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1 MUC TIEU VA NOI DUNG

1.1 Muc tiéu
- PBé xuit dugc quy trinh cdng nghé;

- Pua ra duge két qua san pham dir liéu khéng gian dia ly 3D.

1.2 Noi dung

bé dat dugc cac muc tiéu da néu nghién ctru nay can phai thuc hién cac noi

dung sau:

a. Pé xudt C&c qui trinh cho xdy dung mé hinh dam mady diém 3D tir dir liéu bay

chup bang UAV, chup dnh mdt dat va quét LiDAR bao gom:

e Qui trinh xdy dung mo hinh 3D dam may diém bang cong nghé bay
chup anh tr UAV,

e Qui trinh x4y dung mé hinh 3D dam may diém bang cong nghé chup
anh mat dat;

e Qui trinh xay dung mo hinh 3D dam may diém bang cong nghé quét

LiDAR mit dat.

b. Xay dung dir liéu khong gian vector 3D va lién két véi dir liéu thude tinh.

Trong nghién ctru nay, dir licu dd hoa chinh sir dung dé cho xay dung mo
hinh 3D thanh phé & mirc LOD3 1a mé hinh sé bé mit, dam may diém va dam
may diém thu dugc tir cic cong nghé dia khong gian. Tur dit liéu ddm may diém,
dir 1iéu khong gian dang vector 3D dugc thanh 1ap. Bén canh do, dir li¢u thude
tinh s& dugc gan vao cac d6i tuong trong dit liéu khong gian dang vector 3D dé
c6 dir liéu khong gian dia 1y 3D hoan chinh. Qua trinh xay dung va chuyén d6i
dir liéu can cac phan mém chuyén dung khac nhau bao gdm SketchUp dé xay
dung dir liéu khong gian dang vector 3D, sau d6 chuyén sang phan mém FME dé

tao co s& dir licu dang CityGML va nhap thudc tinh.
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2 PE XUAT QUI TRINH XAY DUNG DU LIEU KHONG GIAN PIA LY
3D TU CAC CONG NGHE CHUP ANH TU UAV, CHUP ANH MAT
PAT VA QUET LIDAR MAT PAT

2.1 Qui trinh tong quat

Nghién ctru nay tap trung xay dung phuong an xay dung dit liéu khong gian
dia 1y 3D thanh phd ven bién thong minh voi tiéu chi giam t6i da gid thanh,
phuong an trién khai don gian, hiéu qua, cac thiét bi phd bién trén thi trudng.
Hién nay cong nghé¢ chup anh tor may bay khong ngudoi lai (UAV) da c6 nhiing
phat trién dang ké, UAV c6 thé mang may anh c6 thé chup anh do phén giai ¢
muc cm, do chinh xac rét cao, gid thanh rat phai chang so v&i cong nghé khac.
Cong nghé nay rat linh hoat trong thuc hién bay chup, xir Iy va dic biét rat phd
bién trén thi truong. Két qua xir 1y anh chup tir UAV bao gdm mé hinh s6 bé mit,
dam may diém, va binh d6 anh [1]. Dit liéu binh d6 anh & muc chi tiét cm s& cung
cép anh tryc giao tur cac anh chyp trén cao cua cac ddi tuong mat dat, 1a co s& dé
phan loai d6i tuong, xac dinh ranh gidi dia 1y cua cac ddi tuong. Trong khi mo
hinh s bé mit cung cap dir liéu cdu trac 3D cua cac ddi tuong, nhung hinh anh
thuc té cac mat cta doi tuong s€ khong duoc biéu hién rd. Dit liéu dam may diém
13 co s& dé nodi suy md hinh s6 bé mit, do d6 dit liéu ddm may diém c6 do chinh
xéac cao nhat trong cac dit liéu thu duoc tir UAV. Pam may diém 1a tap hop cac
diém c6 toa do mit bﬁng va do cao, c6 thé st dung dé sd hoa chinh xac vi tri cac
ddi tuong nhu cac goc, canh cua toa nha.

