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TOM TAT: Giam sat tién d6 va kiém soat chét luong 1a thach thuc 16n trong x4y dung. Bai béo gidi thidu
OpenSpace Al — nén tang ConTech tich hop anh 360° gin toa do—thoi gian voi BIM va Al dé s6 hoa giam sat
cong truong. Hé théng tw dong ghi hinh toan canh, dung thi gidc may tinh dé gan anh 1én ban v&/mé hinh va
tao ban ghi hién trudng theo thoi gian. Dit liéu dugc Al phan tich (két hop xac minh cua chuyén gia) nham
theo doi tién d9, so sanh ké hoach—thuc té va phét hién sém sai léch. Két qua cho thiy giai phap rat ngan 15—
30% thoi gian kiém tra cong truong so véi phuong phap cii, phat hién van dé sém tir muc tai thoi diém khi du
an & mirc 10% khdi luong thay vi 50% nhu truyén théng [1], ddng thoi giam ~50% sb chuyén kiém tra truc
tiép cua cac bén lién quan [2], cung cip bang chimg hinh anh khéch quan dé giam tranh chap.

TU KHOA: OpenSpace Al; anh 360° toan canh; BIM; tri tu€ nhan tao; theo doi tién d6; kiém soat chat
luong; cong trudong s6; ConTech; xay dung sd.

ABSTRACT: This paper presents OpenSpace Al, a ConTech platform that fuses location- and time-tagged
360° imagery with BIM and Al to digitize jobsite supervision. The system automatically captures
panoramic imagery, maps it to floor plans/models via computer vision, and builds a time-based visual as-
built record. Al with human-in-the-loop verification tracks progress, compares planned versus actual
status, and flags early deviations. Results indicate 15-30% shorter inspection times and earlier issue
detection at ~10% completion instead of 50% with traditional methods [1], plus ~50% fewer in-person
site visits for stakeholders [2], while providing objective visual evidence that reduces disputes.

KEYWORDS: Openspace Al; 360° panoramic imagery; BIM; artificial intelligence; progress tracking;
quality control; digital jobsite; ConTech; construction digitization.

1. GIOI THIEU VA BOI CANH OPENSPACE

1.1. Boi canh va van de

Quan 1y tién d6 va chat lugng trén cong truong doi
héi thong tin cap nhat lién tuc, nhung nhiéu dy 4n van
dua vao giam sat thu cong, ghi chép nhat ky va chup
anh roi rac, dan dén hiéu qua han ché va phu thudc vao
kinh nghiém chi quan [3]. Diéu nay khién nhiéu van
dé khong duoc phat hién kip thoi, gdy cham tién do va
1am lai (rework) — v6n chiém trung binh 5-9% chi phi
du an, 6 thé t6i 30% khéi lugng cong viée [4][5], chii
yéu do thiéu thong tin va giam sat kém [6].

Cong nghé s6 md ra hudng giai quyét méi, dic
biét 14 céc giai phap anh 360° két hop Al va BIM — xu
hudng ndi bat trong ConTech. Theo Forbes, mé hinh
hién trudong 4D (anh 360° + AI) 1a mot d6i méi hiru
ich trong xdy dung [7]. Cac nén ting nhu HoloBuilder,

StructionSite, Cupix, Reconstruct va OpenSpace gitip
thu thép dir liéu toan dién vdi it anh hon, nhanh va
chinh x4c hon phuong phap truyén thong [8][9]. Trong
d6, OpenSpace duoc xem la giai phap dan dau vé chup
anh 360° ty dong két hop AI [10].

Nghién ctru hoc thuat cho thdy anh 360° cho
phép ghi toan bo bdi canh cong trudong, giam bo
sot, luu gilt trang thai hang muc bi che khuét, hd
trg so sanh qua cdc mdc thoi gian va chia sé tir xa
[11]-[15]. Minh bach théng tin tir anh 360° gitp
tang phdi hop va giam tranh chép [16][17]. Khi két
hop véi Al, anh 360° tré thanh nén tang gidm sat
théng minh: Lee va cong su ching minh téc d6 va
d6 chinh x4c theo ddi tién d6 tang dang ké [18];
Alizadehsalehi & Yitmen (2019) khing dinh tu
dong hoa bang thi giac may tinh khac phuc han ché
quan sat truc tiép [19].
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Trong bdi canh d6, bai bao tip trung vao
OpenSpace Al — nén tang tich hgp anh 360°, BIM
va Al cho giam sat tién do va chat luong. Muc
tiéu: (1) mo ta céu tric va nguyén ly hoat dong; (2)
phén tich cach hd trg theo di tién do Vé kiém soét
chat luong; (3) danh gi4 hiéu qua qua s liéu thuc
té so v6i phuwong phap truyen thong Bai bdo ciing
thao luan thuan loi, han ché va trién vong cua viéc
mg dung anh 360° gin vi tri-thoi gian két hop
BIM & Al trong quan ly thi cong.

1.2. Gi6i thiéu vé Openspace Al

OpenSpace la giai phap do cong ty OpenSpace
(Hoa Ky) phat trién tir nam 2017[20], huéng dén
ghi chép hién trang cong truong mdt cach tu dong
va tryc quan bang cong nghé 360° + AL Nén tang
OpenSpace duoc hang ngan nha thau va chu dau tu
tin ding, da trién khai cho hon 77.000 dy dn trén
toan cau[21][22]. Tinh dén gitta nam 2025, hé
théng OpenSpace da chup va xu ly trén 52 ¢ty fi?
(=4,8 ty m?) dién tich san cong trinh xay dung voi
khoang 3 1y danh 360°[23], thé hién quy mo dir liéu
dd s6 va mirc do phd bién cua giai phap. Su khac
biét ciia OpenSpace nam ¢ kha nang tu dong hoa
toan by quy trinh: tir thu thdp anh, gén toa do thoi
gian, dén ddng bd hoa 1én nén tang ddm mAay va
phan tich AI — tit ca dién ra gan nhu thoi gian thuc
(real-time) v&i d6 tré trung binh dudi 75
phut[24][25].

Kién trac hé thong: OpenSpace gém nhiéu
module chuc nang tich hop chat ché, phuc vu
xuyén sudt vong doi du an tir thi cong dén ban
giao.

Béang 1 liét ké cic thanh phan chinh cua nén
tang OpenSpace Al va chirc nang tuong ung.

Bing 1. Cac thanh phan chinh ciia nén ting
OpenSpace Al va chirc ning

Tha‘Anh Chire nang chinh
phan
Ghi hinh toan canh 360° tai cong truong mot
céch tu dong va ddng bd gan nhu thoi gian
OpenSpac | thuc 1én nén tang ddém may. Ngudi dung chi
¢ Capture | cin gin camera 360° va di bd; hé thng c6 thé
ghi ~25.000 ft* trong 10 phut [25] va 4nh xa vi
tri anh 1én ban v& [26].
Tich hop di liéu anh 360° v4i mé hinh BIM
3D; cho phép xem song song anh thuc té va
OpenSpac | mé hinh thiét ké (BIM Compare), hd trg phat
e BIM+ | hién nhanh sai khac/thleu sot giira thi cong va
thiét k& [27]. Cung cép giao dién “digital
twin” cho céc bén theo ddi.

Theo dai tién d6 thi cong tu dong bang Al nhan
dién tinh trang hoan thanh ctia >700 hang muc
truc quan (tuong, san, thiét bi, v.v.) twong ting
>200 cong tac tién d6 [28]; tinh % hoan thanh,
so sanh vdi ké hoach (tich hop P6, MS
Project...) va canh bao sdm nguy co cham.

