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TOM TAT

Bai bao nghién cttu ting dung cdng nghé sd trong bao ton Thanh ¢6 Quang Tri — di
tich Qudc gia dadc biét nam 2013. Nghién ctru s6 hoa hé thong thanh hinh vudéng moi
canh dai khoang 480 m, gom cac tuwong thanh, cdng, phao dai, Dai twdng niém trung
tam, Bao tang, Nha lao chung tich. Phuong phap photogrammetry va may bay
khong nguoi lai duoc sit dung d€ thu thap hon 650 anh, ghép anh chinh hinh, tao
mo hinh 3D, sau d6 tich hop vao GIS. Két qua cho thdy md hinh 3D c6 d6 phan giai
cao, tai hién chi tiét kién trtic va canh quan, hd trg ddnh gid hién trang va lap ban d6
di san. D@ liéu GIS lién két thong tin khong gian véi di liéu lich s, phuc vu quan
ly, bao ton va quang ba du lich qua WebGIS. Nghién cttu con cho thdy hiéu qua cua
phuong phap photogrammetry so voi khao sat truyén thong vé thoi gian va chi phi,
dong thoi gop phan dinh hudng bao ton di san bén viing.

Tw khéa: Thanh c6 Quang Tri; Photogrammetry; M6 hinh 3D; GIS; Bao ton.

1. MO PAU

Lich st xay dung thanh Quang Tri tir thoi Gia Long dén Minh Mang trai qua ba
giai doan. Giai doan thit nhat (1809-1832) gom viéc di doi ly so, quy hoach va xay dung
ban d4u; thanh khi d6 duoc ddp bang dat, c6 dang hinh chit nhat. Giai doan thit hai
(1833-1837) tap trung vao viéc cung ¢4, nang cap va mo rong quy mo dinh lity. Trén co
sO “nhan ct stra lai” Minh Mang da cho tién hanh mo rong mat trudc thém 33 trugng va
hai mat ta httu thém 16 trugng 5 thudc con mét sau d€ nguyén nhu cii (Qudc st quan
trieu Nguyén,1962) lam cho toa thanh c6 hinh vudng. Ciing trong nam 1833, chuan y 1oi
tau ctia quan Tuan phu Quang Tri, Minh Ménh cho khai dao mot duwong hao dai 48
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treong ndi tir géc Dong bac cua thanh thong véi song Thach Han dé thoat nude tir hé
théng hao thanh (Ndi cac tritu Nguyeén, 1993). Giai doan thit ba la thoi ky hoan thién va
kién ¢6 hoa thanh liy. Trén co sé cau truc thanh dat da duoc dinh hinh, ndm 1837 dwdi
triéu Minh Mang, thanh Quang Tri dwoc chti treong xay dung lai bang gach theo phong
cach Vauban. Khéi lwong cdng viéc thue hién trong dot xay dung nay vé co ban da tao
nén dién mao kién triic hoan chinh cta thanh truedce khi bi tan pha boi chién tranh nam
1972. Theo d6, thanh dwoc xay bang gach véi méat bang hinh vudng, bdn géc c6 bon phao
dai, mo bon ctra ra vao ¢ bdn phia. Bao quanh thanh la hé thdng hao nudc, phia trude
mbi cong déu cé cau bac qua, tao nén mot tdng thé kién tric quan su chat ché va kién

co.

Tuong tw nhu nhiéu di san khac trén thé gidi va trong nudc, Thanh ¢6 Quang Tri
dang phai d6i mat v6i nhiéu méi de doa. Su suy thoai moéi treong, su tan pha ctia bom
dan chién tranh va thiéu bao tri thwong xuyén da dan dén sy thay d6i, xuéng cap vé mét
vat chat va mat di tinh nguyén ban & mot s6 khu vuc ctia di tich. Hon nita, bién d6i khi
hau va cac hién tuong thoi tiét cuc doan, bao gom bao va li lut, dang dat ra nhirng rui
ro ngay cang tang d6i véi viéc bao ton lau dai ctia Thanh Quang Tri. Trong bdi canh nay,
s0 hoa di san kién truc hién nay dong vai tro 1a mét cong cu co ban. S6 hoa khong chi
tao ra cac ban ghi chinh xac va c6 thé cap nhat vé diéu kién hién tai ctia dia di€ém ma con
tao diéu kién thuan loi cho viéc lap ké hoach bao ton, danh gia rui ro, giao duc cong
dong va du lich bén virng. Ddc biét, phuwong phap photogrammetry da noi 1én nhu mot
phuong phap thuc tién va c hiéu qua dé tao ra cac mo hinh 3D d6 phan giai cao va cac
ban ghi khong gian ctia cac di san phttc tap.

