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Abstract

Based on the principles described in Part I, we have implemented a working prototype vision
system using a feature structure called an LSG (Local Surface .group) for generating object
hypotheses. In order to verify an object hypothesis, we estimate the view of the hypothesized model
object and render the model object for the computed view. The object hypothesis is then verified
by finding additional features in the scene that match those present in the rendered image.
Experimental results on synthetic and real range images show the effectiveness of the indexing
scheme.
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7} occlusiongle] S8 2122 I2J3HAl ¥k
V. Ad &3

oA B el ARSH 20709 EAE °]F
o]zl =@ dlolejulo]xe] 7, MSU PRIP Lab®|
“column-2"2H= Al A M;)S = Fol AA
QA AL edost FAYE spde] A, HE A
22 Wre] wARoR rlEsich o] Aelixe #
A st AA Hdx] GAEC dEld AY ARE
7)&stzat gl

1. 18 odAtel shte] Al EAshs ¢
B dola] Algkele qldA vhie] %S AdAe
2 =x3}7] 98} indexing-efficiency-measurezt=

A%g ohest o] Aslsdck

Definition :
indexing-efficiency-measure: 45428 ZHEH
7V49] candidate_hypotheses®lA1e] $1x]. skollA 7]
+3lel50) candidate_hypothesest &% 7WdE
9] 8]A~EQl valid_hypotheses® A3 314
validation test® *-838}7] Ao sPdES] #xEo]
=

]2 & MSU PRIP Lab®] “columnl-2"2] 74-%,
AEHoz 73%% M, (1 039782244 2 31 0 2)
((4 31) (43 0)-) °] candidate_hyotheseis
W entryel (1 0397822442 3102) (43 1)
(430 422 @21 @20-NEFE 7] =



84 g A FHE 047 33 EA QA Part I-EAd gt 7bde A4 A5 FHE
| indexing-efficiency-measurex 2]tk o] WEE o]FoA glx o) #ES NNFH SSel

2% 7e U el kel TR Eaiske 4
o] Ay AF}E Bo Fr}h LSGY 4 €% #F
FASHA okw HwlEEwez Jehd LSG Bla
chgst Rk

o

1o

L

M o

1

{(1.2).(3.2,5.6).(2,1.3.5,4).(6.3.5).(4.2.7.5).( 7.4.5).( 5.2.3.6,4.7}

candidate_hypothesesdl| Y145 7ME F valida-
3t 7PdESY BlaEd
o5t Z

tion test&

.
i

potheses

candidate _ hypotheses = {

(30.9196101121 (510562)((431)(430)(422)(421)(420)--))
(30.9196101121(510572)((431)(430)(422)(421)(420)--))
(90.9165846120(52713)((431)(430)(422)(421)(420)-))
o}
valid __ hypotheses= {
(30.9196101121(510562)((431)(430)(422)(421)(420)-))
(30.9196101121(510572)((431)(430)(422)(421)(420)-))

valid_hypothesesol] Y45l 3 WA 7Pdel] oJsf =
4 A M7F 91E Al EAlkcla sAES 2
7 A 91 dAke) v mdl B W] 7

L=

[}
A

{(s:, m)I(2, D, 1, 0),(3, 5, (5, 6), (4, 2)}

24 oAl e W) gog FAEe] ARt ©iA] F
MY A¥Hoz E]i4el whek we}l Aute] AFs
thd glelld qlFslae] Alegder E3FQl Wk
Hle}l o] F ool 2E quaterniond o]-&3te] 3
A PP e ARy TR A, MY T e F
Ay 7(d). 7Pde AT 2d w9 91 o

A+o] @lAlE] wWE2] ]A~EQl matched-model-sur-

faces®} matched-scene-surfaces+ thg-3 2t}

matched — model — surfaces= {1, 0, 5,6, 2},

matched — scene — surfaces= {2, 1, 3,5,4}.