OpenSpac
e Progress
Tracking

Ghi chu hién trudng va quan 1y van dé trén
nén anh 360°: tao chu thich, dinh kém anh/vi
tri cu thé dudi dang Field Note truc tiép trong
khong gian 360° [29][30]; lién két hai chiéu
véi Procore, Autodesk BIM 360... dé phuc vu
QA/QC, RFI va kiém tra hién truomg [31].

Field
Notes

M@ rong thu thap dir liéu bang drone va cam
bién laser: tai/ xi ly anh drone trén cling nén
tang, tu dong tao orthomosaic, point cloud va
3D mesh ctia toan khu cong trudng; bd sung
goc nhin trén cao cho ha tAng/ngoai thit ma
camera gin ngudi khé bao quat [32].

OpenSpac
e Air

Nho kién triic gdm nhiéu module, OpenSpace tao
thanh mot hé sinh thai “céng truong s6” toan dién.
Dt li€u anh hién truong duoce lién thong véi mo hinh
BIM va ké hoach tién d6, dong thoi két ndi véi cac
hé thong quéan 1y du an khéc, tao thanh nguén dit lidu
thong nhét tap trung va dang tin cdy (single source of
truth) v& hién trang dw an[33]. Trong cic phan sau,
chiing t6i s& di sau vao hai chitc nang cét 15i nhat ciia
OpenSpace Al (i) thu thap dit liéu anh 360° gén toa
d6-thdi gian, va (ii) phan tich theo dai tién do va
kiém soét chét lugng bang BIM & Al

1.3. Khoang trong nghién citu va muc tiéu
béo cdo

Trong khi cac nén tang giam sat cong truong
bang anh 360° va Al da duoc nghién ctru va trién
khai rong rdi & nhidu quéc gia nhu Hoa Ky,
Singapore hay Nhat Ban, tai Viét Nam van chua ¢
cong trinh nao danh gia dinh luong vé& hiéu qua
mg dung cua cac giai phap nay trong thuc té thi
cong. Phan 16n cac nghién ctru hién nay méi dimng
lai & mirc mo ta cong nghé hodc trinh dién nguyén
ly hoat dong, chua xdy dung duoc khung phuorng
phap chuan hoéa dé do hrorng tac dong cua viéc soO
héa cong tic giam sat va kiém soat chat luong.

Mat khac, cac bao cdo k¥ thuit trong nudc
thuong han ché dir liéu thuc nghi€ém dé so sanh
hiéu qua gitra phuong phép truyén thong (thu
cong) va mo hinh gidm sat sé hoa bang anh 360°
tich hop BIM & Al Diéu nay din dén khoang
trong trong viéc chuan héa chi sé danh gia (KPI)
va dinh luong lg¢i ich kinh té — k¥ thuat khi ap
dung céc nén tang nhu OpenSpace Al vao quan
ly cong truong.
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Tu nhitng nhan dinh trén, bai bao dat muc tiéu:

1. Xay dung phuong phéap nghién ctu so sanh
(A/B & trudc—sau) nhim danh gid hiéu qua tng
dung OpenSpace Al trong theo ddi tién d6 va kiém
sodt chat lugng cong truong.

2. Pé xuét bo KPI chun hoa phan anh céac khia
canh then chdt cua qua trinh trién khai, bao g(‘Sm do
day di dit liéu anh, thoi gian xtr Iy bao céo, chi phi
van hanh va d¢ chinh xac danh gia tién do.

3. Thiét 1ap khung quy trinh dénh gia thuc
nghiém, c6 thé ap dung cho céc cong trinh thi diém
tai Viét Nam trong giai doan chuyén déi s6 nganh
xay dung.

Khung phuong phap nghién ctru va cac chi tiéu
dinh lugng dugc trinh bay chi tiét tai Muc 2, trong
d6 xac dinh cach thu thap, phan tich va ddi chiéu
dit liéu benchmark qudc té 1am co so cho viée danh
gia va ndi dia héoa mo hinh OpenSpace Al trong
diéu kién Viét Nam.

2. PHUONG PHAP NGHIEN CUU VA THIET
KE SO SANH

2.1 Cach tiép can nghién ciru

Nghién ctru duge xdy dung trén hudng tiép can
so sanh dinh lugng (comparative analysis) nham
danh gia hiéu qua ung dung nén ting OpenSpace
Al trong cong tac giam sat tién do va kiém soat
chat luong thi cong. Phuong phép nay cho phép
dbi chiéu truc tiép gitra phuong phap gidm st
truyén thong va phuong phip tmg dung
OpenSpace, thong qua viéc do luong céc chi tiéu
hiéu suat (KPI) da dugc chuan hoa.

Khung nghién ctru dugc trién khai theo hai
hudng:

- So sanh A/B (song song): giita hai khu vuc
hodc hang muc cong trinh cd diéu kién tuong tu,
trong do khu vuc A ap dung OpenSpace Al va khu
vuc B duy tri phuong thitrc giam sat thu cong.

- So sanh trudc — sau (pre—post): danh gia su
thay d6i hiéu qua cia cing mét khu vye trude va
sau khi trién khai nén tang.
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Phuong phap nay cho phép lugng hoa cac tac
dong ciia OpenSpace t6i cac yéu té then chdt nhu:
d6 diy du hd so anh, tbe d6 theo doi tién do, thoi
gian 14p bdo cdo, chi phi vén hanh va hiéu qua xu
ly 16i thi cong (issue tracking).

2.2. Khung quy trinh danh gia thwc nghiém

Quy trinh nghién ciru dugc thiét ké gdm bdn
budc chinh (Hinh 2.1):

STIP 1: 360" WAAGE STEP 2 FROCISSING & BIM STEP 3: KP IDEWTIICATION STEP 3 ANAYSIS &
DATA COLLECTION DM DATA ATTACHMMENT METRIC CALCULATION RESULTS COMPARISON
P B Vi 5 / \ e -,

- ol ( \ o \

] | B —>| |

\8 T U8 \eoom/ |\ /

Hinh 2.1. Khung quy trinh ddnh gid thyc nghiém
wng dung OpenSpace AI
trong gidm sdt cong truong

1. Thu thap di li€u anh 360°: thuc hién
walkthrough tai hién truong bing camera gén
nguoi (helmet/vest-mount), tan sudt 2—3 lan/tuan.
Dir liéu duoc tu dong dinh vi (spatial tagging) trén
ban v& va dong bo 1én nén tang OpenSpace Cloud.

2. Xt Iy va gén dir liéu BIM: hé thong tu dong
can chinh (alignment) giita anh thuc t& va mo hinh
BIM dé tao méi truong so sanh thuc—ao.

3. X4c dinh KPI va tinh toan chi sb: cac chi
tiéu duogc trich xuét tir co so dit liéu OpenSpace
Dashboard, bao gdm coverage ratio, tracking
throughput, time-to-report va SLA cuia Field Notes.

4. Phan tich va ddi chiéu két qua: so sanh dix
liéu nhém thir nghiém (OpenSpace) va nhom ddi
chtng (truyén thdng), ddng thoi déi chiéu véi cac
gid trj benchmark cong khai dé xac dinh pham vi
hiéu qua thuc té.