Nghién ctru nay tap trung vao viéc s6 hoa tong thé va cac thanh phan tiéu biéu,
st dung phuong phap photogrammetry tir trén khong va trén mat dat. Muc tiéu la tao
ra mot mo hinh 3D c6 d6 phan giai cao, dugc dinh vi dia ly va cac 16p GIS lién quan c6
thé phuc vu nhiéu muc dich, tit phan tich bao ton ky thuat dén trai nghiém di san thyc
t€ a0. Bai bao nay dé cap nhiing thach thitc cta viéc tién hanh cac cudc khao sat nhu vay
trong diéu kién dién tich 16n, néu bat tiém nang ctia cac cong cu di san ky thuat sd o Viét
Nam va dé xuét cac chién lugc d€ tich hop cac phuong phap nay vao cac khuon kho bao
ton rong hon.

2. DU LIEU VA PHUONG PHAP NGHIEN CUU
2.1. Nghién ctru tai liéu thir cap
Trong hai thap ky qua, viéc sit dung cong nghé ky thuat sd d€ ghi chép va bao

ton di san van hoa da mo rong dang ké. Phuong phap photogrammetry, quét laser, M6
hinh thong tin cong trinh (BIM), va Hé thong thong tin dia ly (GIS) da thay ddi cach cac
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nha nghién cttu, nha bao ton va nha quy hoach d6 thi twong tac véi mai truong lich st
(Remondino & Campana, 2014).

Tai Dong Nam A, nhiéu nghién ctru da nhdn manh tam quan trong ctia cic cong
cu ky thuat so trong bao ton di san. Vi du, quan thé Angkor Wat & Campuchia da dwoc
lap ban do rong rai bang LiDAR va photogrammetry dé& phat hién cac cau trac an dudi
tham thuyec vat day dac (Evans et al., 2013). Tuong tw, ¢ Thai Lan, m6 hinh 3D di san van
héa bang hinh anh UAV da hd trg cong tac bao ton tai Wat Maha That bang cach cung
cap cac co so chinh xac d€ danh gia sy xudng cap (Manajitprasert, Tripathi, & Arunlpod,
2019).

Viét Nam cling da c6 nhiing tién bo trong linh viec nay, méac du cac nd lwe sd hoa
van con roi rac. Cac nghién ctu “Ung dung cong nghé GIS xay dung hé thdng thong tin
di tich lich st van héa va danh lam théng canh tinh Quéang Tri” (Phan Thi Hoa Loi, Phan
Tuan Anh, 2017) va “Xay dung hé thong thong tin vé di tich Thanh c6 Quang Tri dwa
trén nén GIS va cdng nghé 3D” (Phan Thi Hoa Loi & Lé Manh Thanh, 2018) nhdm muc
dich xay dung ban d6 3D-GIS hién tai va tit d6 quan ly khong gian do thi trong mot
phuong ctia Thanh 8 - mot di san gan véi hodi te chién tranh, cc nghién cttu nay tap
trung vao viéc xay dung hé thdng ha tang cong nghé thong tin nham quan 1y cac di liéu
di san Quang Tri, chia sé c6 phan quyén thong qua ting dung trén dién thoai. Cac du an
Thép Chdm & mién Trung Viét Nam da st dung dit liéu 3D d€ hd trg cong tac phuc hoi
(Fangi, Malinverni, & Tassetti, 2013). C6 mot s6 du an ap dung cong nghé dé€ bao ton va
quang ba di san 6 Hué: vi du Lang Tu Ptic da duoc Google sd hoa 3D va duoc Google
Arts and Culture vinh danh trén toan thé giéi thong qua du 4n Open Heritage nham bao
ton va quang ba cac di tich dang c6 nguy co bién mat trén toan thé€ gidi (Trung tam luu
trlr Qudc gia 1, 2019). Bén canh d9, viéc tng dung cdng nghé thuc t& 4o "Trung tam VR
Hoang thanh Hué" la két qua ctia chwong trinh hop tac gitta Trung tam Bao ton Di tich
Hué va d6i tac Han Quéc IV COM (Gia Linh, 2018) cling dem lai nhitng trai nghiém
tham quan ao tht vi. Dua trén ban d6 dia chinh, tit ca dit liéu, bao gom khong gian va
thudc tinh, da duoc chuyén doéi thanh dinh dang tép thong tin, hinh anh 3D d€ st dung
trong ArcMap va ArcSence.

