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A Nesting System for NC Machining Using
Structural Features of Parts

HIDEAKI KANAIL T NOBUKAZU WAKABAYASHI, 2 NAKAJI HONDA{?
and KoJ1 TANAKAT¢

The layout problem has been examined in many different fields such as VLSI, plant and
windows of GUI layout design. However, it is known to be NP-complete and therefore it is not
possible to provide exact solutions. This paper addresses a packing problem of NC (Numerical
Control) machining called the nesting problem. The problem is to allocate as many parts as
possible in a certain area. The solution is essential to increase NC machining productivity.
There are many applications to propose techniques to the solution and they have contributed
to the improvement of productivity. However, they tend to concentrate on the problem of
packing rectangular shapes, have to treat a new part as its maximum rectangular area, and
can not use the past nesting results easily. In this paper, we propose a solution based on
structural features of parts, and show the effectiveness using a nesting system based on our
methodology. In our system, we adopt CBR (Case Based Reasoning) including mechanism
of approximating structure of parts to recognize their structure. The recognized parts are
classified into five types of shape by the structure features, and then for parts of each type,
the local positions are decided. Finally, the parts are placed globally on an area.
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Type-1 IS NBHIR L F LIk b BWEKRET
Sh% 7B (K8 (b)). ,

(c) Type-3: HMLEAARL EARIEHmH
EIns. EziE, 1B YE#ARICER
TERELZEA, 25B%2 Y#EHmIC, 22

® Step-1 PYATFIZBWT, THM Py & Py MOANME LTH
PPy & Py MOBOMEEHIE, THE Py & Py MoBM»AO
WA, ZREICE > TTERFHLVWHEEBO S bihi b 0% #ER
L7273 Ti, 5.1 BiTlRE 7 A 7HHICL AREEEAT
ERVEENH S, TOHBEIEHLVEROMEEILE T
FEREAT .
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True axis ===> ((0 0> €10 0> <10 3> (8 5 (10 17/4) <0 8))
Approximate axis ===> (<0 0) <10 0> (10 17/4> <0 8>
<DAIKEI <0 0> <10 0> <10 12/4) (0 8))

2>>2>>>> SHAPE ARPPROX{MATE METHOD3 <<<<<<<¢
CRECTANGLE <0 0> <4 0) <4 2> <0 25>

SCL-USERT Tdle I E

B9 JobyATVRTA
Fig.9 Display image of our system.

Hchnid, FESZTTOLLTCERTRET S
(E18(c)).

(d) Type-4: MMBED L HIZ2DIFRL 72K
DM TH B0, MAEbEDH T &L o THEEL
DPORNE D ICEET S (K8(d)).

(e) Type-5: Type-1~4ZHTiZFEHhho7F
ROBRT, THHIEFHERD LI ITRKELE
EoTRETS (K8(e)).

PEDEICHETAZEIZEY, B5 AT DR~

RO EEEZ TE BT AR LB TEED

TERETAHIENTESL, TRIIERD L ) ITRKLE

Bk lotb BICEUERNICE TN EEROS %

Pl THILICRB,

5.2 EAKREBENL—I
B AT ICHHINIMAEEBET 5 & 512, @,

PIEEDIT o TV B L) RO EROK EVIEICE

B2IT). Tk ZEEOHMIE, NCHIIKKEBIT5

BETHAIMBORVETERAL L, M (REHE

B) 1 LEERT LA O 2 AIIZOWTTY,

FDH)LEBVRORVEEBAMICRHAT 5.

6. AT LDOETH

6.1 7OMRAT AT L%

INFE TILRT E R OTIRERES: - BLERTE
BV, FOEMMERET L7207 OL
ATVATFLEERLE (R9). A7 20
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Fig.10 Flow diagram of prototype system.

CLOS (Common Lisp Object System) % f\w7z.
T IAT VAT LATOF— ¥ MBEOFELZE 10
IRT. AT Q) 25 (2) Tit, EESFMRELL
NCHIL7ur I AHBERY AT 2 RRETHBY
AT AW L DT -5 DEBEREHET 5720, S
THRLTWVS, 727L, ZOEBIIED Y AT LT
v, RYAT AT (2) OF - BRADPADT—% &
%A RIZ, (2) 07— 5% (3) DEEMEHERIC
BRI D, 3) o 2OBKEE T 72010, EH
N— AR PLTBIRDOELEAT) S Lic ko T (4) %1%
Kb, 8512, (4) KRRICET 2 200 EHRz
Mz 7z (5) #&B L, (5) # BB LUEBICEEL W
CTLITEoT, BB (6) DT B, 5 A2
BT HRERL, HERA3ICTOP AT VR
7 ADEFBEROBIERT

6.2 VAFLDERER
RFEEORN A EESHOA M 2RI 5720
12, NCTIZE o> TIIENB T v 7 OBHEHDO—
B GEEBRT &L 15 BEORBEESE, BMEK 212

T EBHRE L THRAER TR SN AEEERICHREL TV
EPLTHFSATVAFLL L.
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Fig.11 Nesting result by our system.