2.3. Bj chi tiéu d4nh gis (KPI)

B6 KPI dugc xay dung dua trén thong 1€ quéc
té va co thé diéu chinh dé phu hgp véi diéu kién
thuce t€ cua cac du an Viét Nam:

Nguwdng tham chiéu

Chi tiéu Ky hiéu / Cong thire Y nghia (benchmark)
N o Coverage = (Area_captured / Muc d6 bao phu dit liéu N
B0 phu anh 360 To%al al(*ea) x 1 Og% thucpté 2 90% / tuin

Hiéu sudt thu thap dit Speed ratio = Time manual /
liéu Time OpenSpace

Téc d6 thu thap so véi

chup thii cong 8—10x nhanh hon
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Thoi gian 13p bao cdo T_report =t_upload — t_report

Chu ky tao bao céo hoan

. eno
chinh Giam 70-80%

Thoi gian déng Field T close_avg

Trung binh thoi gian xur ly <3 ngdy

Notes issue
Gio harll(}.lAChmh et AH = H_manual — H_OpenSpace Thoi glat S10 50 VOl > 40 gio/thang
iém quan ly tht cong
Ty 1€ hoan thanh ding Progress_accuracy = (Verified / Mtre d¢ trung khdp tién > 90%
tién do Planned) x 100% d¢ thuc té va ké hoach - 0

Céc chi tiéu ndy duoc dinh nghia dé bao dam
kha nang so sanh dinh luong, tai lap va mé rong
cho céc cong trinh khac nhau.

2.4. Phwong phap xir ly va phan tich dir liéu

Dit liéu thu dugc tir OpenSpace Dashboard,
BIM Compare va h¢ thong Field Notes dugc tong
hop dinh ky (hang tuan). Cac gia tri KPI dugc
thong ké, chuan héa va biéu dién duéi dang bang
va biéu do so sanh.

Phén tich dugc thuc hién theo hai cip do:

- Cép d6 vi mé (micro-level): theo doi sy thay
do6i cua tirng hang muc, tang hoéc khu vuc.

- Cip d6 vi mo (macro-level): téng hop trung
binh theo giai doan hoéc loai cong viéc.

Déi chiéu duge thyc hién véi dai gia tri tham
chiéu tr cic dy an qudc t€ (Devcon, RG
Construction, Suffolk, Kitchell, Lee Kennedy)
nham udc lugng bién do hiéu qua ky vong khi 4p
dung tai Viét Nam.

2.5. Han ché va gia dinh nghién ciru

Do thyc té cac dy an thi diém trong nudc khong
nhiéu va thue t& va do tinh bao mat dit lidu cta céc
du an, dit liéu thuc nghiém su dung cic gid tri
benchmark cong khai va mo phong cac diéu kién thi
cong tuong tu Viét Nam. Mot sé gia dinh bao gom:
chit luong anh 6n dinh, téc d6 mang du dé tai dit lidu
va quy trinh gidm sat dugc tun thu déu dan.

Céc yéu t6 anh huong dén do chinh xac gdm:
sai léch GPS, diéu kién anh sang, thay d6i dia hinh
va muc d§ tuong tdc cua nguodi van hanh. Tuy
nhién, cac yéu t6 nay duoc kiém soat théng qua
quy trinh chup dinh ky va co ché can chinh tu dong
ctiia OpenSpace Al

Trén co so khung phuong phap va bd chi ti€u
d3 trinh bay, cac phan tiép theo s& mo ta chi tiét
qua trinh thu thép di ligu, tich hop BIM, theo doi
tién do va kiém soéat chat lugng, ciing nhu phan
tich két qua ap dung thuc nghiém duoc trinh bay
tai Muc 7.

3. THU THAP DU LIEU ANH 360° GAN TQA
PO-THOI GIAN

Phuong thuc chuyp anh 360° ty dong -
OpenSpace 4p dung nguyén tic “walk-and-
capture” gin camera 360° 1én mii bao ho hoic
cAm tay, bat ché d6 quay va di quanh cong trudng
[34]. Camera lién tuc ghi hinh, bao phu toan bg
khong gian; nhiéu loai phd bién (Insta360, Ricoh
Theta, GoPro MAX...) déu tuong thich [34]. Mot
phién ghi hinh (~10-15 phut) thu dugc hang nghin
anh pano 360°, bao phu ~2.300 m? trong 10 phut
[25], 46 phan giai dén 6K ghi 13 ca chi tiét nhé nhu
6 cim, dau phun sprinkler [35]. Trong qué trinh
quay, Ung dung OpenSpace Mobile ddng bo dir
liéu va ghi toa d6 khong gian; thuét toan Spatial Al
phan tich video/anh, dinh vi va anh xa ty dong 1én
ban v& hoic mo hinh BIM [26] bang k¥ thuat thi
giac may tinh. Sau mdi vong quay, ngudi ding cé
thé xem ngay ban dd 4o dang Street View vdi anh
360° gin dung vi tri; thoi gian xir 1y trung binh
<15 phut [24].

Hinh 1. Giao dién bin db hién truong do 360°
trong OpenSpace: Dwong mau xanh trén bdn vé
(goc trén phdi) twong wng voi lj trinh di chuyén
quay video ciia ngwoi ditng, nhap vao sé hién thi
danh toan cinh 360° tai dé. Ngwoi ditng c6 thé di

chuyén va quan sdt xung quanh nhw ché dp
Google Street View[36]. (Anh minh hoa,
nguén: OpenSpace)

Uu diém ndi bat 1a tinh tién dung va lién tuc
cua dit liéu. Nho tu dong hda, khdng can chup thu
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cong timg hang muc; tdc do tai liéu hoa nhanh gép
~15 1an phuong phap chup dién thoai r6i gin nhan
thii cong [2]. Ngoai quay lién tuc, c¢6 thé chup anh
360° tinh hoac anh thuong ngay trong ung dung, tu
dong gin ding vi tri trén ban dd dé so sanh trude—
sau [37][29]. Chtic ning Coverage Heatmap hién
thi khu vuc dd quét/chua quét [38], hd tro lap ké
hoach bao phu toan bd cong truong. Hé théng nhan
dién téng tu dong hodc qua md QR “QuickCode”
dat tai cdu thang [39][40], dam bao dir liéu dugc
thu thap ddy du va dinh ky (vi du hang tudn) thay
vi roi rac.

Ha tang va dong bo dir liéu — Ung dung trén
10S/Android tai anh Ién cloud qua Wi-Fi/4G ngay
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sau khi chup; néu méat két ndi s& luu cuc bd va tu
tai lai khi c6 mang [41]. Nhom du 4n tai van phong
¢6 thé gan nhu ngay 1ap tirc xem hinh anh méi nhét
trén nén tang web. Dit liéu td chirc theo khong
gian—thoi gian: chon ngay trén timeline va vi tri
trén ban do dé xem anh; hé thong luu ca lich st
anh dé d6i chiéu. Ché do Split View so sanh truc
quan anh ciia hai moc thoi gian (vi du trudc va sau
lap thiét bi dién nudc) [42]. “Reveal Mode” trén di
dong ding AR chong anh cii ban trong sudt 1én
canh that, hd trg phat hién khac biét hodc phﬁn viéc
4n sau 16p hoan thién [43].

€ 4pr22,2023 9 { (© (@) 9:48 AM PDT

Hinh 2. Ché dp Split View trén OpenSpace: so sinh song song anh 360° ctia cung vi tri ¢ hai thoi diém
khdc nhau (trdi: 04/11/2022, phai: 22/04/2023), kem ban dé dinh vi tang va thanh cong cy diéu
hwong, ho trg danh gid truc quan tién do va thay doi hién trang theo thoi gian

Tich hop IoT va dir li¢u khac — Ngoai anh 360°
gan ngudi, module OpenSpace Air nhap anh drone,
hitu ich cho cong trinh ha ting hodc cao ting.
OpenSpace 3D Scan tan dung thiét bi LIDAR (nhu
iPad Pro) quét nhanh khong gian vdi do chinh xac
~5 cm, tao ddm may diém 3D phuc vu do dac [44].
Dir liéu laser scan truyén thong ciing c6 thé tai 1én
BIM+ d¢ luu trit/chia sé [45]. Nho d6, OpenSpace
trg thanh kho dit liéu hop nhit vé hién truong — tir
anh 360°, anh drone dén point cloud — phuc vu
phéan tich da dang.

