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Tom tit: Viéc hinh dung mot khéng gian ngi thit hoan chinh va
bdt déng san truée khi xdy dung luén la mot thach thire, va cdc
cong cu Thuc té do (VR) déng cho thiét ké noi that véan con han
ché do sw phu thugc vao bo diéu khién va cdc quy trinh lam viéc
riéng lé, dac biét o cac thi truong maoi néi nhi Viét Nam. Bai
bao nay gioi thiéu GDCVR (Gesture-Driven Collaborative VR),
mot khung lam viéc moi la tdn dung tinh nang theo doi tay cua
Meta Quest 3 va cdc cong cu mang ciia Unity dé cho phép tirong
tac tric quan bang cir chi va cong tic da nguoi ding theo thoi
gian thire. Bang cach thay thé bg diéu khién bang cdc cir chi tay
ti nhién (vi du: ndm, xoay, ném) va cho phép chinh sita dong
thoi cho t6i da bon nguwdi ding, GDCVR giam duong cong hoc
hoi cho cdc bén lién quan khéng chuyén vé ky thudt va tang toc
cdc vong ldp thiét ké. Mét nghién ciru nguwoi dimg (N=30) da
chitng minh thoi gian hoan thanh tac vu nhanh hon 28% so voi
cdc he tho”hg dua trén bg diéu khién va cdi thién 22% diém hai
long vé cong tdc. Cong trinh ndy cung cap mét ban thiét ké cho
cdc gidi phdp VR dé tiép cdn, chi phi thap trong thiét ké ndi
that, gidi quyét cdc khodng trong quan trong vé kha ndang sir
dung va cung cap mét moi truong do tuong tac noi khach hang
€6 thé tryec tiép trai nghiém va diéu chinh thiét ké theo thoi gian
thuc. Swr dung ban vé xdy dung va mé hinh 3D duwoc nhdp vao
cdc nén tang VR (Meta Quest 3, Oculus Rift), cic bén lién quan
c6 thé khdm phd chi tiét thiét ké tie nhiéu goc dé va thuc hién
cdc diéu chinh khéng gi6i han ngay ldp tire, giam thiéu riii ro
xay dung va sai léch so voi ké hoach ban dau.

Tir khéa: Thyc té do, Twong tdc bang cir chi, VR da nguoi
dimg, Theo doi tay, Thiét ké ngi tht, Bat dong san.

1. Tong quan vé nghién ciru

C6 thé thiy VR 1a mot cong nghé rét tién tién va dang
duoc st dung rat nhiéu trong thuc tién hién nay trén nhiéu
linh vuc. Dic biét 1a thiét ké noi that, nho kha ning mod
phong khong gian séng dong va hd trg twong tic truc
quan. Nghién ctru nay tap trung vao viéc ing dung VR dé
moé phong cac giai phap thiét k& noi that, cho phép nguoi
dung tham quan mot ngdi nha do, tuong tac va thay doi
céc yéu t6 nhu ndi that, mau sic, va bd cuc, trong tuong
lai ¢ thé tich hop AI va metaverse trong VR. Phan tong
quan nay s& xem xét cac nghién ciru lién quan va da co tir
ca qubc té va trong nude. Tir d6 1am ndi bat nhirng diém
méi dugce sir dung trong nghién ctru ciia nhom.

1.1. Cac nghién ciru ngoai nuéc

Trong bai bao “Enhancing Home Design with Virtual
Reality: A Study on Interactive 3D Modeling and
Simulation.” cua Chanthaphavong va cong sy vao nam
2024. Nghién ctru xay dung mot hé thdng 3D VR trén nén
web (st dung VRML) cho phép nguoi dung nhép mo hinh

Abstract: Visualizing a complete interior space and real estate
before construction is always a challenge and also Dynamic
Virtual Reality (VR) tools for interior design remain limited by
controller dependency and isolated workflows, particularly in
emerging markets like Vietnam. This paper introduces Gesture-
Driven Collaborative VR (GDCVR), a novel framework
leveraging Meta Quest 3’s hand-tracking and Unity’s
networking tools to enable intuitive gesture-based interaction
and real-time multi-user collaboration. By replacing controllers
with natural hand gestures (e.g., grab, rotate, toss) and enabling
simultaneous editing for up to four users, GDCVR reduces the
learning curve for non-technical stakeholders and accelerates
design iterations. A user e compared to controller-based systems
and a 22% improvement in collaboration satisfaction scores.
This work provides a blueprint for accessible, low-cost VR
solutions in interior design, addressing critical gaps in usability
and providistudy (NV=30) demonstrated a 28% faster task
completion timng an interactive virtual environment where
customers can directly experience and adjust designs in real
time. Using construction drawings and 3D models imported into
VR platforms (Meta Quest 3, Oculus Rift), stakeholders can
explore design details from multiple angles and make unlimited
adjustments on-the-fly, minimizing construction risks and
deviations from the original plan.

