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QUAN LY HE THONG CO DIEN CONG TRINH SU DUNG
CONG NGHE TANG CUONG THUC AR VA MO HINH
THONG TIN CONG TRINH BIM
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Tom tat: Bai bao trinh bay phuong phap st dung va két hop céng nghé tang cuong thuc (AR-Augmented Reality)
va céng nghé mé hinh théng tin céng trinh (BIM - Building Information Modelling) dé duwa ra mét quy trinh tich hop
théng tin hé thong co dién (M&E - Mechanical & Electrical) cho cdng trinh, ttr d6 xay dung mét phdn mém chay
trén thiét bi di déng gitip don gidn héa qué trinh quan ly hé théng co dién trong céng trinh. Phurong phap cho phép
nguoi ky swcd thé tich hop nhiéu théng tin cho hé théng M&E nhur kich thude dudng 6ng, hang sén xuét, lich bao
tri, thoii gian thay thé... vao mé hinh BIM, sau do hién thi céc théng tin dé trong phédn mém chay trén thiét bi di déng
ma nhém tac gia lap trinh. Phan mém con cho phép ngudi ding chon céc thanh phan trong hé théng M&E va hién
thi, thay déi théng tin cta ching trong qué trinh van hanh. Nhém téc gid str dung Vuforial SDK (Sofware
Development Kit) dé xt ly nhan dang, nap va hién thi mé hinh BIM, bén canh do str dung Unity 3D Engine xay
dung tmng dung da nén tang, phan mém Autodesk Revit thiét ké mo hinh théng tin cong trinh BIM.

Tirkhéa: Tang cuong thuc té; mé hinh théng tin cong trinh; quén ly hé théng co dién.

Management of Mechanical and Electrical system using Augmented Reality (AR) technology and
Building Information Modeling (BIM).

Abstract: This paper presents methods using Augmented Reality (AR) and Building Information Modeling (BIM)
technology to propose a process for introducing additional informations of mechanical and electrical (M&E)
system into the bulding information model. Basing on this process, we program an application running in mobile
device to facilite the management of M&E building system. This method allows engineers to integrate additional
informations of M&E system such as pipeline size, manufacturer, maintenance schedule, replacement time, efc.
info the BIM model, and then display these informations in own authors software running on a mobile device. The
software also allows users to select component of M&E system and display, modify its information. The authors
use the Vuforial SDK (Sofware Development Kit) to process identity, load and display BIM models, and use the
Unity 3D Engine to build cross-platform applications, Autodesk Revit software to design BIM.
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(® 1.m&dau

Mo hinh théng tin xay dwng (BIM) [1, 2] Ia mét quy trinh lién quan t&i viéc tao lap va quan ly nhirng dac
trwng ki thuat da duoce sd hda (duoc goi la théng tin ki thuat sb) trong cac khau thiét ké, thi céng va van hanh cac
céng trinh. BIM sir dung rat nhiéu phan mém clia cac hang khac nhau dé thire hién viéc tich hop thong tin va mo
hinh. Cac phdn mém phd bién dé tich hop théng tin cdng trinh hién nay cé thé k& dén nhw ho phan mém Revit,
Tekla Structures, Cadewa, Civil 3D... Viéc trng dung céng nghé BIM giGp gidm dang ké chi phi xay duwng ciing
nhw quan ly van hanh cong trinh xay dung [3]. Nhiéu nwéc tién tién da bat budc st dung BIM trong qua trinh thiét
ké, thi cong va van hanh cong trinh [1-4].

Chi phi quan Iy, van hanh cong trinh chiém t&i xay xi 80% tdng gia tri clia cong trinh (tinh bao gém ca chi
phi thiét k&, xay dwng, van hanh va pha dé&). Do vay, viéc nghién clru don gian héa, tdi wu hda qué trinh van hanh
cong trinh 1a rat can thiét. Bai bao tap trung nghién cleu vé sir dung cong nghé AR két hop véi cong nghé BIM
nhdm don gian héa viéc quén ly van hanh hé théng co dién céng trinh.
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Céng nghé AR [5] cho phép gén mé hinh ao BIM véi thé gidi thure. Két hop cong nghé AR va céng nghé
BIM sé& tao ra mét trng dung gitip ngwdi ding cé thé xem va twong tac véi cac mo hinh 3D gan trong moi trwéng
thwe té va trong theri gian thue theo nhiéu géc nhin khac nhau. Tang cwéng mo hinh BIM trén céng trinh thwe gitp
don gian hda viéc quan ly van hanh cong trinh ctia bén lién quan trong linh virc xay dung.

