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Development an advanced neural network for recognition of machining
feature
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Article Information Abstract
Original Research Paper In the process of producing a part with the help of computer aided manufacturing, the required information
Received: 20 April 2022 is created for the workpieces whose design model is specified. To prepare machining instructions, the
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design information is expressed in a pattern called a feature. In this research an advanced artificial
Accepted: 19 September 2022

intelligence system has been introduced to identify machining features with the help of deep learning
method. The proposed method has been prepared with the help of two-dimensional convolutional networks

g:rynvl;fﬁfgséided Process planning in deep learning. It can identify machining features from the image of a workpicce. The innovations of this
Machining features research, in addition to introducing a powerful practical and new method for automatic machining features
Deep learning recognition in the field of computer aided process planning, is identifying features that have geometric
Convolutional neural networks interference in a workpiece. The previous methods of automatic machining features recognitions have not

been able to solve this problem. Furthermore, the lack of need for different CAD output files and the use of
an image of a workpiece to identify machining features are the capabilities of the system introduced in this
research. Other capabilities of the proposed method are the ability to identify machining features with
different image formats such as image with wire frame format, constructive solid geometry format, image
of workpiece with different materials and taken with ordinary cameras such as mobile cellphone camera
and other imaging devices. The accuracy of detecting machining features in the image of a workpiece is
measured %88 and detection error is measured 0.1 using proposed method.

L ool lanld ol alS o peasls 51 colanul doddo —)
FeaadS o doaie) a8 o JondlS SR8 slacd iy Al S b csl b olb gl (S ankd SO oy
@ b paats Gleojr o Uxle nl 51 S se Gal GlaanTE &S 555 6 Do alugn w4 slaan]

el 03518 g caads MlS 0550 S AlS 2 g wad

Please cite this article using: 20w bod ooliiwl Jd whlee 3l alio ol gl )l (6l

N. Mohammadi, M. J. Nategh, Development an advanced neural network for recognition of machining feature, Iranian Journal of Manufacturing Engineering, Vol. 9,
No. 5, pp. 1- 12, 2022 (in Persian). https:/www.doi.org/10.22034/[IME.2022.160054




BbL dlga Joxo (gIexo pioli

G Ouiblo S )mud (lwlivds sl pe AX8 puiy (SE9l00 HYogd dilobw Iulgs

&l Ol o Sl Caddee By, (pl ead e
st plbd 0 mews o5 &5 5N )

Sslegl glolis oy, wilaiils g BB slas,gliws
30 390 5 kSle wledlsl Mbsa G il sl ,onid
s S 4y (69,9 Sl lgie 4 a5 b LB S
bl 5 0,05 oo 5 esliiul ype ymed Silegil slulis
Sledbl ( S5edaes Oledlbl Jols casl s SO Byme
Sl Sledbl  Sisly 09 ¢ Sujelsngs Oledol Lol o
Silpe ks S o |y (Se3alpngs MLl polie 51 S
obuar paaz o Sedbl 4 g oo 1) g bl Sledbl
B, amaiws il 5 olal Ly wile el cwais
e s, b L S, 53 Sl ol By (555
G oile o yomd Sslogil olulid o y2ed SO Sledlbl
e slp N gy anw (b BB S 5l wsS
Jasle a5 o)l 09z (b LB o s SO ol
5 Tobe Oyge @ (Byxe Joe mBnly Djgo 4 (Brre e
b ol 5 ggiie slaghs, [Flpll &0 4 (Byme Jua
G omdle glo j2ed Solags! olulils (gl anidS ans i
AW C‘)M‘ g.;LC)Uc‘ LQU’“"B) U"‘ )...w...a )o 4\5 w‘ AW 4;‘)‘
Sl aledbsl Bye jsS e g8l aw 31 (SOl plulis
Sy Eran mas aSil aS oo by b LB
5 SULL by VY Jlo 5l B oedle slozed (alobis
GrSol slaass Brme b oS wd ggp8 [VIG]ISen
5 O b YO L 5o " aglgls slaaSs 5 e
oo 5 60,15 slaae; cdél o ass ol A Ko
del 0 & jamie Glacell 4 a2y b g 4l anwy
oolawl .50 )3 Jol> calisrs sloais; jo ool slacd i,
S B oeile sloyzmd lulid Gl Gres 650k (P, )
S Sladss a5 Cwl gz 63,48 Golc sleo;e>
Y] o, Ken 5 Sl ol 423,8 & 90 din) ol 4o 5, los

