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Cac m6 hinh CAD ba chiéu thudng dugc cac nha thiét ké sir dung vi céc tng
dung cua no trong cac linh vuc CAD / CAM / CAE / CAQ. Mot xu hudng
mong mudn tao ra md hinh nay, tir lau da duge nghién ctru boi cac nha khoa
hoc trén khdp thé gidi, 1a tai tao mo hinh 3D tir cac hinh chiéu. Véi phuong
phap nay, rat dé dang dé nhap thong tin hinh hoc cling nhu c6 thé sir dung ban
v& 2D d4 ton tai. Hau hét cic cong trinh trude day déu str dung ba hinh chiéu,
nhung nhiéu chi tiét pho bién chi can hai hinh chiéu. Mot hé théng phan
chuyén linh hoat dap tng v&i ca hai hinh thirc biéu dién néi trén 1a cha dé
nghién ctru trong bai bao nay. Phuong phap duoc dé xuat di dugc cai dat va
thir nghiém bdi mot chuong trinh ADSRX chay trén phan mém AutoCAD.
Céc két qua mo hinh 3D da dugc kiém tra tinh twong thich voi cac hé thong
CAD/CAM.

Abstract

Keywords:
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Three-dimensional CAD models are usually used by designers fortheir
applications in the areas of CAD / CAM / CAE / CAQ. A desirous trend to
create this model has long been studied by scientists around the world, called
3D model reconstruction from views. With this method, it is easy to input
geometric information as well as using 2D drawings that have already existed.
Most of the previous works used three views, but many of the common details
requiresonly two views. A flexible reconstruction system that responds to the
both forms is the subject of study in this work. The proposed method was
installed and tested by an ADSRX program running on AutoCAD software.
The 3D model results have been checked for the compatibility with
CAD/CAM systems.
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1. GIOI THIEU

M5 hinh solid 3D trén may tinh tré nén thiét yéu trong ky thuat co khi hién dai boi nhirng
ung dung gan lién véi nd nhu tinh toan g suat, chuyén vi theo phuong phép phan tur hiru han,
phan tich dong luc hoc, tinh hoc, gia cong s0, quan sat truc quan... PE tao ra mo hinh nay, c6 ba
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khuynh hu:ong chinh: Su dung cac phin mém CAD 3D nhu SolidWork, Inventor, Catia, NX..
dé truc tiép tao ra cac khdi hinh hoc co ban sau d6 lién ket chiing v6i nhau boi cac toan tu:
Boolean; Tai tao tu dong solid 3D tur ban v€ ky thuat co san dua trén cac hinh biéu dién 2D
(dugce goi 1a ty dong phan chuyen) V& moi cac hinh chiéu r01 phan chuyén tu dong thanh Solid
3D. Phuong phap th nhat d3 hét sirc thanh cong, bt dau xuat hién tir 1990 véi AutoCAD R12,
ngay cang t6t hon va gan nhu da dat d6 hoan hao, nhung bén canh nhimng vu diém cua né thi
nguoi thiét ké phai co k¥ ning phan tich d6i twong va thyc hién tuong tac tha cong véi CAD 3D
nén ho phai co ky ning doc hiéu ban v& k¥ thut ciing nhu st dung thanh thao cac hé CAD 3D,
diéu nay 1a bat tién voi nhirng k¥ su 1au nam chi quen thudc voi cach thiét ké truyén thong, cac
File Solid 3D nay ciing co tinh tuong thich kém giita cic phan mém CAD 3D va ngay ci véi
cing mot phin mém nhung phién ban khac nhau (do tinh thuong mai). Ngoai ra viéc sira chira
mdt File CAD 3D la phure tap hon nhleu so voi stra chita mét File CAD 2D. Véi phuong phap
thtr hai va thu ba, ngu:(n thiét ké chi can tao ra (hodc c¢6 sin) ban vé& k¥ thuat 2D, diéu nay 1a dé
dang, nhanh chong va hét sirc quen thudc véi cac ki su. Tinh tuong thich giira cac phién ban ctia
CAD 2D ciing rat t6t (phién ban cao h0'n s& doc dugc File cua phlen phan thap hon va c6 thé
chuyén d6i File ciia phién ban cao hon vé dang cta phién ban thap hon). Ngoai ra viéc stra chira
mot File CAD 2D 1a don gidn hon nhiu so véi sira chita mot File CAD 3D va hau hét cac san
phém hién tai da, dang va s€ con duoc biéu dién va luu trit bﬁng ban v€ k¥ thuat.