Nhin chung, dir liéu xay dung tir anh chup ctia may bay khong nguoi 1ai la
dir liéu co ban cho xay dung co s& dit liéu khong gian dia 1y 3D thanh phé thong
minh ven bién. Tuy nhién, néu chi st dung cong nghé chup anh tir UAV sé& khong
du dé dap ung nhu cau vé do chi tiét, d6 chinh xac cho mot dir liéu khong gian dia
1y 3D néi chung. Vi dy, d6i voi cac khong gian & tang 1 cac toa nha, UAV sé& khoé

bay thap dé tiép can do vuéng nguoi di lai va cac dia vat che khuat ddi tuong. Do



d6, can thiét phai két hop cac cong nghé hién dai khac phd bién hién nay nhu
cong nghé quét LIDAR mat dat va cong nghé chup anh mat dat.

Cong nghé chyup anh mit dit bang may anh phd thong nham thu thap thong
tin vé bé mat cic nha, tda nha thap ting c6 mat d6 day trong khu dan cu do viée
bay chup bang UAV khong thé quan sat dugc do khong co du khong gian hoic
thip qua s& khé trong diéu khién cdc thiét bj bay. Tuy nhién trén thuc té, cong
nghé chup anh mat dat dé xay dung mo hinh sb bé mat DSM thuong gip kho
khan. Bén canh do, viéc nang thay doi d6 cao chup anh s¢ kho thuc hién khi chup
cac dbi tugng c6 do cao 16n. Viéc dinh huéng ngoai cac tim anh s& kho khan hon
khi chyp anh c6 géc nghiéng 16n do cac goc nghiéng khong xac dinh dugc chinh
xé&c. Céc thiét bi quét LIDAR mat dat hién nay ciing da pho bién va dé dang van
hanh, sir dung, tuy nhién gia thanh van con kha cao so véi hai cong nghé da trinh
bay & trén. Trong thanh 1ap dit liéu khong gian dia 1y 3D thanh phd thong minh,
cong nghé quét LIDAR mit dét c6 thé cung cap ddm may diém cho tat ca cac ngd
ngach va cic suon cla toa nha, khéng nhitng cho cac nha thap ting ma con cho
nhiig nha cao ting. Pam may diém tir may quét LiDAR sé& bd khuyét cho phan
thiéu hut ddam may diém tao 1ap tor cong ngh¢ chup anh tor UAV va chup anh mat
dat. Vi ddm may diém tao 1ap tir cong nghé UAV s& cho két qua theo huéng nhin
xién tir trén cao xudng, cac goc phia trén ciia mai che hoic ban cong s& dugc hién
thi r3, nhung thiéu phan dudi ctia mai che hodc ban cong.. Hon nira, mat do diém
trong dam may diém cua LiDAR s& duoc tiy chinh va ¢6 do chinh xac cao nhat,
c6 thé lam dit liéu tham khao d€ hi¢u chinh, danh gia d6 chinh x4c ctia dit lidu cua
dam may diém anh xay dyng tir anh chup tir UAV va anh chup mat dat. Tuy
nhién, mot nhugce diém cua cong nghé LiDAR mat dat 1a tao ra dugc dam may
diém tir goc nhin tir dudi 1én nén sé& c6 cac diém bi khuat ma cong nghé chup anh
tr UAV c¢6 thé c6 duoc khi chup anh tur trén cao xuéng. Ngoai ra, dir liéu LiDAR
s€ khong tao ra dugc DSM va anh tryc giao bé mat dat. Cong nghé¢ chup anh tur

UAV sé 1a cong nghé dugc st dung dé bd khuyét phan thiéu hut cua cong nghé



LiDAR mat dit. Tuy nhién, dua trén dac diém cua khu vue nghién ctru, dac diém
ctia cac loai d6i tuong dia 1y khac nhau, ngoai sy tham gia cua cac cong nghé cd
dod chinh xac cao nhu LiDAR, cong nghé GNSS, toan dac dién tir co ché d6 do
khong guong cling duoc ap dung linh loat nham ting do chinh xac, tiét kiém thoi
gian, chi phi va nhan lyc [2].