® AFR
7 Convolutional

0 oplouis A 0993 N E- Y 3l po cl pal 35 5 il Swio

T Y . Vo
w2l Gtk s Fels SeS a cole ¢ analS SeS
SaS & auld s,mb 5o ol ool | gl WS 4
B san s (Sl ashd S adg (Seiy JgalS
Lo Forals S @y colos 0jp> Sl 5 oYlile
SoS 4y b alm el Sl s e cpl o 05,5
SaS 4y anTE g,e b A e 4 1 sl pe 95 gnals
Pl S84 cle g (2lb ol o b FeeslS
ol e Mol as ssliiul s 4 09 se 4
wole g B male o ol pl Gl seges
e ol Sldes 4 @8ly o s Nedl g o
a5 oy onl [V el sas ile o laibinl o] adg ol
SOl gl o ol (Sl axkad SO I YL mha Sl
ol mhe 5 asst @) aile ul mhe Sl g
loyzd gl lp ol ol 5 [Ywss e
Sy Fhb Ll Se 5 dese bl g ntle
s Glold sieew G 5l Gae ool ambud
g (SGlng g ewaia Sldbl gzl ()5 els
Selomtle md So bt Glp il oS S
wlolis oy, wdil asle askd slb ol
bk kb S sle oldbl ()5 oeile sla b
S asgemme S L1y (o il Ml ol g gl Sl | askd
Gk B eile layzd olulil ol oSl 5 aclgd
Slp cebe 28 GLLl 5 (s 5 (owaie Sl
Jae 2Lk Wlosls sl o 8 peile pd S olulis
ol o e asl ) oeile Slayzd (bl ol ) asks
e aslad b Joe ;o bogiins )5 ntle 120 &5
P9 (B omdle et alulid Ay (nl 4 09l
I Fr ez blologs o ais P md Llil 5 b
B35l e S0 bl slamed alS i a1l

'CAD

2 CAM

3 CAPP
4 Feature
> DBF



BbL dlga Joxo (gIexo pioli

G Ouiblo S pmud (lwlisds (sl p9 AX8 puiny (SE9l00 HYogd dilobw Iulgs

il e et (550l 455 S Laogi 5355
sleosls bos p s sla g, ol OMSn 51 (S

ks Jods a5 cl Gl JuSs S gam an Sk
@Lﬁh)l—hﬁh} ..\.u])ﬁ )J 9 ..bl.akso u...@lf LQ;‘ C}.aj ‘Lmolo ))xo
;o Gy S e ol JSie g )5 il o S
‘;)M szl.ao..\.w o).._‘>\> 6LQ°‘>|° )\ uLa.a:;m )‘ (5‘>).' ‘sz.uo
L JuSs slodoe @ Ll Jows 90 5 pedtens jsb @ 1o e
ilos S oolatwl Geas (6, S0b aASLE (94,9 loxe 4 blE
Pl 4 Groe (5,50b aSt G I NVY] S 5 (5 90)

ool o) opile slozd Lol oly S o,
oS slaoals Loiins a5 o) (69g,9 slaosls Lais,S
@b gpl b 4 il bas gam by (Byme Cujd Loy
@lolid lp K Gree S0l &Sed Sl JuSg 2

ny .

oS Canl (e aledes "TEsuS™ ol a4y 6,5 eile (sl o
PRIV SRV JOOR R} o BN NCOWSINR N g oW
S lses SG plgie il b ye (8yme Joo slaosls ¢ 55
Sy e gl (S gsbe (SR 5 ewiia slaosls
Ol & ol adgi (olpe alades Jlaged sloosls 5l s
Sgd oo ooliiul (Slye aludes "iaS" 4 504,9 sleesls