Tuy nhién, viéc s6 hda quy md 1én, s8 lwgng di san nhiéu & tinh Quang Tri van
dang ¢ giai doan dau. Cac nghién cttu truede day vé Thanh cd chu yéu tap trung vao viéc
ghi chép lich stt, danh gia ciu truc va phat trién du lich tdm linh, vdi viéc st dung han
ché cac khong gian dia ly, hoac chia sé ¢d phan quyén. Nghién ctu nay gép phan thu
hep khoang tréng d6 bang cach ap dung phuong phép photogrammtry d6i véi tong thé
Thanh Quang Tri, hwéng téi tinh dé 4p dung, dé mo rong va dé lién két dix liéu danganh,
khong doi hoi kién thire chuyén sau vé 1ap trinh. Nghién ctru tan dung nhiing tién bd
gan day trong cong nghé photogrammetry va dinh vi dia ly bang may bay khong nguoi
lai (UAV) dé€ tao ra dix liéu hitu ich cho viéc quan ly, bao ton va phat huy gid tri di tich.
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2.2. Phuong phap khao sat thuc dia

Viéc nhan dién va phat huy gia tri kién trac Thanh ¢6 Quang Tri — di tich quéc
gia ddc biét tir ndm 2013, c6 y nghia hét stic quan trong va cap thiét trong qua trinh xay
dung hé thong co so dit liéu so vé di tich trén dia ban tinh Quang Tri. Cong trinh c6 mat
bang hinh vudng, véi chu vi tuong thanh khoang 2.000 m, dwgc xay dung theo 15i kién
tric thanh tri truyén thong Viét Nam. Hé thong tuwong bao duoc cau tao tir gach nung
kich thudc 16n, lién két béng hén hop v6i, mat mia va cac phu gia dan gian, thé hién ky

thuat xay dung dac trung ctia thoi ky lich st.

Hinh 1. Ban d6 thanh Quang Tri thoi Phap ~ Hinh 2. Ban d6 thanh Quang Tri ngay nay
thudc, (nguoén BAVH, 1914, tap 1) (ngudn: tac gia)

Hinh 3. Dai tudng niém trung tam Hinh 4. Cong sau Thanh c6
(nguodn: tac gia) (nguon: tac gia)
Thanh c6 mdi canh trai dai khoang 480 mét va c6 chiéu rong trung binh 0,72 mét,
bao gdm ca hao phong thu. Cdu trac ctia birc twong chu yéu gom gach, dat va da, duoc
gia c8 bang cac u dat va xen ké véi cac cdng va phéo dai. Cac dic diém kién trac dang
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cht y bao gom cac twong phong tht, cong va phao dai goc, Dai twong niém trung tam,

Bao tang, Nha lao chiing tich va hao nuéc phong thu (Bang 1 va Hinh 1-4).

Bang 1. Cac thanh phan kién trtic chinh ctia Thanh ¢6 Quang Tri hién nay

STT Cong trinh Pic diém Tinh trang
- Cong Nam da duoc
Bon Cong: Cong trung tu
, Nam, Cong Bic, Cong ra vao Thanh Quang | - Cong Bac con mot phan
Cong bong, Cong | tri, c6 hai tang twong gach tang 1
Tay _ Cong Dong, Cong Tay
gan nhu bi pha huy
5 Tvz‘émg th%mh Phél\l‘ Chi\a bén trong va bén Bi phé hity nhidu phin
phong thu ngoai thanh
3 | Bon phéo dai géc Phao dai hinh mii tén Con nguyén ven
Ha yc phc — 12 -
4 thafo MHOCPRONE | Hao nude c6 ke da haibén | Bi bdi ling mot phian
u
Dai tedng niém Twong niém anh hung liét . R L.
5 . B Da duwoc xay moi
trung tam S1
Luu trt, trung bay cac
6 | Bao tang Thanh cd | ching tich lich st chién ba duoc xay méi
tranh
Puoc xay dung thoi Phap, | Con phan ciu trac gach
7 | Nhalao chiing tich | hinh chit nhat, duogc xay d4, phan mai hu hong
bang dat/gach d4 nhiéu
H& sau bang dat do bi b
8 | H6 bom ,O satt arfg atqobIBOM 1 ~4n d&u tich hé bom
ném tao thanh
Sung bang dong, d& bang xi
9 | Phéo than cong mang, theo kiéu Nha ba duoc trung tu
Nguyén

(nguon: tac gia)

Tong thé thanh la hé thong phong thu, dong thoi la diém giao thoa chinh véi moi

treong do6 thi phuong Quang Tri. Theo thoi gian, phéan 16n cac bic teong da bi xudng

cdp vé cdu trac, thdm nudc, cay c6i moc um tum va bi lan chiém, xam thyc boi cay xanh.

