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TOM TAT: Thyc tai do 1a cdng nghé sir dung ky thugt mé hinh héa khdng gian ba chiéu d@é mé phong lai thé gisi thuc hogc thé gigi
theo tudng twong Ciia con nguoi. Cac md hinh ba chiéu trong thuc tai do c6 thé la tinh hodc déng va c6 thé nrong téc véi nhau. Mt
van dé \én ¢ day la cac mé hinh khi tao ra d@é théa man yéu cau thdm my ciia con nguwoi thwong 6 s6 lwong bé mat hedi 1a lon. Véi
cde mé hinh nhw vy thi mét sé thiét bi chay cac iing dung thuc tai do phai ddp irng duoc Vé Cau hinh va bing théng mang internet.
Bai béo trinh bay mét ki thugt vé rat gon bé maz fuéi md hinh ba chiéu dua trén cong thire “Gaussian Curvature” két hop thém mgt
s6 rang buge dé md hinh sau khi rit gon heéi dam bdo vé hinh dang trong céc ing dung.

Tir khéa: optimize mesh, optimizing triangle, t6i wu bé mdt heéi mé hinh, simplifying polygonal, decimation of triangle meshes,
multiresolution modeling.

I. GIOI THIEU

Ngay nay, thuc tai a0 da ngay cang chung t6 vai tro quan trong trong doi song ciing nhu trong khoa hoc, ky
thuat. Thyc tai 40 hién dién & hau nhu moi linh vic giai tri, van hoa, kinh té, chinh tri, quéc phong, khoa hoc, doi séng
V.V. va viéc xdy dung cac dbi twong 3D (ba chiéu) Ia rat _quan trong, vi cac dbi twong 3D gitip cho thé giGi trong thuc
tai a0 gidng véi thuc té hon dap tmg dwoc cac nhu cau thim my ciia con nguoi.

Bai toan rat gon bé mit ludi trén md hinh 3D c6 nhiéu ¥ nghia khi ma s lwong mé hinh can dua vao cac Gmg dung
thuc tai 40 ngay mot nhiéu. Vi du chung ta mo phong lai mot thanh phd, hay tai tao lai mot khu bao tang dé nguoi du lich
¢6 thé tham quan trong moi trudng do. Bén canh do, san pham vé thyc tai a0 xuat hién nhiéu trén cac dién thoai thong
minh hay may tinh bang, cac thiét bi nay hién tai thi cdu hinh phan cting dang con yéu. V&i kha ning tmg dung cao thi can
phai ¢6 nhitng nghién ctru chuyén sau vé rit gon ludi dé cac mo hinh 3D c6 thé dugc ing dung rong dai hon.

C6 ba phuong phép chinh dé tao ra md hinh 3D. Mot 1a st dung cdc 1énh trong ngdn ngir 1ép trinh dé vé ra cac
md hinh don gian. Hai la sir dung cac phan mém thi€t ké 3D tao ra m6 hinh tir cac nha thiét k&. Ba la sir dung cac thiét
bi may quét 3D tao mo hinh tir vat thé thyc.

Phuong phép st dung cac thiét bi phan cimg 12 may quét dé tao moé hinh 3D mang nhiéu uu diém nhu thoi gian
tao ra mOt mo hinh ngén, d6 chinh xac cao, tinh én dinh, chi phi ré v.v.. Tuy nhién, m6 hinh tao ra t&r may quét c6 mot
nhuoc diém 16n chinh 1a s lugng ludi 16n. Do d6, trén thyc té da phﬁn cac chuong trinh mé phong va thyc tai ao ciing
nhu luu trir khong thé st dung mé hinh tir may quét 3D.

M®b hinh khoang 7 triéu luéi M®b hinh khoang 4 triéu luéi
Hinh 1. C4c md hinh dugc tao ra ¢6 sb luong Iudi cuc 16n

. Hai dang bai toan rut gon Iuéi mo hinh 3D thudng dugce nhic dén trong linh vuc mo phong 3D véi dau vao va
dau ra cung 1a mé hinh 3D nhung mang nhiing dac diém khac nhau gitta mo6 hinh trudc va sau rat gon ludi.