P B GRSk i VO Sglels gleasis
oy (golyj oolitul (yedile (oliw 9 pgal plolid (slaojs
wlolis o3> 53 logas smio glaojy> o oS el
g0 el caid glas eolaiul il sle 3
Slp san 55 (25l slaasos I NVF] e 5 L
oolinul waige atl G Lo Sopsdl olbd glils
e ololis 5 ogdle oals ooly slpiicy s 53,5
by lagie 5 o plolid 4 )00 (S Sl Olakas
oS 6,50 alie I il oo Sl pwoige 4 S
ol oads plol Ye¥e Jlo o Dol o, Ken 5 gl Lawgs
sl plbd Gl Goes nFol slaased 5l eolinl
il oo Gleztle Ky ojle oad Sl gloais 5 slexsls
G 90 gleidle anss V0. - sl eolatul b gdow ol o
el 0 00ls hyge] Gaas (6 5ol 4 G woad Sl
L ool [oB g ol coads ools hjgel aSls SaS L
Ll g a8l g b dedgin 1olid Sloisbo polic Cuddos
DB A deid g 0dgel zltill do o Al sgus il

cle g wuld snuzsb 50 0 2 edle b Ml

2 B-repNET
3 CADNet

¥

Ghey S G oedle slaymd ool g S
A Sl ol 0 a8 wisls ] sy Bl A Gaee oS0k
Lol sloyzmd 6553k Gl om 4w (09l9l8
oad oolatwl b bl S g Sl eslin!
= ol Sledlsl Lol 00U ‘5'>‘).la S il sl ,onid
dw Sbglgls aSlis Sy g 0SSl SUL S o
el 00l oolaiwl ooty u.!‘ Ja.....:g.' diu..: O")}'J 6‘)a &=
FUURE SCHIPAE S S0 FOR IR LY N O
byt pleld lp &5 g5 ol pl ol & Gres 5550k
2 Sl ey i sled waz gl eslinal b 6, ile
alyl @B omble Gloyzd bl Gl wox able S
Szl ke glales lddoe ol (golpiins g, 40 ol
5 S5l mez Sl & (395 (lsie A G dw Joae S 4z
SOL ogd oo 0ld Gres (g pSol A 4 (95,9 Gleie 4
Sdbl S len gados cpl jo colatwl 5)50 Sl
S omile y2d YE 51 T o a5 wal oo [V]es s oSt
oo g (s g9 ool ol 4t g0 o el onds soliul
SlJobes o aw Slodbl 4 5L s lebis Y]
s GlalulS cond S s Sy b onSe

ol 2 6B oeile slazed alulid laghy, el
SeS 4 b ps glrooly 3l Gaes (S0l ST
Sre Jae slaools 5l eslitul a5 bl 5l oS o oolaiul
(s diu..: $99,9 6&00‘& u|9...c 4 p...a...m.a )9.10 @ LQ)JA
sl Jos 4 bosls (g5l 0,33 Jow pl sl Jlgds eoian
L i o JuSg Joo aiile bools (gums aw (gilwouzd S0
dSu.w 99,9 6@0&‘0 u|9_..c g 09..»‘59 k))..\.u 6,}‘ Ll
-] D9 o o3laiwl Bres (5 S0l

Gloals sl oolainl aiwy o a5 Sliass I Ko S
Sl 0as ool  SLilSe Dlahad (515 pile ;o o (5 S0b
b Do YV Jlo yo IN]LKen 5 glb o5 ol s
B o (gl gum du Slgdels Al S5l enlal
o BBt Cpl o isls ploul  SlSe askad Gy (o5 pile
L b BB SO gom aw Sledbl Sl 4 (695,5 Sledlbl
G A Sdigleils Al S SaS L aS all o JuSy Ce
Slles bags 25w So 8 owdle Gl Jolo 5 5 gl

