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Summary

We propose a new approach to understanding engineering drawings, which is the problem to
recover the 3D data of the legal solid objects from the 2D data of a given three-view orthographic
drawing.

Our method essentially consists of two major processes : translation of the original 2D data to a
constraint satisfaction problem (CSP) by using a constraint knowledge base, and solving the CSP to get
the final 3D data by using a general CSP solver.

To realize the translation process, we develop geometrical rules derived from the restoration
knowledge based on the axiom of existence of 3D objects in the usual Euclidean space.

Since a CSP, an intermediate expression of an original drawing, is actually a knowledge base
independent from both the given 2D data and the final 3D data, our approach enables us (1) to tune up
the knowledge base easily, (2) to customize the restoration system with high modularity, and (3) to make
use of existing general purpose constraint solvers adopting many kinds of efficient search techniques as
well.
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WX BEIRIDANBER IS, THEMHLS L O
{(TTFTTTFTTE).(TTTTTTTFTT)}
NEOR, 00 HLRYIOBMPERKT S 3 XCE L
BoTWwLIEDNLND,
kDX —%&0mMICN L THERFE
T, W7 —BfRT 2888250V —LEL—L
N— A5 HIEEL T CSP 24k L, (i) CSP 28T
NI BRO D S L — IR I FRE & 38 3,
EVWIFRIC LT, BT KA EICT S I L
TE5,
(2) WEYFIZRELIZHS
WEME &L, ES—0#E L 1 ROV
Y, R R S oML ARBL TR XS 3K
TR TH 5, M7 OHEERH IO O Z
DO—FITH 5, WEVHAD IR KOFFHEIIBIEH,—E T
HLHnDOT, ZORFEELELLIZL—LEDD,
N— L R—=AHUINA D I 5K LD, Thbb,
5OHIF2 23O CERIL L7 @Rl 2B & L
TEHOEBICNILT 2 BEiH O D, OB
HEHELWBEHHAIZETHL ] VL OHFRERD LD
v —nAb L, M—_—ZAHUIHIZ A,
rule K2.3

if same_area, outline,

T
T
)

(distance = =plate_thickness)
then labels ('T!)
CON—NIZ LD ERE T X SIS, *

DFER, FEREMAH/N LB OREL AL 2 &
TED, COLICEKY AT LATIE, KBOEHE %
HIER DIz DNL—n & L CERT 2 2 81285 T,
BB BRI AR L, ¥ AT AREBOUHHE% |
JoZemufigTh D,

HIFIHEE A~ — A2 ED < ZHEE R 659
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6. 6 H 1) |
R LTV, SHEKEBERRC LEHIE A IR 2 Ak

THEHDONL—IL_— R L L THEERL, ZHE RN
A CSP & LTS FHEARELL, /10, KFukn
Mz &AL ZHMICN L THEMTH S 2 L, ERY
KN TR AE RO SN 5 2 L 2 EBRTHERL . X
S, RFHOIEME L LT, CSP O % FIA] Lf
W o EElE, ©7—%2G AR HEKL» S OBEITHTHE

[Haralick 79] Haralick, R. M. and Shapiro, L.G.: The
Consistent Labeling Problem, Part 1. I[EEE Trans. Pat
tern Anal. Machine Intell., Vol. 1, No.2, pp.173 184
(1979).

(g 721 R il o ORI O D v AT A, B
WFam, Vol 38, No. il() pp. 1267 1276 (1972).

DiF b 93] kb &, valE: (RBuA & & & Mo R, fifal
“FFE. Vol 93, No. | 4, pp. Y 16 (1993).

({931 (g BIRAEME L LTo Jhis» o ok

TR, WEEETER, Vol. 93, No. 62, pp. 107114 (1993).