4 (am,a )P (an,a)°] AFE ZE2aH o A

HH A

valid_hy-"

(828)

A A NN {(6, 3), (2, 3), (6, 8, (5, 8},
Ss={(5, 7), 4, T, (5, 6), (3, )} Hc} RAHA 5
3ol A seed WoRZHE] Az} 291 AEFE u|wst
of NN = we] 4 (5, 8)¢ | 83} S W9

% (3, 6)9 60] AFHoR H3hEe
matched-model-surfaces = {1, 0, 5, 6, 2, 8}
matched-scene-surfaces = {2, 1, 3, 5, 4, 6}

NN= {(6,3), (2,3}
SS={(57), 47}

2 Qo) seed WOoZRE] Ay} 29 = o} E 1
NN} e Hel g (2, 3)9] | 33 SS9 w9
(4, 18] To] AFH o= Fit=e]

o,

A

O

matched—model-surfaces = {1, 0, 5, 6, 2, 8, 3}

matched-scene-surfaces = {2, 1, 3, 5, 4, 6, 7}

NN= NIL

SS= NIL
& Al Hol, NNl v o] e o] elalAl &
oon2 AZ AL FuET vk A s A
HaA ek

initial matches = {(s;, m)I(2, 1),(1, 0),(3, 5),(5, 6),(4, 2)}

additional matches = {(s;, m)| 6, 8), (7, 3}

Sk =SS = NIL

Nr = NN = NIL.

Axpdeg a7 39 EEEZONM S Np2 77
NILZE 27 Ha 48 didele el 24, Ms
7} occlusion®e] &8} 982 UAsHA Hel o]
7A-gll, Mo AHEE 7Md, (3 091961011 21
510562 (431 @& 30-)) ° candi-
date_hypotheses2] 3 & entryol”] wldol in-
dexing-efficiency-measure= 1lojc} B ool
AHoksh= Qldy wWAe] 8848 I53P] S8 =
dloleldo]ze] 7+ md EAE FHile glo|e] 1074
Aol A Bole A <3l disle] Asgics. A
& A7} indexing-efficiency-measured] Fd 3o

5 &, 20089 A4¥
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2 281 ik o] A &L 4] AnE =
7Wde]  candidate_hypotheses®] B|XEod| A W
dFoR 9 LS dE T AezA $2iv}
Aokt JdA whEe 58A4E (F8l] ok HE
Al B4 A AFAE 7R 3’ ] 3
T A% 3o 1290k o] & 29 indexing-
efficiency-measure = 2.81 ZrEr} =2 o] 1 o)§
© 2 7Pde] AAY A Aol B 7] Aol 7]
313A Q] A ZAES o]87t FAs) HAES} yp-
date-valid-hypotheses®l| &3] Azix]7] ufFo|ck

(b) edge map

(a) input range image (shaded)

(d) rendering of hypothesized
modelobject Ms

(c) scene surface pairs

SS={(57), (54), (47), (56), (36), NN={(63),(26),(23), (68), (58),
(35),25),(42), (23), 1.2} (66), (2,1, (1,6, (15), (O.1)}

O

1 - 2 ' I ,7,

(5] — - {6}

(e) relational graph of visible surfaces in (d)

shte] EA, Ms o] sl 1 <Ak qly
A3t (e)o] eljzelr FHe] o2 Fei
o Mz 7P A 23k 2] AW
Zolz o el v ¥Ie 249 wd o
33 oY <del HHlselt

Recognition result of input scene containing
a single object M5 The double-circled
model surface numbers in (e) are initially
from the object hypothesis. The numbers
next to the model surface numbers in (e)
are the matched scene surface numbers.

a3 7.

Fig. 7.

(829)

HHUB CHE OF IR 8
2. oF dilel o3 FAr) Sk A
a8 82 1Y G4l Tl EAllvt occlusion $lo)
FEAshe Akl digk A3 4s-E »ro Fh LSG
AR =R o e Ry e
(1,2, (34,5279, 43 8, 0,57, (21,5, 7 6),

(10, 8), (8, 4, 10), (6, 2, 11, 7), (11, 6, 7), (7, 2,5, 9, 6, 11)}

LSG, (2, 1, 5, 7, 6)7} A= 7ol o8 =
24 Mo A FE EAR wEEdoh valid
hypothesesell “Wa¥ A WA 7PdE AT 1Y o
A9 HE wd B HEQ S {(s, myl (2,
1), (l, 0), (5 5), (7, 6), 6, Dlelel F A ¥
Ao E)iA]] W wel %02 ¥E| quaterniong
ol-g3le 3] AL AT A 34wk
el AR Fu A, S Y o) 13
8(d)ell veht slck 73e] A2k o