Hon nita, hé thdng hao nuwdc da bi boi ling & mot s& doan, 1am suy yéu thém tinh toan

ven phong tha va vé dep tong thé ctia cong trinh. Bén trong thanh ngay nay chu yéu la
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cac chiing tinh chién tranh tir thoi Phap thudc va mét sO phan xay méi nhue Cong Nam,
Dai twong niém trung tam, Bao tang Thanh ¢6, va mét s6 dai twdng niém nho.

2.3. Phwong phap photogrammetry va GIS

Nghién cttu nay stt dung phuong phap da giai doan két hop chup anh tir trén
khong, chup anh trén mat dat, dinh vi khong gian dia ly va mo hinh héa ky thuat s6.
Muc tiéu la tao ra mot mo hinh ky thuét sd chinh xac va toan dién vé Thanh c6 Quang
Tri, bao gom ca btc tuong, cong, Pai tedng niém trung tam, Bao tang, Nha lao chiing
tich va cac ddc diém xung quanh.

Thu thap dit liéu: Mot mdy bay khong ngwoi 1ai DJI Mini 2, mang theo camera
12 megapixel, da dwoc st dung d€ thu thap ca hinh anh nhin thang xudng va hinh anh
nhin nghiéng ctia twong thanh, cdng, phao dai va hao nuwdc xung quanh. Cac diém kiém
soat mat dat (GCP) duogc thiét 1ap bang GPS (Hé thong Dinh vi Toan cau) d&¢ dam bao
dinh vi dia ly chinh xac. Dong thoi, sit dung dién thoai Samsung Galaxy Note 10 d€ chup
anh can canh, tap trung vao cac chi tiét kién trac tinh t€. Khu vue khao sat duoc chia
thanh bén doan tuong thanh xung quanh va phan bén trong Thanh ¢d, mdi doan thanh
c6 dai khoang 480 mét, chiéu cao 4.55 mét cao va chiéu rong 0,72 mét, bao gom bay phao
dai va bdn cong, dua trén toa d dia ly cua chung d€ dam bao thu thap da liéu hinh anh
chinh x4c. Mbi khu viee duoc ghi lai bang cach chup anh xién véi may anh nghiéng
xudng 30° trong khi bay xung quanh cac cdu tric muc tiéu d€ dam bao tai tao 3D chinh
xac. Tong cdng, hon 650 anh chup tir trén khong va 60 anh chup tir mat dat da duoc thu
thap hai lan trong diéu kién thoi tiét thuan lgi. DY cao bay dao dong tir 70 dén 80 mét,
v6i do chong 1ap 80% gitra cac anh.

Phuong phap photogrammetry: B dit liéu hinh anh dwoc xtt Iy bang phan mém
xt ly anh. Quy trinh lam viéc bao gom can chinh hinh anh, tao ddam may diém thua, tao
dam may diém day dac, xay dung ludi, tao vat liéu bao phu va tai tao hinh anh 3D (Hinh
5). Tam diém kiém soat mat dat (GCP) duwogc xac dinh va danh diu thu cong trong it nhat
14 hinh anh mdi diém. Do chinh x4c cia mé hinh 3D dwoc téi tao da dwoc danh gia bﬁ“mg
cach st dung 8 GCP. Két qua cho gia tri RMSE tong hop dat 0,0796 m (xdp xi 8,0 cm),
cho thdy muc d6 phit hop ctia mo hinh véi cac diém kiém soat mit dat (Bang 2). Anh
ghép chinh hinh dat d¢ phan giai khong gian khoang 2,5 cm/pixel, phut hop cho viéc
kiém tra va lap ban d6 chi tiét.
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Kiém tra do chinh xac Tao vat liéu
Hinh 5. Qua trinh tao m6 hinh 3D Thanh ¢d Quang Trj (nguon: tac gia)

Bang 2. D6 chinh x4c va sai s6 cua 8 diém khdng ché mat dat (GCP) trong qua trinh tai
tao mo hinh 3D

Reference & X Model | Ortho DIL0200 X
EERERExO BRESR % | Perspective 30° Snap: Axis, 30
Cameras Longitude Latitude Altitude (m) ~ Accuracy (m)  Error (m) Yaw (%) Pitch (*)

B DJL0188 107.191336 16752554 229760000 10.000000 90570517 0.000 90.000

B DJL0189 107.191086 16.752642 228.960000 10.000000 89.022649 0,000 90.000
<« I T ——

Markers Longitude Latitude - Altitude (m)  Accuracy (m) Error(m)  Projections  Error (pix)

v P oGcps 107191044 16.751229 14280000 0.005000 0038241 21 5.843

v P oGeps 107191221 16752163 14180000 0.005000 0102324 25 82amn

v M GCPT  107.186750 16752458 14190000 0.005000 0018269 29 5788

v M Gees 107187111 16753319 13910000 0.005000 0098956 25 10218

v M oGepa 107191949 16754492 14140000 0005000 0059317 16 30814

v PGPz 107192331 16755377 14180000 0.005000 0101227 14 34689

v M oGeps 107187824 16755680 14300000 0.005000 0058566 26 35,030

v M GCP1 107188004 16.756622 14370000 0.005000 0107142 20 39.792
Total Error

Control points 0.079635 24.026

Check points

ScaleBars Distance(m)  Accuracy(m)  Error(m)
Total Error

Control scale ...