Keywords: Virtual reality, Gesture-driven interaction, multi-
user VR, hand tracking, low-cost VR, interior design, real
estate.

noi thit thuce, twong tic va so sanh cac phuong an thiét ké.
Phuong phap chii yéu 1a mo phong va danh gia k¥ thuat:
hé théng cho phép tuy chinh bd cuc, vat lidu, mau sic
trong khong gian do. Két qua cho thay hé thong VR giup
nguoi ding “nim bét tryc quan hinh dang cudi cing cta
ng6i nha”, nang cao su hai long cua khach hang; danh gia
cho thdy hé¢ théng hoat dong hidu qua, day nhanh quy
trinh thiét ké va giam chi phi.

Nam 2023, tic gia Zhang cong b bai bao “Research
on the application of virtual reality technology for
interactive experience in interior design.” Nghién ctru nay
4p dung mo hinh toan hoc két hop thuat toan Bayes dé mo
phong trai nghiém tuong tac trong VR (dinh vi khong
gian 40 biang ban dd toa do va pham vi quan sat), ddng
thoi dinh luong cac yéu td thiét ké noi that va the tu wu
tién ctia chung. Pham vi 1 mé phong 3D va thu thap sb
lidu hai long nguoi ding tir cac bai toan thiét ké ao. Két
qua cho thdy trong méi trudng 4o, mic do “hai long”
trung binh dbi véi ban trinh dién ché do nhin tir trén
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xudng 14 5.876 (thang 7 hodc 10) va “kha ning sir dung”
1a 22.52; ché d6 nhin dau tién (first view) lan luot 1a
4.929 va 19.50. Két qua nay cho thiy hé thong VR cung
cép phuong thirc twrong tac da dang, tang tinh thuc té va
hidu qué trong thiét ké noi thét.

Nghién ciru dén tir nhom tac gia Zhou & Xiao trong
nam 2025 médi day vai t€n goi “Research on the Design
and Application of Virtual Reality Furniture Display
Based on Experiential Marketing — Focusing on
Children's Room Furniture.” Cong trinh phan tich sy két
hop giita marketing trai nghiém (5 chiéu) va VR dé thiét
ké khong gian trung bay ndi that phong tré em. Phuong
phap: dua trén 1y thuyét marketing trai nghiém va nhu cau
nguoi tiéu dung, tao khung hién thi 3D VR cho dd dac tré
em. Pham vi: mo phong showroom ndi that tré em va
danh gia khia canh trai nghiém cta khach hang (hitu ich
cho cac nha cung cip). Két qua cho thay ung dung VR
lam “tang tinh chan thuc va kha nang tuong tac” cua viéc
trung bay dd noi that tré em, tir d6 ning cao hiéu qua ra
quyét dinh mua sim. Nghién ctru ciing d& xuit hé thong
khuyén nghi ca nhan hoé dua trén Al, hudng téi qua trinh
chuyén d6i s twong lai ctia nganh noi thét.

1.2. Céac nghién ciru trong nuéc

Céc nghién ctru tai Pai hoc Kién trac Ha Noi da dé
cap dén tiém ning ciia VR trong kién tric va thiét ké noi
that. Du vay, chua co nhidu cong trinh nghién ctru chuyén
sdu tap trung vao viéc tmg dung VR dé mo phong twong
tac trong thiét ké noi that duge cong bd rong rii.

Céc cong ty nhu VR360 cung cip giai phap VR cho
nhiéu linh vire, bao gdm thiét ké noi thét, giap khach hang
trdi nghiém khong gian 4o trudc khi quyét dinh. Tuy
nhién hau hét van 1a dung cong nghé 360 VR tuong tic
bang viéc click hodc chi nhin noi that cia minh qua dién
thoai, khong truc tiép quan sat di lai trong khong gian ao.
Céc tmg dung thyc té nhu Live Home 3D cho phép tao
mo hinh 3D va xem trén thiét bi VR, giup hinh dung
khong gian mét cach chan thyc. Ung dung nay ciing chi
xem va thay doi ndi that thong qua viée click trén panel
didu hudng.

2. Noi dung va két qué nghién ciru
2.1. Nghién ctru thiét ké ban vé k¥ thuat

s

Hinh 1: Ban vé ky thuit cin hg

Thiét ké ban v& mit bang cin ho dong vai trd nén tang
trong toan bd quy trinh mé hinh hoa khong gian ba chiéu
(3D modeling), 14 buéc tién dé mang tinh chat dinh huéng
ca vé cAu trac, cong ning va ty 1& khong gian ctia md
hinh. Qué trinh nay khong chi don thuan 13 viéc phan bd
céc khu vuc chirc nang nhu phong khach, phong ngi, bép,
phong vé sinh,... ma con doi hoi sy phan tich k§ ludng vé

dong di chuyén, 4nh sang tu nhién, sy lién két giira cac
khong gian va tinh tién nghi tdng thé cua cin ho.

Trong khuon kho nghién ciru nay, ban v& mit bang
duogc xay dung trén co s& tiép can kién trac hién dai, dam
bao sy can dbi giita cong nang sir dung va tham my khong
gian. Cac yéu t6 k¥ thuat nhu kich thudc, cao do, khoang
cach gitra cac ving chirc ning va tiéu chuin thiét ké duoc
xac dinh duya trén cac thong s thyc té, phu hop v6i nhan
tric hoc ngudi dung va diéu kién sinh hoat phd bién tai
khu do thi.