Vi nhitng wu diém ctia né nén phuong phéap thtr hai va thir ba da dugc khai sinh tir 1970
boi Idesawa [1] va lién tuc dugce dong dao cac nha khoa hoc trén toan thé gidi tap trung nghién
ctru [2,3], cac cong trinh ctia ho ¢ thé phan thanh hai nhom: nhom sir dung ciu triic B-Rep
(Boundary Representation); nhom str dung cdu traic CSG (Constructive Solid Geometry). Viéc
khdo sat cac cong trinh nay cho phép dua ra nhitng danh gia sau: Gan day, phuong phéap phan
chuyén dya trén mo hinh B-Rep dugc danh gia cao hon phwong phap dua trén mo hinh CGS.
Diéu nay chu yéu 1a do cac phuong phap duwa trén mo hinh CSG it thich hop véi cac vat thé c6
hinh dang, cau trac phic tap (dic biét khi ma cac khdi co ban tuong tac s€ lam mét kha ning
nhan biét ra chung) va thudng yéu cau tuong tac vOi nguoi dung nhiéu hon so voi _phuong phap
dua trén m6 hinh B-Rep. Tuy nhi€n, trong cach tiép can dya trén mo hinh B-Rep van con mot sd
van dé ton tai: Hau hét cac phwong phdp phan chuyén déu doi héi dau vao la ba hinh chiéu trong
khi cac ban v& k¥ thuat thuong chi sir dung hai hinh chiéu dé mo ta chi tiét may thong dung, viéc
loai bo tit ca cac doi tugng sai thuong khong triét dé, chua str dung thong tin “thay Kkhuét” trén
cac hinh chiéu dan dén can nhiéu hinh chiéu dé loai bo cac dbi tuong sai nay, rat it cong trinh tim
ra tat ca cac kha ning cia két qua phan chuyen pham vi loai dbi ‘tugng con han ché, nhiéu
phuong phap chi thich hop va dé xuat cho ddi tuong da dién, mot sé khac da mo rong phuong
phép danh cho da dién vao mo hinh vat thé chira mit bac hai nhung chua xtr 1y duoc giao tuyén
phirc tap va cau tric tuong tac (cong, trlr, giao) ctia cac khdi co ban chia mdt cong do, chua c6
mot cong trinh nao dat dugc ca ba uu diém chinh la: phan chuyén cho vat thé co chira khdi tron
xoay, tir hai hinh chiéu va dwa ra di nghiém.

Nhitng phan tich trén day 1a 1y do tién hanh nhiing cong trinh trudc day cua chiing toi [4-7]
vé vin d& phan chuyén tu dong chi diwa trén 2 hinh chiéu va [8] chi dwa trén 3 hinh chiéu
Nhimng cong trinh do da timg budc khic phuc duoc nhiing ton tai néu trén va thanh cong voi rat
nhiéu loai d01 tuong, tuy vay van con nhiéu vin d& ton tai can tiép tuc nghién ctru giai quyét,
trong d6 van dé: lam thé nao dé xday dung mot hé ' phan chuyén tich ‘hop dap vng linh hoat cac
tinh huéng: cho hai hinh chiéu la di phan chuyen cho 3 hinh chiéu, cho 2 hinh chiéu nhung
chua dii phan chuyén hodc thoi gian phan chuyén qud dai 13 nd6i dung nghién ctru va trinh bay
trong cong trinh nay.
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2. PHUONG PHAP PHAN CHUYEN LINH HOAT PE XUAT
2.1. Co s& ciia phwong phap phan chuyén dya trén mé hinh B-Rep dién hinh

Phuong phap phan chuyén tong hop sau ddy [9] két hop va phat trién nhiing phuong
phap phan chuyén da dién cia Wesley va Yan véi phuong phap phan chuyen d6i twong co mat
cong cua Sakurai. Goi f 1a ham anh xa tir mot d6i tuong O téi hinh chleu cia no Ps, dat

f(O) Su phan chuyen md hinh 3D la tim ra mdt anh xa ngugc f' ma: 0" = f(Ps), trong
do O" 1a mé hinh vt thé rin 3D cua ddi twong O. ' ¢ thé duoc phan tich trong nim chirc
ndng chinh nhu sau:

£'(Ps) = fsr(far(fea(fen(fvr(PS))))) (1)

Trong d6: fyz1a ham 4nh xa tir cic dinh 2D trong Ps dén cac dinh 3D,
f&p1a ham 4nh xa tir cac dinh 3D dén cac canh 3D,
fr4 12 ham anh xa tdi cac mat,
/52 13 ham anh xa tir mat dén cac khdi tng vién,
fsr 1a ham anh xa dén mo hmh vat rén.
Trong mdi ham 4nh xa, nhitng quy tic cung vi mot sb rang bude duge ap vao nhu:ng d6i
tuong mirc thap dé tao ra nhitng ddi twong muc cao hon va loai trir nhitng phan tir «
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Hinh 1. Cac budc trong phuong phap phan chuyén mé hinh 3D dua trén B-Rep dién hinh [9]