Xt 1y dir liéu dau vao GIS: Két qua md hinh 3D dat dwoc da dugce tich hgp trén
ban d6 GIS, stt dung toa d9 trén nén GeoJSON va tich hgp vao QGIS dé€ tai tao mo hinh
di san phuc vu quang ba gia tri di tich cho viéc bao ton va phat trién du lich tam linh.

Lop dit liéu: Mdi di san van hdéa duoc coi 1a mot d6i tuong khong gian dang
diém (Point), vung (Polygon) hodc dwong (Line), tuy thudc vao loai: Di san ¢ dang dia

diém cu thé: chang han nhu tuong thanh, cdng, phao dai, Dai twéng niém trung tam,
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béo tang, Nha lao chiig tich (Point). Di san trai rong trén nhiéu viing: chang han nhu
Thanh ¢d (Polygon) (Hinh 6).

Bang thudc tinh:
Trueong dix Loai di .
o . Mo ta
lieu liéu
Tén Text Tén di san
Nghé thuat kién truc, di tich lich st, danh lam thang
Dang Text .
canh
Xép loai Text Xép hang
Vi tri Geometry Hinh hoc khong gian: diém, duwong thang, da giac
Mb ta Text Thong tin va dac diém ctia van hoa vat thé
Hinh anh Text Lién két Google driver
3D Text Lién két nhung
il Stats Search X {8 Search
O Geometry name type
Polygon Thanh C8 Quang  Kién triic nghé
Point Cira Nam Kién tric nghé
Point Biotang Thanh  Kién triic nghé
Point Daitudng nigm  Kién tric nghé
Point Nha ta Thanh C¢  Kién tric nghé
Point H& bom Canh quan
Point Tuding thanh Kién tric nghé
Point Phéo dai Kién tric nghé
Point Stngthan céng  Kién triic nghé
Point Thanh c8 Quang  Kién triic nghé
Point Cira Bic Kién tric nghé
Point Cira Déng Kién tric nghé
® Quy — o Point Cira Tay Kign tric nghé
U, ruong Trung hoc oint 3 don tié
&t 2 phithing-Quiag Tr o F Nha dén tép

500" < >

Hinh 6. Nhap dit liéu thudc tinh Thanh c6 Quang Tri (nguon: tac gia nhap trén nén
GeoJ]SON)

Dt liéu Thanh ¢d Quang Tri duoc tich hgp vao GIS trén nén tang QGIS, cho phép
quan ly, truy cap va tra cttu thong tin khong gian va thudc tinh ctia cac d6i tuong di san.
Trén nén ban d6 c6 da dugc dinh vi dia ly, cac d6i twong duoc xay dung thanh cac 16p
dit liéu va gan véi thong tin tén, loai hinh va mo ta, gitip nguoi dung dé dang tra ctu
thong tin truc ti€p trén ban d6. Trong hinh 7, 6 gitra la cac ban d6 qua cac thoi ky quan
ly bang cac 16p (layer) va phan bang thong tin ¢ 6 viing bén phai mo ta thong tin ban &6
trén nén QGIS. Phan tich buffer (vung dém) trén nén tang QGIS cho thay vung dém 50
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m quanh teong thanh cé dién tich 290.901,37 m?, trong khi viing dém 100 m c6 dién tich
414.774,99 m? (Hinh 8).