Trén thé gici, mot sé nghién ctru két hop AR va BIM trong quan Iy xay drng. Dau tién co thé ké dén “LOAR+"
[6] ctia cdng ty ki thuat Laing O'Roucrke clia Uc cho phép twong tac véi cac mé hinh 3D, cac hiéu trng déng trong
moi trerng &o & thdi gian thure. Cong ty ViewAR [7] co 2 tru s& & nwdc Anh cung cap cac phdn mém va gidi phap
tang cwdng thiec thién vé hién thi mé hinh kién tric nhw “Wien Energie”, “Grabner pool”, trong tw van néi that nhu:
"ALL3D", “RikaHomeDesign”. BlMevoke [8] la cdng ty tw van thiét ké 3D va tw van BIM cung cap mét chwong trinh
cho phép mé hinh héa mé hinh do, cat Iép va mé ta chive nang tirng Iép phuc vu cho bao tri va giang day.

Tai Viét Nam, ndi bat 1a cong ty son Dulux da trng dung AR trong xay dwng théng qua (rng dung
“DuluxVisulizer” cho phép ngudi st dung cé thé xem triedrc mau son trén twong khi chiéu camera thiét bi di déng
1én twérng ca céng trinh. Hon niva, quyét dinh s6 2500/QB-TTg ngay 22/12/2016 ctia Chinh phi vé dé an nghién
ctru 16 trinh ap dung BIM trong xay dwng; Quyét dinh 203/QB-BXD ngay 21/3/2017 clia Bd Xay dwng vé viéc
thanh |ap Ban Chi dao thuc hién D& an ap dung mé hinh théng tin céng trinh trong hoat déng xay dung va quan ly
van hanh céng trinh cho thay viéc nghién clru (rng dung BIM trong xay dung tai Viét Nam 1a rat can thiét.

Bai bao dé xuat mot phwong phap két hop gitra phwong phap st dung va két hop cong nghé AR va cong
nghé BIM dé dwa ra mét quy trinh tich hop théng tin hé thdng co' dién vao mé hinh théng tin cong trinh. Phwong
phap nay cho phép nguweéi ki sw co thé tich hep nhiéu théng tin cho hé théng M&E nhuw kich thuéc dwong éng,
hang san xuét, lich bao tri, thevi gian thay thé. .. vao mé hinh BIM. Phwong phap dé xuat mém déo va thich hop véi
moi tiéu chuan BIM. Nhom tac gia hién thwe hoa phwong phap dé xuét bang phan mém do nhém tw 1ap trinh trén
nén tang Unitty 3D két hop céng nghé nhan dang hinh &nh Vuforia SDK cla hang Qualcomm. Phan mém cho
phép ngudi str dung chon cac thanh phan trong hé théng M&E va hién thi, thay ddi théng tin ctia tieng thanh phan
trong hé thdng M&E da tich hop trong mé hinh BIM; giup tdng hiéu qua cho viéc quan Iy van hanh hé théng M&E
trong cong trinh.

(@ 2.Quytrinhkéthop céong nghé BIMvaAR

Bai bao dé xuét quy trinh (rng dung BIM két hop véi cong nghé AR nham xay diwng phan mém chay trén
thiét bi di dong dé& quan ly hé théng M&E trong cong trinh. Quy trinh dwoc dé xuat nhw Hinh 1.
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Hinh 1. Quy trinh két hop céng nghé mé hinh théng tin xay dung va thue té ting cudng
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Ph&n mém cho phép di&n hoa mé hinh 3D va xem duoc théng tin céng trinh ngay trén thiét bi di déng dwa
vao nhan dang mat bang ban vé 2D théng qua camera clia thiét bi, két qua dé |a quy trinh két hop cong nghé BIM
va AR dwoc mo ta qua cac buwdc sau: Budc 1 - Thiét ké family va khai bao cac shared parameters trong BIM;
Budéec 2 - Dwng mé hinh BIM, khai bao théng tin tich hop cla hé théng co dién M&E; Budc 3 - Két xuat file IFC
(Industry Foundation Classes); Buwéc 4 - Vuforia SDK nap file IFC; Bwde 5 - Khéi tao dataset tlr Image target (anh
muc tiéu); Buée 6 - So khdp anh nhan dang tir camera thiét bj va nap IFC twong tng; Budrc 7 - Hién thi md hinh
théng tin cong trinh BIM 1&n thiét bj.

