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triic va dua ra giai phap tich hgp Al vao quy trinh thiét ke kién trtic dé nang cao hi¢u

qua thiét ké. Bai bio nghién clru tong quan tai liéu nham xéac dinh cac xu hudng,

mo hinh, cdng nghé Al dang dugc su dung trong thiét ké kién truc, tir d6 xac dinh Tir khoa

co s& 1y thuyét va thyc tidn dé tdi uvu hoa quy trinh thiét ké kién tréc khi tich hop
Al. Nghién ciru dé xuat cong cu Al sir dung trong qua trinh thiét ké kién trac gdm
3 giai doan: y tudng, phat trién, kiém tra va hoan thién thiét ké. Quy trinh thiét ké
kién tréic tich hop Al gitp nguoi thiét ké kién trac ting tbe do va hiéu qua thiét ké,
giam sai sot, toi uu hoa hiéu suit cong trinh, nng cao tinh sang tao va ca nhan hoa
trong thiét ké kién truc.
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1. Pat vén dé

Trong bi canh cach mang tri tué nhan tao (AI) dang tac
dong sau rong dén moi linh vyc, nganh kién trac cling
dang ding trude thach thic va co hoi 16n trong viée sur
dung cac cong nghé tién tién dé d6i mai quy trinh thiét
ké kién trac. Trong nhitng nim gan day, AI da c6 nhiing
bude tién vuot bac va duge ung dung rong rdi trong
nhiéu linh vuc, trong d6 ¢6 linh vuc kién triic. Cac cong
nghé Al méi dang dinh hinh lai cach thirc thiét ké ciing
nhu phat trién va téi vu hoa hidu suat cong trinh [1] .
Tuy nhién, viéc sit dung Al mdt cach hi€u qua vao quy
trinh thiét ké kién triic van con gip nhiéu thach thuc.
Nhirng kho khin chi yéu 14 viée tich hop Al vao quy
trinh thiét ké kién trac khong chi don thuan 1a 4p dung
mot cong nghé madi, ma con dit ra cau hoi vé vai tro ciia
ngudi kién trac su, tinh sang tao trong thiét ké va su thay
d6i trong phurong phép luan truyén thong. Trong khi mot
s phan mém va cong cu Al dd duogc trién khai thu
nghiém trong thuc hanh nhu sir dung thuét toan tao hinh,
phan tich dit liéu khi hau, hay goi ¥ bd cuc mit bang [2].
Cac cong nghé nay di duoc str dung tuy nhién van con
thiéu nhitng nghién ctru c6 hé théng vé tich hop Al voi
quy trinh thiét ké dé thich hop va duy tri quyén tu chu
sang tao cua kién tric su trong qua trinh thiét ké kién
truc.
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Bai bao nghién ciu nham xéc dinh 16 tiém nang, vai tro
va gi6i han cia Al trong thiét ké kién triic. Pong thoi,
dé xuit cac mo hinh tich hop AI phu hop vdi timg giai
doan cua quy trinh thiét ké, nhim nang cao hiéu qua
thiét ké, t6i uru hod toc d6 va chét luong san pham, dong
thoi van giit duoc tinh chil dong va sang tao clia ngudi
kién tréic su.

2. Co s6' 1y thuyét

2.1. Khai niém va phéan loai Al

Al la kha nang cua may tinh mo6 phong chirc ning nhan
thirc cia con nguoi, nhu hoc tir kinh nghiém, tu duy, va
ra quyét dinh. Al ¢6 kha niang dién giai dit liéu bén ngoai
mdt cach chinh xac, hoc hdi tur dir ligu do6 va st dung
nhitng kién thirc d6 dé dat dugc cac muc tiéu va nhiém vu
cu thé théng qua kha ning thich tng linh hoat cta hé
théng. Muc tiéu tong quat cua Al 14 tao ra cac hé théng
duoc trang bi tri thong minh, phan 4nh kha nang hoc tap
va hiéu biét gidng con nguoi. Cac hé thong Al cung cap
cac dich vu da dang, linh hoat, phuc vu nhiéu linh vuc
khac nhau nhu gido duc, huéng dan, twong tic....[3]. Al
phan loai theo phuong phép tiép can giai quyét van dé
gdm cac loai sau [4]:

- Thuat toan di truyén (Genetic Algorithms): 12 mot
phuong phap tim kiém va t&i wu hoa, mé phong lai qua
trinh chon loc tu nhién, cach sinh vat thich nghi vi moi
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truong. Dung dé tim giai phap t6i uu trong thiét ké nhu
bb tri khong gian, toi wru hinh khdi, lya chon vat liéu.