matched-model-surfaces = {1, 0, 5, 6, 2},

matched-scene-surfaces = {2, 1, 5, 7, 6}

¢]3. matched-model-surfaces®} matched-scene-
surfacesell Z3E WER o|Fx glv Y #E
< 77} NNF SSellA x99 NN = {(6,3), (2,3),
6,8), B8} Ss= {(7,11), B611), (810), (7,9),
(5,9), 4,8), (4,3))°] Hc} AHA F3or] seed H
Lo2RE Ayt 29 WEYE wlwsle] NN 2d
el 4 (5, 8)9] @ 8] ss9] wel 4 (5, 9)9] 99}
AFAoZ H3AEAQY, seed WOoRHE A7} 29
wrkE wel vve] m=d Rel 4 (2, 3)9 W 3%
Ssel 7o 4 (6, 11)9) 110] AFHoz H3t=ql
) Sr=1(8.10), (48), (4,3)}, Npg=NILo] Ho| T &
A F M7} occlusiongle] AAHL}. o] AlHeA
valid_hypotheses®ll W4 7MdE F 97 AR
71del o3 ARl HER ThEeial FHEEL AA"
t}. Sr T¥ valid_hypotheses?} NILo] oRJE &
update® validd_hypotheses®] X W#H 714 H3)
of AEsHA =k 7MEE AT 4 <Ak dES
2d A HES AL {(s, m)l (B, 1), (4, 3),
(10, plelar o] E2RE] kx| shie] AHdyxew =
Al o) wel 4g 7 S g9lomz sMdst 3
AFEHA Qe AHE 5 oolgsld Fr EA9
rendering® 1% A1HE Faidch F1 B4, M,
4 Aol 2 8(Dell viehd ick o] AJzhd




Al

] k]

o} al

pu

Q
U

86 g 3239 E4 o

{1, 3, 4}, mat-
10}e]l32 matched-
model-surfaces®} matched-scene-surfacesol| ¥3%t
H HER o]Re|d gle WY 4 7z} NN
SS°“H A9 NN = {(0, 3), SS = {(4, 3)}o)=

o

@l  matched-model-surfaces

ched-scene-surfaces = {8, 4,

{M=NeR
OEE

(d) rendering of the first
hypothesized model Ms

SS={(6.3), (6.2), (23), (68), (58
(65), (16), 21), (15), (0.1}

(f) rendering of the secong
hypothesized model My

NN={(03),(1,3), (1,4}

(c) scene surface pairs

8), (58),

NN={(63), (62), 23), (6
150D}

(65),(16), 21, (

m(‘j,“

(e) relational graph of visible
surfaces in (d)

8 3
(g) relational graph of visible surfaces in (f)

a8 8. Y EAl, Mt Ms7b occlusion$ie] 2]
e oY Ay A A (e (9] 2
ZolA T foez Feal Hie 7}
A A Z23E mde] Wiizelw 1 4
o 9lv I 2l ol g3 g™
gAke] WM Folr}

Recognition result of input scene containing
two objects My and Ms without occlusion:
The double-circled model surface numbers
in (e) and (g) are initially from their object
hypotheses. The numbers next to the model
surface numbers are the matched scene
surface numbers.

Fig. 8.

Al Part -8l tigh 74d o] A} A2

(830)

LSS

A pdlolxd AN wd W 4 (0, 3)9 |

F ss9| el 4 (4, 3)9] H 3] AgHoew ‘:"{}
slo] 23tEl WEo] NN SSelld AAsE (NN
SS = NIL)°| o}, a8ju=g °Ji'~" odAke] B4
M,7} occlusion@le] eXEe] Sgp=Np=NILe] F

I

I A AHF 4L F33oh
I 9 " Gkl T EAVE E|ARlz
occlusion®] 9= Ao A3l HAdE ®e Fof

LSG BaEx w33 2.

(1,2, 2, 13,43, 324,658 9, (568 7,

9, 6, 8), (7,510, 8), (10, 7, 8, (8 5,6, 9, 7, 10)}

LSG, (8, 5, 6, 9, 7, 1007} AA3= 7P 23] =
d EF Mot HA 32 EAE wEsEs valid
hypothesesoll Y2 A WA 7}de QAR 91 o
o] ¥ md EA0] e A& ofgd 2k

{(s;, m)l (8, 6), (5, 1), (6, 5), (9, 8), (10, 3), (7, 2)}

o}% Mol e ATE FAY APHeD %
"AQl ‘1’0“%k wel gogde] A PG Al
rendering® FE A, ;9 T o] ¥
Hd)ell vpeht sict AFe]l A2 @ matched-
model~surfaces = {6, 1, 5, 8 3, 2}, matched-
scene-surfaces = {8, 5, 6, 9, 10, 7} ©]Z mat-

ched-model-surfaces®} matched-scene-surfaces

of EFE WER o|FA gle WY HES Z}Z}
NN SSoﬂH A4\ NN = {(0, D), 0, 3,
3), (1, D}, SS = {4, 5), (3, 4, (2, 3), (1, 2)}9

o} A F3PollA] seed HoZHE] A7} 291 W

E5€ nvlaste] NNo| mdl wie] 44 (0, o] W 0
o] o] wio] A (4, 5)9] W 49} vlm=l=d ql8 odak
W 49 HAo] mdl 7 02] WA HF FuR A