Ban vé mat b'fmg sau khi hoan thién khong chi 1a co s&
dé dung mo hinh 3D chinh x4c v& mit hinh hoc, ma con
hd trg qua trinh danh gia, md phong va tuong tac thiét ké
trong mdi truong s6. Pay la budc quan trong dam bao
tinh nhat quan gilta y tuong kién trac va hién thuc hoa mod
hinh k¥ thuat s, tao tién dé cho céac giai doan tlep theo
nhu lya chon vat li€u, anh sang, nodi that va t&i uu hoa
khong gian sdng bang cong nghé thuc té 4o (VR).

2.1.1. Xay dung model 3D

Hinh 2: Xay dung model 3D bing phin mém Blender

Qué trinh x4y dung mé hinh 3D dwoc khéi ddu bang
viéc phan tich chi tiét ban v& k¥ thuat 2D, nhim nim bt
day du céac théng sd hinh hoc, ty 18 kich thuée va bb cuc
khong gian. Dya trén ban vé nay, cac cAu kién co ban nhu
tuong, san, trin va cic bé mat kién trac chinh duge dung
hinh moét cach chinh xac, tuan thu nghi€ém ngat cac
nguyén tic ty 1& va chiéu cao theo tiéu chuan kién truc
thuc té. Viéc xac dinh chiéu cao timg khong gian chirc
nang duogc tinh toan cin trong, dam bao sy phu hop véi
cac thong s6 nhan tric hoc ciing nhu cong nang sir dung
trong moi trudng song hién dai.

Sau khi hoan thién phin khung khéng gian, nghién
ctru thiét ké noi that duoc tién hanh véi trong tim 1a mot
can ho mot phong ngu theo phong cach dwong dai. Cac
yéu t6 tham my va cong nang dugc can nhic k¥ luong de
lya chon nhitng mén dd ndi that tdi gidn nhung tinh té,
mang lai sy ti€n nghi va cam giac khéng gian mo, phu
hop véi 16i séng d6 thi hién dai. Song song do, viéc lya
chon vat li€u cling dong vai trd quan trong trong vi¢c tai
hién chan thuc khong gian séng. Céac chit liéu nhu gd, bé
tong, kinh va kim loai dugc can nhéc ky ludng ca vé mat
thi gidc 13n tinh ung dung, nhdm dat duoc su can béng
gitta hi¢u qua thi giac va do chan thuc vat ly trong moi
truong mo phong.

Cubi cung, hé théng chiéu sang (lighting) duoc thiét
ké khong chi dé dam bao phan b anh sang hop ly trong
khong gian ma con gop phan 1am ndi bat chét liéu bé mat
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va dic tinh hinh hoc ctia md hinh. Anh sang tu nhién va
nhan tao duoc phéi hop mot cach tinh té, tao ra cac tuong
phan sang - t6i hop 1y, gip mé hinh dat dugc do chan
thuc cao, hd trg hiéu qué cho qua trinh trgc quan hoa va
truyén dat y do thiét ké kién truc.

2.1.2. Baking va toi wu h6a model
v ¥y

Hinh 3: UV map va Baking map

Trong giai doan t6i wu hoa mé hinh 3D, mét quy trinh
quan trong duoc ap dung la ky thuat baking nhim chuyen
dbi dir liéu hinh hoc tir md hinh high-poly (d6 chi tiét cao)
sang dang texture map, cu thé 1a normal map. Phuong
phap nay cho phép gitr lai cac chi tiét bé mat phtre tap cua
mé hinh géc ma khong lam gia ting dang ké s luong
polygon trong md hinh low-poly. Qué trinh baking duogc
thyc hién can trong dé dam bao tinh chinh xac trong viéc
ghi lai thong tin v€ do 16i 16m, cac duong van be mit va
dic diém anh sang phan chiéu — nhimg yéu t6 vén duoc
thé hién bang hinh hoc thyc trong mé hinh high-poly.

Két qua thu dugc 1 mot mé hinh low-poly da dugc tbi
wu hoa, c6 kha ning hién thi hidu qua trong méi trudng
thoi gian thyc (real-time) nhu game engine hodc trinh
xem 3D ma van giit dugc muc d6 truc quan cao. Qua
trinh nay dong vai tro then chét trong viéc giam thiéu
dung luong tép, tiét kiém tai nguyén xir 1y va ning cao
hiéu suét hién thi ma khong lam suy giam dang ké tinh
chan thyc vé mit thi giac. Pay 1a budc khong thé thiéu
trong chu trinh san xut noi dung 3D hién dai, déc biét khi
moé hinh duogc trién khai trén cic nén tang yéu cau hiéu
ning cao hodc tuong thich da thiét bi.

2.2. Qua trinh import model va xiay dung chirc
nang trong Unity

2.2.1. Import model (glb file)

File GLB 1a mot dinh dang file 3D nhi phan thudc
chuén gITF (GL Transmission Format), dugc st dung dé
Iuu trir cac mo hinh 3D clng véi théng tin vé hinh hoc,
vat liéu, textures, animations va cac thanh ph?m khac.
Unity, mdt cong cu phét trién game va tng dung 3D phd
bién, hd trg import file GLB mét cach d& dang, gitp
nhanh chéng tich hop cdc mo hinh 3D vao du an.