O g 6}5&.‘5& ..\_..»‘)3 aslol 6‘)-.’ 6)5r°-°*‘” 9 6)5&'.)0

' Voxle

B opleis & 053 N E=1 313 50 w0l ul 35 5 ilis Swdie



BbL dlga Joxo (gIexo pioli

G Ouiblo S )mud (lwlivds sl pe AX8 puiy (SE9l00 HYogd dilobw Iulgs

abay I595 (gilme (SBL,S OIS 51 s ol yo ol ools
Gl ol ool ooliiul 4l iiee] al e gl JsS
bg 09l (omss aslin 0bj 5l oad (b 4ol (cnygiasli
00,8 oolitl olS g slb jpus slaailiolsS I ool
ol il o )5 optle sloymd bl cds .ol
e Sl Gty Jals el 5 5 58 e 8 o Lo
Al (68 ojlail Al Jawgl duo 0 AN dga (o (6,5 ile
osld g3kw oslel —)-¥
50 6ok (SF9yS g £95 sl wais o (Sl Olalad
Sheolawl b 1) Slakad glgil laize ¢ auib oo olal o JSo
ailod S (g 5lws lailinl g (gumarws )5 pdle ;208 pogie
ol e eal et Wbl jo olulid cogusme 5 0 5 aials
oy 5 Sy e ol 4 el _SlSe labed ek
J5 a5l o STEP AP224 s kil 13 o0 3 yxe a8 Gy
ol o 0l yme S omile yzd Yo olaw ) S
ol oo ooy las o lasbisl

slayzd opl 51 (S Jols &5 Slabd Gudou Gl o
B el b iz b gl S e dakad S, L 5 A
oo olaw Sl b awy @y aibe ololis
LB omdle 28 ¥ Jolds bawgio joha pgai 10) noad
o pgal 9 Sy «Soyeonl Bl et
bgs K0S b le o cnl Gl DloS 5 g ashd (aSe)
5 el s ¥ US55 8, 43S b il o
Oy 5 Ogbh e odalin b= polar Sledbl SO
ool @ gilre gl o G ol laosls (gl

https://github.com/resan-m/Feature-Recognitin-Data
5 oddlie Ll lddxe plo colaiwl glp ool ags ools SSL

22 5l el eagaze SO 0 Al @ Az g b all o (o yawd
Wl 092y S oetle ot iz b S el (Ko pgad
5 losgazme 2ed o a4y Blate laJusSy a1 il
O (Sl )l 3925 S etle et S AT poa
Los opnl emy aebin Ob) SeS LI Gl @l 008
b gt oledlbl e Jud g0 atay 5l sslixal
Sllee 0 w3 TG cizy b Sl
b (s Sjgar ugal 0 50 12md 10 sal (6 IS ez
P23 bl ¥ s g 0 5 patine I SLEL 0 Sy o)
2 sl gl wlaze 5 (oye 5 Jsb Jolds oz

% Colab
3 Labelmap
4 Labeling

0 oplouis A 0993 N E- Y 3l po cl pal 35 5 il Swio

0397 5 Logas gmals pole ojp> o (SlKe wlakis
2 ) Gl o p) 5 psal Bilon 5 FeeelS ol
JIglaskd e a4 b pMlasl (ealS psle o)
i 5o (glyime 0 dgzge slsl L bli anle cledbl
33 5 50 b ol S 5l G ol e DFlew
SorelS olim 5 Fgeald S8 @ anl ik oje
Lo bomdle sloyzd plulid waz oy, S0 (Syxe ln

ol oy ooliianl yzed Sy i S

azkad g 3l ooliiwl b (ilo (gl yomd (2Ll (509, - Y
as d)lso—:‘:’l-" L5L°)-?.F.t5 SSlegsl gs'.l-wu LSL“u:-‘B) als
©39,9 sWodls p (e Cewl 0dd (6,50 5 (B 956
(Bl o aiil o JgeelS SaS 4 b LSS
5 Eormae e il eolawl b oas cul eals wl)l Lo,
oy ) bt ()5 0pmtle (sl (Broe 550k
oad (650 gy bl isdior plolid olulid aslad
SJuSy) asbd Sy pgai polie Jas Gedos (nl o
5 JSe 2 )l soue polie 4 (ngad osims SiS
leslinal b B omdle 28 2 ngad slaShy gl
s o (2D Sbioo il 6550k 5 (oo Aea
G5 )0 polad slowi 4y atily (ool 0> b rdle 550k
0olo b S5 3z (] )0 9wl co 4l ybg0] (5l 00
B oedle b pgad VIFer o sgus I JSate (693
Oledbl aSol @y azgh b Gulid (pl )0 Cenl 00l (625150
Se Sl Wlee g 90 pgal o SlMbl WSl 4 50955
s res 5 Fol as ol s 55 Siglls S
33 33,5 oo oolitul (6,5 rdle sla,md slolis sl VY]
Coyr &S Slss g oolw ol Oldos slowy daaSil 43S
Sole Jda o) aibise ol 0,5 0 Oyse rosls
J> 4 5l pas g eazmy SVslae 3529 pae 5 Slosle
S Jaeme syl 0355 Iy sl oz dolae (poix
ssg Slsloe alowl gl oyl38 Cow g8d (gl Kl &
ST ol K551y SaS b LI WSy oyl 4o 13 g 5,0
5 ot 4 (2L Slewbre Sliboe 1 a2 (al 45 f5eelS
bl B9l al>yo ;3 055 o0 Dy ploj S
(G onl 5o S etle byt plulid Geos 620k
b (laysite o g oSl slagje) sl gelee YT 090> 50
Soigel A a4 wls SGb o s pgar YVFe ol olanl