Tém lai, OpenSpace Al mang dén giai phap
thu thap di liéu cong trudng toan dién, nhanh va
tryc quan, s6 hoa hién truong thanh ban sao ao
song dong. Tat ca cac bén lién quan c6 thé “thi sat”
tir xa, theo ddi chi tiét dién bién du 4n, tao nén tang

dir liéu dau vao cho phén tich tién d6 va kiém soét
chat lugng so ¢ cac phan tiép theo.

4. TICH HQP HINH ANH HIEN TRUONG
VGI MO HINH BIM

Tich hop anh 360° v&i BIM 1a mot diém cdt 16
cua OpenSpace Al, cho phép so sanh truc quan
gita “thuc té thi cong” va “ké hoach thiét ké&” bat
ky lic nao, hd trg déc luc cho kiém tra va nghiém
thu. Nén tang cho phép tai mé hinh BIM (IFC,
NWD, RVT...) va ddng bd hé toa do vdi anh 360°.
Ché d6 BIM Compare hién thi song song mo hinh
BIM 3D va anh toan canh tai cung vi tri, cing goc
nhin [27], gitp phat hién sai khac hodc 16i thi cong
— nhu thiéu cdu kién, 16 mé sai vi tri, hay st dung
vét liéu khéc. Hinh 2 minh hoa nguyén tic dbi
chiéu BIM — anh thyc té trén OpenSpace.
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Hinh 3. So sanh mé hinh BIM vdi hién trang thuc té: Tinh ndng Split View BIM Compare trén OpenSpace hién
thi mo hinh thiét ké (phai) va anh 360° thi cong (trdi) cing géc nhin. Déi chiéu nay giup phdt hién nhanh sai
léch hay doi chiéu mé hinh BIM (vi du: H¢ thong M&E). (Minh hoa, nguon: OpenSpace)

Viéc tich hop BIM dem lai ba lgi ich ndi bat. Thi
nhét, mé hinh 3D cung cép béi canh khong gian day
du, cho phép dinh vi va diéu huéng anh 360° ngay
trong moi truong BIM — vi du chon mdt phong trong
md hinh, hé thong s& hién thi anh toan canh gan nhét.
Thir hai, so sanh BIM — anh thyc té gitip kiém soat
chét lugng truc quan, giam phu thudc vao viéc doc
ban v& hodc do thu cong; thuc té, mot du an da phat
hién va xa ly kip thoi nhiéu xung dot nhd BIM
Compare [27]. Thir ba, BIM két hop tién d6 4D cho
phép loc mé hinh theo giai doan, ddi chiéu cau kién
du kién hoan thanh véi anh thuc té; OpenSpace hd
trg nhap ké hoach tir Primavera P6, Microsoft
Project... va lién két truc tiép Vi cac hang muc nhan
dién, hinh thanh dashboard 4D truc quan.

Ngoai BIM, OpenSpace con tich hgp vdi cac
nén tang CDE phd bién nhu Procore va Autodesk
BIM 360 (ACC). Nho plugin tich hgp, nguoi dung
c¢6 thé xem anh 360° ngay trong Procore/BIM 360
va dong bo ghi chl, vin dé (issue) gitta hai hé
théng [31]. Vi du, khi phat hién 13i trén anh
OpenSpace, k¥ su c6 thé tao Issue trong BIM 360
hodc RFI trong Procore kém anh minh chung, gitp
quy trinh QA/QC dién ra lién mach.

Pang chu y, OpenSpace khong bit budc du an
phai ¢6 mé hinh BIM; hé thong van van hanh chi
voi ban v€ 2D [46][47]. Tuy nhién, khi c6 BIM,
c4c tinh nang nang cao duoc khai thac t6i da. Theo
thong ké ctia OpenSpace, khoang 50% khach hang
két hop BIM (thuong & du an 16n, ky thudt phic
tap), con lai st dung anh 360° trén ban vé 2D [48].

Du ¢ trudng hop nao, gia tri cot 16i van la tao
ngudn dir liéu hién trang déng tin cdy va dé truy
xuét, thu hep khoang cach théng tin giira hién
truong va van phong.

Tém lai, tich hop énh hién trLr(‘)rng v6i BIM bién
OpenSpace thanh “ciu ni ky thuat s6” gitra thé gisi
thuc va thiét ké, gitp cac bén lién quan “nhin thiy”
cong trinh dang dugc xay dung so vdi du dinh, tir 46
ra quyét dinh nhanh chéng va chinh xac hon.

5. THEO DOI TIEN PO THI CONG TU
PONG BANG Al

Theo ddi tién do bang Al (Progress Tracking)
la mot trong nhiing tinh ning ndi bat nhat cua
OpenSpace Al, cho phép phan tich mic d¢ hoan
thanh cong viéc truc tiép tir anh 360°. Thay vi can
bd k¥ thudt phai do tung hang muc va nhédp tha
cong, hé théng tw dong nhan dién cac dbi tuong
xdy dung (tuong, tran, cira, thiét bi MEP,...) va d6i
chiéu v&i ké hoach dé tinh toan tién do thuc té.

Nguyén ly hoat dong — OpenSpace Progress
Tracking ung dung thi gidc may tinh va hoc may
dé “hiéu” noi dung anh 360°. Thuit toan dugc
huén luyén nhan biét hon 700 loai ddi tugng/hang
muc phd bién, twong ung véi khoang 200 muc
cong viéc trong tién do [28]. Khi anh mdi dugc tai
1én, hé thdng phan tich timg khung hinh dé xac
dinh muc d6 thi cong cua ting hang muc (vi du
tuong thach cao, lép dat 6ng ctru hoa, day dién...),
roi tong hop theo khu vuc va so sanh thuc té va ké
hoach (Planned vs. Actual) néu lich thi cong da
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dugc nhap [49][50]. Két qua hién thi phan tram
hoan thanh, phz‘in dién tich chua hoan thién, va ca
tdc do thi cong (rate of work) dé du bao nguy co
cham tién do [49].

Al két hop con ngudi — OpenSpace ap dung
phuong phap “AI + Human in the loop” nham bao
dam d9¢ tin cay. D@t liéu nhan dién ty dong duoc
d6i ngii chuyén gia ctia ddi tac Disperse kiém dinh
true khi 1ap bao cdo [51], khiic phuc han ché cua
Al trong diéu kién anh khé hodc phic tap. Trén
giao dién, phﬁn tram tién do s& ¢ trang thai
“Verified” (dd kiém ching) hoic “Pending
Verification” (dang chd xac minh), giup nhom du
an yén tdm st dung cho cac muc dich quan trong
nhu xac nhan khéi lugng thanh toan..

Tinh linh hoat — Module Progress Tracking dugc
thiét ké tuy bién cao dé phu hop nhiéu loai dy an.
Nguoi ding c6 thé bd sung cac hang muc dic thi
bang cach “day” hé théng qua gin nhan ban déu néu
khong thudc 700 dbi twong nhan dién sin [52]. Hé
thong van hoat dong khi du an khong c6 BIM, bang
cach so sanh anh 360° véi ban v& 2D va lich tién do

®

5
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Floor Last Capture Tracking Status Top Track

T llyén tdp bao cao Hoi nghi Khoa hoc can bé tré lan thir XVII

[53][54], phu hop véi cong trinh dan dung don gian it
ding BIM chi tiét. Ngoai ra, OpenSpace tich hop linh
hoat véi nhiéu cong cu lap tién do: nhap di liéu tu
Primavera P6, Asta Powerproject, Microsoft Project
hodc Excel, va tu dong lién két cac mdc tién do voi
d6i tuong nhan dién [50][55].