Thi nhét, 1a rat gon vé mat hinh anh. O d6, voi ddu vao 12 mot mé hinh 3D da duoc thiét ké hodc thu tir may
quét nguoi xir Iy can nang cao chét lugng hinh anh ctia mé hinh. Khi d6 ching ta can chu ¥ t6i viée téi wu chit lugng
hinh anh hodc ludi cua mé hinh, diéu nay dan téi cac bai toan xir 1y vé 4anh sang, goc canh dé thu duoc hinh anh chan
thuc nhat c6 thé. Trén thuc t& qua trinh t6i wu nay dan toi mot truong phai thiét ké siéu thuc. O d6 nhitng nha thiét ké
¢6 thé thay thé nhan vat thyc bang nhén vat thiét ké ao.
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Thir hai, 14 rat gon s6 lugng ludi véi bai toan nay dau vao 1a mot mé hinh 3D va déu ra 1a mé hinh d6 véi s6
luong ludi giam di nhung van dam bao hinh dang cta doi twong khong thay d6i nhiéu gitra trudc va sau rut gon. Trong
ndi dung bao cédo tap trung vao giadi quyet bai toan thir hai.

, Mit luéi tam giac thuong dugc st dung dé dai dién cho cac bé mit 3D. Chung ta quan niém tap roi rac cac
diém, cac canh noi dai dién cho cac bé mat 1a dai dién cho cac dir liéu cia m6 hinh 3D.

Céc mo hinh sau khi thu thap duoc tir may scan 3D c6 thé c6 nhiéu chi tiét. Mat do Iudi cang day thi din dén
t6n kém bo nhd, viée xir 1y khi tinh toan 1a vo cting khé khian. M6 hinh chira nhiéu thong tin hinh hoc du thira. Y tuong
can ban 14 loai bo hinh hoc du thira, giam kich thuéc mé hinh, cai thién hiéu suat thoi gian chay béng cach rat gon ludi
da giac ctia mo hinh.

M0 hinh khoang 8 tri¢u ludi Mo hinh khoang 31 nghin luéi

Hinh 2. Rat gon bé mit ludi

Il. PHUONG PHAP RUT GON LUOI MO HINH
A. Gidi thigu vé cdc phwong phdp t6i wu phé bién

Trong nhiéu nim qua, yén dé cua viéc rut gon béﬂ mit luéi nhan duge rat nhiéu sy cha y. Vén dé I}a‘ly da duoc
di sau nghién ctru trong sudt thé ky XIX va bay gio' c6 thé duge coi la mot cong nghé truong thanh. Mot s6 cong trinh
da co ket qua thyc nghiém va da tich hop san trong g6i md hinh phé bién trong cac phan mém 3D nhu Maya, Blender
hodc MeshLab. Cac hudng ti€p can viéc rut gon bé mat ludi tam giadc da duoc nghién ctru, c¢6 3 hudng chinh d6 la:

Huéng thir nhat, Multi resolution 1a hudng giai quyét viée rat gon bé mit ludi mot cach toan cuc dua trén cac
phuong phap sau: remeshing, parametric surfaces, subdivision surfaces.

Huéng thtr hai, Polygonal simplification la viéc giam sO luong da gidc cua ludi trén md hinh dua trén cac giai
phap sau: theo todn tir cuc b gom cac phuong phap phén cum diém, incremental decimation, tam gidc rut gon; theo
toan tir toan cuc gom cac phwong phap b loc low-pass, alpha-hull.

Hudng tht ba, Image imposters 1a ding anh dé lam tang d6 san sui hay do phirc tap cho mé hinh.

) Tuy vao ting trudng hop ma ngudi ta dya vao cac hudng giai quyét khac nhau dé rat gon bé mat ludi duoc tdt
nhat. Chang t6i tiép can theo hudng thir 2 1a: Polygonal simplification va trong huong nay ching ta s& quan tam dac
biét dén phuong phap Incremental decimation, vi phuong phap nay dugc phat trién rong rai trong cac goi chuong trinh
da nghién ctru.

B. Phwong phdp Incremental decimation

Phuong phap incremental decimation 1a viéc thyc hién x0& bé mot dinh tai mot thoi diém va phuc hdi bé mat
mo hinh. Ba toén tir chinh dé loai bo diém la: vertex removal (xoa diém), edge collapse (9op hai diém trén canh thanh
mot diém), half edge collapse (gop hai diém thanh mot diém, trong do mot diém s& duoc gitr nguyén vi tri nhu ban
déu). Thi tu x6a diém dya trén mot s6 ham wu tién. Quy trinh cho viéce t6i wu hoa bé mat lu6i tam gidc nhu sau:

Repeat

Chon dbi tugng 3D;
Ap dung toan tir decimation dé giam lugi dbi tuong;

}

Until muc tiéu tdi gian duoc dap ung.
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Quy trinh loai bo dinh va phuc hdi bé mat &p dung theo thir tu wu tién dé loai bo diém ra khéi mo hinh déi
tugng, sau,khi da xoa diém xong thi can the}m budce nita déNphuc hoi bé mat cua doi tugng. Viéc xur 1y loai bo dinh
dung khi s6 luong ludi thap nhat ¢ thé ma bé mat md hinh van dam bao vé hinh dang.