Sau khi nhan dugc file .glb tir phan mém 3D dé import
file .glb, chung ta can sir dung mot package bén ngoai dé
Unity c6 thé hién thi mo hinh .glb. Unity chi h tro .fbx
file nén ching ta cAn mot phin mém tht 3 d& model dugc
import mdt cach hop ly. Duédi day la package ngoai duoc
sir dung dé c6 thé giup Unity nhan dwoc .glb file:

v0.129.0

Hinh 4: Thu vién ngoai hd trg glb

2.2.2. Phat trién collider cho vét thé trong game
(Collider system):

Unity cung cip nhiéu loai collider khac nhau, mdi loai
phii hop voi cac hinh dang va tinh hubng cu thé. Box
Collider 1a mét trong nhitng loai phé bién nhét, duoc sur
dung cho cac ddi tugng c6 hinh dang hop hodc hinh chir
nhat, chéng han nhu tudng, san nha, hodc cac vat thé hinh
khéi. Sphere Collider 1y tuéng cho cic dbi twong hinh
cﬁu, nhu bong hodc d4u cua nhan vat. Capsule Collider
thuong dugc sir dung cho cac nhan vat hoac dbi tugng cé
hinh dang tru tron, chéng han nhu than cta nhén vat trong
VR. Cudi cing, Mesh Collider cho phép collider phi hop
chinh xac véi hinh dang cia mét ludi 3D phuc tap, nhung
no tén nhidu tai nguyén hon va thuong duge sir dung cho
cac dbi tuong tinh hodc c6 hinh dang dic biét ma cac
collider don gian khong thé biéu dién chinh xac. Dé
collider hoat dong trong hé théng vat 1y ciia Unity, chung
thuong dugc két hop v6i thanh phan Rigidbody.
Rigidbody cho phép cac ddi tugng phan tng véi cac luc
vat Iy nhu trong lyc, va cham, va chuyén dong. Trong
VR, viéc cAu hinh Rigidbody va collider mt cach chinh
xac 14 rit quan trong dé dam bao ring cac ddi trong phan
ung tu nhién khi ngudi dung twong tac vdi chung. Vi du,
mot ddi twong cé Rigidbody va collider s& roi xudng dat
va va cham véi cac dbi twong khac, trong khi mét ddi
tuong khong c6 Rigidbody s€ khdng bi a&nh hudng boi vat
Iy va c6 thé duoc sir dung cho cac dbi twong tinh nhu
tuong hodc san nha.

2.2.3. Xay dung giao dién ngwoi dung (UI) trong
moi trwong VR véi Unity

Giao dién nguoi dung (UI) trong moi trudng thyc té
40 (VR) doi héi mot cach tiép can khac biét so voi Ul trén
man hinh 2D truyén théng. Ul trong VR can dam béo tinh
tryc quan, dé doc, thoai mai khi twong tac va khong pha
vO cam gidc (immersion) cia nguoi dung. Trong dy an
ndy, nhom da sir dung hé théng UI cta Unity két hop véi
XR Interaction Toolkit dé xay dung cac thanh phan giao
dién cho phép ngudi ding didu khién tmg dung va tiy
chinh khong gian ndi thét.
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Hinh 5: Xay dung UI cho phin mém
a. Nguyén tdic thiét ké UI cho VR
Viée thiét ké UI cho VR tudn thu cac nguyén tic ct
161 sau:

Khong gian thé giéi (World Space): Thay vi gin
chit vao man hinh camera (Screen Space), tit ca cac Ul
trong VR duogc thiét ké dudi dang World Space Canvas.
Diéu nay c6 nghia 1a cic thanh phan UI ton tai nhu nhing
d6i tugng 3D trong mdi trudng 4o, cho phép nguodi ding
tuwong tac vai ching mot cach tu nhién hon.

Khoang cach va kich thwée: Ul dugc dat ¢ khoang
cach tbi vu (thuong tir 1 dén 5 mét) so v6i tam nhin cua
nguoi ding dé tranh moi mét va dam bao dé doc. Kich
thudc cta vin ban va cic nit bam ciing dugc tinh toén
can than dé c6 thé nhin 13 trong mdi trudng VR.

Twong phan va dd ré nét: Sir dung mau sic co do
turong phan cao va font chir dé doc dé dam bao thong tin
trén UI hién thi 13 rang, ngay ca trén céc thiét bi VR c¢6 do
phan giai khac nhau.

Twong tac truc quan: Tan dung cac phuong thic
tuong tac tu nhién cia VR nhu tro bang bo diéu khién
(controller raycast) hodc ctr chi tay (hand tracking) dé
tuong tac vdi cac nit bém, thanh truot, va menu.