Duya trén phén tich & trén, cong viéc ndy nham dé xuat quy trinh voi sy két
hop cua cac cong nghé bao gdm chup anh tir may bay khong ngudi 1ai, chup anh
mat dat va quét LiDAR mat dat phuc vu xay dung dit liéu khong gian dia 1y 3D
ctia thanh phd théng minh. Bén canh d6, cac cong nghé truyén théng nhu toan
dac dién tir c6 ché do do khong guong, do toa dd béng cong ngh¢ RTK GNSS
cling dugc st dung dé do dac diém khéng ché anh, diém kiém tra, diém ndi cac
tram quét LiDAR va do chi tiét mot sé diém ¢ thuc dia. Quy trinh chung duoc dé
xuat bao gém cac budc cé sir dung timg cong nghé riéng va cé sy két hop céc
cong nghé dé xay dung duoc dam may diém hoan chinh cta tit ca cac ddi tuong
khong gian dia 1y 3D can do v& (Hinh 1.1). Céc qui trinh cho mdi cong nghé ciing
duoc dé xuat va cac bude cta qui trinh duge mo ta ca phan 1y thuyét va phan thuc
nghi¢m ddi véi cac dbi tuong c6 tinh dac trung cua khu vuc thuc nghiém bao
gdém: nha doc 1ap, ddy nha va nha cao tang. Ngoai ra, cong viéc danh gia do chinh
xac cac dam may diém thanh 1ap tur cac cong nghé cting dugc thuc hién, tir do dé
xuét cac phuong an két hop cac cong nghé thong qua ghép cac dam may diém
cho cac ddi twong. Qui trinh ghép cac dam may diém dé tao ddm may diém hoan
chinh cho cac ddi twong dic trung trén ciing dugc mo ta chi tiét dé dam bao yéu
cau cho xay dung dit liéu khong gian vector 3D cho LoD3. Bén canh viéc két hop
cac cong nghé dé xdy dung dam may diém hoan chinh, viéc vé& cac ddi tuong
khong gian ¢ dang vector 3D va chuyén sang dinh dang dit liéu khong gian
CityGML ciing dugc dua ra trong qui trinh. Dt liéu khong gian CityGML la dit
lidu c6 thé sir dung dé nhap cac dit liéu thudc tinh gin véi cac dir liéu khong gian

nhiam tao ra san pham dit liéu khong gian dja 1y 3D hoan chinh cudi cung.



Dic diém khu do, trang Dit liéu dia ly, ban d6, kinh

thiét bi, yéu cau ky thuat

té x4 hoi c6 lién quan

Danh gia tong thé vé dix liu da co va dir
liéu dia ly can xay dung. Phan loai doi
tuong dia ly

Xac dinh dix liéu khdng gian can xay dung, Xac dinh dix

cho ting loai déi tuong dia ly ligu thugc tinh
can xay dung

Xac phuong an Xac phuong an Xac phuong an
chup mat dat bay chup tir UAV quét LIiDAR

Xac dinh cau

lidu ddm may diém lidu ddm may diém liéu ddm may diém

—— trc dir liéu
Xir Iy, xdy dung dit Lxuz ly, xéy dung dir || Xir I, xay dung dir | | cin xay dung

M6 hinh 3D dam may M6 hinh 3D ddm may
diém cta d6i tuong diém cua ddi twong —
beé xuat
phuong an xay
dung dir liéu