'YoLO



BbbL dlga Joxo (gIexo pioli

G Ouiblo S )xud (lwlisdhs sl p9 AX8 puiy (SE9l00 Hogd dilobw Sulgs

&

Rectangular Round
\ Step A Opend [@l 0 o @
Slot
pocket
v Rectangular |®| § Round @ V% | Tee Slot @
Boss pocket
¢ | Circular i Circular w | Vee Slot @
Boss pocket
A.‘.{i“‘
~
¥ | Round end | V1 | Round hole m A | Chamfer
8 | Planer face gy | Counterbore @ W Fillet %
hole
5 Thread & { l " Countersunk v. Edge ,;lfj;‘
hole tound v |
: v
Rectangular
7| Closed 1¥ | Squre Slot @
Pocket 3

(<)

ceofal

N
N
&
T

<
-

easqE

s

(&)

Fig. 1 20 machining features that can be identified in this research; a) Images of machining features produced by Solid Works software b)

Specifications of identifiable features in STEP AP224 standard
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Fig. 2 Examples of data bank images produced by Solid Works software;
a) step feature with B-Rep format; b) A piece composed of two features, a
Round Pocket and a Thread with wood material; ¢) A piece composed of
two features, Countersunk Hole and Counterbore Hole with brass metal;
d) A piece composed of two features, a Circular Pocket and a Round Slot
with a CGS format

559 Sells 51380 p 5 b ools SGL oad adg gl I pladiges ¥ S
b 90 5l S ye askad (o (550 bkt iolad Cwp b oAl zed (A
95 5l oSy sk (7 rosr Jbye iz boogl,y 9 055 (cux) S5
O @p B ez b gl a5 glise 5 Gpan B gz

oz e ae i b0 5 SIS 5 (plonls oz 2 90 5 S e ankad

B oplak 4 095 N E-N é|é).n‘o|).)_|éq_],3)-;»';hudu.\h(e



BbbL dlga Joxo (gIexo pioli

G Ouiblo S )mud (lwlivds sl p AX8 puiy (SE9l00 HYogd dilobw Iulgs

b bl adsls as S s Jate ples Y
SIS aGS o oLk iz Y (al 51 S e el (See
syt 5l S p et s SRy gliel ogd
WY )0 g 9pS e Dyge GRS lawY o )8l
U 3550 12 poal la S b o Shy cnl (Jate ples
S b oad gl gla Sy azslin 5 9580 03l Gonkas
Shensl ansly @l 12 poal Gla s b Jsed S <o
oy gt 78 2 aain slaShs oleante &ly &b
G kel (Al Y iy o BB cs 4 b S o
Slp Gogdls Yy 0l se G S0l AL S Y
@ a8 gm0 bl ol oz e o Shy gl
ooliiul wgdige aiiS LS Loy j2ld wien SO 4l e
Shy vz b S oans KT &dly j0 BS 0 005
O Sl pgal So 50 patde e 58 5l 08 4 pamie
SaSd ;3w Slegdge 51 (o BS all slul g olass
3 )l ol polie i b @dly jo o il o (iglgilS
5 e B9 A Bres xSk eras 4D lags
L) ol 5 S9zse sloyzmed iyt a5 098 0 ools (350l
R 97y 4 42 boaes jasas e ke (n S
2y Sody Y paiz g Y e 0 Gl oyl
JB Gl oSl Slewls oo (oo 6550k sloases
O3l g aSll ad wuS 4 e a5 S8l wales  olalasdle
po o3l Aals Y 5o 15 098 e (Slowlone laas o
o b Ll 50 09390 duie Sledbl 38, Caws 51 g Wosls
e ol (g JL