Phan héi (Feedback): Cung cap phan hoi 16 rang cho
mdi tuong tac UI (vi du: nat d6i mau khi dugc tro t6i, 4m
thanh khi nhan, hodc rung nhe trén bo diéu khién) dé
ngudi dung biét hanh dong cua ho da dugc ghi nhan.

Giam thiéu sw kho chiu (Motion Sickness): Tranh
dat UI qua gan mit nguoi ding hodc bt nguoi ding phai
xoay dau lién tuc dé tuong tac, didu nay co thé gay kho
chiu hoac say VR.

b. Trién khai UI véi Unity Canvas va XR Interaction
Toolkit

World Space Canvas: Nhom d3 sir dung thanh phan
Canvas cta Unity, thiét 1ap & ché d6 "World Space". Cac
Canvas nay duogc dat cb dinh tai mot $6 vi tri chién luoc
trong khong gian 4o hodc duoc gin vao mot dbi tuong
theo doi tay/bd diéu khién cia nguoi dung dé truy cép
nhanh.

Vi du: Mot menu chinh c6 thé dugc dat cd dinh trén
tuong do, trong khi mot bang chon vat liéu co thé xuét
hién gin tay ngudi ding khi ho thuc hién mot ctr chi nhat
dinh.

XR Interaction Toolkit cho UI:
XRUIInputModule: Piy 1 module dau vao duoc

cung cip boi XR Interaction Toolkit, thay thé cho
Standalone Input Module truyén thong. N6 cho phép cac
tuong tac tir bo diéu khién XR (nhw tr6 va nhan nat) duoc
truyeén dén hé¢ thong Event System ctia Unity d¢ kich hoat
cac su kién trén UL

TrackedDeviceGraphicRaycaster: Thanh phan nay
dugc thém vao World Space Canvas, cho phép cac "tia"
(rays) ban ra tir bd diéu khién hodc tay nguoi dung c6 thé
phat hién va tuong tac véi céc thanh phan do hoa Ul (nhu
Button, Slider, Toggle).

XR Interactor Line Visual: Dé nguoi ding biét ho
dang tr6 vao dau, mdt duong laser tryc quan (Line
Renderer) dugc gan vao b dieéu khién, hién thi dudong di
cua tia tuong tac.

Thiét ké cac thanh phin UI cu thé:

Menu lya chon: Xay dung cac menu dé nguoi dung
chon c:eic danh muc~d6 ndi that (vi du: be‘u}, ghe, sofa),
thay do6i vat li€u (go, vai, kim loai), mau sac, hodc truy
cap cac chitc nang nhu luu/tai thiét ké. Cac menu nay
thuong st dung cac nut bam (Button) va danh sach cudn
(Scroll Rect) dugc to1i wvu hoa cho VR.

_ Béng thong tin (Info Panels): Hién thi thong tin chi
tiet vé mdt doi tugng ndi that dugce chon (vi du: tén, kich
thudc, mo ta).

Thanh trugt (Sliders) va Nut gat (Toggles): Dugc
st dung dé di€u chinh cac thudc tinh nhu kich thudc do6i
tuong, cuong do anh sang cua dén, hodc bat/tat cac tuy
chon hién thi.

c¢. Twong tac voi Ul théng qua cw chi tay (Hand
Tracking)

Bén canh twong tac biang bd diéq khién, nhém ciing
tich hop kha nang tuong tac voi Ul bang ctr chi tay thong
qua Meta Interaction SDK.

Hinh 6: Hand Tracking

Gesture-based UI Interaction: Cic ct chi nhu
"chum ngon tay" (pinch) dwoc sir dung dé mé phong hanh
dong nhan nut trén UL Nguoi ding hudng ban tay vé phia
mot nat bAm 4o va thuc hién cur chi chum ngon tay dé
kich hoat no.

Hand Pointers: Mot con trd ao hodc mot diém nhin
trre quan duge gin vao khép ngén tré ciia mé hinh ban
tay 40 dé nguoi dung d& dang xac dinh diém ho dang
tuong tac trén UL

Thach thire va giai phap: Tuong tic bang tay doi hoi
su chinh x4c cao hon va cé thé gip khé khin véi cac
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thanh phin UI nhé. Do do, kich thuéc cac nit bam va
khoang cach gitra ching dugc thiét ké 1o6n hon mot chit
khi uu tién twong tac bang tay. Phan hoi tryc quan va am
thanh duoc nhan maph de bu dap cho su thicu vang phan
hoi xtc giac tir bd dicu khién.

d. Téi wu héa UI cho hiéu ndng trong VR

Gidm thiéu Draw Calls: Céc thanh phan UI dwoc
nhom lai trong it Canvas nhat c6 thé. St dung Sprite Atlas
de gop cac hinh anh nhd cua Ul thanh moét texture 16m,
giup giam so lugng Draw Calls.

Tranh cac hi€u ing phirc tap: Han ché sir dung cac
hiéu Ung d6 bong dong, hiéu ing md (blur), hoac cac
shader phuc tap trén Ul vi ching c6 thé anh huong dén
hiéu nang trong VR.

Cap nhit c6 diéu kién: Chi cip nhét cac thanh phan
UI khi thyc su can thi€t, thay vi cdp nhat moi frame.