Al Chon d*l;n]h Tmnh todn gid
" trén mi o — irj cika dinh v
cic mit chika dinh
1
L ¥ A
= Phuc hii bé mir { T Xaa difm

Hinh 3. Loai bo va phyc hdi bé mit

Mot phép do duge thue hién trong nhimg 15i (error) du kién xay ra khi ap dung céc toan tu tinh toan. Phép do
error gan ding nay dugc st dung d€ vu tién loai bd dinh, danh gid chat lugng cua cac két qua. Error metrics 1a sy khac
nhau gjfra hai m6 hinh truge va sau khi rat gon ludi da giac. Erl:or Metrics gitra hai md hinh la nho, c6 pghia 1a hai m6
hinh gn giong nhau. Cdc d6 do khi tinh toan viéc giam lu6i gom: edge length (d9 dai cac canh ket noi tir di€ém dang
xét dén cac diém lang gleng) distance to plane (khoang cach tir diém t6i mat phang chtra lang giéng ciia no), curvature
(bé mit cong cua cac mit phing chtra diém), volume (thé tich), quadric error metrics.

Phuong phdp 4p dung cong thirc “Gaussian Curvature” 1a phuong phap xap xi bang viéc thiéu hut goc xung
quanh mét dinh, phat trién tir dinh 1y ciia Rodrigues (Kreyszig, 1991, tr 187; Hilbert, 1952).

Vi

V3 \

O34

Vy V3
Hinh 4. Rat gon Iu6i theo tbng goc Curvature
Khi d6 x4p xi d6 cong bé mat K tai dinh v duoc tinh theo cong thire (1):
K = 2.m— Z ei,j (1)
Véi 6 1a cac goc tai dinh Vg sinh ra tir cdc canh ké nhau cung két ndi dén dinh v,

theo cong thirc trén thi, voi K cang nho thi dinh v, cang dé x6a bo. Boi vi véi mot diém bat ky ndm trén mot mat phang
thi tong cac goc xung quanh no6 1a 2m = 360°, khi do K = 0. Thi viéc x6a diém Vo s€ khong hé anh huong dén hinh dang
cua mo hinh. Mét ngudng o dugc cho trudc dé thoa man dicu kién loai bd diém Vo, thudt toan chi tiét:

Khoi tao:
Vv € V: v.errormetric: = CalcErrorMetric (v);
Sort_Vertexlist ();

Repeat:

Lay Vo (mdt dinh trong ludi tam giac);

% If (vo.errrormetric < a)



M3 Vin Thu, B3 Nang Toan, Lé Son Thai, D5 Hong Quan 529

Loai bo (Vp);
Ludi tam giac (Nghb (Vp));
Cép nhat (vo):
% Else break;
}
Until Muyc tiéu can giam la dat.

C. Mt s6 16i xdy ra khi riit gon lwéi mé hinh bang lénh optimize(téi wu) trong 3Ds max

Trude tbi wu Sau ti wu con khoang 15%

C;on
éch

Con
ruoi

Ghé tua

Hinh 5. Mot s6 18i xay ra khi rat gon luéi trong 3Ds Max

D. Thudt todn dé xudit

Duya vao cong thirc (1), chiing t6i da thir nghiém cho mot s0 md hinh s& théy ré mot s 16i khi Chl]ng ta thuc hién
rt gon ludi. Dé khac phuc tinh hudng trén, ching toi xin dua ra mot sd gia thiét sau. 'Chiing t61 van str dung phuong
phép Gassian Curvature dé rt gon luéi cia mé hinh, nhung chung toi nhan thdy mot sé truong hop ngoai cia cac diém
trén bé mat mo hinh khong thé ap dung theo phuong phéap nay.