Thong tin ddu ra — Két qua phan tich tién do
duoc hién thi trén bdo cdo va dashboard truc quan,
cho phép xem téng thé hoic loc theo khu vuc/tang,
nha thau phy, hoac nhdm cong viée (két ciu, hoan
thién, co dién...) [56]. Biéu dd Planned vs. Actual
cho thdy rd ty 18 hoan thanh so véi ké hoach [57].
Tinh nang Spotlight cung cp canh bao sém khi Al
phat hién van dé, vi du: “Khu vuc X con sot phﬁn
vi€c chua lam, can tr¢ hoan thanh hang muc Y”
[58]. Thuc té, mot nha thau cho biét OpenSpace
gitip ho nhan dién nut thit nang suit ngay tir khi du
4n méi dat 10% khoi lugng, thay vi t6i 50% nhu
phuong phap truyén thong [1], mang lai thoi gian
quy gia dé diéu chinh va tranh chi phi phét sinh do
cham tién do.

Cailing

Framing Drywall - Hung Drywall - Taped Framing Drywall - +

e
&

| | | | | | | |

Hinh 4. Giao di¢n OpenSpace Progress Tracking: hé thong hién thi bing tién dp theo ting va hang
muc (Top Track, Framing, Drywall-Hung, Drywall—T aped, Ceiling, v.v.) voi ty I¢ % hoan thanh, trang
thal cdp nhat va ngay chup gan nhit. Ngwoi ditng cé the theo doi tién dp tong thé toan di dn hodc chi

tiét tirng tang, hé tro gidm sdt khdch quan va ra quyet dinh kjp thoi. (Minh hoa, nguon OpenSpace)

Cac tinh nang chinh — Toéom lugc lai,
OpenSpace Progress Tracking cung cap bd cong cu
toan dién cho quan ly tién do:

- Thu thap dit liéu nhanh va chinh xac — Tu
dong gan anh vao ban v&/BIM, xu 1y t&i ~25.000

ft> trong khoang 15 phut mdi lan quét [59], cho
phép cép nhat tién do lién tuc.

- Phan tich tién d6 bang AT két hop kiém ching
— Al nhan dién mtrc hoan thanh dva trén co s¢ dir
liéu 700+ ddi tugng, cd con nguoi kiém tra dé bao
dam khach quan, dang tin cay [51][60].
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- Béo cao tuy chinh linh hoat — Tao bdo cao
theo giai doan, khu vuc, nha thau phu hoac méc
thanh toan; hd trg xuit dir liéu sang Excel, PDF
phuc vu hop tién d6 va nghiém thu [54].

- Tich hop ké hoach 4D — Két n6i Primavera,
MS Project... dé tu dong so sanh ké hoach véi
thuc té, loai bo nhap liéu tha cong [55].

- Khong phu thuge BIM — Ap dung cho moi
loai dy an (nha cao téng, nha xuong, ha t?mg. ) ké
ca khi khong c6 mé hinh BIM; hd tro cong tac
ngoai that biang dir liéu drone qua OpenSpace Air
[61][62].

Canh bao va phan tich nguyén nhan — Chi ra
khu vuc tri tré hodc diém can luu ¥ (Spotlight),
ddng thoi cung cip so lidu nang suat (vi dy m?
hoan thién/tudn) dé danh gia hiéu qua thi cong.

Nh¢ nhitng tinh nidng nay, OpenSpace mang
dén “buc tranh tién d6 sdng” cho cong trudng, gitup
chu du tu xdc nhan khéi lugng thanh toan hodc
danh gia nha thau, nha thdu chinh kiém so4t va
phéi hop t6 doi hiéu qua, tu van giam sat giam
khéi lugng kiém tra thii cong. Tat ca cung truy cip
mot nguén dir liéu tién do truc quan, minh bach,
giam tranh cai — dac biét hitu ich cho du an quy mo
16n, phtrc tap, noi cach quan 1y truyén thng dé sai
s6t hodc thiéu trung thue.

6. KIEM SOAT CHAT LUQNG THI CONG
DUA TREN DU LIEU SO

Quan ly chat lugng (QA/QC) — Bén canh theo
doi tién do, OpenSpace Al hd tro kiém soat chat
luong thi cong thong qua hd so anh 360° toan dién,
bao quat tir mong dén hoan thién, ké ca cac hé
thdng an trong tudng. QA/QC c6 thé truy cap toan
canh khu vyc tai thoi diém thi cong dé kiém tra chi
tiét, vi du do hoan thién son hodc su phu hop cua
hé théng MEP trén tran so véi ban v&. Véi hang
muc bi che khuét (cét thép, duong dién am
tuong...), anh 360° luu theo dong thoi gian trd
thanh “hd so hién trang an”, cho phép ddi chiéu
sau ndy va lam bang ching khach quan khi giai
quyét tranh chap. Thyc té, mot du an ha tang da
ding anh OpenSpace trong giai doan claim dé xac
dinh t6 doi thi cong va diéu kién hién truong tai vi
tri khiém khuyét [16].

Field Notes 1a cong cu QA/QC quan trong: khi
phat hién 13i, k§ su c6 thé tao ghi chu ngay trén
anh 360°, ghim toa d¢, dinh kém hinh anh va gan
ngudi xir ly. Cac ghi chi nay ddong bd sang hé
théng quan ly chat lugng (Autodesk BIM 360,
Procore...) [31], loai bo viéc ghi 16i thu cong va
tranh bo s6t. Tat ca cac bén lién quan c6 thé xem
van dé tryc quan, thong nhat hudng khic phuc
nhanh hon; dong thoi, bio cdo téng hop Field
Notes (Excel/PDF) hd tro hop chét lwong dinh ky.

Jemel Agulto
Apr 22, 2023

Previous L] Next

Description

ua Unassigned

oy m

Level 1

PEERC R thilan e el

ua  Unassigned

¢ jeff@openspace.ai

Activity

Ja jemel.agulto@oper

JA Jemel Agulto Apr 22,2023 - 2:22 PM
SA  sarar@constructio 9 pr 2

Ductwork still on schedule?
JF  Jeff Flores Apr 22,2023 - 3:17 PM
Email Alerts List

Loaking like EOW. Will reach aut to
confirm this afternoon.

Add Members to Email Al

Togs

JA Add a comment... >

Hinh 5. Giao dién Field Notes trén OpenSpace: anh hi¢n truong 360° kém cong cy ddanh diu (Markup),
moé-dun gan nguoi phy trach/nhdn cdanh bdo email va thé (tags), bin do vi tri theo tang, khung Activity ghi
luong trao doi cé diu thoi gian, giup theo doi va dong vin dé tryc tiép trén béi cinh dnh
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Ngoai ra, tich hgp BIM nhu da trinh bay ¢ muc
4 ciing hd tro kiém soat chit luong: so sanh mod
hinh thiét ké véi anh thyc té gitp phat hién ngay
cac diém sai léch nhu lap sai thiét bi hodc thiéu
hang muc. Ché d6 BIM Compare cho phép doi
QA/QC ra soat toan by cong trinh c6 hé théng,
phat hién sém va xir Iy ngay khi 18i vira phat sinh,
tranh tinh trang 16i nhé tich tu dén giai doan
nghiém thu cudi.

Bén canh QA/QC, dit liéu anh 360° con phuc
vu quan ly an toan. Anh toan canh ghi lai diéu kién
lam viéc, tinh trang trang bi bao hg, rao chin va b
tri thiét bi. Ban an toan c6 thé duyét anh hang ngay
dé phat hién vi pham (vi dy thiéu lan can) va yéu
cdu khic phuc kip thoi. Mot du 4n ciu duong da p
dung “tudn tra 40” tir xa dé nhan dién nguy co va
giam tan suat ra cong truong [63], gbp phan ha rui
ro tai nan, dac biét trong giai doan COVID-19
[64][65].