Hinh 7: Téi wu UI
2.3. Phat trién tng dung

Céc tinh ning twong tac chinh di dugc phat trién bao
gom:

Di chuyén va Quan sat: Cho phép ngudi dung tu do
di chuyén trong khéng gian 4o, quan sat cac goc nhin
khac nhau cua can phong va néi that bén trong. Diéu nay
mang lai trai nghiém tryc quan, song dong nhu dang thyc
su co mit trong khong gian thiét ké.

Twong tac véi vat thé ndi that: Nguoi ding c6 thé
twong tac v6i cac dd vat ndi that phd bién nhu ban, ghé,
ké sach, sofa, dén trang tri. Kha nang nay cho phép nguoi
dung di chuyen xoay, thay do1 kich thuéc cac vat the dé
sap xép lai b6 cuc theo y mubn.

Thay débi vat li€éu va mau sac Ung dung hd tro nguoi
dung thay dbi vat liéu va mau séc cia timg vat dung ndi
thit hodc cac bé mit kién trac (tuong, san) ngay trong
mdi truong VR. Tinh nang nay gitp nguoi dung dé dang
thir nghiém cac phuong an thiét ké khac nhau va xem su
khac biét truc tiép.

Twong tic bing cir chi tay (Hand Tracking): Hé
thdng tan dung tinh ning theo ddi ctr chi tay thong qua
Meta Interaction SDK, cho phép nguoi dung tuong tac
truc tiép v6i khong gian 40 ma khong can bd didu khién
vat ly. Cac cu chi nhu kep tay (pinch) va nam bit (grab)
dugc sir dung dé thao tac v6i vat thé.

24. Cac Ky thuit két xuét (Rendering) va tdi wu
hoa do hoa nang cao cho moi trwong VR noi that

2.4.1. Téi wu héa quy trinh lam viée véi Vit liéu
dua trén vt ly (Physically Based Rendering - PBR)

PBR 14 nén tang dé tai hién vat liéu mot cach chan
thyc. Nhom di chudn hoa quy trinh PBR véi cac thudt
toan va cong cu sau:

Chuén héa Texture Maps: Tét ca cac vat liéu déu st
dung bd texture maps tiéu chuan bao gdm Albedo (mau
co ban), Metallic (kim loai), Smoothness (hodc
Roughness), Normal (chi tiét bé mit), va Ambient
Occlusion (m6 phong béng dd & cac khe, k& ho). Viée nay
dam bao tinh nhét quan va d& dang quan ly vat li¢u.

Sir dung Shader Graph cia Unity: D¢ tao ra cac vét
liéu PBR tuy chinh va t6i wu, Shader Graph dugce s dung
dé xay dung cac shader mot cach truc quan. Piéu nay cho
phép tinh chinh cac thudc tinh vat li¢u nang cao nhu hiéu
ung trong sudt (transparency) cho kinh, hiéu ung phat
séng (emission) cho dén, hay céc hiéu ting bé mit phuc
tap (vi du: vai c6 van, gb sin) ma khong can viét ma
shader phirc tap. Cac shader duoc t6i wu hoa dé giam sé
lugng 1€nh thyc thi trén GPU.

Texture Compression va Mipmapping: Tit ca cac
texture dugc nén béng cac dinh dang tdi wu cho GPU (vi
du: ASTC cho thiét bi di dong/VR) dé giam dung luong
bo nh¢ va bang thong. Mipmapping dugc kich hoat cho
hau hét cac texture dé cai thién hiéu ning két xuat va
giam hién tugng ring cua (aliasing) khi vat thé & xa.

2.4.2. Ky thuit chiéu sang (Lighting) ning cao va
ti wu héa

Chiéu sang dong vai tro quyét dinh dén d6 chan thuc
ctia khong gian noi tht.

Baked Global Illumination (GI): pé dat duoc hiéu
mg chiéu sang gian tiép (indirect lighting) chit lugng cao
ma khong tén nhidu tai nguyén xtr 1y thoi gian thue, nhom
da str dung giai phap Baked GI cua Unity. Anh sang tir
cac nguén sang (vi du: mat troi, dén) dugce "bake" (nung)
vao lightmaps, 1a cac texture luu trit thong tin chiéu sang
cho céc bé mit tinh trong canh. Diéu nay gitip moé phong
su lan téa anh sing va cac bong d6 mém mai mot cach
hiéu qua.

Thuit toan Lightmapping: Unity st dung cac thuat
toan tién bo (Progressive Lightmapper) dé tinh toan
lightmaps. Nhom da tinh chinh cac thong s6 nhu d6 phan
giai lightmap, sO luong samples, va cac thiét lap filtering
dé can bang giita chat lugng va thoi gian bake ciing nhu
dung lugng lightmap.

Light Probes va Reflection Probes:

Light Probes: béi véi cac ddi tugng dong (vi du:
ngudi dung, dd vat co thé di chuyén) khong thé nhan 4anh
sang tr lightmaps tinh, Light Probes duoc st dung.
Chung tao ra mot ludi cac diém ldy mAu 4nh sang trong
khong gian, cho phép céc d01 tugng dong nhan duoc
thong tin chiéu sang gian tiép hoa hop véi méi trudng
xung quanh.