Quy trinh trén rat mém déo, gilp cho chi dau tw, nguoi thiét ké co thé dé dang tich hop cac théng tin thudc
tinh clia toan bd hé théng M&E thong qua cac bién “shared parameters”. Chting ta cé thé thém sb lwong bién
shared parameters theo y mudn. Céc théng tin phu ctia hé théng nhw hang san xuét, ngay béo tri bao dwéng, kich
thwéc dwong éng.... sé dwoc quy dinh trong cac shared parameters va dwoc dién vao ngay khi vé thiét bj M&E
trong mé hinh BIM. Quy trinh con cho phép nguéi diing thay dbi cac théng tin tich hgp ngay trén thiét bi di dong,
sau dé cap nhat lai vao mé hinh BIM théng qua file IFC. Quy trinh nay phu hop vé&i moi tiéu chuéan BIM cla cac
nwéc trén thé gici ciing nhw tiéu chuén BIM cla Viét Nam sép ban hanh.

@ 3. Thiét ké va xay dwng phian mém chay trén thiét bi di dong

3.1 Céc céng cu x4y duwng phan mém

Co rat nhiéu cong cu phat trién (SDK - Sofware Development Kit) céng nghé AR. Bang 1 thé hién cac cong
cu dwoc danh gia tét cung véi cac thong tin vé cac nén tadng hé diéu hanh hé tro.

Bang 1. Céc céng cu phét trién céng nghé AR.

San pham Céng ty H6 tro hé diéu hanh

’ - Android, i0S, Windows PC, Google Glass, Epson Moverio
Mefaio SDK Metalo BT-200, Vuzix M-100, Unity

Vuforia SDK Qualcomm Android, iOS, Unity, SmartGlass

e o Android, i0S, Google Glass, Epson Moverio, Vuzix M-100,
Wikitude SDK Wikitude GmbH Optinvent ORA1, PhoneGap.

DPau tién co thé ké dén Metaio SDK, cho phép theo déi hinh anh 2D, déi twong 3D, khuén mat, ban dé
(SLAM), ma vach va ma phan héi nhanh (Quick Response code - QR code), tim kiém hinh anh lién tuc (c& ngoai
tuyén va trwe tuyén thdng qua Metaio CVS), phat hién civ chi. Metaio da thiét k& SDK bang ngén ngir AR scripting
riéng cla ho. Vuforia SDK cling la mot céng cu rat manh, cho phép phat hién da muc tiéu, theo déi muc tiéu, cac
nut ao (virtual button), dia hinh théng minh (Smart TerrainTM) va theo ddi mé réng (extended tracking). Wikitude
AR SDK la mét cong cu kha manh cho phép nhan dang va theo déi hinh anh, van ban, video, dwng lai hinh
(render) va hoat hinh héa (animation) md hinh 3D.

Dé& xay dung mét phan mém cho thiét bi di ddng, ngoai viéc str dung mét trong cac bd SDK néi trén, ngudi
lap trinh can thém cac cong cu dé xay dung giao dién, Iap trinh cac chirc nang nhw Android Studio, Wikitude
Studio, Esclipe... Nhung mdi cdng cu trén thwdng chi hd tro két xuat phan mém cho mot hé diéu hanh. Néi 1&n
trong théi diém hién tai 1a Unity 3D Game Engine hd tro 1ap trinh phan mém chay trén nhiéu hé diéu hanh khac
nhau nhwiOS, Android, Windows, Windows Phone.

Duwa trén cac diém manh, diém yéu ctia cac bd cdng cu phat trién phan mém, nhém tac gia da quyét dinh
str dung Vuforia SDK két hop v&i Unity 3D cho viéc xay dwng va phat trién phan mém. Trong giai han nghién ctru
nhom tac gia str dung Vuforia SDK phién ban mién phi cho cac nha phat trién phan mém, phién ban nay cung cap
di cactinh nang dap (rng v&i muc tiéu clia bai bao.