- Biéu dién tri thirc (Knowledge Representation): 1a cach
mod hinh hoéa va luu trir tri thirc (knowledge) ctia con
ngudi & may tinh c6 thé hiéu, suy lun, va dua ra quyét
dinh. Viéc lya chon cach biéu dién tri thirc (bang logic,
mang ngit nghia, d6 thi, ...) anh huong dén kha ning giai
quyét van dé. Cac giai phap biéu dién tri thirc bao gom:
+ Céc giai phap dua trén logic (Logic-Based Al): hiéu
ngon ngit, phan tich hinh anh va ra quyét dinh theo diéu
kién

+ Mang ngit nghia (Semantic Networks): dang biéu dién
kién thtrc dang d6 thi 1a cac khai niém 1a nut, lién két,
quan h¢. Mang nglr nghia hiru ich trong viéc xay dung hé
théng phan tich ngdn ngit kién trac, so dd chirc ning
khong gian, v.v.

- Hé chuyén gia (Expert Systems): dugc thiét ké dé giai
quyét cac vin dé phuc tap bang cach md phong kha ning
ra quyét dinh cia mot chuyén gia trong mét linh vuc cu
thé. Hé théng md phong cach chuyén gia con ngudi ra
quyét dinh, dya trén kho tri thirc va cong cu suy luan. Linh
vuc ing dung bao gdm: kiém tra tudn thu quy chuan, danh
gi4 kha ning thi cong va tu van lya chon vt liéu

- Mang no-ron nhan tao (Artificial Neural Networks): mo
phong ndo nguoi, gitp nhan dién mau phire tap nhu hinh
dang kién tric, xu huéng khi hau, 4nh sang, v.v. Ung
dung trong phan tich thi giac, nhén dién anh cong trinh,...
- Xir ly ngon ngit tu nhién NLP tdp trung vao viéc cho
phép may moéc hiéu va twong tac v6i ngdn ngit cua con
nguoi. N6 dugce sir dung trong cac chatbot, dich ngdn ngi
va hé thong nhan dang giong noi. Trong kién trac c6 thé
doc va phan tich vin ban quy hoach, nhu cau ngudi ding,
phan hoi khao st,...

- Hoc tang cuong (Reinforcement Learning): hoc may
bang cach thir — sai — dugc thuong. Ung dung trong thiét
ké tuan tu, 14p k& hoach thi céng, quan 1y van hanh toa
nha théng minh.

2.2. Cac giai doan ciia quy trinh thiét ké kién tric
Qua trinh thiét ké kién trlc trai qua nhiéu giai doan khéc
nhau gidp cac kién tric su phat trién y tuong, gidi quyét
van d& va dua ra giai phap t6i wu cho khong gian séng,
cong trinh hodc d thi. Qua trinh nay gitp nguoi thiét ké
tao ra phuong an c6 gia tri tham my, cong nang va bén
virng. CAc giai doan cuia qua trinh thiét ké kién tric phd
bién tir giai doan bit dau dén thiét ké ky thuat thong
thuong trong Bang 1 [5]:

Bang 1. Qua trinh thiét ké kién trac tir giai doan bét
dau dén thiét ké k¥ thuat

Giai doan 1.
Hinh thanh y
tuong  thiét
ké: Al hd trg
tao hinh hoc,
phat trién
concept.

- Thu thap va phan tich dir liéu:

+ Nghién ciru nhu cau ctia nguoi sir
dung, chu dau tu va cac quy dinh
phép ly.

+ Phan tich bbi canh: vi tri xdy
dung, moi truong xung quanh, khi
hau, vian héa va cac yéu td anh
hudng khéc.

+ Thu thap dix liéu vé& vat liéu, cong
nghé, xu hudng thiét ké, cac quy
dinh xay dung, k¥ thuat, va ngan
sach.

+ Xac dinh muc tiéu, yéu cau cua
du an

- Phéc thao ¥ tuong thiét ké:

+ Xac dinh xu hudng thiét ké: hién
dai, b dién, toi gian, bén viing...
+ Phac thao y tuong so bd dua trén
théng tin thu thap.

+ Tu duy sang tao dé phat trién cac
phuong an.

+ Xac dinh nhimng yéu t6 chinh:
hinh khéi, khong gian, cong ning,
két cAu va vat liéu

Giai doan 2.
Phat trién thiét
ké: Al t6i uwu
hoa khéng
gian, anh sang,
thong gié.