2 ¥3EA] dsket 9lE Akl o} ol &S
9 we] glowa A e 7o AY-5 A
HeA "t o] A, T EA A Akl B
ol A N8 WE F o34l APt 7R el 3
= |22, & ratio-of-surfaces=6/7=0.8571 >
t_ratio_of _surfaces(0.85)e]| 22, }=z] shie] wdl
HE 2] Blgdel® Al TR BAlE g1 cdale
TAEAIRE occlusionzell Wri=] shte] mel g
Az ER Zog 7Hgsted shde] gl

L

AAE

=
Ry

438 A
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o7 #Wxighe} Axpyeg Sp=1{4, 5), (3, 4), 2,
3), 4, 2)}, Ne={(0, D}e] =z F B4 F M7}
shte] w®o] occlusion® AMElZ JAEcrth valid
hypotheses?} update¥]Z Sp =+ valid_hypo-
theses?t NILo| olUB® oig 7Mdg FHabA ok
24 M7t FR EAE mEEn pde A 9
g g Wt md EAY] Hel A5 (s, myl
(3, 1), (2, 3), (4, 4}o]lx o|E2KE x| shte]
Aygdor Sfidql uisgf we}l AL 78 5 gloen
2 7 34 A=Y s AFE Sl 731 A
Aol o8] rendering? FH EA, M2 I <A
a3 9Dl vehd gleh AFe] A" o
matched-model-surfaces {1, 3, 4} matched-
scene-surfaces = {3, 2, 4)°]3L matched-model-
surfaces®} matched -scene-surfacesell £3d w
EZ olF1A e e 4 ztzt NN3F SSell
A A1 NN = {0, 3)}, SS = {(4, 5, (1, 2)} B
o} A ol vve] medwe] 4 (0, 3o W
03} ss9 Wl 4 (1, 2)9] W 1o] AFHoz »3
o 335 WAES NN SSeld Afxn (4, HE
o] of AAR] NN = SS = NILo] ¥} ez
o8 el EAl M7F occlusiongle] Q1A E ]
Sp=Np= NIL°| =3l HA FF AL Frdch

°]

fus

==
OEE_'

(a) input range image b) edge map (c) scene surface pairs
(shaded) $S5={(8,10), (81) (7.10),(89),
( )( )()7)(,6),
o), (34 ), 1.2)}
ot
verg Bl
T
2 £330

(e) relational graph of visible
surfaces in (f)

(d) rendering of the first
hypothesized model Ms
NN=((63), (6,2),12,3), (68), (58),

66, (16, 21, (1,5, 0.1}

(831)

37

(f) rendering of the second
hypothesized model My
NN={(03), (1,3), (1,4}

a3 9. EA Myt A MsE 793 dde 1 o
A8 1Al Ak (e)} (g)o] e ZoM T4
9] flog Zeiuel HiE 7P QA £
FEl mde) mifdo)w 1 Yo 9 HEE
wde] ol g3 Y cake] Rl
2

Recognition result of input scene containing
two objects Mp and Ms with occlusion: The
double-circled model surface numbers in (e)
and (g) are initially from their object
hypotheses. The numbers next to the model
surface numbers are the matched scene
surface numbers.

01
(g) relational graph of visible
surfaces in (f)

Fig. 9.

Vi. 2 8

¥ #¥ollAle Bayesian Q1814 71Hell 7]33le] 3
a1 EA #1& prototype ®lAd Alx€E T
galodrtk oY cdakllA ZHER E49 EAEH o
g, B4 SAEY Bd EA izt EHHe &4
W2 Bl gt 7SS ANTeEH FEHQl Al
dal-g AFslge}. B ey 3 AlasleME
LSG(Local Surface Group)ahs, 732% zZk= 4
9 BAs &4 dAE A% ERoE ARl A4S
sl ot ofE F/Y 5AER AHEE 5 vk 2000
2] CAD EAHR o)Feizl ndl dlojeluo]2xel o3l
g A Ak AAl ddA] FAAEE o8sle

oaEa
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