) WL, BEIF -5 N—AOMBIKEEL LT 70
BOBEFZFE, UTO 3207 — XXV TER
¥fFolz. 2L, BRERO-UIC, BEEZIITN
THHOBRBERE LTI AFACANL, BHF—
FR— AR MEREBIC L7z, F 72, BIRELEORIC
BHIN— AR E TR, BREECELVER
BRI L, FERBOLEREELRT 72018,
2—FIZ X BETFHREETHOTIZ, “unknown” &
LTRE L Z20BRARER CRERE T 7.

Case-1: ERVA7L0OFE (BRKELBITS A

THEERED)) L AEE.

Case-2 : FBRAPEEZFEDLT, § A THPEOAT
BLE.
Case-83: TREBEBIUY A7 EDLT, T

RTOEFIIHN L TR AERER CRE.
FREFROREBERERZR 11, 12, F13 II/RT.
3 F XDV TREUC LB 2 Sl B X VLR %
HEL, ZOBRERL IDRT.
REUTLEZERICE LT, XFE (Case-1) »°
DT (Case-2, 3) LD AR VERCRETRRE
Totz. ZOERIE, (1) BREBUC X o TIHERD
REEZL A7 TBELBIRE LTIR) 2 L
HTE, A—EEOEBERICHT 5B LEES
HxiT-7 (BEK212BOREEZE % 138 HOEE

T I TORBAEL LTH, BEERORM SR TIHEY
B, 22X LEBER L BB L ERoORKIERE Lok,
*% Power Macintosh 8500/120 (CPU: PowerPC604 120
MHz) FTEF L LD TH S, MIRMOFHNICIE, Common
Lisp ? time 2~ ¥ F 24H L7z,

NC T8} 3 EEEZOBIRFH 2 FIH L 72AKR Y 2 7 4 2351
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Fig.12 Nesting result without approximating parts.
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Fig. 13 Nesting result by maximum rectangular area of
parts.

ERLLTHREL)) ; (2) &1 O Case-1 & Case-2
TOWIULELREBROEEGOEN, L, FIKELEIC
FoT, FROBBER W L URAERERL VD
BVEBROBRE LTRBETE 2O TH 5.

—7, MEEEEICE L TiE, Case-1 TIXTBRIEHL.
DT, RBEREFS b ol $, Case2
& Case-3 DMLEERIANIZIZE L o7z, FOEAII,
Case-3 DIHE, EEMICTRCORBERL2 Y 175
O Type-sb & LTHMAEL, ERE[ToX7-0TH 5.

oI, BHN-AEROBEHUELRRL DI,
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Table 1 Results of experiments.
WEUCAHELR | BREZEST | RETERT _ )
KB mmona | omnmmm | omsww | GEPLERHE

Case-1 #72% #HT15% #20.3% #2788

Case-2 #90% ®11w #20.2 8 #21.3%

Case-3 # 96% “Wiaw #2038 ¥or4m

Case-1’ #72% w128 # 20.5 % #o17®

LB N DT 2 LTI AA R L7

DTFoEELITo 7. BN ZEBEZ F.LE L2dDTHE. 4
Case-1': Case-l DERETo 21k, FHI7—% W, KW LEBETEITH S EAREEL LD

N— A2 MPRBICRESTIC, BERUCEBER
2t LI Z 4T 2 72,
£ 1IZRT E D1, Case-l’ Tk Case-1 12T
TAAR BT O MIREE I AT L 7. S, BHI7 —
¥ N— 2 S N BFEORBEEHNC X o TRIRE
BPAESER SNI720THS. Lzd>T, Zofl
Tid, BHIR-AHRBERBTAHILDPEFNTHS Z
EDHER SN,

7.6 ¢ U

AW TIE, BEEZOBRIFHICESVAZNCH
TORMI AT LAZREL, ERICTOM AT TR
FARRAWT, ZOAMEER L. AFETE, B
RE#cEoS WL, A—0EFL 2 2L EHAED
Bk BIIHERPBVEBR BRI TREREL ¥
A7HFET A, Thickh), A—BHOEBERICN
TARINLAEERE 21T, 20X ) REEEIC
X oT, KERZEBECTORBNEELERNIC
BB A e TEL T, YAT7EOBMMEL
LTRBEZOBRBE LTI, 20OHEELTE
Bl — AR & BB FE OS] OF H 2 TR
RfEor. BEOEFNIZL - T, BERRELTHIBIC
FRAEME T TICRIRERTE, BB LRERE
FHEATEL. BREMICL Y, EERORE
BEBXEE A THETRELLBRE LTHR) 2 &45C
%, 7, FROBBEZR IO L CIRRERER S
D AR WEROBIRE L TRETE .