Hinh 1 chi ra cic budc ciia phwong phap tu dong phan chuyén mé hinh 3D dua trén B-Rep
dién hinh. Phuong phap bao gdm tam budc. Nhirng bude chinh 13 sy hinh thanh dinh gia dinh, sy
hinh thanh canh gid dinh, tao mat, tao khéi gia dinh va sy dua ra quyét dinh. Nhirng budc nay
tuong ung véi cac ham anh xa. Khi hai canh giao nhau, chung bi phan chia thanh bdn canh trong
bude phén chia canh. Néu hai mit giao nhau, chiing ciing bi phan thanh bon mit trong budc chén
canh cat.
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2.2. Phuong phap phin chuyén linh hoat dé xuit

Thuat toan hé phan chuyén linh hoat dé xuét duoc chi ra trén hinh 2:
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Dién gidi phuong phap va thuat toan:

{V} la tap cac dinh (Vertex); {E} la tap cac canh (Edge); {F} la tdp cac mat (Face); viewl,
view2 va view3 1a ba hinh chiéu ding, bang, canh. Tir co s& dir liéu 2D dugc tao ra tir File ban
v& theo chuan DXF, tim ra md hinh khung day gia dinh bao gom tap dinh {Vgd}, canh {Egd}
gia dinh, nhitng d6i tuong nay moi chi thoa man diéu kién chiéu va c6 thé dung hoic sai. Trong
cac bai bao khoa hoc qudc té thi nhirng d6i tuong sai trong md hinh gia dinh duoc goi la d6i
tuong “ma’ (ghost) khi dau vao cua qua trinh phan chuyen chi 14 hai hinh chiéu thi s6 lugng cac
dbi tuong “ma” cang nhiéu. Chi tiét cac van dé vé td chirc co sé dir lidu, tao tap dinh, canh gia
dinh dugc trinh bay trong [4], tao mat gid dinh {Fgd} dugc trinh bay trong tai liu [5].
{{Vgd},{Egd},{Fgd}}* la tap gia dinh dugc tao tir 2 hinh chiéu dimg va bang. {{Vgd},{Egd}}s
1d hinh chiéu canh tinh toan cta tip gia dinh dugc tao tir 2 hinh chiéu ding va béng
{{Vgd},{Egd}, {ng}}3 la tap gia dinh dugc tao tir 2 hinh chiéu dung va bang va hinh chiéu
canh dd xo4 cac nét sai trén hinh chiéu canh gia dinh dugc tu dong tao ra. Vong lip nim & goc
trai dudi trén hinh 2 1a duyét nhi phan cac gia dinh diing hodc sai ctia cac mat gia dinh c6 két hop
voi suy dién lan toa cac trang thai gia dinh nham chdng “vét can” céac t6 hop. Muc dich cta qua
trinh duyét nay 1 loai bo céc to hop gia dinh sai do khong thoa man diéu kién topd va diéu kién
chiéu. Piéu kién sb mat gia dinh > 60 khi chay phan chuyén cho 2 hinh chiéu nhiam chéng lai su
tang thoi gian duyét cdy nhi phan gia dinh (thoi gian ctia qua trinh nay 1a ting theo ham s mii:
2" v6in 1a s6 mat gia dinh). Khdi quan 1y trang thai va 1ap ké hoach duyét nham chon ra mat dé
duyét tiép theo co6 muc wu tién cao nhat (mirc wu tién dugc danh gia boi lwong thong tin cia né
thi du mat chira nhiéu canh, mat théy s& 6 mirc muu tién cao). Mau thuin duoc kiém tra trong
qua trinh duyét chu yeu sir dung diéu kién topd cua mot cua vat thé va tinh che khuét cua cac mit
cao hodc xa nhat. Diéu kién cudi nhim kiém tra tit ca cac dicu kién: chiéu, topd va thdy khuat
mot cach day da trude khi dua ra nghiém. Tinh toan hinh chiéu thir ba dua trén quan h¢ toa do
2D X, Y trén cac hinh chiéu v6i nhau va véi toa do 3D 1a X, ¥,Z ciia mot diém nhu sau:

Z = Node,[t][Y]- Zo (2)
X = Node[u] [X] 3)
Y = Yo - Nodex[u][Y] 4)
Z = Nodes[j][Y] — Zo (5)
Y = Node;s[j][X] - Xmin (6)

Trong d6: Node;, Node, lan lugt 1a tap cac diém trén hinh chiéu duang va bang,
Zo = min{Node,[][Y]}, Yo = max{Node[][Y]}, Xmin = min{Nodes[][X]}, t, u, j lan luot 14 chi
s6 cac node trén hinh chiéu dung, bang, canh cia mot dinh 3D ( xem kiéu dit liéu ADS_Point
ctia ngdn ngir ADSRX twong tu nhu mang nhiéu chiéu).