slall 51 Sy 5o slal (Sidsy 4Y) ojlail als 4 o
9 s3bme yolie 65 eSle @5k 5l AP 58 5l Jol>
yaie iz ol )3 Sgzge polie sl sue (8,5 SLEIL
g0 odls (LalS b by, plo b g TG 0 jole

S Sy ik gloayl)] ole als  ate sls ¥ o
Jaie ples @Y 5l L3 Y oy 3T 0 wsloads sols ojlail als
FB olass @ ojlail 2alS g pAgdelS b pair 5l an oS
S Dpgea iy So o kb has e wll g2y
So ¥ S 50 ogdioe s byl polie den jlasly g
23,5 o0 oapline Jaio plod Y blLJ l 0gou ¢ polic 5l diges

Jate ples Y sladole 51 S5 2 polie jlade axiliy

2 Pooling layer
3 Fully connected layer
0 oplouis A 0993 N E- ) 3l po ol 35 5 il (Swio

Sz el o3 S S8 (el YL o S alsS
B oeile b o sbadeSy polie Sldbl (6,5
OIS ez Sledlbol a s aSl (b5el ail)3 0 eols SO
g 0,>d LS L onds laz slaosls cweyd b ST L G jo
05l (sgs asliy Gl o oS askd Syl ool b e

00,5 has (Gedle 0l 4) Jlazs srosls &

Countersunk Hole

' i Rectangular Closed Pocket]
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Table 1 Dimensional characteristics and position of the features shown
in Fig. 3 based on the number of pixels in the image
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Fig. 5 network training curves a) recognition accuracy with the number of 8000 feature images in the research data bank; b) detection error with 8000
feature images in the data bank; c) identification accuracy with 21400 feature images in the data bank; d) Detection error with 21400 feature images

in the data bank
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Fig. 6 Features identified by the network with different formats a)
Thread feature image with CGS format, b) Rectangular Closed Pocket
feature image with B-Rep format, c) Circular Pocket feature with
normal image format of a piece of wood
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Fig. 7 Identification of machining features in parts composed of two or more features a) a part composed of three features, Fillet, Vee Slot and
Chamfer b) a part composed of two features, Counterbore Hole and Circular Boss
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Fig. 8 Identification of features with geometric interference detected by the network, a) Geometric interference of two features, Tee Slot and Round
Pocket, b) Geometric interference of two features of Chamfer and thread, ¢) Geometric interference of two features of Rectangular Opened Pocket and
Vee Slot
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Fig. 9 Images of wooden models of machining features by mobile phone camera, a) Chamfer feature b) Round Edge feature c) Fillet and step features
in one image

Ay g A3l adsS sla s (z o5 4 2ed (0 ol mhaos 2ed (W) ole Al (090 bawg ()5 ndle sloyznd o9 slacSle pslas 4 Sl

byed olols jo able cds vojye bl iy ool
50 able cds sl gove jo a5 jebles b o il
3leals SGL pglar olaws (ioli8l b ogd oo cdnline & S
A G oo, Al glels 285 ppgad YT & i Aev e
50 CBd g hjgal sl sotie oy el Al ol s o
wlolis BB s 1S slaas b albol bjgel calises ol y0
Jlie laimy) ololiss LB glo s slaws rals oS ols lis
a5 Sy 40 (G ol 0 )5 als o Ve )l 8 0
poai Veoo J8las 5l oeols SO yo ond o polad Slaws
b e ololid jo aibebo 8o 2l o 6 ,3b waisls yiaS
30 o yzd slass )JL.A alols (aseid Cds aS was o ol
pansuis SoblB 1 5 abboel zed iz 5l oS e axkad S
arg b slagaially 5l (S ooy askd Sy o la e
Al A JSs s a5 jebples Bl odd By g,
Jdu 0 () S5 ol (idu 09boe onmline
3 2 nl s gl g (5 BKS 2d b ceaia [l
@ ol cuddge b atlels SO il cod osnlie LB gl
mbybw|odmf9@)éoy9ﬁ)m5oﬂw
5o ol Azl 5 g 4950 UK 0 alble auidd ases
Sl ol wlelus a5 00 )5 aseine wibebs oL, pglad ple
i 1) jo50e b g9 b el I aSu evalie b
Al -2 g o A A=Y gl S alasde b pien Land