SHOJIHL LTIE, UTFoZehdbifons.
o FHF—FR—ADAVF Y 7 ADBERIZDOWT,

ELIHLDERTELTRE RN, KTV AF
L DOBHIN— AR DOURERHEE 1T ) 2 &

o BAEOHKELETIX, BAEZTHRINLE
BEZIBEEL TV LY, AEORBEZEB LU
Ml SUEBERICORFILT A L.

o FFETEHERANCFA—BEOEBERIINT S

HiEt %47V, SA (Simulated Annealing) % GA
(Genetic Algorithm) @ & % 2 &L FEDEA
ERETAZL.

HEB ABFZEET DD, (BF) MINRYF v —
AORFBERK LY, BEEHT -5 B L UOHST —
FELRTREVAZEF L, SIXRHHOEL
#LIT.
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ft %

Al EEEROEFEOAR - HEBOER
BABZRPLBRSNIEBEZOEENAY %

(P, P2,...,P,) &3 5. 722L, ZOFIERDS
RERsIEPVOMETH L. ZOFDEEDE P, HE

BEZONE - AE»2RX (1) TREL D OEICLS
THETS. D<ODEE, PIIRE, D>0nL i,
P 3SR EHET S, IIT, AP DX, YEEY

Zi, Y tﬁﬁ’;‘%.
D = (yi41 — yi—1) (@1 — i-1)
— (@i — 1) (g = yi-1) (1)

72720, 1 <1 £ mn, Tny1 = T1, Ynsl = Y1,
To=Tn, Yo =Yn CH5.

A2 7OMNRATIRAFLTOT—2HR
A.2.1 CADNEF—-42®HKX

CAD M7 — ¥ BRIIEZELHPHRE LA CAD
F=FFRT, ‘2R TIY VPRI > THEE
EHT 5.

A.2.2 SKF—42fK

SRHF—sEAEES, T4 IURT. TN CAD
MEF—%%SRWEBRLAZDDTHA. 72721, R

NCMTic B 2 EEEROHIREEEFA LAY 2 7 4 2353

%2 CADMET— ¥ BX
Table 2 CAD data format.

avwvyF | NE X
WORK MR A4X | XY
RANGE | fii+ % RANGE Xs Ys Xe Ye
HME O
SLINE Mo SLINE Xs Ys Xe Ye
CIRCLE | M CIRCLE Xc Yc R
ARC EES ARC Xc Yc R Xs Ys Xe Ye

Xs © WfE0 X EEM, Ys: FBEO Y BEHE, Xe:! &
THO X B, Ye: BTHADY BEME, Xc: PLED
X FEAEAE, Yo LS Y BEEME, RCEEE, XX
DES, Y'Y FAOES

%£3 SKF—% (HBoHEH)
Table 3 Shape in S-format.

awvr | AR iz

WORK | #8044 X | (WORK (X Y))

EDGE | #Hos (EDGE (Z%)... (E¥))
HOLE KRBT (HOLE (#3#)... (%))

X X FHOES, Y.Y fFHOES

#Fa SXF-¥ (BEH)

Table 4 Element in S-format.
av vk | AE | B
SLINE #2> | (SLINE (Xs Ys) (Xe Ye))
CIRCLE [ | (CIRCLE (Xc Yc) R)
ARC M5k | (ARC (Xs Ys)(Xe Ye)(Xc Yc) R)
Xs : PR D X M, Ys @ BIREO Y BEEME, Xe @ ¥
THO X BB, Ye:®THOY BEE, Xc: FLED
X BEAEfE, Yo OO Y BEAEE, R OER

DEIBREBRRANHEI DD LTS,

o 100N (RELWIIE) 212DV ALEL,
FREES, B, Hile v RBOBREZEOH
AETRHT .

o 1 DOMBIRY RO X PR TH B pid
LB, REErE D) CEE L BREROWL
L35,

A.2.3 BEF—-42WR

JERET — ¥ HRUL S KT — 7 2 ENRTHBOK

HAEBETELEDOT, ((X0Y0)(X1Y1)...(Xn

Yn) D& CEZEEDVAMERNTHSL. ZOMEE

OIFVHIE, SKF— & LERICY FBAD»D X AT

BAATHLEPLHIE L, KNEHEDL ) TEEE LM

REZEOLLE TS,

A.2.4 WRBBEET -4

TARBRERF — YRR b IIRT. ZDF—%

IERET — & (SR DR % M2 /- TR R AR T —

¥ RRT. WROBRIZ, BHR—-AHEHB L OE

ROEBIZENBONS, FHLWBIROBEI G2 5

Nz &I, FREFHREOE LCGEINT A2 AT
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#5 BROEEOH
Table 5 Example of shape.

