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Phat trién hé thong phan chuyén mé hinh Solid 3D tir hai hinh chiéu thanh
hé thong phan chuyén tir ba hinh chiéu
Expanding a 3D Solid Reconstruction System using Two Views to the System using Three Views
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Tém tat

M6 hinh Solid 3D Ia hét strc cén thiét trong ki thuét co khi béi nhitng (g dung cla né trong céc linh vurc
CAD/CAM/CAE/CAQ, mot khuynh huwéng da toe Idu dwoce cac nha khoa hoc trén thé gici tap trung nghién
ctru dé tao ra mé hinh nay 14 phén chuyén ttr cac hinh chiéu. Vi phuong phap nay, nhép théng tin hinh hoc
la dé dang déng thoi sty dung duwgc nhimg ban vé 2D da, dang va sé con ton tai. Nhiing cdng trinh truoc
day cta nhém tac gid da giai quyét duoc van dé tw déng phan chuyén tir hai hinh chiéu, dap (ng da sé céc
chi tiét théng thuong. Xuéat phat tir phuong phap doé, trong bai bao nay, tac gid dé xuét mét phuong phép
phén chuyén tir ba hinh chiéu dé dap (ng nhitng chi tiét phirc tap hon ma hai hinh chiéu la khéng du dé
phén chuyén. Phuong phéap dé da duoc cai dét va xéc minh tinh dung béi mét chuwong trinh viét bang ngén
ngi¥ ADSRX chay trén phdn mém AutoCAD.

T& khéa: Phan chuyén, Hinh chiéu, CAD, 2D, 3D
Abstract

The Solid 3D model is essential in mechanical engineering because of its applications in the areas of
CAD/CAMI/CAE/CAQ. A trend to create this model, that has long been studied by scientists around the
world, is 3D model reconstruction from views. With this method, it is easy to enter geometric information as
well as can use 2D drawings that have already existed. Our previous works have solved the problem of
automatic reconstruction from two views for the usual details. Expanding this method, in this paper, the
author proposed a method of reconstruction from three views for the more complex details. That method has

been installed and tested by an ADSRX program running on AutoCAD software.

Keywords: Reconstruction, Orthographic Views, CAD, 2D, 3D.

1. Giéi thi¢u

Mé hinh solid 3D trén méy tinh tr& nén thiét yéu
trong ky thudt co khi hién dai boi nhiing Ung dung
gan lién v6i né nhu tinh toan ung suét, chuyen vi theo
phuong phép phan tur hiru han, phan tich dong luc
hoc, tinh hoc, gia cong sb, quan sat truc quan v.v. Dé
tao ra m6 hinh nay, c6 hai khuynh huéng:

-Sr 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 két ching véi
nhau boi cac toan tir Boolean;

- Tai tao ty dong solid 3D tir ban vé ky thuat dua
trén cac hinh biéu dién 2D (dugc goi la ty dong phan
chuyén).

V6i phuong phap thtr nhit, nguoi thiét ké phai
¢6 k¥ ning phan tich dbi twong va thyc hién twong tac
thi cong véi CAD 3D nén ho phéi c6 ki nang doc
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hiéu ban vé& k¥ thuét cling nhu str dung thanh thao céac
hé CAD 3D.

Vi phuong phéap thir hai, ngudi thiét ké chi can
tao ra (hodc c6 san) ban v& k¥ thuat 2D — diéu nay la
dé& dang, nhanh chong va hét sirc quen thudc véi cac
ky su, ngoai ra, hau hét cac san phém hién tai da,
dang va s& con duoc biéu dién va luu trir bang ban v&
k¥ thuat.