"

Ryl S o

Sload asle Gladad Hlulis o aSul cds b, ¢l
o 6B omtle 2 ¥ g9z CSLo wlakid (pl pglas 35k
P s ab 5l Jand gha 5 SI5Is 48Tl o5
Ol nglad colyem A (395 (Jgene (90 b )00 pgad
G ol cuddse b albele g w03 o)ly ailele 4 lalad
“ Gl dSs 3w S jsSde B etle Sl et anis
Oygar 35 ad g el whae glad plas oy
So s Sl alsS g aly g0 g -8 JSA e g allax
Ryl (Jyore olpon (L5590 Lawgs a5 300 3925 g
pobal ;o 5550 e ,d el bl g cewl oud (g lo
23,5 oo oanlive 4l lawgs
(oS (pl )d 0 (B alles artis mlS wyn b
30 39250 sbrools olaws aile Julge 51 B 00,5 o0 cvnlice
Bz ) G e dankad G0 09350 (slo e Slass wols STL
gl lolw lawg olobis LB slo s S olows (.8
il 5 g pgal ;S askd ol gal ;o dshd S
NS b Julse Sl ankad o3 53 2t JSB ) (o 00
il oo )5 mile sloymd Slulis jo alels e LB 5
250 Jelse o yiages 51 (S0 ools SOl 40 39390 pglas olaws
G mile sla,md asis (o wlelw cds ioli8l 5 lAS
S50k aSed slagyy (2l e sl &z b il
)-'L“)Ml“mu“‘m)"wmﬁl-’ Voadal) )0 Gaes
S o s polay dlaws az 2 )b F U Y lag, el

B oplads 4 093 A€ 313 pe ol 35 5 il Swdie



BbbL dlga Joxo (gIexo pioli

G Ouiblo S )mud (lwlivds sl p AX8 puiy (SE9l00 HYogd dilobw Iulgs

Engineering Design, Analysis and Manufacturing: Al
EDAM. 2011 Aug 1;25(3):289.

[2] Zhang Z, Jaiswal P, Rai R. Featurenet: Machining feature
recognition based on 3d convolution neural network.
Computer-Aided Design. 2018 Aug 1;101:12-22.

[3] Babic B, Nesic N, Miljkovic Z. A review of automated
feature recognition with rule-based pattern recognition.
Computers in industry. 2008 Apr 1;59(4):321-37.

[4] Brousseau E. Intelligent techniques for automatic feature
recognition in CAD models. Cardiff University (United
Kingdom); 2005.

[5] Devireddy CR. Feature-based modelling and neural
networks-based CAPP for integrated manufacturing.
International ~ Journal  of  Computer Integrated
Manufacturing. 1999 Jan 1;12(1):61-74.

[6] Shi Y, Zhang Y, Xia K, Harik R. A Critical review of
feature recognition techniques. Computer-Aided Design
and Applications. 2020;17(5):861-99.

[7] Prabhakar S, Henderson MR. Automatic form-feature
recognition using neural-network-based techniques on
boundary representations of solid models. Computer-
Aided Design. 1992 Jul 1;24(7):381-93.

[8] LeCun Y, Bottou L, Bengio Y, Haffner P. Gradient-based
learning applied to document recognition. Proceedings of
the IEEE. 1998 Nov;86(11):2278-324.

[9] Shi P, Qi Q, Qin Y, Scott PJ, Jiang X. A novel learning-
based feature recognition method using multiple sectional
view representation. Journal of Intelligent Manufacturing.
2020 Jan 22:1-9.