DeBRERY 082S APPR /A ALNODS MEERE=-lo - DelRR VAP HPR L. Ra PO BEER I s-flo-T-
|V 28 @ / = L i ol R 260 0 ® LL A A N / g s s, St Y R 260 B =
5-8-G-% -4
= [T | ity B
nevre 5 (RN NS
Az s

sy

e

T o best K ~ Wi S L~ yze ek 1 P Seat e ot o o ored. | Motatun, E Ve Swsaun (
2 A N . 14 A A
Ban d6 thoi Phap Ban d6 hé bom
DEBRRY OALRRP I/ A, B0 WEE¥ S =-0 - DeARRY 0B FLNLPP A La O QEEH# I =-§! e
ReV.iZiw @ / = e qa 5 ® 200 B ¥ BV 4w @ / 4§ it T Rl B ®R 20 B ¥

Hom-Ge g

DIEVEETY P Y 5
= [ —— o sz @ e iz

Ban d6 hién trang

Hinh 7. Truy van di liéu Thanh ¢d Quang Tri trong QGIS (nguon: tac gia)

NEBRRY 02 HPPY R L BatIOR MBEBE ¥ =-Jc-m-
R@GVeam @B 4y %2 E ) E =g E qeaggy @ A0Q9 B &
"G B G B-a-R-6

5 3 ol Trung tam cong, "
Srowser ox [ & 020 QU e tnhac Aong O | Mdentity Results
ORY®O 01,‘\23 |7 3= g A -
i Favorites [= o % | Feature Value
» 1% Spatial Bookmarks @ egon i i %~ Buffered 100m
» [® Project Home —| & Nha Séch Minh o || v name  Khuvucbdovévéng2
» [&] Home 4 | : gg
rDa ‘ name Khu vuc bdo vé vong 2
» b [f type  Khoang cach 100 m: Ving
EE:N {| rank... Disin cép quéc gia

|

= area.. 414774994
LayerOrder | promser |

Layers @j
B e T&E-RBAD

| ¥ Quyhoach 2030

@ 20260319 Thanh Co Quang Tri §

@ Bdn a6 thoi Phap thusc y o T g

» ] 9 Bdn dé thoi Phdp thudc f VO cererias
® Ban ds Boom o

153

BehiThanh

<[]

[ 20241021 Thanh Co Quang Tri 202 i T © 2
» ¥ Co Thanh Dinh Cong Trang_modij Y
v/ I HIEN TRANG THANH CO-Model c ¥ 3
V| © Khuvucbio vé vong 1 X
V! || Buffered 50m (=} |
s Buffered 100m (=] 1
v/ [[] Tuong_thanh UTM48N Nha Thust Dong He % ¢ “ ‘g
V! | Tuong thanh 3 omg THPT |
(|  Thanh co Quang Tri thoi Phap hann e, | g b 1
» V| I Google Satelite o Mode [Curentlover
I 9 ChéoBo1CA Lbc .
i : .  Quang Tri ° ¥ | & @m Sén Hai Ling View | Tree - b
y £ Lk
Q Type to locate (Ctrl-+K) | Coordinate | 107.18406,16.75128 | Scale | 1:4438 |~ | @ Magnifier| 100% 14| Rotation |0.0° |2] v Render € EPsG:4326

Hinh 8. Phan tich d@ liéu khu vue bao vé vong 2 (ngudn: tac gia)
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Quy trinh nhép dix liéu vao GIS bao gém cac budc sau: (1) Thu thap di liéu: S¢
Vian hda, Thé thao va Du tinh Quang Tri; Trung tdm Quan ly di tich va Bao tang tinh
Quang Tri (cit); (2) Xac dinh vi tri va chudn héa d@ liéu: toa do (theo hé toa do dia ly
EPSG:4326 - WGS 84 — Geographic), thong nhat don vi, phan loai, dinh dang van ban,
md hinh 3D; (3) Tao 16p dit liéu khong gian: st dung GeoJSON dé€ vé diém, vung hodc
nhap toa do; (4) Gan thudc tinh: nhap théng tin mo ta cho tung d6i twong; (5) Xuat div
liéu: dinh dang phu hop (GeoJSON); (6) Xay dung d@ liéu GIS: nhap vao phan mém
QGIS va hién thi ban d6 (Bang 3).

Bang 3. So d6 nhap di liéu vao GIS
(>

Xac dinh vi tri va

. Tao l&p dir liéu khéng gian
chuan hoéa dir liéu

* Toa dd (theo hé toa do 5N @ Diém
dia ly EPSG:4326 - @
o Thu thap di lidu WGS 84 — Geographic) } O iy
e Théng nhat don vi GeoJSON

\(0 Nhap toa d&

e Phan loai N
P Str dung GeoJSON dé
-IiEﬂlIS- * Binh dang van ban vé diém, viing hodc nhap toa dé
l l

S& Van hoa, Trung tam Quén ly

Thé thao va Du lich  di tich va Bao tang e 5 hi
tinh Quang Tri tinh Quang Tri (ca) | Xﬁy(ghli:gg"r;:no":'lrr;,h 3D
8 A a « Tao diém d&am may
e Tqao lusi >