3.2 Céng nghé nhan dién QCAR
Co s di liéu| D [ Locoic  |©
déc trung TRUNG ANH [
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Hinh 2. Quy trinh nhdn nhan dién vdi thuat toan QCAR
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Cac hé théng tang cwdng thue trén dién thoai dwa vao hai céng nghé chi dao |a nhan dang (Visual
tracking) va theo déi (Recognition). Hai thanh phan nay dwoc st dung nhw mot cap twong tro' 1an nhau. Két qua
nhan dang la cau ndi cho viéc theo déi thanh phan tiép theo cla mé hinh 3D. Mot sé hé théng MAR (Mobile
Augmented Reality) nhw Taylor et al [9] d4 giéi han cac theo déi bang viéc téi wu két qua nhan dang tai khung hinh
dl cao. Tuy nhién cach lam nay khéng dap (rng duoc thoi gian thue ciing nhu bd nhé. Néu khung hinh trude
khong kip tra vé két qua nhan dang thi co thé nhan dang sé khong chinh xac. Giai quyét dwoc van dé trén, Vuforia
cung cép chirc ndng nhan dién béng thuat toan QCAR (The vuforia AR class - QualCommAR) dira trén thuat toan
theo déi tw nhién (Natural feature tracking algorithms) [10].

Hinh 2 gi@i thiéu quy trinh nhan dién véi QCAR. Trong dé: Budic A: dau tién mét khung hinh (Frame) dugc
tao ra. Bwéc B: cac diém nhan dang dang tin cay phai dwoc phat hién trong méi Frame méi. Cac diém nhan dang
dwoc phat hien dwoc chira mot diém anh nho véi kich thwdc khang ddi, vi du: 8x8 pixel. Bwdc C: nhirng diém nay
phai dwoc so khérp véi cac diém tham chiéu trong co s& dir liéu da dwoc tao ra trwdc day clia muc tiéu dwoc theo
déi. Cac phuong phap két hop phd bién so sanh cac gia tri clia cac diém anh la: Sum of Squared Differences
(SSD) va Sum of Absolute Differences (SAD). Buwéc D: co sé div liéu bd mé té phai dwoc tinh toan cho tat ca cac
tinh nang cia may anh duoc sir dung dé nhan dang. Bwdc E: Néu di sb lwong diém nhan dang twong &ng ctia
camera va co s& di liéu, thi ta co thé cé dwge mé hinh 6 bac tw do (DOF) c6 lién quan (hoéc bat ky mé hinh déng
ky 3D nao khac). Bwdc F: thong thwdng mét sé diém nhan dang bi sai va phai dwoc gé bo trong qua trinh xac
dinh. Bwdc G: hinh dang co thé dwoc tinh ché bang cach str dung cac tinh nang bé sung. Bwédc H: mé hinh 3D
dwoc chuyén tiép dén hé thédng bén dwdi va toan bd quy trinh trén sé khai dang lai cho khung hinh tiép theo.
Théng tin tir khung may anh tred'e do co thé dwoc str dung dé cai thién hiéu suat theo déi khung hinh.

Trwée tién anh nguén 2D dwoc moé hinh hoa thanh cac diém nhan dang dang lwéi lwu trong mot tap cac
hinhtam giac (Hinh 3),

M ={M,,.., My} (1)
trong d6: M,1a ma tran chira toa dd cac dinh:
X1V1
= [xzyz] (2)
X3Y3

Do vay, ching ta co lwdi dich M, lwdi ngudn M', mdt tap anh dich f(x,y) va mdt tap anh ngudn f(x,y).

*“” ‘%f'i

a) Anh nguén b) Cac diém nhén dang trén anh dich
Hinh 3. Anh nhan dang va céc déc tring nhén dang trén anh
Qua trinh tao tap anh nhan dang:
- V&i mdi toa dd diém anh (x,y) trong anh dich, tinh cac hé s6 noi suy (a,b,c) twong ting véi tam giac dau
tiéntrén lwdidich. Nghialatim a, b, c sao cho:

(x,y) = (a,b,c)M, (3)
Néu (a, b, c) & [0,1], thir veri tam giac tiép theo cho dén khi tim dwoc tam giac thie n dung.
-Tinh toa do ngudn theo cong thirc:
@,y = (a,b, M’y &
- Noi suy anh ngudn f' taitoa do (x', y') vadatf(x', y') =f(x', y).
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Sau khi nhan dang dwoc anh, céng cu
extended tracking clia Vuforia sé cho phép gitr
vi tri nhan dang va di chuyén mé hinh theo goc
quay va do di chuyén clia thiét bi di dong.

3.3 Thiétké phén mém M& hinh|thay déi Hanh dding ctia nguéi ding

Vé kién tric phan mém, nhém tac gia
xay dwng phan mém hién thwc hoa quy trinh
kéthop mé hinh BIM va céng nghé AR theo mo
hinh MVC (Model - View - Controller) thé hién Y
& Hinh 4. Uu diém ctia mé hinh 1ap trinh nay la
kha ndng phan chia hé théng thanh nhiéu Lammohinh
module nho, d& dang quan ly, bao tri va mé
réng chivc ndng theo yéu cau ngudi sir dung.