Phuong phap thir nhat da hét sirc thanh cong, bat
dau xuét hién tir 1990 v6i AutoCAD R12, ngiy cang
tot hon va gé‘m nhu da dat d6 hoan hao. Trong khi do,
phuong phap thtr hai da dugc khai sinh tir 1970 boi
Idesawa [1] va lién tuc dugc dong déo cac nha khoa
hoc trén toan thé gidi tap trung nghién ctru [2,3], cac
cong trinh ciia ho c6 thé phéan thanh hai nhém: nhém
sir dung cdu trac B-Rep (Boundary Representation);
nhom st dung cdu traic CSG (Constructive Solid
Geometry). Viéc khao sat cac cong trinh nay cho
phép dua ra nhirng danh gia sau:

- Gén day, phuong phap phan chuyén dya trén mé
hinh B-Rep dugc danh gia cao hon phuong phap dua
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trén mé hinh CGS. Piu nay chu yéu 13 do cac
phuong phép dya trén mo hlnh CSG it thich hop voi
cac vat thé c6 hinh dang, cau tric phic tap (dac biét
khi ma cac khdi co ban tuong tic s& lam mat kha
nang nhan biét ra chiing) va thuong yéu cau tuong tac
v6i ngudi dung nhiéu hon so véi phuong phap dua
trén mo hinh B-Rep. Tuy nhién, trong cach tiép can
dya trén mo hinh B-Rep van con mot sb van dé ton
tai nhu sau:

- Hau hét cac phuong phép phan chuyén déu doi
hoi dau vao 14 ba hinh chiéu trong khi cac ban vé& k¥
thuat thuong chi sir dung hai hinh chiéu dé mé ta chi
tiét may thong dung,

- Viéc loai bo tht ca cac dbi tugng sai thuong
khong triét dé, chua sir dung thong tin “thdy khuat”
trén cac hinh chiéu dan dén can nhiéu hinh chiéu dé
loai bo cac ddi tuong sai ndy. Rét it cong trinh tim ra
tat ca cac kha ning cua két qua phan chuyén,

- Pham vi loai ddi tugng con han ché, nhiéu
phuong phap chi thich hgp va dé xuét cho dbi tuong
da dién, mot s6 khac da mo rong phuwong phap danh
cho da dién vao md hinh vat thé chira mit bac hai
nhung chua xir 1y dwoc giao tuyén phirc tap va ciu
trac twong tac (cong, trir, giao) cua cac khdi co ban
chira médt cong do6.

Chua c¢6 mdt cong trinh nao dat dugc ca ba uu
diém chinh la: phan chuyén cho vat thé c6 chira khoi
tron xoay, tir hai hinh chiéu va dua ra du nghiém.

Nhitng phén tich trén ddy l1a 1y do tién hanh
nhiing cong trinh trude day cua chung toi [4. 7] vé
van dé phan chuyén ty dong, nhitng cong trinh do da
khic phuc dugc nhirng ton tai néu trén va thanh cong
v6i rat nhiéu loai ddi tugng khong doi nhiéu hon hai
hinh chiéu, tuy vay ciing c6 khong it dbi twong doi
ho6i hon hai hinh chiéu. Chinh vi vay, trong cong trinh
nay, ching t6i s& tim cach phat trién hé théng phan
chuyén dya trén hai hinh chiéu di dwoc trinh bay
trong [4..7] thanh mot hé théng phan chuyén dya trén
ba hinh chiéu, thich nghi véi nhitng d6i twong phirc
tap va kha ning gdy ra nhidu nghiém néu chi dung hai
hinh chiéu.

2. Phuong phap phan chuyén 3 hinh chiéu dé xuit
2.1. T iép cdn phwong phdp phin chuyén tic 3 hinh
chiéu

Lugc d6 cua hé thong phan chuyén 3 hinh chiéu
duoc chi ra trén hinh 1.

Ban v& hai hinh chiéu dugc hoan thanh trong
AutoCAD hoic cac phan mém CAD c6 thé xuit sang
dinh dang DXF. Chirc ning tao co s¢ dit li€u 2D cé
nhi¢m vu truy nhap vao co s¢ dit li€u nay dé tao ra co
s¢ dit liéu phuc vu cho hé théng phan chuyén ty dong

42

bao gdbm: Pinh 2D, phan doan 2D, ving (xem hinh 2
va cach t6 chtic co so dit li¢u nay trong tai li€u[4]).