Truong hop thir nhét, trong hlnh 6 nhirng diém Vv, nim trén dudng thing, ma duong thing nay 13 giao cua hai
mat phing vudng goc véi nhau thi tong gdc xung quang diém d6 1a 360°, va nhing diém v la giao cua ba mat phing c6
téng cac goc xung quanh 16n hon 360°, khi d6 cong thire (1) dugc thay the bang cong thirc (2):

=2m - Xij=1 0 | ()
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Hinh 6. Goc tai dinh v
Do d6, dinh v tai vi tri ndy s& dugc phan biét voi dinh v; d6 1a vécto phap tuyén cua hai mat phing chira hai tam
giac ké nhau c6 chung dinh v khong duge 16n hon mét gia tri A cho phép.

—

€i+1

Hinh 7. Géc tai dinh v va goc giita hai mit phing ké nhau

Chung xé4c dinh cac canh €41 12 canh noi gilta v va viy, goc gilta hai canh ké nhau lién tiép 0;i41 =1 (€;, €ira).
e X &y

——1_ Trén canh &, gocC
118 % €4l ani €1 9

Tam gidc giita &;, &1, dugc dat tén t; =A(V, Vi, Vis1), vécto phap tuyén twong ing 1a 7, =
giita hai vécto phap tuyén cia hai tam giac t; va tam giac 1ién ké tiz; 13 Biey = (Fisr, Tlis2).

Trudng hop thir hai, tai mot diém dang xét ma goc quanh diém khi ap dung cong thirc: K = 21 — Y%, 6; | nho
hon mét ngudng a cho phép va goc gilra hai vécto phap tuyén cta hai tam gidc k& nhau nhé hon mét gia tri A cho
trude. Tuy nhién, so duong két ndi dén diém v la rat nhiéu hay bac cua dinh v 1a cao. Trong truong hop nay, chiing toi
s€ gilr lai dinh v €4 s6 lugng canh két n6i dén no 1a nhiéu hon s6 lugng m cho phép.

Hinh 8. Pinh O véi nhiéu canh két ndi

Hinh 9. M& hinh sau va trudc tdi uu
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Dé giai quyét 2 truong hop chung ta dé xuit so d6 khdi x6a diém nhu sau:

Mo hiph
ban dau

Xét <R v: trén ,. 1 A
¢t ting diém v;tré Téi tao lai be

»  bémit mod hinh < 5t m6 hinh
(i=1,.n) mat mo hin
A
- Hiéu cua:
Rn-YL, 0 <a
- Goc giir véc to phap Xoéa diém v

tuyén cta hai mat lién
tiép 1a B; < A
- S& canh két ndi d¢én
vi<m

Yes

Néu con
diém
chua Xét

Gitr lai diém v;

) 4

Két thiic

Hinh 10. So dd khdi viéc x6a diém

Mot tap tam gidc ludi M bao gdm mét tap cac dinh V = {v;} c IR?, duoc két ndi béi mot tap cac canh E = {e
= (Vj1, Vj2)} va mot bo tam giac T = {ti= A(Viq, Vie, Vks)} . VOi v € V 1a mot dinh clla mot tam gidc Iudi M va dé vy, ...,
Vy la cac dinh lan céan cua v.

Thuat toan dé xuat chi tiét:
Vv € V: v.errormetric: = CalcErrorMetric (v);
CalcErrorMetric (v) = 2n— Y%, 6;;
Sort_Vertexlist ();

Repeat:

Lay Vo (mdt dinh trong ludi tam giac);

% If ((vo.errrormetric < o) and (3 (Ti., B;) <& ) and ( €; ; i<m))
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Tim hang x6m cua (Vo);
Loai bo (v);
Luéi tam giac (Nghb (vo));
Cap nhét (vo):
% Else break;
}
Until Muc tiéu cin giam la dat .
1. KET QUA THUC NGHIEM
A. Kiém tra cdc mé hinh dau vao, liwa chon cong cu

Céc md hinh dé test 1a cac md hinh dudi dang 3D, co $6 luong ludi bé mit 16n. Mot sé mo hinh 1a da duoc tha
nghiém cho céc bai thir nghiém trong cac bai toan rat gon ludi trude do, vi du nhe mé hinh con thd, mot s6 mo hinh
con lai chung t6i ty tao ra bang cac phan mém 3D hodc si€u tap trén internet...

Duya trén nhitng nghién ctru vé cac k¥ thudt rat gon ludi mo hinh di c6, ching tdi sir dung phuong phap do cong
bé mit Gaussian Curvature két hop voi cac rang budc khi phat hién mot sd trudng hop ngoai 18 cia diém trén bé mit
ludi khi 4p dung cong thirc tong goc dé xoa diém. M6 hinh méi sinh ra c6 sé luong ludi bé mat giam dang ké ma van
giit dugc nguyén miu vé hinh dang.