Cap nhatmao hinh Cap nhatlgiao dién

M5 hinh thay déi

Lop giao dién

Hinh 4. Mé hinh ba I6p trong kién triic phédn mém

Trong Hinh 4, tAng Model dé twong tac vé&i div liéu dnh muc tiéu (dataset image target) dé nhan dang;
quan ly cac mé hinh 3D cong trinh. TAng View dé cung cap giao dién cho nguwai str dung trén thiét bi di ddng. Tang
Controller dung dé xtr Iy sy kién ngwoi ding cham, vubt trén man hinh thiét bj, nhan va xtr Iy yéu cau nap mé hinh
3D phia model dwa vao hinh anh camera nhan dang dwoc.

Nhom tac gia thiét ké giao dién ngudi str dung sao cho ngudi diing cé thé (1) xem va tim kiém dw an xay
dwng co trong hé thong; (2) xem théng tin chi tiét vé duw an; (3) hién thi hé thdng M&E &n phia trong twéng, tran gia
khi camera thiét bj chiéu lén btrc twérng thwe; (4) cham va hién thij théng tin cac ddi twong: éng thong gio, dweng
dién, nwoc... bao gdbm tén san pham, chiing loai, kich thwdc, gia thanh, ngay san xuét... theo cac shared
parameter da dwoc dinh nghia & family va gan lién véi vat thé.

Vé thiét bi, nhém tac gia wu tién phat trién phdn mém chay trén cac thiét bi di déng cai dat hé diéu hanh
Android, iOS, Windows Phone. D& xuét cAu hinh tdi thi&u thiét b trai nghiém t6t bao gdm: (1) kich thwéc man hinh
tdi thiéu 1a 5 inch; (2) bd nhé Ram cla thiét bi di dong téi thidu 2GB; (3) bd xtr Iy CPU téi thidu la Qualcomm
Snapdragon 410, Quad-core 1.2 GHz; (4) phién ban hé diéu hanh s dung téi thiéu la Android 5.0, i0OS 7,
Windows Phone 8.1; (5) Camera 8MP; (6) yéu cau thdi gian tdi thidu d& phan mém nhan dang va hién thi mé hinh
BIM |a 3-5s.

Tir nhirng phan tich thiét k& néu trén, d& dap trng nhu cau trai nghiém ctia ngwdi str dung, nhom tac gia
la chon gidi phap xay dwng (rng dung chay trén da nén tang (dién thoai, may tinh bang, may tinh ca nhan...).
Giai phap nay st dung nén tang Unity 3D Engine két ho'p véi Vuforia SDK.

Dé dap rng yéu cau nhan dang hinh anh va hién thi mé hinh BIM 1&n thiét bi di ddng, phan mém can tich
hop nhivng thanh phan cbt I6i sau day (Hinh 5):

Cloud
abase

H ==

Track Detected Objects
Evaluate Virtual Buttons

State Object

Hinh 5. Kién tric phdn mém str dung bo céng cu phét trién Vuforia
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Trong Hinh 5, “Application” |a thanh phan chay trén thiét bj di déng. Str dung két qua nhan dang va di¥ liéu
ttr camera dé hién thj diing mé hinh 3D. “Camera” sé chup hinh vat thé thuc va chuyén ddi sang cac khung hinh
(frame) st dung thanh phan Pixel Format Conversion, két qua clia viéc chuyén ddi nay két hop voi di ligu anh
muc tiéu sé dwoc str dung cho cac thuat toan nhan dang. “Tracker” cé chirc ndng do tim phat hién va theo déi cac
déi twong trong thé gidi thue st dung thuat toan QCAR nhan dang hinh anh. Két qua cta “Tracker” cung cip
thanh phan goi 1a hién trang ddi twong (State Object) giup “Appliction” hién thi mé hinh 3D 1&n thiét bi. “Device
DataBase” la co s& di¥ liéu offline quan Iy cac anh muc tiéu dwdi dinh dang XML, day la két qua cla thuat toan
QCAR nhan dang hinh &nh ban dau. Di¥ liéu nay nhdm so kh&'p véi hinh anh trén camera thiét bi phuc vu cho viéc
nap mé hinh 3D. “Cloud DataBase” cho phép phan mém do tim anh muc tiéu trén nén tang dam may theo thoi
gian thwe. Lic nay thiét bj cin cd két ni mang, wu diém clia Cloud Database I3 lwu triv div liéu 16n (dén 1 triéu
targets). Day la hwéng str dung rat linh hoat khi phan mém can mé rong.