Panh gia, cac két qua md hinh 3D két
hop tir cac cong nghé da su dung,

thudc tinh

Xay dung dir liéu khéng
gian vector 3D

Chuyén sang chuan di liéu CityGML
va nhap dit liéu thudc tinh

Dir liéu khong gian dia ly
3D

Hinh 1. So' do téng qudt quy trinh xdy dung div ligu khong gian dia ly thanh phé
3D tir dir liéu chup anh tir UAV, chup anh mat dat va quét LiDAR mat dat
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2.2 Qui trinh xdy dung mé hinh dam mAy diém 3D tir anh chup tir UAV

Viéc khai thac st dung may bay khong nguoi 1ai cho cong tdc do dac thanh
lap ban d6 da duogc thuc hién tir lau. Vi mdi muc dich, yéu cau cu thé vé do
chinh xac, dic diém khu vuc nghién curu, cong nghé hi¢n co, ngudi thuc hi¢n sé
xay dung nhitng quy trinh bay chup, xt Iy anh khac nhau. Tuy nhién, c6 thé thiy
tat ca cac quy trinh xdy dung mé hinh sé bé mit, binh d6 anh va dam may diém
anh tir anh may bay khong nguoi 1ai déu co thé thong nhat trong mot quy trinh
nhu Hinh 2. Cac budc thuc hién chung tuong Gmg 1a: 1/ Déi voi moi nhiém vu can
xéac dinh nhu cau, tiéu chuan k¥ thuat, danh gia dic diém khu vuc quan tdm, danh
gia kha ning tai chinh, thoi gian, trang thiét bi hién c6. 2/ Thiét ké mang lui
khéng ché anh, véi su dic biét quan tam vé d6 chinh xac yéu cau, sb luong diém
khéng ché, @ hinh diém khong ché. 3/ Thiét ké bay chup anh 1a nhiém vu tinh
toan cac tham sb phuc vu bay, chup anh véi cac thiét bi hién co. 4/ Po ndi khéng
ché anh bang cac cong nghé va danh gia do chinh xac. 5/ Bay chup anh c6 thé
thuc hién song song, cung lic véi cong tac do ndi khdng ché anh, dong thoi danh
gia nhanh chét lugng hinh anh. 6/ Sau khi c6 day du cac gia tri toa d6 cua diém
khéng ché, diém kiém tra va anh bay chup, can dua vao phan mém xu 1y anh dé
tinh toan. Qua trinh xir Iy anh sé dugc may tinh thuc hién tu dong sau khi da cai
dit cac tham sb can thiét. Két qua danh gia anh s& dugc str dung dé dé xuat cac

phuong an tiép theo. 7/ Thanh 14p mo hinh s6 bé mat va binh do anh [3].

Cong nghé hién dai d3 don gian hoa rat nhiéu cac budc trén, tuy nhién trong
qua trinh thyc hién cac budc can c6 nhimg k¥ thuat vién c6 kinh nghiém dé c6
nhimg diéu chinh thich hgp do nhiing diéu kién khach quan nhung vin dam bao
cac yéu cau, tiéu chuan k¥ thuat dé ra. Céc buéc thuc hién s& duoc trinh bay chi

ti€t & cac muc tiép theo.



Dic diém khu
do, trang thiét bi,
yéu cau ky thuat

Thiét ké luoi
khong ché anh,
phuong an do

Do khong ché anh
va diém kiém tra

Khéng
dat

Kiém tra do
chinh xac

Thiét ké bay chup,
ke hoach bay chup

Bay chup anh may
bay khong nguoi lai

Khong
dat

Kiém tra chat
luong anh

Dat Pat

Xir Iy anh

biéu chinh tham

s6
Panh gia két
qua xu ly
Khong
dat

bat

Thanh 1ap md hinh s6 bé
mit va binh d6 anh

Mo hinh s
bé mat

Binh db anh

bam may
diém anh

Hinh 2. Qui trinh xdy dung mé hinh dam mdy diém 3D tir anh chup tir UAV
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Khu vuc thuc nghiém cé dién tich 1 km x 1 km ngay sat bd bién, véi cac
khu vue mat nudc, khu vuc d6 th1 méi hién dai, cac nha cao tﬁng va cac nha trong
khu dan cu da dugc xay dung tir [au. V&i muyc tiéu xay dung thir nghiém mé hinh
3D thanh phd ven bién thong minh, 4 d6i tuong can dugc bay chup bang may bay

khong nguoi 14i bao gdm:

1/ Bay chup cho toan bd khu vuc nghién cru nham muc dich xdy dung mo

hinh 3D & mitc do chi tiét LOD2 (gi6i han trong vién mau trang trong hinh dudi).

2/ Bay chup xay dung LOD3 cho toa nha cao ting c6 dién tich 150 m2 c6 do

cao 120 m.

3/ Bay chup, xdy dung m6 hinh 3D thanh phb & LOD3 diy nha biét thu rong

5000 m2 do cao 15 m (gi61 han duong vién mau xanh nhat),

4/ Bay chup nha doc 1ap rong 400 m d6 cao 30 m (giéi han vién mau vang).
Do dic diém vé d6 cao va do rong cua mdi ddi tuong khong giéng nhau, déng
thoi nhu cu thanh 1dp mé hinh 3D véi mutc do chi tiét khac nhau, do d6 db hinh

bay chup khu vuc nghién ctru ciing duogc thiét ké phu hop.

Phuong thirc chup anh theo dang 6 luéi voi goc chup thay doi s& 1a phuong
an t6i uu cho chup anh toan khu vuc nghién ctru. P4 hinh bay chup theo hinh tron
v6i nhiéu do cao khac nhau s& dugc st dung dé bay chup nha cao tang. Trong khi
d6, bay chup vong theo ddi tuong véi hai do cao va 2 goc chup khac nhau sé& 13
lga chon phu hop cho chup anh khu vuc nha doc 14p va hai day nha biét thy lién
ké trong khu vyuc nghién ctru. Chi tiét thiét ké dudng bay cu thé dugc trinh bay

trong cac muc tiép theo.

2.3 Qui trinh xdy dung mé hinh dam may diém 3D tir anh chup miit dat

Tir quy trinh chung xay dung dir liéu thanh phé thong minh 3D, ta thay cong
ngh¢ bay chup va xt ly anh UAV la cong nghé chinh dugc sit dung. Tuy nhién,
cong nghé anh UAV méi dap Gmg duoc xdy dung mé hinh 3D ¢ LOD2 dbi voi



khu vuc c6 nha thép tﬁng, xady dung sat nhau [4]. Pé c6 duoc dit licu & LOD3,
hién thi dugc mé hinh 3 chiéu & cic mit cia toa nha, can phai sir dung cong nghé
chup anh mit dat. Cong nghé chup anh mat dét trong nghién ctru nay véi nghia bo
khuyét dir lieu UAV s& dugc thuc hién chup anh va xtr 1y anh twong ty nhu
phuong phéap xir Iy anh UAV. Trong d6 ty 1é phu chong ngang va pha chdng doc
van dugc ddm bdo khi chup anh mit dat. Bén canh do, toa d0, do cao tai mdi
diém dat may anh s€ tuong ty nhu toa do tam anh chinh xac khi chup anh trén
UAV. Bén canh d6 mdt s6 diém khéng ché anh trén tuong va diém kiém tra ciing
duoc thiét ké va do dac dé dinh huéng ngoai khbi anh. Quat trinh xir Iy anh chup
mat dat ciing s& st dung phan mém xtr Iy anh UAV. Tuy nhién do dic thu cua
cong nghé va phuong phap, s& c6 mot s6 diéu chinh trong qua trinh chup anh va
xtr Iy anh dé dam bao d6 chinh x4c cua cic md hinh s6 bé mat va dam may diém
cling nhu anh tryc giao ciia bé mit ciia cac cong trinh xdy dung. Hinh biéu thi quy
trinh chung st dung cho chup anh mit dat xay dyng dit liéu 3D cho cac cong

trinh nha & thap tang [5].