Nhap 3 hinh chiéu

theo chuin DXF 1
I I .
Tao co so dit Tao tap mdt gia dinh
liéu 2D
7 U
Tao tap dinh gia dinh Loai bo dbi tuong gia
dinh sai
i ¥
Tao tap canh gia dinh Tao Solid
J
Hinh 1. Lugc d6 hé théng phan chuyén 3 hinh chiéu
Céc dinh Mt phing hinh
) chiéu dung

Cac canh

Cac
mat

~ Céc vung
Mat phér}g
hinh chiéu
bang

Cac dinh
Céc phén 2D (node)

doan

Hinh 2. Cac d6i trong hinh hoc 2D va 3D

T co s& dit liéu 2D, cac khdi chuc nang tao tap
dinh, canh, mat gia dinh la méi chi dya trén diéu kién
chiéu, chung co thé 1a dung hodc sai tuy thudc vao
chung c6 thoa mén diéu kién topo (topology) ctia mot
vat thé hay khong. Khoi loai bo cac d6i tuong gia
dinh sai nhim tim ra cac t6 hop gia dinh khong thoa
mén diéu kién topd. Khéi tao mé hinh solid 3D dua
trén tap mat dung va quan quan h¢ mat-vung (xem tai
liéu [7]).

2.2. Tao cdc déi twong gid dinh
2.2.1. Tao dinh gia dinh

Nguyén 1y tao dinh gia dinh tir 2 hinh chiéu
dung va bang l1a: Néu ton tai hai node trén hai hinh
chiéu dimg va bang cing nim trén mot dudong dong
thang dimg (c6 ciing toa do X) thi c¢6 kha ning chung
12 hai hinh chiéu ciia mét dinh.

Chi tiét viéc tao dinh tir 2 hinh chiéu ding va
bang dugc trinh bay k¥ trong [4].
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Phat trién phuong phap nay cho hé¢ thong phan
chuyén 3 hinh chi€u nhu thuat toan trén hinh 3:

Z(i) = Z(Nodes(j)) va Y()) s.

= Y(Nodes(j))

lI.l.

S[i] = 1;

j =imax;

P

Hinh 3. Thuat toan tao dinh giad dinh dung 3 hinh
chiéu

Trong d6 imax 1a s luong dinh gia dinh duoc
tao ra tr hai hinh chiéu dung va bang, i 1a bién chay
xéc dinh chi s mot dinh, jmax 14 s6 lugng node trén
hinh chiéu canh, j 1a bién chay xac dinh chi s6 mot
node, Nodes 1a tap cac dinh 2D trén hinh chiéu cach,
Z(i) 1a d6 cao cua dinh tht i. Biéu thirc diéu kién:

Z(i) = Z(Nodes(j)) (1)

la dé kiém tra quan hé gitra hinh chiéu ding va canh
la c6 cung d6 cao Z;

Y(i) = Y(Nodes(j)) 2

1a dé kiém tra quan hé giita hinh chiéu bang va canh
1a ¢6 cung d6 xa Y. Néu thoa man cac biéu thirc didu
kién trén, nghia 1a véi mdi dinh gid dinh dugc tim ra
tir hai hinh chiéu ding va béng, ton tai mot node trén
hinh chiéu canh ¢ cung d6 cao va cung do xa vdi nod
thi ghi trang thai 1 cho dinh nay (nghia la khong loai
bo dinh gia dinh nay, trudc khi chay thu tuc trén, gia
tri S[i] dugc gan gia tri 0).

Biéu thirc diéu kién (1) va (2) dugc tinh ton tir
viéc chuyén doi tir dir liéu X,Y trén céc hinh chicu dau
vao cua hé thong phan chuyén sang toa do 3D la
X,Y,Z nhu sau:

Z = Node1[t][Y]- Zo

X = Nodez[u][X]

®)
(4)
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Y = Yo - Node,[u][Y] ®)
Z = Nodez[j]1[Y] - Zo (6)
Y = Nodes[j]1[X] - Xmin @)

Trong do:

Node;, Node, lan lugt 1a tip cac node trén hinh
chiéu dung va bang, Zo = min{Nodei[][Y]}, Yo =
max{Nodez[][Y]}, Xmin = min{Nodes[][X]}; t, u, j
lan luot 14 chi sd cac node trén hinh chiéu dimg,
bang, canh.