Cac bwdc lap trinh nhan dang va hi&n thi mé hinh BIM dwgc mé ta nhw sau. Buwdc 1: Chuwong trinh khéi
tao cac Textures (b& m&t mé hinh 3D). Bwdc 2: Nap va kich hoat dataset (dinh dang XML) clia &nh muc tiéu. Buéc
3: May anh (Camera) chiéu vao vat thé thuc (blrc twdng...), hodc mé hinh ban v& 2D. Budc 4: Chwong trinh sé
nhan dang va so khép vat thé v&i anh muc tiéu da dugc nap. Budc 5: Hi&n thi mé hinh 3D l1&n man hinh thiét bj
néu vat thé triing khop. Budc 6: Duy tri ché do theo déi mé rong (extended tracking) dé hién thi mé hinh khi
camera rdi anh muc tiéu. Bwdc 7: Lang nghe va bét sw kieén cham (touch) trén thiét bj va hién thi théng tin hé théng
ME t&r mé hinh BIM.

@ 4. Hinh anh minh hoa phidn mém

Bang viéc két hop cong nghé AR véi cong ngh&BIM nhom tac gia da tao ra phdn mém hoat déng tot trén
hé diéu hanh Android va iOS cho phép (i) hién thi hé théng ME &n trong nhirng btrc tweng, tran gia; (i) hién thi
théng tin nhw dweng kinh, hdng san xuét, thei han thay thé, bao dwéng...cla tirng dwong dng, thiét bi ME khi
ngwoi dung kich chon trén thiét bi. San pham (ng dung trong qua trinh thiét k&, van hanh, bao dwéng céng trinh
xay dwng. Hinh 6 thé& hién mot s6 hinh anh giao dién chirc nang phén mémhoat dong trén thiét bj di déng. Hinh 7
thé hién ting cudng thre té hé thdng co dién trong mé hinh BIM khi chiéu camera thiét bi [én tudng ctia nha G3 -
trirérng Dai hoc Xay Dwng va hién thi mot s& théng tin clia lavabo khi nguéi ding kich chon lavabo.
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KET QUA NGHIEN CUU VA UNG DUNG

(® 5.Kétluan

Bai bao da dé xuat mét quy trinh két hop cdng nghé BIM va céng nghé AR. Quy trinh nay phil hop véi tiéu
chuan BIM ctia cac nwéc trén thé giei. T quy trinh trén, nhém tac gia da viét mot (rng dung chay trén cac thiét b
didéng, phuc vu cho viéc quan ly hé théng M&E ngoai hién trwéng, gitip viéc quan ly bao tri, thay thé cac hé théng
M&E mét cach don gian, thuan tién. Qua két qua thir nghiém trén cac thiét bi di ddng co cau hinh ti thidu dé xuét
tai muc 3.3, phan mém hoat déng tét, hinh anh téing cwdng thue té hién thi rd nét. Nguwdi dung dé dang thao tac
trén thiét bi di dong théng qua hanh déng cham va vudt. Khi can xem chi tiét cac goc, cding nghé theo déi mé rong
hoat déng twong déi 6n dinh, khong bi mat mé hinh néu di chuyén thiét bi cham. Cac hiéu (rng (animation) hién thj
mo hinh khi nhan dang dwoc anh muc tiéu hoat ddng mwot ma, thei gian nhan dang mét bang ban vé 2D twong
d6i nhanh (trung binh tir 2-5s) d& nap mé hinh 3D |&n thiét bi. Bén canh dé van tdn tai mét sé nhwoc diém: do hoat
dong offline nén chwong trinh kha nang, tén b nhe thiét bj di dong (>200MB). Bén canh dé phan mém lwu trir sé
lwong mé hinh cong trinh gi¢i han phu thudc vao bé nhé thiét bi. Giao dién chwa dep do Unity 3D la phdn mém hd
tro xay dwng (rng dung da nén tang, khédng manh vé thiét ké giao dién ngudi dung. Phdn mém do nhém tac gia
viét cé day du kha nang dap (rng dwoc cho viée quan |y van hanh hé théng M&E cho cac céng trinh I&n va gia
thanh thAp hon rat nhiéu so véi phdn mém twong tw trén thé gidi.
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