Vvé quan ly rui ro va chi phi, hd so anh toan
dién hd tro giai quyét tranh chap va yéu cau bao
hiém. OpenSpace cung cdp bang ching 15 rang
cho su ¢d nhu hu hong, tai nan, gitp giam t6i 25%
phi bao hiém nho cai thién quan 1y rai ro [66]. Nho
minh bach khdi lugng, cac nha thu ciing tranh
dugc trung binh 15.000 USD chi phi tranh chép
thanh toan [67].

Tém lai, OpenSpace Al vura 1a cong cu theo
dsi tién d6 vira dam bao chit lugng thi cong mot
cach chi dong, minh chimg diy du. Kha ning
“nhin lai moi tha” trén cong truong giup phat hién
va chinh stra sai 1€ch kip thoi, giam rework, nang
cao chat luong ban giao va cing cb niém tin giita
cac bén nho tinh minh bach.

7. KET QUA TRIEN KHAI THU'C TE VA POI
CHIEU THEO KHUNG KPI

7.1. Két qua trién khai thye té

Hiéu qua trién khai thuc té — OpenSpace Al di
duoc ap dung trén hang chuc nghin dy én toan cau,
tr toa nha cao tﬁng, bénh vién, trung tam dir li¢u
dén ha tﬁng cau duong, mang lai 1gi ich dinh Iugng
ro rét.

Thoi gian va chi phi — Nhiéu nha thau ghi nhan
thoi gian quan 1y hién truong giam dang ké. MAPP
Construction cho biét tai du 4n Bao tang Thé chién
11, khéi lwong cong viée cua chi huy truéng giam
20-30% nho chuyén trao ddi hién truong 1én nén
tang s6 tich hop Procore [68]. Western Partitions
béo céo khoan dau tw OpenSpace hoan vén sau 1/3
thoi gian du 4n nho giam sai s6t va ting ning suit
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[69]. Trung binh, khach hang ghi nhan: ghi nhén
hién trang nhanh hon 15 lan, giam 50% s6 chuyén
di lai, tiét kiém >50.000 USD chi phi rework va
hang tram gid phdi hop [2]. M6t sé nha thiu tranh
dugc $10-15k tranh chip thanh todn mdi thang
nh& d6i chiéu khéi lugng minh bach bang hinh anh
[70].

Tién d6 va ké hoach — Commodore Builders
cho biét nho Progress Tracking (két hop Disperse),
ho phat hién nut thit tién do ngay tir 10% khdi
lwong thay vi 50% nhu trude [1], giup diéu chinh
kip thoi va vé dich dung han. Thoi gian hop phéi
hop hang tuan giam ~1/3 nhd cac bén da nam tinh
hinh qua anh va chu thich truc tuyén, han ché hop
tryc tiép.

Chat lugng va an toan — Mot du 4n vin phong
nhiéu tang bao cdo giam t&i 67% chi phi phan 16n
nho giam rework va phdi hop hiéu qua hon
[71][72]. Hb so anh day du gitp phat hién, xu ly
sém vén dé trudc ban giao, giam khiéu nai bao
hanh. Trong COVID-19, OpenSpace hd trg giam
sat tor xa, duy tri tién do va tudn thu an toan [64];
sau d6, nhiéu cong ty tiép tuc ap dung dé giam hién
dién vat ly, ha rdi ro tai nan [65].

Phan hoi dinh tinh — Ky su hién truong vi
OpenSpace nhu “cd may thoi gian” luu trit va truy
xuit moi cong viée [73]. Chu déu tu danh gia cao
minh bach; Nedbank (Nam Phi) coi day la cong cu
giam sat rui ro cha dong, tin cay [74][75]. Déi véi
do1 BIM/QLDA, OpenSpace gitp hién thyc hda
digital twin gin dit lidu anh thuc té sdng dong theo
thoi gian, thu hep khoang cach gitta mé hinh va
hién truong.

Két luan thyc tidn — Cac minh ching cho thay
tich hop anh 360° gin vi tri—thoi gian véi BIM &
Al 1a kha thi va mang lai gia trj kinh t& — ky thuat
1 rét, gitp s6 héa quan 1y thi cong, ndng cao hiéu
qua vé thoi gian, chi phi, chat lugng va an toan.

7.2. Dir liéu tham chiéu va két qua dinh lrgng
Dit liéu danh gia dugc tong hop tir ndm du 4n
qudc té dién hinh c6 4p dung OpenSpace Al trong
quan ly coéng truong: Devcon Construction, RG
Construction, Lee Kennedy Co., Suffolk
Construction va Kitchell Hospitals. Céc thong tin
dugc cong bd trong cac bio cao ki thuat va case
study chinh thirc ctia OpenSpace (2023-2024). Két
qua téng hop cho thdy OpenSpace mang lai cic cai
thién dang ké vé do ddy du ho so anh, tic do tai
lidu héa va hidu qua quan 1y tién do — chat luong.
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e e o . Gia tri truée khi ap dung Gia tri sau khi ap dung Mikc cai thién P s
Chi tiéu ddnh gid | ing phap thi cong) OpenSpace Al (%) /Heso | Nguon tham chicu
bo déy &t hd so anh 10-15% (anh roi rac, 95—190% (anh toan canh, tu ~10x Devcon, Lee
(Coverage) khong lién tuc) gan toa do—thoi gian) Kennedy
3“" glan @i lidu | ) o080 cho méi giai doan | 5> N8AY (gidm trung binh 70— 1 0 g40, Suffolk, Kitchell
0a cong trudong 80%)
Hiéu suét thu thap s e A 300-500 m?/phut .
dir licu 30-50 m?/phut (thu cong) (walkthrough) 10x RG Construction
Chi phi/Thoi gian di 100% (chudn) Giam trung binh 30-35% ~30% Lee Kennedy
chuyén hién truong
Thoi gian xu ly . . 2-3 ngay (>80% dong ding o .
issue (Field Notes) 6-8 ngay han) 60% Kitchell, Suffolk
Gi hanh chinh - >40 gid/thang/ngudi +40h RG Construction
tiét kiém

Nhu vay, xét trén téng thé, viéc trién khai
OpenSpace gitp nang cao tdc ¢ phan hoi va do tin
cdy cta dir liéu hién trudong, ddng thoi giam dang
ké khdi lugng cong viéc hanh chinh va sai sot
trong ghi nhan tién do.

Cac sb litu tréen dugc su dung lam dai
benchmark tham chiéu (baseline) cho khung danh

gia thuc nghiém da trinh bay tai Muc 2.4, nhim

dinh Iuvgng hi€u qua khi ap dung tai Viét Nam.

7.3. P6i chiéu két qua theo khung kpi nghién ciru
Dua trén khung KPI dugc dinh nghia tai Muc

2.3, cac gia tri benchmark qudc té dwoc quy doi

thanh hé sd cai thién trung binh (Improvement

Ratio) dé 1am co s¢ danh gia so sanh.