- Thiét ké co s&:

+ Phac thiao mat bang, miat dimg,
mit cit ctia cong trinh.

+ Phan tich hinh thirc, khdng gian,
moi trudong, giao thdng va hiéu qua
st dung. Xay dyng md hinh 3D so
bd dé kiém tra ty 18, khdi luong va
bd cuc.

+ Panh gia phuong an thiét ké dé
tiép tuc tbi uu.

- Phét trién thiét ké k¥ thuat:

+ Hoan thién chi tiét vé ciu trdc, vat
liéu, k¥ thuét xay dung.

+ Xéc dinh hé théng chiéu sang,
thong gid, cép thoat nudc, noi
that, ...

+ M6 phong va kiém tra hiéu suét
khong gian biang phan mém thiét ké
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+ Diéu chinh thiét ké theo phan hoi
tu khach hang hodc chuyén gia

Giai doan 3. | - Kiém tra tinh kha thi

Kiém tra va | + Kiém tra tinh kha thi cua thiét ké
hoan thién: Al | vé mat ky thuat va kinh té.

ty dong phét | + Phén tich kha ning bén viing, tac
hién 16i, toi wu | dong moi trudong va hidu suat sir
hoa vat liéu. dung.

- Hoan thién hd so thiét ké

+ Hoan tat ban vé& k¥ thuat va ho so
thiét ké.

+ Phdi hop v6i ki su, nha thau va
cac bén lién quan dé trién khai xay
dung.

+ Giam sat thi cong, diéu chinh
thiét ké thuc té khi can thiét.

+ Panh gia chat lugng cong trinh
sau khi hoan thanh

3. Phuong phap nghién ciu

Bai bao tién hanh nghién ctru cac khai niém phan loai Al
quy trinh thiét ké kién tric nham xac dinh cic co hoi cu
thé dé tich hop hiéu qua cac ky thuat tri tué nhan tao.

Phuong phap nghién ciru bao gom bdn budce chinh nhu
Sau:

- Giai doan dau tién hanh nghién ctru cac ky thuét Al,
phan tich cac chirc nang va kha nang xur Iy cong viéc trong
thiét ké kién trac. Phén tich ¢6 hé thong quy trinh thiét ké
kién trac dudi kha ning sir dung ciia Al chia thanh cac
pha chinh tir hinh thanh y tuéng dén t6i vu hoa phuong
an. Pbi véi timg giai doan, nghién ctru xac dinh dic diém
cong viéc, loai hinh dir liéu dugc x1r Iy (nhu hinh anh, van
ban, thong s6 k¥ thuét) va két qua dau ra ky vong.

- Dua trén két qua phén tich & budc trude, nghién ciru
tién hanh d6i chiéu dic diém cua timg cong doan thiét ké
nhu tao hinh anh, bd tri khong gian, du doan hiéu suét,
hodc Iya chon gidi phap tdi wu voi cac ky thuat Al phu
hop. Viéc lya chon dya trén kha ning cua tung k¥ thuat
trong viéc hd trg cac muc tiéu cu thé cua thiét ké.