Reflection Probes: Dé tai hién phan xa trén céc bé
mat bong (vi du: kinh, kim loai, san nha danh bdng),
Reflection Probes duoc dit trong canh. Mdi probe chup
lai mét hinh dnh cubemap ctia moéi trudng xung quanh va
4p dung no 1én cac vat liéu c6 tinh phan chiéu, ting cudng
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dang k& d6 chan thyc. Nhém di st dung két hop
Reflection Probes tinh (baked) va dong (real-time) &
nhiing khu vuc can thiét.

T6i wu héa ngudn sang: SO lugng ngudn sang thoi
gian thuc (real-time lights) dugc han ché toi da do chung
rat ton kém vé hiéu nang. Uu tién sir dung cic ngudn sang
baked va chi dung real-time lights cho cac hi¢u tng dac
biét hodc cac ngudn sang dong quan trong.

2.4.3. Cac thuit toan va ky thuat tdi wu héa do hoa
cho VR

DPam bao tdc d6 khung hinh (vi du: 72fps hodc 90fps
trén Meta Quest) 1a yéu cau bét budc cho trai nghiém VR
thoai mai.

Occlusion Culling: Ky thuat nay gitp loai bo viéc két
xudt cac dbi tugng khong thé nhin thdy duoc béi camera
ctia nguoi ding (vi du: cac vat thé bi che khuét boi tuong
hodc cac vat thé 16n khac). Unity cung cdp hé théng
Occlusion Culling dua trén Portal hodc Umbra (tuy phién
ban va cau hinh). Nhom di thiét 1ap cac Occlusion Areas
va Occlusion Portals mot cach can than dé t6i da hoa hiéu
qua cua k¥ thudt nay, dac bi¢t trong cac khong gian ndi
that co nhiéu phong va vach ngan.

Dynamic Level of Detail (LOD): Dbi véi cac mo
hinh 3D phic tap, k¥ thuat LOD duoc ap dung. Mbi vat
thé s& co nhiéu phién ban véi muc do chi tiét khac nhau
(vi du: High-poly, Medium-poly, Low-poly). Dua trén
khoang cach tir ngudi ding dén vat thé, hé thong s€ tu
dong chuyén doi giita cac phién ban nay, két xuét phién
ban chi tiét cao khi & gan va phién ban chi tiét thip khi &
Xa, gitip giam tai dang ké cho GPU.

Batching: Dé giam sé luong Draw Calls (Iénh yéu
cdu GPU v& ddi tuong), hai k¥ thuét batching chinh duoc
Unity hd trg va nhém da tan dung:

Static Batching: Cac dbi tugng tinh dung chung vét
liéu s€ duoc Két hop thanh mét mesh 16n hon truéc khi
gtri dén GPU, giam dang ké sé Draw Calls.

Dynamic Batching: Ddi véi cac ddi tugng dong nho
ding chung vat liéu, Unity ty dong nhom ching lai dé vé
trong mt Draw Call.

Single Pass Instanced Rendering (hoic Multiview
Rendering): Pay 1a ky thuat két xuat dic thu cho VR.
Thay vi két xuét canh hai 1an riéng biét cho mdi mat, ky
thuat nay cho phép két xuit canh mot 1an nhung véi hai
viewport khac nhau (cho mét trai va méat phai) hodc sir
dung instancing dé giam tai cong viéc ciia CPU va GPU,
cai thién hiéu ning dang k& URP cua Unity hd trg cic
ché do nay.

Fixed Foveated Rendering (FFR) (néu dugc hé tro
béi thiét bi va SDK): Mot s6 thiét bi VR nhu Meta Quest
hd trg FFR, k§ thuat nay két xuat hinh anh ¢ trung tim
tam nhin ciia nguoi ding (noi mat tap trung) véi do phan
giai cao nhit va giam dan do phan giai & ving ngoai vi.
biéu nay tan dung dic diém sinh hoc cua mit nguodi dé
giam tai GPU ma khéng lam giam dang ké chit luong
cam nhan. Nhom da kiém tra va kich hoat tinh ning nay
néu c6 thé dé tdi wu hoa hidu ning trén thiét b dich.

2.4.4. Phan tich va g& 156i hiéu ning (Performance
Profiling and Debugging)

Nhom da thuong xuyén st dung cac cong cu phéan tich
hiéu nang tich hop trong Unity (Unity Profiler) va cac
cong cu dic thi coa nén tang VR (vi du: Oculus
Performance Analyzer) dé:

Xac dinh cac diém nghén cb chai (bottlenecks) trong
CPU (vi du: qua nhiéu 1énh kich ban, vét 1y phic tap)
hoic GPU (vi du: shader qua ning, fill-rate cao, nhiéu
Draw Calls).

Theo ddi viée st dung bd nhd (memory usage) dé
tranh tran bd nho.

Phén tich thoi gian két xut cua ting frame va céac
thanh phan trong d6. Dya trén két qua phan tich, cac thuat
toan va thiét 1ap da duoc tinh chinh lién tuc dé dat duoc
muc tiéu hiéu nang deé ra.