Gia4 tri chuén Gia tri ky vong khi 4p | He s6 hi¢u qua -
KPI (Benchmark qudc té) dung tai Viét Nam (VN/Benchmark) Ghi chi
Do dly du anh , oo 3 Phu thudc bang thong
(Coverage) 100% 85-90% 0.85-0.9x va tan suat walkthrough
Tée do tracking Giam do diéu kién mang
(m?/giy) 350 250-300 0.7-0.85x & thiét bi
. . Do thiéu dbi ky thuat
Time-to-report (ngay) 3-5 0.7x chuyén tréch
SLA Field Notes (ty 1¢ 80-90% 70-80% 0.85x Phy thuéc quy trinh 0$i b
dong <3 ngay)
Gior hanh chinh tiét >40h 25-35h 0.75x Phy thubc quy mé dw 4n
kiém/thang

Két qua quy ddi cho thiy trong diéu kién Viét
Nam (v6i cac yéu t6 han ché vé ha tang va nhan
luc), hiéu qua c6 thé dat 70-85% so véi mirc
benchmark quéc té, twong tng vdi tiém nang tiét
kiém thoi gian va chi phi dang ké, dac biét & giai
doan hoan thién va nghiém thu.

7.4. Phéan tich

a) Tac dong téi quy trinh giam sat hién truong:
Hé théng anh 360° gin toa d6—thoi gian gitip ting
tinh minh bach va kha nang truy xut cta dir liéu,

dac biét trong cac hang muc co thay ddi nhanh
(MEP, hoan thién, noi thét). Viéc két hop tu dong
v6i BIM gitip rat ngan chu ky xac minh khéi lugng
(Verified Progress) tir vai ngay xudng con vai gio.

b) Tac dong téi QA/QC va kiém soat 15i thi
cong: Tinh nang Field Notes gitp cac bén tham gia
(tu van, nha thau, giam sat) phat hién — phan loai —
giao viéc trén cling mot nén tang, giam tranh cai va
tang tdc dd khic phuc 15i. S6 liéu tir cac du 4n
qudc té cho thay ty 1¢ issue dong ding han ting
25-40% so véi quy trinh truyén thng.
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¢) Tac dong ti nang sudt va chi phi van hanh:
Do giam s6 1an di chuyén hién truong va khéi
luong anh phai sip xép thu céng, mdi ky su giam
sat tiét kiém trung binh 30-40 gio hanh
chinh/thang, tuong duong khoang 15-20% tdng
thoi gian lam viéc. Khi nhan rdng ra toan dy an,
day 1a yéu t6 ROI (Return on Investment) dang ké
cho céc chu dau tu.

d) So sanh v6i diu kién Viét Nam:
O Viét Nam, céc yéu t6 han ché nhu ha téng
4G/5G chua 6n dinh, théi quen bdo cao thu cong,
va thiéu nhan sy chuyén vé BIM/AI c6 thé lam
giam hiéu qua tong thé. Tuy nhién, cac thir nghiém
ndi bd tai mot sb doanh nghiép chu dau tu 16n
(VinGroup, SunGroup,Hoa Binh... ) di cho thay
mic san sang ky thuat & mirc kha, dic biét khi
OpenSpace dugc tich hgp cung Autodesk BIM 360
hodc Navisworks Manage.

7.5. Déng gop ciia tac gia va hwong ngi dia hoa

Tir cac két qua phéan tich trén, nhém nghién
ctru dé xuat khung KPI — quy trinh — chi s chudn
héa (trinh bay tai Muc 2) nhu mdt mo hinh tham
chiu co thé tai 1ap cho cac dy an Viét Nam.
Déng gop chinh ciia tac gia gdm:

1. Thiét ké khung phuong phip A/B va trudc—
sau, c¢6 kha nang luong hoa hiéu qua cua nén tang
OpenSpace trong diéu kién thuc té.

2. Xay dung bo KPI chuén héa, két ndi truc
tiép giita dir liéu anh 360°, mé hinh BIM va céc chi
tiéu quan ly tién d6 — chét luong.

3. Dé xuét md hinh trién khai thi diém tai Viét
Nam, bao gdm quy trinh thu thap, xur 1y, danh gia
va bao cdo dinh ky — huéng dén chuin héa quy
trinh “Digital Site Supervision”.

Két qua nay khéng chi khing dinh hiéu qua cta
OpenSpace Al trong cac du 4n qudc t& ma con cung
cap khung danh gia dinh luong dé noi dia hoa va ap
dung cho thi truong Viét Nam, phu hop véi muc tiéu
chuyén dbi s6 nganh xay dung giai doan 2025-2030.

Céc két qua va phén tich néu trén cho thiy nén
tang OpenSpace Al khong chi 1a cong cu hd trg truc
quan héa cong truong, ma con la mot mé hinh quan
ly dir liéu va ra quyét dinh hiéu qua, gitp rit ngin
chu ky thi cong, ting tinh minh bach va thic diy
nang lyc quan 1y s6 ciia nganh xay dung Viét Nam.

8. THAO LUAN

DPo6i méi quy trinh & thach thirc trién khai —
Viéc ap dung OpenSpace doi hoi diéu chinh quy
trinh quan ly. Thit nhdt, yéu té con ngudi va dao
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tao rat quan trong: du thao tac “deo va di” don
gian, nhan sy hién trudng can dwoc hudng din
vé goc quét, toc do di chuyén va sir dung tng
dung [76]. Su hop tac cua doi thi cong 1a thiét
yéu, tranh bo sét lich quay chup dinh ky. Doanh
nghiép can quy trinh chuén (vi du: mdi tang tdi
thiéu 2 lan walkthrough/tuan, diung QR
QuickCodes ¢b dinh diém) [77] dé bién viéc ghi
nhan thanh théi quen. Kinh nghiém cho thay sau
thoi gian lam quen, da s6 nhan sy don nhén tich
cuc vi giam cong viéc thu cong.

Thir 2 van d& k¥ thuat va dir liéu: OpenSpace
dua trén ha tﬁng cloud, do do yéu cau két ndi
internet 6n dinh dé upload lugng 16n anh (mdi lan
quét c¢6 thé hang GB dir liéu). Tai céc cong trudng
ving sdu, viéc dam bao 4G hoac Wi-Fi c6 thé la
thach thie. Tuy nhién, OpenSpace dd c¢6 co ché
luu tam va ddy 1én sau nén phin nao khic phuc
dugc. Mot mdi quan tim khéac 14 dung lugng luu
trit — du an kéo dai nhiéu thdng sé& tich tu hang
chuc terabyte dit li€u anh. Hién chi phi luu trir
cloud twong ddi ré va OpenSpace dd bao gdém
trong dich vu, nhung doanh nghiép can tinh toan
néu mudn trich xuét lau dai sau du 4n. V& bao mat,
hinh anh cong trudong cé thé chira théng tin nhay
cam (thiét ké, thiét bi...). OpenSpace khing dinh
hé théng cua ho bao mat mtrc cao (SOC2, ma hoa,
phan quyén)[78]. Du viy, chii dau tu va nha thau
van can c6 chinh sich kiém soat quyén truy cip
phii hop trén nén tang, dam bao chi nhimng nguoi
lién quan dy an méi xem dugc dit liéu.

Thir ba, gidi han cong nghé Al: thudt toan
khong bao phu moi loai cdu kién, du an dic thu
can gin nhian bd sung [52]. P chinh xac phy
thudc chat lugng anh; diéu kién tdi hodc che khuét
c6 thé gay sai léch, nén OpenSpace duy tri budc
kiém chimg con ngudi. DO chinh x4c hinh hoc cta
anh 360° cling kém hon quét laser [79], phu hop
theo ddi tién do hon la do kiém chi tiét, do d6
khong thay thé hoan toan thiét bi do trong QA/QC.

Kha nang mé rong va Gng dung tuong lai —
Ban dau tap trung vao cong trinh cao ting va ndi
that, OpenSpace dang mo rong sang ha ting va
giao thong thong qua OpenSpace Air, két hop dit
liéu drone dé theo ddi khéi luong san la?ip, tién do
cau duong [61]. Ngoai ra, c6 thé tich hop vdi robot
nhu Boston Dynamics Spot gin camera 360° tu
dong chup hang ngay, ting hi€u qua gidm sat
[80][81].