[10] Yeo C, Kim BC, Cheon S, Lee J, Mun D. Machining
feature recognition based on deep neural networks to
support tight integration with 3D CAD systems. Scientific
reports. 2021 Nov 12;11(1):1-20.

[11] Balu A, Ghadai S, Lore KG, Young G, Krishnamurthy A,
Sarkar S. Learning localized geometric features using 3d-
cnn: An application to manufacturability analysis of
drilled holes. arXiv preprint arXiv:1612.02141. 2016 Dec
7.

[12] Lambourne JG, Willis KD, Jayaraman PK, Sanghi A,
Meltzer P, Shayani H. BRepNet: A topological message
passing system for solid models. InProceedings of the
IEEE/CVF Conference on Computer Vision and Pattern
Recognition 2021 (pp. 12773-12782).

[13] Colligan AR, Robinson TT, Nolan DC, Hua Y, Cao W.
Hierarchical CADNet: Learning from B-Reps for
Machining Feature Recognition. Computer-Aided Design.
2022 Jun 1;147:103226.

[14] Moreno-Garcia CF, Elyan E, Jayne C. New trends on
digitisation of complex engineering drawings. Neural
computing and applications. 2019 Jun 1;31(6):1695-712.

[15] Zhao Y, Deng X, Lai H. A deep learning-based method to
detect components from scanned structural drawings for
reconstructing 3D models. Applied Sciences. 2020 Mar
19;10(6):2066.

[16] Bolon-Canedo V, Remeseiro B. Feature selection in image
analysis: a survey. Artificial Intelligence Review. 2019
Aug 9:1-27.

[17] Redmon J, Divvala S, Girshick R, Farhadi A. You only
look once: Unified, real-time object detection.
InProceedings of the IEEE conference on computer vision
and pattern recognition 2016 (pp. 779-788).

0 oplouis A 0993 N E- ) 3l po ol 35 5 il (Swio

Sglite wd gl b laed gl 708 a5 305 o0 ovalie
wloles apiets ColilB 1) 5 conl onds glolis alols bawgs
g o3l e el pgal ;0 e W aly ) i
elS - 5 -V (sla s 5o (Sl ag 12d 0y a;
» Lt ol Sedise b alble Jlo (nl b il oo gl

e 03905 bl 550 gl

& 5 doi - ¥

slyomd globs wae able S Gaiss g
5 >hb s @pSol Sl eolaiul b g5l
Mals” oolazwl @dly jo Gadzs cpl el odd (gilwosly
Gyt ololl 0 Gees 5oL laasid 5l o8
(Sl ashd S paar il LS wbl o )5 eile
Sl Gllse jlaws oo ais 1) )8 il sl mid
3l szar esls (LS slacw ;8 5l Pl 5 o5l (o
S ptde oy Ol pgal ) eolitul 5 b (LU S
Loy Soels S @ (b 3l el (b slaptuw k5
Mg 1) aslad SO pgal Wlgh &5 )l 2 L g (e ANk
wbold Coll 5 ganaily oad wl)l by, adlige S
Aibge Lylo 5 1) (gwain 3l lls ()5 prile (sl s
ool aLils 0929 SISl ain) () Ho LB slo g, 0 aS
L)oo ;228 Yo 5l pgad Jle VY Sl s s 51 Gm
shoslaial b 5 g 55 je0ddle jl8le 5 lawg alide slacas 3
i g 00ld SOb g g olpen Al (565 (Jgene Gjes
SHELF o)l eolaal b Gees xS0l el eyl
S @l ey b 0ols (ajgel IS 800 (il
2o by 5l g el slocw s b pslai g9, p Sl
g o0 AN Dgas 0 aSlll ausedd S8 aS ol lid Gglatie
i Glpes &5 o o)) g )3 s ansis sl
OBl (B cpl o 0ad Byxe g, 5l eolaiul L cd )3
b el Gayb ) askad 4 5o )8 oedle sl s plulid
o 5l (L3 oy, WM 5l (Fp S 9 Joud BB 20
D, 925 b yord  cwais ol S

&0

[1] Babic BR, Nesic N, Miljkovic Z. Automatic feature
recognition using artificial neural networks to integrate
design and manufacturing: Review of automatic feature
recognition  systems.  Artificial Intelligence  for

\Y