2.5. Két qua nghién ciru

Trong qua trinh trién khai d& tai, nhom da thuc hién
cac budc mo hinh hoa khong gian ndi that co ban va xay
dung dugc mot nguyén mau ing dung VR co6 thé tuong
tac. Cu thé:

Tao dugc mot khong gian phong mau véi cac vat dung
ndi that pho bién nhu ban, ghé, ké sach, sofa, dén trang
tri...

Cho phép ngudi dung thay ddi vat lidu, mau sic va vi
tri sdp xEp cua tung vat dung.

Ung dung chay 6n dinh trén Oculus Quest 3, phan hdi
tuong tdc muot ma.

Khéo sat 30 ngudi ding thir nghiém, c6 dén 85%
nguoi dung cho rang ung dung giup ho d€ hinh dung va
dua ra quyét dinh thiét k& nhanh hon.

Nhimng két qua nay cho thy tiém ning ap dung thuc té
ctua cong nghé¢ VR trong thiét ké ndi that, dong thoi mo
duong cho viéc néng cap san pham thanh mét cong cu
thuong mai hodc gido duc chuyén dung.

3. Kétluin

Trong nghién ctru nay, chiung t6i gidi thiu tng dung
c6 tén VNEST d¢€ dua ra giai phap thict ké ndi the trén mo
hinh VR gitp ngudi st dung cé cai nhin tryc quan nhat vé
ndi that ctia ng6i nha ctia minh trudce khi dua vao thyc thi.
Nhitng phat trién cac tinh nang cua chung toi da cai thién
dugc dang ke thoi gian thiet ke, giam thiéu rdi ro va chi
phi sai s6t nho kha nang xem trudc khong gian mét cach
thuc te, nguoi st dung c6 the dua ra quyét dinh chinh xac
hon vé phong cach , gidm thi€u viéc phai thay doi lai sau
khi quyét dinh. Trong tuong lai, chung t6i s€ tich hop VR
voi tri tu¢ nhan tao (AI) va gitt liéu thyc té (real-time
data) giup ty dong hoa cac d¢ xuat thiet ke, vat liéu hoac
bo tri ndi that dua trén sd thich nguodi dung va di€u kién
thuc t€. Huong dén thiét ké thong minh tu van hanh dya
trén yéu cau cua ngudi dung.

3.1. Nhitng han ché ciia ing dung

He¢ théng VR trong thiét ké ngi that mac du mang lai
nhiéu loi ich, nhung cing gap phai mot so han ché déng
ké. Chi phi dau tu ban dau cao, vi yéu cau cac thiét bi
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chuyén dung nhu kinh VR, may tinh manh va phan mém
hd tro, diéu nay co thé tao kho khan cho doanh nghiép
nhd hodc ca nhan. Viéc sit dung VR cling doi hoi ngudi
dung c6 kién thirc cong nghé co ban, diéu nay c6 thé gy
kho khan cho nhiing ngudi it quen véi cong nghé¢. Ngoai
ra, d¢ chinh xac cia mdé phong VR van con gidi han, dac
biét 1a trong viéc tai hién chét liéu, anh sang va cam giac
thue té. Trai nghiém VR phu thudc vao chat luong thiét
bi, néu khong di manh, s& anh huong dén tinh chan thyc
clia md hinh. Thém vao d6, VR chwa phd bién rong rai,
khién viéc tiép can cua ngudi dung gdp nhiéu rao can.
Cubi cung, viéc tich hop thiét ké VR vao quy trinh thi
cong thuc té van con phuc tap, véi sy thiéu déng bd giira
mo hinh 4o va ban v€& k¥ thuat.

3.2. Huéng phat trién

Trong tuong lai ,chung toi s& tiép tuc phat trién hé
théng VR thanh mot cong cu giai quyét cac van dé trong
giai phap thiét ké ngi that. Giup cac nha budén ban bat

dong san cho khach hang cé cai nhin tryc quan sdu sic
nhét vé& cac can ho noi thAt ma minh muén s hiru.

Mt trong nhimng wu tién chii trong nhat cta ching toi
1a tich hop VR véi tri tué nhan tao(Al) va giit liéu thuc
té(real-time data) gitp tw dong hoa cac dé xuat thiét ké,
vat liéu hodc bd tri ndi thit dya trén so thich nguoi dung
va didu kién thuc t&.Hudng dén thiét ké thong minh tu
van hanh dwa trén mot vai yéu cu cua ngudi ding(
phong céch, chirc ndng, ngan sach), hé théng AI-VR sé€ tu
dong tao ra mot khong gian noi that hoan chinh, nguoi
ding chi can budc vao va trai nghiém bang kinh VR dé
lwa chon phuong 4n téi nhét.

Cubi cing, chung t6i s& nghién ctru phat trién nén tang
VR twong thich da thiét bi, d& dang gitip nguoi dung tiép
can, chay dugc trén cac thiét bi phd thong. Két noi lién
mach giita mé hinh VR va ban v& thi cong thyc té giup
ddng bo thiét k& a0 va qua trinh trién khai bén ngoai.
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