a5 HE i

rectangle | KA (rectangle (X0 Y0)(X1 Y1)
(X2 Y2)(X3 Y3))

triangle ZAK (triangle (X0 Y0)(X1 Y1)
(X2 Y2))

ltype L #& (Itype (X0 Y0)(X1 Y1)
... (X5 Y5))

circle ! (circle (Xc Yc) R)

unknown | KEFIK | (unknown (X0 YONX1 Y1)
... (Xn Yn)))

®6 F7V=ybF—y0B ()
Table 6 Example of object data format.

B BMAE

JFEAE ((0 0)(12 0)(12 9)(0 9/2))
FELATEERE | ((0 0)(12 0)(12 9)(4 6)(4 3)(0 3))
B2 DAIKEI

BURSS 9

L #1853 12

Bl A type-1

? (system}
Please input cad-data-file number? ===> 1000

(SLINE (12 9) (4 6)) (SLDXE (4 6) (4 3))
(SLINE (4 3) (0 3)) (SLINE (0 3) (0 0)))
= 4 pieces

(EDGE (SLINE (0 0) (12 0}) (SLINE (12 0) (12 9))
Sst7—%

====>((0 0) (12 0) (129) (4 6) (43) (03)) W ERF—%

[~ >>>>>>>> CASE BASED REASONING <<<<<<<< TRERE
P
(UNKNOWN (0 0) (32 0) (12 9} (4 6) (4 3) (0 3)) EiEF—4
>>>>>>>> SHAPE APPROXIMATE METHOD 1 <<<<<<<<
(UNKNOWN (0 0) (12 0) (12 9) (4 6) (4 3) (0 3))
Approximate axis
I ===> ({0 0) (12 0) (12 9) (4 6) (0 3))
#®
B >>>>>>>> CASE BASED REASONING <<<<<<<<
;‘é (UNKNOWN (0 0) (12 0) (12 9) (4 6) (0 3))
H
E >>>>>>>> SHAPE APPROXIMATE METHOD 2 <<<<<<<<
] (UNKNOWN (0 0) (12 0} (12 9} (4 &) (0 3))
Approximate axis
===> ({0 0) (12 0} (12 9} (0 9/2))
>>>>>>>> CASE BASED REASONING <<<<<<<< s 4233 .
(DATKET (0 0) (12 0) (12 9) (0 9/2)) «— RRmEn L
ERT— 2
>>>>>>>> SHAPE APPROXIMATE METHOD3 <<<<<<<<
L No apply
; Now System is planning to position the shape:
(DATKET (0 0) (12 0) (12 9) (4 6) (4 3) (0 3))
Bt
& . s
2B Vartical direction placement start
[} Lateral direction placement start
¥

b Vartical direction placement ===> (0 24)
Lateral direction placement ===> (42 0)
NIL

14 TObFATLRT AOLERTS
Fig.14 Example of process on prototype system.
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ZMRANCEVERL TV BT, TTCOBIRTSR
TFT=53 A7V e LTHbRE., ZOF TV
7MY IIBREET - 712, S51LE L DRIKE
BREMATT—9THAH. FREMR A LI2L-T,
ER M R ICERE T 5 L 2L BEE ko 0E
HLRTLhbD, R6 IIRT.

A.2.6 EEBRHRF—42¥K

EERRT -SRI 7 V27 b7 — 5 2 HIRE
BEVAT AL YVEBL-BEROT -5 5F LD
Thb, ZOF—FITTMROBIRE BEIFEETNT
W3,

A3 TAMNEZAT Y RT LOMNIEDOA

5 OaIZF LT, 0¥ 4T VAT L BELT
L7 BREE X 14 1SR,

(P94 3 A 10 H%AT)
(EEL 9 4E 9 B 10 HiRER)

£H# FH (EEH)

1969 E4. 1993 £ EFBE KR
RFEREFERERRE L ATERE
BT, 1996 F FiE IR HAT
BUgR%:. [F4E, FIREREREHR
VAT AERFERBE, BECES.
REHIR VAT 2EOFRY AT AOWRIHE. &
WEBREYS, ATHE¥4L, IEEE £4H.

EHtk @f0 (E4ER)
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REGEFERFERELREST.
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