- O budc tiép theo, nghién ctru dé xuat cac k¥ thuat va
phﬁn mém Al cu thé co thé ap dung trong thuc tién, dua
trén mdi lién hé giita ky thuat Al va timg loai nhiém vy
thiét ké. Tiéu chi lya chon bao gdm: mirc do phd bién va
6n dinh cua cong cu, kha nang tiép can cua kién trtc su,
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cling nhu mirc do kiém soat dwoc dau vao — dau ra trong
qué trinh thiét ké. Muc tiéu 1 dua ra nhitng khuyén nghi
mang tinh kha thi va phui hop véi diéu kién hanh nghé
hién tai.
- Cudi cuing, nghién ctru tién hanh phan tich mét sb du an
trong d6 cac cong cu Al dugc 4p dung vao nhitng quy
trinh thiét ké dién hinh & cac giai doan khac nhau. Két qua
danh gia dong vai tro xac thuc tinh kha thi va hiéu qua
ung dung ctia mo hinh tich hop AL
4. Két qua nghién ctru
4.1. Mé hinh tich hop Al vao thiét ké kién tric
Qué trinh tich hop AI vao thiét ké kién tric c6 thé ap
dung véi ba mo6 hinh nhu sau:
- Mo hinh hd trg (Assistive Model): AI déng vai tro nhu
cong cu phan tich va thu thap dit liéu ddu vao cho thiét
ké. Cac cong nghé Al st dung: Hoc may cd dién
(Classic ML), Hoc dua trén db thi (Graph-based), Hoc
tang cuong (Reinforcement Learning).
- M6 hinh cdng tac (Co-creative Model): Al tham gia
vao qua trinh sang tao nhu mat “ddi tac thiét ké”, dé xuét
hinh khéi, b6 cuc hodc phuong an khong gian. Cac ky
thuat Al str dung: Mang ddi khang sinh (GANs), M6
hinh khuéch tan (Diffusion Models), Thuét toan tién hoa
(Evolutionary Algorithms), M6 hinh dua trén tac nhan
(Agent-based Models).
- M6 hinh ty dong hoa (Automated Model): Al cht dong
tao ra nhiéu phuong an thiét ké tir cac tham sé dau vao,
nguoi dung chon phuong an t6i wu. Cac ky thuat Al st
dung: Thiét ké tao sinh (Generative Design), (Hoc ting
cuong (Reinforcement Learnin), May vector hd trg
(SVM).
4.2. Céc ky thuat va phin mém Al ap dung theo giai
doan thiét ké
M®i giai doan thiét ké co dic diém cong viéc, loai dir liéu
dau vao va muc tiéu dau ra khac nhau nén can lua chon
cdng nghé Al va phan mém phu hop véi yéu ciu dit ra dé
dam bao hiéu qua, tinh kha thi va kha nang tich hgp vao
thuc tién. Cac cong nghé va phan mém Al ap dung theo
giai doan thiét ké duoc dé xuét thé hién trong Bang 2.
Béng 2. K¥ thuat va phan mém AI ap dung theo giai
doan thiét ké

Giai Muc
0 hé 5 R ié
dogn | Congnght | b s mém Al | U
thiet Al ung
ké dung
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kiém tra va hoan thién thiét
Ké.

Bude 2. Xac dinh cong
nghé Al va &p dung phan
mém Al thich hop

Tuy theo muc tiéu dau ra
va dit li¢u dau vao x4c dinh
ky thuat AI twong ung va
lya chon cong cu phan
mém Al st dung.

Kién tric su phan tich két
qua dau ra caa Al, chinh
stra théng s6 dau vao néu
can. Panh gia lai theo tiéu
chi tham my, cong ning,
moi truong, ki thuat va
quay lai budc 1 hoic 2 néu

Budc 3. Banh gia va céi
tién qua vong lap thiét ké

can cai tién.

Goiy
hinh
Mang doi anhy
Hinh khang sinh tur tuong
t,hanh -‘GANS. I\A’/Io Chat GPT, ba1,1 dau,
y hinh khuéch . . phat
\ , e ClimateStudio, e
tuong | tan - Diffusion Spacemaker tricny
thiét | Models, M6 | °P | tuong
ké hinh ngén ngit so khai
I6n - LLMs cho
cong
trinh
DALL-E, Tao
Tinh toan tién | MidJourney, N
, hinh
héa - Stable héi
Phat Evolutionary | Diffusion, k'én;
trién | computing, Rhino + trla did
thiét | MO hinh dya | Grasshopper, ch”nh "
ké trén tac nhan - | Finch3D, béltri
Agent-based Autodesk Khén
models Generative ) g
) gian
Design.
Hoc may co
dién - Classic
Machine Du doan
Kiém Le’arnlpg, .Hoc hlelu
. | may do thi - suat
tra va Graph con
hoan P . TestFit, X g £
o Machine trinh, t6i
thién . Spacemaker Al ’
thidt Learning, Hoc uu hoa
1 tang cuong - phuong
Reinforcement an thiét
Learning, May ké
vector hd tro -
SVM

4.3. Cac buéc tich hop Al vao thiét ké kién triic

Dé tich hop Al vao quy trinh thiét ké kién tric can thyuc

hién theo cac budc trong Bang 3.

Béng 2. Cac budc tich hgp Al vao quy trinh thiét ké kién
trac

Budc 1. Xéac dinh giai
doan thiét ké va muc tiéu

Kién tric su xac dinh Al
can thiép giai doan nao
trong quy trinh thiét ké:
Hinh thanh y tuéng thiét
ké, phat trién thiét ké hay

5. Mot s6 wng dung

Ung dung 1. Sir dung hoc sdu va Mang dbi khang sinh
trong giai doan hinh thanh y twéng thiét ké

Chaillou d4 tmg dung hoc sau va mang d6i khang sinh dé
tao ra cac phuong an mit bang dua trén hai tiéu chi chinh:
tinh c6ng ning va phong cach thiét ké (Hinh 1) giup tiang
tdc qué trinh phat trién ¥ tuong ban dau [6].

