @EAE T
9]e-e rHol F9tt (Chung, Shewchuk, &
Williges, 1999). 12t} z78A7185 AA
AzZBEd T4 dE viFen, dirEd ¥

£ 7BsAe Al8FFd &R A9 (Azuma,
1997).
zgde  27hE 244 (Spatial

At ARATH

Proximity) & Eal ZQAA F Ml A=
gz ArAddd g WA (Parallel
Processing) 7t 715328 BEE Akl
a2 A0l 4 BEe HE
NS APsE AL onl, T AU
2% (Confusion) HZssl7l e
oz FRe A wgw fAxe AP
za3slt} (Martin-Emerson & Wickens,
1977). =% Wickens & Hollands
(1999)= #Re WAAAe FRFI
27 2RAR o, 9xA ZRA o
3 ARdce A7A%E Husid
B g7e 2xe 2784 71EE o8
444 Al28(Dimensional Inspection
System)& 7A%atn, Mg AzHe] 5%
e 28 27384 71Ee 498 €48 Tt
RE: I S
AAleke] 3803 71FE TEHIEIE B
s =ol, A& %7 T AFY
2 (Dimensional Attribute)® Zt=, %
B % (Flatness), €8 %(Roundness) 5 7|
54 3 (Geometric Attribute)oll g
AXE E£FaH AFEIL ol Tl dF &
AL Y BEEe AP E oHHE
AR WA REAAE @9t vk I
B Aol oa AR AL A
o] 2o8d, 1 AR YolNE FHET
o o] w2 FAE A 8ok AR HA
A28l =318 (see-through) HMD el
A&7} AEE £Xd wet At uhA
AR BE g A B AAY AT #E
4 oA g AFIEE MEHIT. AR
A 2Ee B8 AdAe AFHAA ATH=
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39 TPRE o1§8 AN 2R 45k O naAg 15

AHEE (FHET, FAEE, S84 §)
€ ArkeAed wa cades B o4+ A
o E=F HMDe A7t wed #&shes
Al Addiel] naHo] HAdAe] AAH ¥
B2 AR 7 UARFE Aol HAHU.
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2.1 D&

AsA e o8 £471719 A
of thg olsi7t 87, & dFdMe

=7 ‘6

Manufacturing Process Lab.& §73%
FNES AP Adeg. 48 59
o A AJEEFH7IE o]&3std 20/209 ©
Fol BAAEE 7HA 249 9] AAEAE A
oot HAEAEY HTAdHS 23.54
(FHa 2041, Ad 28)den, dd Z 15%,
9ol Ed HAEARIY] A
g ojaf o] zlolE Haslslr] fste, £E
°”1 o 1A ZA XA o &

A71719] o] &HbHol Wi MHHE AFd}

&

i& .Il
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2.2 WECxiel

2 AEE 4x2x4 AFAEYA] (Mixed-
Factors Design)& |83t th. XA
< 4} 5 (Manual, 2D, 3D, AR), #E73

27H FE (Y, I4Y), HAEL 490

4% (Point, Exact, Line, Surface) 2 435
Aok HAApEA L @Az 820 (Between-
subject Factors) oI™, A&EF3 3} HARIEL

g #@2n) 291 (Within-subject Factors) ©]%1
t}. 7H‘*’ Az (Treatment Condition) &

EE.'U—J—

HARIZEE 27 27} HAAA 2Ee] s
H7P1E0 2 AHGEAT. AAAREE A
A7t o], wol, AF T& FHste W &
L5E AZE ougt. =g, dAreas
olf ¥ Y FA=E ouisid, &
EE 9w o g Y QXN AAET 7 e
ko) 2 FAIET. stue] F-FodlE YT 4
At Eol t EASER, FAATR F3H
eate]l Bl vng Fal LI FHY
77t G A

2.4 AEEX ¥ AHIH|

Azt A S F3ste 32 vy
& Fieigte} Bt R Hade S3EAT (2
41 #&Ax). vde svete A4 48 A3
HHE& NEFEr] At AMSEUG Bde
dzde YAt AHeste AREH dady
olgl AR tlaE#ole] A& H3er] el
AHEEIITh dEake A o F A 2019
EUHE Z3 gAERe] AdFE, FGA
o] @2 AR yAaZg ol FHE &, dlo]
H dFuUE 5 #FE 5 U
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HICIR3tME AEMIUES
Virtual i-Glasses): AR ﬁ'\t‘«?
Q N\ AR/SHRSLIEN B

RGB-NTCZHH  wemimm—

— G -4"' i
- : ‘
& :

Intergraph-TDZ310
WorldToolKit (Sense8)