3. KET QUA KIEM CHUNG VA THAO LUAN

Phuong phéap phan chuyén dé xuét duoc sir dung dé tao lap ra mot cong cu thyc nghiém
phan chuyén 13 mot chuong trinh hon 5000 dong 1énh dugc viét bang ngdn ngit Visual C++ 6.0
két hop voi thr vien ADSRX ctia AutoCAD-R14. Dich chwong trinh ngudn nay ra ma dich la
loai file ARX, tai file nay vao trong moi truong AutoCAD-R14, khi nay AutoCAD da c6 chuc
ning mé rong 13 ty dong phan chuyén mo hinh Solid 3D tir cac hinh chiéu co ban. Mot may tinh
¢6 cau hinh trung binh (toc d 2.1 Ghz, Core i3, bd nhé 2GB) dugc sir dung dé phan chuyén tu
dong 2 mau dai dién va cho ra két qua kiém dinh phuong phap dé xuat nhu trén hinh 2 va hinh 3.
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Miu 1 chi dugc cho bai 2 hinh chiéu nhu trén hinh 3(a). Chuong trinh phan chuyén thong
bao tao ra 54 dinh, 99 canh va 47 mat gia dinh. Sd luong nghi¢m thod man diéu kién to-po la
6400, s6 mau thuin théy khuat 1a 5504, sb nghi¢m thuc 1a mot, thoi gian phan chuyén la 0,7
gidy. Solid két qua dugc chuyén sang dinh dang SAT va nhing viao INVENTOR dé tao lai 3
hinh chiéu nhu trén hinh 3(c), két qua nay di chi rd d chinh xac ciia mé hinh phan chuyén 3D la
tuyét d6i ciing nhu phan anh tinh twong thich cia mé hinh nay véi cac hé thdng CAD/CAM
(dinh dang SAT 1a phd bién trong cac hé CAD/CAM). Trong truong hop ndy, vi sé mit <50 nén
hé¢ thong da khong tu dong v& hinh chiéu canh gia dinh dé yéu cau sira thanh hinh chiéu bd sung

nhung da hoat dong chinh xac va nhanh.
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Mau 2 ciing chi dugc cho bai 2 hinh chiéu nhu trén hinh 4(a). Chuong trinh phan chuyén
thong bdo tao ra 50 dinh, 108 canh va 56 mat gia dinh, sau do6 da tu dong v€ hinh chiéu canh gia
dinh dé xo4 canh thira nhu hinh 4(b), sau d6 da hoat dong tt va nhanh, thoi gian phan chuyén 1a
0,9 gidy, cho ra Solid két qua nhu hinh 4(c). Ciing miu nay ma ding hé phan chuyén 2 hinh
chiéu don thuan thi thoi gian phan chuyén 1a 11 gidy va cho ra 3 nghiém [8], va néu dinh dung 3
hinh chiéu nhu cic cong trinh khac thi phai chi dong v& thém hinh chiéu canh (khi ma chua biét
c6 can phai v& hay khong vi da s céc chi tiét chi can hai), d6 1a cong viéc mét thdi gian hon viée
duogc trg giup bdi hinh chiéu canh gia dinh roi chi can x04 cac canh thira.
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4. KET LUAN

Phuong phap phan chuyén linh hoat dé xuat da khic phuc dugc t6n tai ctia cac phuong
phép phan chuyén trude day 1a chi dua trén s6 lugng hinh chiéu ¢é dinh, da dap ung linh hoat
dugc 3 loai ban v&: 2 hinh chiéu; .3 hinh chiéu va “2,5 hinh chiéu”. Nhiing diém méi ctia cong
trinh bao gom: D Y tuong moi vé mot hé phan chuyén linh hoat; 2) Thuét toan h¢ phan chuyén
linh hoat; 3) Két qua kiém dinh vé6i cac mau dai dién cho cac tinh huong thiét ké da khang dinh
tinh dang dén cua thuét toan, tinh hiéu qua khi st dung hé phan chuyén linh hoat cling nhu d6
chinh xac ciia Solid két qua 1a tuyét dbi.

Mic du hé phan chuyén linh hoat nhu trén dd hiéu qua hon d6i véi ban v& hai hinh chiéu
c6 sb mit 1on hon 50 nho viéc khong phai v& hinh chiéu thir ba nhung viée xoa cac nét thira trén
hinh chiéu thir ba (“ban v& 2,5 hinh chiéu”) van c6 thé tiép tuc rat gon hon nita voi khai niém
ban v& “2 + 1/4 hinh chiéu”. D6 1a huéng nghién ctru lién thong ciia cong trinh nay.

LOI CAM ON
Nhoém tac gia cam on sy hd tro cta Truong Pai hoc Bach khoa Ha ndi trong céc dé tai
nghién ctru lién quan va Truong Dai hoc Cong nghiép Ha Noi trong lién két nghién ciru.
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