@ l « Kiém tra 4§ chinh xac

« Tgo vat ligu

v

6 Xay dung dir liéu GIS Xudt dir liéu o Gan thudc tinh
[ Va—_)
OGIS Nhap vao Nhéap théng tin
phén mém QGIS Dinh dang phu hop mé ta cho tirng
va hin thi (GeoJSON)

dsi tuon:
bén as GeoJSON hiid

——  Th ty thuc hign quy trinh

3.KET QUA VA THAO LUAN
3.1. Két qua

Dit liéu ky thuat s6 3D: M6 hinh 3D c¢6 vat liéu bao phu khu vie Thanh cd moi
canh dai 480 mét va khu viee bén trong thanh. Ap dung phuong phap photogrammetry
ghép chinh hinh anh tao mo hinh 3D c¢é dd phan giai cao (0,5 cm/pixel) ctia cac teong
thanh, cdng, phao dai, Dai twdng niém trung tam, Bao tang, Nha lao chiing tich, hd bom,
hao nudc phong thu va canh quan xung quanh (hinh 9).
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Coéng thanh phia Nam
Phao than cong 8 P
Hinh 9. Bang thong ké cac mo hinh 3D cac di tich tiéu biéu ciia Thanh C6 Quang Tri
(ngudn: tac gia)

Dir liéu GIS: Mot co so dix liéu GIS da lién két cac ddc diém kién tric vdi dix liéu
lich st va bao ton. Nhing phat hién chinh tt phan tich di liéu bao gom: quy trinh sd
héa dé€ 1ap ban d6 cac di tich lich sw nhim hd tro viéc dién giai di san, va viéc xac dinh
cac thanh phan co ban cua co so dit liéu GIS vé di san van héa (Hinh 7 va 8).

Ban d6 minh hoa cac di tich lich st: D liéu vé di tich Thanh ¢6 Quang Tri dwoc
tich hgp vao ban do6, sau d6 dugc tai 1én web, webGIS hodc chay qua mdy chu. Nghién
ctu treong hop nay duogc hién thi trén tng dung web, tao mot lién két c6 thé dugc sw
dung trén may tinh xach tay, may tinh dé€ ban hodc dién thoai dé xem tryc tiép thong tin
di san cta Thanh ¢d Quang Tri, phuc vu cho viéc quang ba du lich (Hinh 10). Trong
treong hop nay, dia chi truy cap la: https://thanh-co-quang-tri-240810.netlify.app/
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Hinh 10. So d6 mit bang va cac diém di san dic trung ctia Thanh ¢8 Quang Tri
(nguon: tac gia nhap dit liéu trén nén Google Map)

3.2. Thao luan
Nghién cttu cho thdy tinh kha thi va gia tri cta viéc sit dung phuwong phap
photogrammetry va mdy bay khong nguoi lai d€ 1ap tai liéu di san quy mo 16n tai Thanh
¢6 Quang Tri. Mdc du cac phuwong phap tién tién hon nhu quét laser, LIDAR c6 thé dat
dwgc do chinh xac hon phu thudc cam bién, khoang cach 1ay mau mat dat GSD, diém
khong ché mat dat GCP, dia hinh, cay xanh, mat d6 diém, thuat toan xt ly va chat luong
tham chiéu dia ly (Marcel, S., et al 2023), nhung phwong phap duoc lwa chon mang lai
s can bang gitta d6 chinh x4c va chi phi thu thap dit liéu. Theo nghién cttu ctia
Stephanie, R. R. et al (2020), UAV photogrammetry va LiDAR c6 d6 chinh xac kha trong
duong khi danh gia bang diém kiém tra, cu thé RMSE dat gié tri +0,04 (LiDAR) va gia
tri 0,03 — +0,06 (UAV photogrammetry). Va nghién ctru ctia Martin, S. (2023), cho két
qua SfM photogrammetry c6 RMSEZ dat 0,02 m (2 cm), trong khi d6 DJI Zenmuse L1
LiDAR c¢6 RMSEZ dat 0,044-0,065 m (4,4-6,5 cm). Cong nghé LiDAR c¢6 uu thé ro hon &
khu vuc ¢6 tham thuc vat, trong khi photogrammetry phu thudc nhiéu vao GCP va kha
ning nhin thay bé mat. K&t qua nghién ctru bang UAV photogrammetry da dua ra do
chinh xac cua mo6 hinh 3D Thanh ¢6 Quang Tri duoc tao ra danh gia bﬁ“ing cach stt dung
8 GCP, c¢6 gia tri RMSE tong hop dat 7,96 cm (Bang 2). So v6i phuong phap khao sat
truyén thdng, phuong phdp photogrammetry cung cap dd phan giai cao hon va thoi
gian trién khai nhanh hon. Vi du, viéc khao sat cdng phia Nam bang phuong phap
truyén thong mat 2 ngay, trong khi chi mat 25 phut bay ctia mdy bay khong nguoi lai va
3 gio xt ly trén may tinh. Vé chi phi thiét bi da st dung kha ré, vi du nhu DJI Mini 2 va
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Samsung Note 10 c6 gia kha ré trén thj treong khoang 40 triéu so voi thiét bi UAV ¢6
LiDAR co6 gia ttr 500 triéu dén 1 ty dong.