2.2.2. Tao canh gia dinh

Nguyén 1y tao canh gia dinh tir hai hinh chiéu
dung va bang la: Néu ton tai hai dinh gia dinh 3D ma
hinh chiéu dung ciia ching dugce ndi boi mot dudng
(hodc tring nhau) va hinh chiéu bang ciing duoc nbi
boi mot duong (hodc tring nhau) thi kha nang cé mot
canh di qua ching.

Chi tiét viéc tao canh gia dinh tir 2 hinh chléu
dung va bang duoc trinh bay ky trong [4], phat trién
phuong phap nay cho hé théng phan chuyén 3 hinh
chiéu nhu thuét toan trén hinh 4, trong d6 imax 1a sd
lugng canh gid dinh dugc tim ra tor hai hinh chiéu
dung va bang; jmax 1a s6 luong cac phan doan 2D
trén hinh chiéu canh. Biéu thuc diéu kién Es(i) =
lines(j) 1a dé kiém tra hinh chiéu canh cia canh E(i)
¢6 thudc tap cac phan doan trén hinh chiéu canh hay
khéng (lines(j) 1a phan doan thir j trong tdp phan doan
trén hinh chiéu canh lines). Néu thoa mén biéu thic
diéu kién trén thi ghi trang thai 1 cho cach d6 (nghia
la khong loai bo canh nay, trude khi chay thu tuc trén,
gia tri Se[i] duogc gan gia tri 0).

et thie

Hiqh 4. Thuat toan tao canh gia dinh dung 3 hinh
chiéu
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Cach tao mat giéﬂdinh duogc trinh bay trong tai
liéu [5], loai bd cac t6 hop gia dinh sai va cach tao

solid dugc trinh bay trong tai liéu [6,7].

3. Két qua va thio luin

Phuong phap phan chuyén tir ba hinh chiéu dugc
phét trién tir phuong phap phan chuyén tir hai hinh
chiéu nodi trén duoc thuc hién bi’mg chuong trinh tu
dong phan chuyén tir 2 hinh chiéu viét bang ngoén ngir
ADSRX tich hop thém cac chuong trinh con bd sung
dé thuc hién cac thuat toan néu trong ph?m 2.2. H¢
thong chuong trinh nay chay trén AutoCAD R14
nham kiém ching tinh déng ctia phuong phap phan
chuyén dé xuit va so sanh v6i phuong phap phan

chuyén hai hinh chiéu da cho ra két qua nhu sau:

- Chax hé théng phan chuyén tir 2 hinh chiéu
drg va bang trén hinh 5a cho ra 3 nghiém nhu trén

hinh 5b, thoi gian phan chuyén 1a 11 gidy.

- Chay hé thdng phan chuyén tir 3 hinh chiéu
ding, bang va canh trén hinh 5a cho ra 1 nghiém nhu

trén hinh 5¢, thoi gian phan chuyén 1a 1 gidy.

- Chay hé thdng phan chuyén tir 2 hinh chiéu dimg
va bang trén hinh 6a cho ra 2 nghiém nhu trén hinh

6b, thoi gian phan chuyén 1a 95 gidy.

- Chay hé théng phan chuyén tir 3 hinh chiéu
drmg, bang va canh trén hinh 6a cho ra 1 nghiém nhu

trén hinh 6¢, thoi gian phan chuyén 1a 6 giay.
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4, Két luan

Phuong phap phan chuyén dé xudt dya trén 3
hinh chiéu di giai quyét dwgc nhing ton tai cua
phuong phép phan chuyén duwa trén 2 hinh chiéu d6i
v6i nhiing dbi tuong ton tai nhidu mat ph'fmg canh:
D3 giam thoi gian phan chuyén dang ké va dua ra duy
nhit mot nghiém. Tuy nhién, voi da sd céc truong
hop khéc, khi ma chi can hai hinh chiéu 1a du phan
chuyén thi khong nén sir dung thém hinh chiéu thu
ba. Mot hé thong phan chuyén linh hoat dép tng ca
hai loai d6i tugng ndi trén s& 1a dugc trinh bay trong
bai bao tiép theo clia ching toi.

Loi cam on

Nghién ciru nay duo’c‘téi tro béj Truong Pai hoc
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