HICl2al2d

21" 2LIH: 2D, 3D-aided2t &

OB 1 AESH U AR AlAY AT

A8 Al @A, AdP@AAAE s
Aestn, wEA 6719 FERFA dE
ARG BURE gAsY. 2HPEL
7t 33 A3t HAFgE 7153 Dial

|

Caliper, Height Gage. Dial Gage T &

Z23< 9% Bevel Protector® 2xtge
+5 min. o[t}

Jd8xe 6718 ¥EFE shiy dadd
THE HAAE Y A4 e Foln F
JAAA A wat EF4de HAREE F
o7l & AE WUFe AE HAEY. A
AVdAte dWrEQd KAl gk o) (1)
¥ (Engineering Drawing) 49 #HAlg2
2, (2)9Fd (Marking), (3)3%, W&32%
7N%, (5)HTFESZ % At (6)23 A7) 3
$22} (Tolerance) Well e th3l Bt
(7) 2219 (Cleaning)9] &AM & o]Fojxt}

2.4.1 Head Mounted Display

5 Add A4d AR #HE Virtual
i.0. AH9] i-glasses LCD (Liquid Crystal
Display) 2 71594 & 13 2t} AR Al
2Rl 759 AR A|YaA A&
SlAo)mlx]  (Stereoscopic)E& AFd7] =
@3t @k (Monocular) 22 AREH A
ot ZAhats A FUez EAE Ev
R AREA AZH e BEEe 2E8F 3
Hoflgt FGHAG.  APAAE  (Pretest)
A AdAe FEF AANPEE Fer F
A He Aoz AzEgen, A4 A
Ao BAAQ Fde gl AR FAH
At

# 1. Head-Mounted Display 2 & Al
oA 45
7HA 49 30°(F%4) x 22.5°(F3)
HYE VGA (640x 480)
238AY 12 feet from viewer
ol ¥7] 10 foot-lamberts
Hd) F 100:1
FARE 60 or 70 Hz
Fel/eet ©et (Monocular)
A 8 &4
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2.4.2 AMRE

AAEEL 3709 248 (Prismatic)® 3
Hel 3-8 (Rotational) ¥&Fog 474
AP AEE AAGEE WAlge §
EToA AgsEAdt. ALSE 6719 RED
AAgELS a9 29 2t}

L p-1 7]o] | p-27}ol=
7t AAEE RS i
5| Point dol ol &1 5
| Exact point ?
Line
Surface
R-1E8] |
‘ -
|
E
| AANEE AR &
A
‘! J_i Point Zo] B A= &
=1 '
| ¢ Exact point o] %7
{
i Line pa =4
| | Surface AP [
33 2 HARES BF 2 AAES

2.4.3 MEMZ g4

Manual¥4]2& A EHQ 22l A
AAM g AREE B8l 3ol o] Fojxt,
2D ARdeAd] wel 2xtgA HRE
PCE %3 Algdct. 3DWAL s
wel 3219 H FHE PCE ¥4 A|2dd). o}
Aoz AR¥ S ARUAZH S B3 =

1=}

22 =X AR

3 EMA R 32 EA H AR

O 3 HAtgAld HEMG de

ol HEAF Wl xpol7} HAM b
A 2ol & AYAFl= aRlo] H
T Ao, Manual #eM e HATHA
EE AE7E @i BAHuR Aze F
&35 (Clustered Information) oA
4 43 FHE AFstofopyt ok, wet
A Manual %42 €8x AHC (Target
o] A9} Targete] §%) HAM (Search)™
2DFRE 3DAEE HBsle AP L e g
gtk 2Dl AAME R A" A 2
Ao wa ExHeZ AFEel uiet
Search#@3 o] A&d = gl DU
Search®} 2DFES] FEHsNYPE d9=
32 S¥ETh. AR W2le 3DWA Y] AR &
A FE3 AAERY FHE AEsld AR
o] WEAE 7HestA g
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3 1 B3 wAY HRAAAZ (290 %)
2 Point Exact Line Surface
Manual 77.4 272.7 179.2 134.0
2D 64.0 | 1961 | 107.9 | 101.7
HAIAIZH
3.1 @A 3D 61.3 | 2220 | 1249 | 119.3
AR 526 | 1095 | 1056 | 100.6
ZARAIZ ] g BAEA (ANOVA) A3
t E 29 2} ¥ 394 H& vpe}l Zo] ARWAIS AAME
2o BAgle], 71 AL Alte] 285U
E 2 HAMAZ-EZH 22X ANOVA Z 3 AAPA Zb] §-2F 2lol7t EstE BAE
FETRE N ErErey 7] 98 Post-hoc Test’} 3 AT}
Source A T T F | 5 Bonferroni t-Test Z3€ Point&3 ol 7H¢
Between A& A7te] 2853, Exact Point &3l
} o AQeEle ==
AP0 | 3 | 1346 00°] 032 | .81 P wE AlRbel 2883 Hel FAG (p
S ARAHS/M) | 20 $ 0.05).