M6 hinh 3D cho phép giam sat tinh trang, lvu trit ky thuét sd, truc quan hda du
lich va ti€p can cong dong. Hon nita, co so dit liéu GIS cung cdp khudn kho dé tich hop
céc dit liéu 16n trong twong lai, chang han nhw phuc hoi, thiét k& canh quan, quy hoach
co s& ha tang. N6 khong chi dé dang tich hop thém thong tin lién quan ma con thé hién
truc tuyén. Tuy nhién, phuong phép van con nhitng théch thirc: sy hién dién caa nhiing
vung nudc rong 16n (hao nuwdc) doi hoi phai chinh stra thu cong nhiéu diém kiém soat,
va viéc tao ra cdc mo hinh 3D quy mo 16n doi hoi mdy tinh manh, phéan hién thi 3D giai
phap nay dua vao lién két nhiang chit chua that sy hién thi 3D trong mdi treong GIS,
day ciing chinh 1a diém han ché&. O diém nay, cic hang phan mém trén thé gi6i nhw
ArcGIS, Cesium...van dang tiép tuc nghién ctru va hoan thién dé tim phuong an t&i wu
nhét cho di san. Nghién cttu ciing nhan manh sy can thiét phai nang cao nang luc cho
cac nha quan ly di san Viét Nam trong viéc st dung va bao tri di san ky thuét so.

4. KET LUAN

Két qua nghién ctru tao ra dit liéu thong tin, mo hinh 3D va dir liéu GIS phu hop
cho viéc bao ton va phat huy gia tri di san. Bai bao cho thay cac khu viee Thanh ¢6 Quang
Tri can duoc bao ton nghiém ngat va can thiét tao ra di liéu s6 phuc vu quan ly, bao ton,
phat huy gia tri di san gan vé6i phat trién du lich tam linh. Pdng thoi cung cdp qua trinh
sd hda cé thé ap dung cho cac di tich lich st khac ¢ Viét Nam. Cac khuyén nghi bao gom:
Mo rong s6 hda sang cac phan con lai ctia Thanh ¢d va cac khong gian xung quanh bén
ngoai Thanh Cg; St dung md hinh s lam co s6 cho cac ting dung AR/VR dé€ nang cao
trai nghiém ctia du khach; Tich hop d@ liéu vao hé thong quy hoach do thi d€ ngan chan
s xam 1an thém.

LOI CAM ON

Bai bao duoc viét tir mot phan s6 liéu caa Nhiém vu khoa hoc va cong nghé theo
Nghi dinh thu v6i Italia "Nghién cttu dinh huéng giai phap bao ton di san van hoa cap
qudc gia gan véi phat trién du lich ba tinh Quang Binh, Quang Tri va Thita Thién Hué
trén co so ung dung cong nghé thong tin", ma s6: NDT/IT/22/17. Chung t6i xin chan
thanh cam on Bo Khoa hoc Cong nghé, Dai hoc Hué, Truong Dai hoc Khoa hoc Hué.
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APPLICATION OF GIS AND 3D MODELING
IN DIGITIZING THE ARCHITECTURE OF QUANG TRI ANCIENT CITADEL
TOWARDS THE PRESERVING AND PROMOTING HERITAGE VALUES
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ABSTRACT

This paper studies the application of digital technology to the conservation of the
Quang Tri Ancient Citadel, a special national monument since 2013. The study
digitizes the citadel complex which is squareshaped, with each side approximately
480 meters long, and includes walls, gates, fortifications, a central memorial, a
museum, and a prison. Photogrammetry and a drone were used to collect over 650
images, which were aligned and processed to create a 3D model, and then integrated
into a GIS database. The results show that the 3D model has high resolution,
accurately reproducing architectural and landscape details, supporting the
assessment of the current state and the mapping of the heritage site. The GIS
database links spatial information with historical data, serving management,
conservation, and tourism promotion via WebGIS. The study also discusses the
effectiveness of photogrammetry compared with conventional field surveys in terms
of time and cost, and contributes to the guidance of sustainable heritage

conservation.

Keywords: Quang Tri Ancient Citadel; Photogrammetry; 3D Model; GIS;

Preservation.
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