(R34 95] R4, INBF, W BISH 7L 7)) X4 & B HIR

FoE I OB, AL, Vol 95, No.86, pp. 33 40

(1995).
[Minton 92] Minton, S., Johnston, M. D)., Philips, A. B. and
Laird. P.: Minimizing conflict: a heuristic repair
o

1. =S EXERICBW - IL—IL—R—X

rule K1
if joint
then append_list(labels('F !) labels('T 2))

rule Ki.1a
if joint(2), nearest_faces,
KASSETSU, line_type(GAIKEI)
then {(F F)(T F)(F T))

ruie K1.1b
if joint(3), KASSETSU,
segment_crrspnd_1_edge, line_type(GAIKEI)
then ((TFT)FTT))

660 A LR RE 5 o 5

H, X5, WEMERCREELLEEDL — L=
DAHAYT 2 A XD ThiRTe,

SHEOREE L T, ATHETHIETELZ L7 -0
WA S L, LD ISR O FEORTE
nHb,

) &

N AN 211y S AR AR AATRD A~ R/, P Neat ke it - e
B, BRI IR, AR B HAESR (), 1LIH
ShBE IS GREEAFBE T AT e [ RE#HEBL £ 97,

2 X B O

method for constraint satisfaction and scheduling prob-
lem, Artif. Intell., Vol. 58, pp. 161 205 (1992).

[l 92]  vHIH, o, vHDE : WO BRI L 5 oo i
B THEIBE 238, Vol 6, No. 1, pp. 96 103 (1991).

(PaIg0 870 PR, #Ea, il R O RS AT B IR & S 2
IR LS. Vol 28, No. 5, pp. 534537 (1987).
DRI 90] eI BT o I B0 H], EERALEE, Vol

31, No. 4, pp. 500 507 (1990).
K 89 oK, (R SN SRR R — L (U
2 ik S OO IR, LR, Vol 30, No. 6,
pp. 699 708 (1989).
[INBF 94]  INBF, S, FFEF. PR KIS BT O A FME 2%
R O HALEER, Vol 35, No. 12, pp. 2676 2684
(1994).

(MRS - fotH | ABFEE)

& O

rule K1.2a
if joint(2), nearest_faces,
KASSETSU, line_type(KAKURE)
then {(F F)YT T))

rule K1.2b
if joint(3), nearest_faces,
KASSETSU, line_type(KAKURE)
then ((FFFXTTF)

rule K1.3a
if joint, nearest_faces,
KASSETSU, line_type(HOJO)
then {(F FXT D}

rule K1.3b
if joint(3), KASSETSU,
segment_crrspnd_1_edge, line_type(HOJO)
then {((TT F)

Vol. 11 No. 4
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rule K1.4 rule K2.2
if joint(2), segment_crrspnd_1_edge if same_area, not_outline
then {(TT) then labels('T evenQ)
rule K2.1 rule K3
if same_area, outline if cross_face
then labels('T even2) then {(F FXT F)(F T}

2. W—IR=Z LY ER&ENt- CSP NP

K1_1
K1_2
K1_3
K1_4
K1_5
KI1_6
K1_7
K1_8
K1_9
KI1_10
Ki_11
Ki1_12
K1_13
K1_14
K1_15
K1_16

(f
(f,
(f,
(f,
(fa
(f,
(£,
(£
(f,
(f,
(f,
(f‘
(f
(f,
(f,
(f,

— & E B N

KI_17 (f, f) ((F F)(T T)),

K1_18 (f, f,) (F F)(T T)),

f, f) (F F F)(F T T)(T F T)(T T F)),

f, f,) (F F F)(F

f,)
£))
f,)
)
£,)
£,)

fy)

).
).
™,
T)).

((F
((F
((F
((F

F) (T
F)(T
F)(T
F)y(T
((F F)(T T),
((F F)(T T)),
((F F)(T T)),

f) ((F F) (T T)),
f) ((F F)(T T)),

f,)

((F F) (T T).

f,) ((F F)(T T),
fo) ((F F)(T T,

f,)

((F F)(T T),

T T)(T F T)(T T F)),
f, f) (F F F)(FTT)(TF T)(T T F)),

Kl.la_l
Kl.la_2
Kl.la_3

JIb_1
.1b_2
.1b_3

AR AR AR AR
RO R

(f, f3) (F T)(T F)(F F)),
(f; f) ((F T)(T F)(F F)),
(fio fo) ((F T)(T F)(F F)),

(f, f, fp (T F T)(F T T),
(fg £, f) (T F T)(F T T)),
(fy fo f) (T F T)(F T T)),

(f, f, f) (F T T)(T F T)(T T F)),
(f, f, £) (F T T)(T F T)(T T F)),
(fo £, £) (F T T)(T F T)(T T F))
(f, f) (T T)),
(f, £) (T T)),
(f, ) ((T T)).

»
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