) AR (M T 2AHE(A)S) 2534 2
Within 7= Lined t3lA & Manual ¥le] t}& 3
RE43(P) 1] 18] .19 936 | 01° 712 WA T AJ7ko] Wo] 2298 Mol
MxP 3| 076) 53| 017 | 92 o}

PxS/M 20 a2y, Point, Exact Point, Surface®] 7%
B49%4) | 3 |149.80| 00| 342z | oor|  NE HAPTHIS KA Aol7h YA F
E O & ALEHE-(A a2 Al =
MxA 9| 945| 00° 202 | .06 FRI(P) AR maf M=
Surface®| 73§k, 3HY FEF FHo|
AxS/M 60
AlZbo] ol AQH-E HAFEU.
PxA 3| 3580212979 | .00*
MxPxAxS/M | 60
A 191 g 2= F29 (Main Effect)d & ¥E5

2291 (Main Effect) o 24088 ()3
@4@5mwl%ﬂﬁ%°ﬂ TE G E
AAPEY (M AAFE R (A), $EE (P) At

2 (A)e] frelsach

® 29l

(P) & ZAG=(A)o] FFE wE 280

= (P A A E(A)o] S B
Zo ole ZE AAMMTY EF 2%

d& zol7} glod, #ER/E (P AAGE

(A ALt Aol7t A

ART=E

oju) g}
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339 ZHRHE o] &3 HAA A8lo] A=

st w9l meilg 19

£ 49} #Zo] Bonferroni t-Test 23+ Exact
Point$} Line9 &% 2217} Point ¢t Surface
23 eAEY & 202 Yyttt (p ( 0.05).
FE7%(P) T AR nodse Adie
H4o X Ee vl Zo] Point$} Surface &

k=]

3o Ay 4% 759 3Rt Y
FFEG & Aeg Yy

E 4 yAaY HREYR (=t inch)
82l | Point | Exact | Line | Surface
Z¥ 1 0214 | 0618 | 0602 | 0.367

3HY | 0080 | 0728 | 083 0.074

4. £ 3 HE

B A3 Ade ARE o] &8 HAA2H]
ol ArAAIZFE AR F U5E Ho I
o ARA2HE ZHFRE ZE3H FH
Fgotd, BEAA SAHPEE EFde
ANE ATE & A A= F Y
& FEE B AMYFozH, &3
Adeggo]l sbedant. ARAAE 59
Exact Point®} 2] ni3} EedE 9=
gt A-fd ol$ ERHolATt (Chung et
al, 2002). Manual #2je] 71 @ A7+
422 3¢ o)fte HAEY 9 ZE JH
7b 3 2850, At A EE 23
stedl F7HEQL Ajte] Hagly] o Fold
@A 2D 3Dl = AR fojF
Apol7} Gidith F WA FEEHEHA S AL

°of el BE FEstez,
Ae 2427 3D 2D R sl FY
& FE RS 2RSS Auidd. 2
Al AHEE FEe ey} vlud gt
o, ZJA7t 2D FRE 3D EAMZ ¥Ast=
o 2 od&s =R F7) HEdd Aoz
Fgdd.

g8 AR AA2R 2 E eatel Al
T E37t gldled, ¥dEgeste v 7

l‘

WA Zhel7h . ole Wl 7HA] HA
A 2 FdE FYuAYES 7] WE

ojtt. HAMEA Tl ARAD FAHAT A
o7} deH, FYF FH7TY SH
o Edle FA extle 93 zolvt g
=3

£ Age] Aale ARl HAM 2" A%
Nl 83 IS BHogFa o,
AR 718 AA Aol ALsh] M=
ANasl gzl EFhelN oed 2e nest
3 g8t}

AR, & AgoMY Fad A7t 7
< 75‘*}*]7}34 3, e AR
ol FEEA 3 Hrt (o, Defects)?t &
a3 Vlsual Inspection®] 7%l HAlel g
7t Bt F8% HrPlEe] 2 + Uk o]9
dx Alx"le) A, HBE, *E4 T
thet neirt ggsich A2 AlxHe A
& Z71R v &g dow sug FelNe
ZAAA g7t FAHE o|4e] AHE 7HA
< 4 dofof 371 wZoltH(Chung et al,
2002). =3, MEd Alaglo] 71EL ¢ Fof
AdgHeoz Hed &+ dert, ﬁ“‘*‘ﬂq] i
AstA A& F Udevt e RAEC iE
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4. AR A" MdAIAl AR9 7]5’“%
gHAlol i@ vt destt o RE
A4 EHF (Tracker)s SFHFEY FH
o}o] &3 Registration Ao EAS
Ho QY (Azuma, 1997). 7M3&EAde
3% AAAF NEHEL] Registration’
AR B2 Zste 8, ARY 7

Folle AEF 7R uA G eatw
44 A2 F W] dEeltt. ARE &
39 Registratione] Ba3A ¥ &
U 288 o F(Static Task)dl| H&o] 4
A o2 go]sirt.

AR, FHAZEIL 208 59 ALde
AR9 o|go] FAI 4 gir}. dF-Ee AR
t2Zdele 9 7YY (Field-of- Vlew)
o2 AHERLS] AlokE Al

© guel e $84 £4% 2aed 9
2yuel e B o ¥ FAo o

§ AER ololxmE, AR Al2He o]ad
234 29 A28 £ URS oA
ofo} gt
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