Mot hudng khéc 1a phan tich big data tir kho
anh tich lity: AI ¢6 thé rit kinh nghiém tir hang ty
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anh dé du doan hang muyc thuong cham va nguyén
nhan, hd tro 1ap ké hoach téi wu. OpenSpace da
bude dau trién khai bao cdo “Insights” nhu top 10
nguyén nhan chdm tr& dya trén dit liéu nhiéu du
an, huéng téi hé théng hd trg quyét dinh thong
minh cho quan ly xay dung.

So sanh vdi phuong phép truyén théng: Bang 2
dudi day tom tat sy khac biét gitra quy trinh theo
doi tién d6 & chét lugng bang OpenSpace so vGi
cach 1am truyén thdng:

Bang 2. So sanh quy trinh giam sat tién d9 & chat lwong: Truyén thong vs. OpenSpace Al

Hoat dong Truyén théng (thi cong) Vi OpenSpace Al (s hoa)
Ghi chép Ky su chup anh bing méy anh/dién thoai, ghi chu | Camera 360° tu dong chup toan canh; dif liéu anh luu
hién trang bang s0 hodc file; anh luu tan mat, kho tra ctru [73]. trén cloud, truy cép thong nhat qua ban do so [26].

Theo ddi tién p U
do checklist; dé chil quan, sai so.

Chi huy cép nhat tién do dya trén bdo céo to doi,

Al phan tich mic hoan thanh qua anh; s6 liéu khach
quan, dugc xac thuc [19][51]; dashboard tryc quan.

Phat hién
cham tién do

Dya vao kinh nghiém, thuong phat hién tai hop
tuan/thang; cé d6 tre, nhiéu khi mudn de xu ly.

Canh bdo tw dong hang ngay (Spotlight); phat hién
som ngay khi mdi 10% khoi lugng [1].

Kiém tra

chét lugng phu thude vao quan sat trye tiép, dé bo sot.

Nhan vién QA/QC di tudn, ding checklist gidy;

Kiém tra tir xa qua anh 360°; so sanh BIM — anh phat
hién sai khéc thi€t ke [27]; khong gian do cho phép soi
chi tiét.

Luu trit hd so

chat luong thiéu truc quan.

Luu bién ban nghiém thu, anh roi; tra ctru kho,

Anh hién trudng luu theo dong thoi gian; bang chimg rd
rang cho timg budc thi cong [16]; d¢ xem lai khi can.

Quanly

vén d& (issue) | thét lac, thidu minh bach.

Ghi 13i vao sb, chup anh, giti qua email/Zalo; d&

Tao Field Note trén anh 360°, gan ngudi xir 1y, déng
bd Procore/BIM 360 [31]; theo ddi xu ly trén
dashboard.

Tuong tac

gitta cac bén | thoi gian di chuyén va sép lich.

Hop tryc tiép tai cong trudng, kiém tra cung; ton

Xem anh online, thao lu:cfm qua nhan ,xé‘t trén nén ta’ng;
hop tir xa c6 hinh anh ho tro, giam so lan gap truc tiép
[82][83].

Tranh chép &

phép ly bi bép méo hoac thiéu khach quan.

Duya vao hop dong, bién ban, anh rdi; thong tin d&

Dt liu dnh thoi gian thuc 1a bang chimg xéc thuc,
kho choi cdi; giam tranh chap nho minh bach [33].

Tir so sanh trén, c6 thé thdy OpenSpace da tai
dinh nghia c4ch thirc gidm sét thi cong theo hudng dir
liéu héa va truc quan, mang lai nhiéu cai thién so véi
quy trinh truyén théng. Db vdy, nhom tic gia cling
luu ¥ rang cong nghé khong thé thay thé hoan toan
vai tr0 cia con nguoi tai hién truong. Kinh nghiém
va chuyén mén cia ki su van rat can thiét ¢é danh
gia nhimg van dé phirc tap ma Al chua “hiéu” dugc
(vi du danh gi4 chit luong bé tong qua am thanh g3,
hoic kiém tra cam quan vat li€u hoan thién).
OpenSpace nén duge xem nhu cong cu hd trg gitp
con nguoi lam viéc hiéu qua hon, chir khong loai bd
con ngudi. Khi van dung ding cach, su két hop giira
cong nghé sb va chuyén moén hién trudong s& tao nén
strc manh téng hop, dua cong tac quéan ly thi cong lén
mdt tim cao méi trong ky nguyén chuyén ddi sé ciia
nganh xdy dung.

9. KET LUAN

Két luan — Nghién ctru da hé thong héa viéc
tmg dung OpenSpace Al trong theo doi tién do va
kiém soat chat lugng thong qua tich hgp anh 360°
gén toa do—thoi gian vdi BIM va Al véi cac két
luén chinh sau:

Tinh kha thi va hiéu qua — OpenSpace d& trién
khai, khong yéu cdu ha tang phuc tap, tin dung
thiét bi phd bién (camera 360°, dién thoai) va quy
trinh than thién. Hiéu qua thé hién ¢ viéc tiét kiém
thoi gian gidm sat, phat hién sém van dé, giam
rework va tranh chap, minh bach thong tin, giup du
an dat tién do, dam bao chét Iwgng va an toan,
d6ng thoi tiét kiém chi phi.

Tam quan trong cta tich hop cong nghé —
Viéc két hop 360° + BIM + Al mang lai stc
manh vugt trdi so voi dung don 1é: anh 360°
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cung cép dit liéu thuc té toan dién, BIM tao bdi
canh d6i chiéu, AI xur ly khdi lwong dit liéu 16n
va trich xuét thong tin gia tri. BO ba nay hinh
thanh hé thong giam sat sb thong minh — nén
tang cho Digital Twin, minh chung rd rét cho xu
hudng chuyén dbi sé trong xay dung.

Loi ich da chiéu — OpenSpace Al mang lai gi4
tri cho moi bén: chu dau tu va tu van c6 cong cu
giam sat khach quan; nha thdu chinh quan 1y va
phéi hop tét hon, giam rui ro cham tién do; nha
thdu phu giam thu tuc va lam ro khéi lwong; du 4n
hoan thanh véi chit lugng cao hon, it sy ¢6 hon.

Thach thirc va huéng khic phuc — Cac tré ngai
nhu thay ddi théi quen, yéu cau mang 6n dinh, gidi
han AIL.. c¢6 thé khic phuc qua dao tao, bd sung
quy trinh chup anh dinh ky va cai tién thuat toan.
Doanh nghiép can nhan thue loi ich dai han dé cam
két dau tu va thuc day ap dung.

Tiém nang nhan rong — Vi két qua tich cuc,
giai phap nhu OpenSpace Al s& duoc trién khai
rong hon, dic biét khi thi truong yéu cau minh
bach va hiéu qua. Gidng nhu BIM tré thanh bt
budc & nhiéu du an, viéc ghi nhén hién truong
bang anh 360° va theo dai tién d6 tu dong co thé
sém thanh tiéu chuin quan 1y du an.

Két luan chung — Su két hop anh 360°, BIM va
Al qua OpenSpace Al danh diu buéc tién quan
trong trong quan ly thi cong, nang cao d§ chinh
xac, tinh kip thoi va minh bach cia thong tin, qua
d6 tang ning suét va giam rui ro. Dé t6i da héa loi
ich, cdc bén can sin sang thay doi, thich ing vdi
phuong thirc quan 1y dua trén di lidu s6. Vi xu
huéng chuyén d6i sb, cac “cong truong s6” ung
dung AI nhu OpenSpace s& ngay cang phd bién,
g6p phan hién dai hoa nganh xay dung.
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