Hinh 1. Ung dung hoc sau va GANSs trong viéc tao mat
bang kién tric [6]

Ung dung 2. Sir dung mang no-ron nhan tao (ANN)
trong giai doan phat trién thiét ké

Shaghaghian va cong sur da phat trién mo hinh ANN dé
du doan cac hé s anh sang ty nhién trong khéng gian
mau, dua trén dit liéu Grasshopper (Hinh 2) cho phép du
béo nhanh anh sang dé thay thé cac mé phong [7].
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Hinh 2. Str dung Al va Grasshopper du bao anh sang

1.0

ban ngay [7]

Ung dung 3. Sir dung mang no-ron nhan tao trong giai
doan kiém tra va hoan thién thiét ké

Nghién cuu cia nhém tac gia Youxiang Huan sir dung
EnergyPlus API tich hgp mang no-ron nhan tao vao quy
trinh t6i wu, nham dy béo tiéu thy ning lugng theo ting
gid (Hinh 3). Két qua rat ngan thoi gian md phong va toi
vu héa tir nhiédu tuan xudng chi con vai ngay nho ANN
lam mé hinh metamodel ting toc [8].
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Hinh 3. Phan tich hiéu suét nang luong, chi phi vong doi
va chi s6 nhiét dua trén ANN (a) D4i voi hiéu suit ning
luong (b) Poi voi chi phi vong doi (¢) Poi voi chi s6
nhiét [8]

6. Két luan

Bai bao d 1am rd tiém ning ung dung cuia cac k¥ thuat
tri tu€ nhan tao (Al) trong ting giai doan cua quy trinh
thiét ké kién tric. Qua viéc phén loai k¥ thuat Al theo
phuong phap tiép can giai quyét van dé va ddi chiéu véi
ting giai doan thiét ké, bai bao di xay dung ba mé hinh
tich hd tro, cong tac va tu dong hoa thiét ké va cac ky
thuat, phdn mém Al 4p dung theo céc giai doan hinh thanh
y tuong thiét ké, phat trién thiét ké, kiém tra va hoan thién
thiét ké va quy trinh tich hop Al vao thiét ké kién trac
theo cac budc xac dinh giai doan thiét ké va muc tiéu, xac
dinh ky thuat Al va ap dung phan mém Al thich hop va
danh gia va cai tién qua vong lap thiét ké.

Két qua nghién ciru cho thdy, Al gop phan rit ngin thoi
gian thiét ké va nang cao hiéu qua van hanh cong trinh,
ddng thoi mé ra nhitng kha ning sang tao méi trong qua
trinh tao hinh, phan tich hiéu ning va ra quyét dinh. Tuy
nhién, viéc 4p dung Al trong thuc hanh kién trdc hién nay
van dbi mat véi nhiéu thach thie, bao gdm han ché vé
nang lyc ky thuat sb, chi phi cong nghé, khung phap ly
con thiéu, va sy dé dat trong thay déi van hoa nghé
nghiép. Viéc tich hop Al vao thiét ké kién trdc khong chi
1a van dé ky thuat, ma con 1a mot qua trinh chuyén dbi tu
duy, trong d6 kién triic su van giit vai tro 1a ngudi dan dat
va Al ¢6 vai tro 1 "dong hanh sang tao" trong ky nguyén
sb.

Loi cAm on

Chung t6i xin cam on Trudng Pai hoc Nguyén Tat Thanh,
Thanh phé H6 Chi Minh da tai tro cho nghién ciiu nay.
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Integrating Artificial Intelligence (Al) into the Architectural Design

Process: Methods and Applications

Nguyen Tien Duc
Faculty of Architecture — Interior Design — Applied Arts, Nguyen Tat Thanh University
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Abstract

The strong development of Al has impacted many industries, including Architecture. Al has influenced both the
approach and process of architectural design. Research to clarify the role, potential, and challenges of Al in architectural
design and propose solutions for integrating Al into the architectural design process to improve design efficiency. This
article reviews the literature to identify trends, models, and Al technologies being used in architectural design, then
identifies the theoretical basis combined with qualitative research and case studies to optimize the architectural design
process when integrating Al. The study has proposed Al tools used in the architectural design process in 3 stages: idea,
design development, testing, and completion. The architectural design process with integrated Al helps architectural
designers increase design speed and efficiency, reduce errors, optimize building performance, enhance creativity and
personalization in architectural design.

Keywords Al, Architecture, Architectural design, Design process, Al Integration
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