Péu vao cia chuong trinh 12 cac mé hinh 3D c6 kich thudc luéi 16n can duoc giam thiéu. Khi mét mé hinh
duoc dua vao thi ching ta s& tinh dugc sé luong ludi tam gidc trén bé mit chung. Trén thyuc té cac mo hinh c6 thé tir
may quét 3D, hodc dugc md hinh hoa boi cac phan mém 3D nhung c6 sd lwong ludi 16n. Cac tham sb cua timg mo
hinh 14 s6 luong diém, canh sé& suy ra dugc sb lugng mat. Tuy vao mod hinh khac nhau ma viéc tinh toan rat gon ludi bé
mit c6 thé thay d6i trong chuong trinh.

B. Mpt s6 két qud riit gon mé hinh trén chwong trinh thwe nghi¢gm

Rut gon bé mat ludi vai sb lugng ludi con lai 1a khoang 10%

(
N
\ —~——_ e /
\-\A__M__ w
94160 Mit 8989 Mit

7612 Mit

49314 Mat 4922 Mat

Hinh 11. Hinh 4nh mé hinh trudce va sau tdi vu véi tham sé t6i wu 1a khoang 10%
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V6i tham s6 tdi wu 13 khoang 10% thi sy khac biét rd gitta mé hinh trude va sau khi thuc hién t6i wu. Tuy nhién
nhiéu cho cua md hinh bi méo mé nang.

So sanh két qua chay trén chuong trinh vdi két qua chay bang 1énh optimize trong 3Ds Max cho két qua sau:

KQ thir nghiém khoang 10% luwéi KQ trén 3Ds max v&i khoang 30% ludi

4.922 Mat 18.494 mat

Hinh 12. So sanh vdi t6i ru trong 3Ds max

IV. KET LUAN

Trong nghién ctru nay, chung t61 ap dung phuong phap bé mat cong Gassian Curvature tinh tong gbc cua mot
diém trén be mat dé giai quyet viéc riit gon ludi bé mat. Chuong trinh két qua nay giup ngu(n thiét ké nhe nhang hon
nho viée tdi wu, ciing nhu gip cac chuong trinh img dung thuc tai do chay vdi ché do thoi gian thuc hon. Tuy nhién
van can nhing nghién ctru dé tiép tuc cai tlen nang cao hinh anh cia m6 hinh ma sO ludi bé mat 1a thap nhat c6 thé.
Mot cong viée 1am khién cac cong ty ton rat nhiéu thoi gian va tién bac dé thué cac nha thiét ké.

Bai toan rat gon bé mdt lu6i mo hinh la bai toan c6 nhiéu y nghia trong khoa hoc, cong ngh¢ va doi song, diéu
d6 thac day cac nghién ctru vé md phong va thuc tai a0 tiép tuc phat trién. Nhom tac gia hi vong béo cdo niy s& dong
gop modt phan cho nhitng phat trién ctia nganh cong nghé thyc tai 4o trén may tinh, dién thoai thong minh,.. ndi riéng va
cong nghé thong tin noi chung. Rat cam on nhitng nha nghién ctru, quy vi da quan tam va bo thoi gian doc bao nay.

LOI CAM ON

Chung t6i xin cam on sy tai trg tu dé tai “Phat trién hé théng thong tin hinh anh ba chiéu hd trg chin doan tur
xa” do Vién Cong nghé Thong tin, PHQG Ha N¢i lam chil tri cho nghién ctru nay.
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A TECHNIQUE FOR 3D MESH SIMPLIFICATION IN THE APPLICATIONS OF VIRTUAL
REALITY

Ma Van Thu, Do Nang Toan, Le Son Thai, Do Hong Quan

ABSTRACT: Virtual reality is a technology that uses 3D space modeling to simulate the real world or the human imaginary world.
3-D models in virtual reality can be static, dynamic and can interact with each other. The big problem here is that the models
created to satisfy the aesthetic demands of humans often have a tremendous amount of grid surface. With such a model, some
devices running virtual reality applications must meet the configuration and bandwidth of the internet. This paper demonstrates a
technique for simplifying the mesh surface of a 3D model based on the "Gaussian Curvature" formula incorporating a number of
constraints, so that the model after the retraction of the mesh remains secure in shape in the application.