bac diem khu
do, trang thiét bi,

yéu cau k¥ thuat

j’hiét ke ludi Thiét ké, ké hoach
khong ché anh trén chup anh, xac dinh
tuong vi tri tdm chup

Chup anh mit dat

: : Khong
Do khong ché anh dat
va diém kiém tra

trén tuong Kiém tra chét

luong anh

Pat

Xir Iy anh

biéu chinh tham

SO
Panh gié két
qua xu ly
Khong
dat

bat

Thanh 1ap md hinh s6 bé
mat va anh truc giao

MG hinh )
bé mat cong
trinh

Anh truc
giao bé mat
cona trinh

bam may
diém anh

Hink 3. So' do tong quat qud trinh chup anh va xir 1y anh chup mdt dat
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Dé bd sung phan bi khuat dudi cac mai hién, sanh ctia toa nha, bd tri tuyén
chup anh mit dat. Qua trinh thiét ké tuyén chup anh mat dat cAn can ctr vao cac
thong s6 k¥ thudt cia may anh nhu: tiéu cu, kich thudc pixel, kich thudc cam
bién, kich thudc anh. Ngoai ra, cac tham sd can thiét khac nhu: d6 phan giai mat
dat (GSD), ti 1€ anh, d6 phu trum doc va ngang, khoang cach tir may anh to1 vat
thé, chiéu cao vét thé. Trong khi cac yéu td nhu thong sé may anh, d6 phan giai
c6 thé biét trude, cac yéu to khac nhu chiéu cao vat thé, khoang cach tir may téi
vat, GSD, d6 phu trum doc va ngang la cac thong sb can dua vao diéu kién thuc
dia, yéu cu d6 chinh xac dé lya chon. Tuy nhién dé phat hién ra nhiing bién dong
do cao nho cua bé mat tuong, can thiét phai xay dyng mo hinh s6 bé mit voi do
chinh x4c va chi tiét & mac 1-2 cm, nhu vay d0 phan giai GSD can thiét ké ¢ murc
d6 milimet, diéu ndy c6 thé thuc hién dugc bdi cdac may anh ki thuat sd thong

thuong khi chup anh & khoang cach gan (5 m-10 m).

Céc cong thuc sir dung cho qua trinh tinh todn céac thong s thiét ké nhu sau:
W=7 % Iy(1 - SL) (1)
B=Lep,(1-EL) (2)

Trong do:

W 14 khoang céch gitta hai tram chup anh theo chiéu thang dung;

B 1a khoang céach giita hai tram chup anh theo chiéu nam ngang;

D la khoang cach tur tram chup to1 ddi tuong;

fla tiéu cy may anh;

lw 14 kich thuéc cua anh theo chiéu rong;

Iy 1 kich thudc cua anh theo chiéu cao;

SL 1a d¢ phu trum ngang;

EL la 6 phu trum doc.
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Khoang cach tir tram chup téi1 ddi tuong dugc tinh theo cong thure sau:

D=2 D= (GSD/ Sp)*f (3.3)

r

Trong d6: GSD 14 d6 phéan giai mat dat ciia anh; Sp 1a kich thudc pixel.

Tuyén 3

Tuyén 2

Tuyén 1

Hinh 4. Thiét ké cdc tuyén chup anh mdt dat

2.4 Qui trinh xiy duwng méd hinh dam may diém 3D tir quét LiIDAR miit dat

Phuong phap TLS c6 thé dugc xem nhu 13 su két hop cta hai phuong phap

do anh va toan dac dién tir. Mac du két qua cudi cung la dam may diém vadi toa do

X, Y, va Z trong hé toa d6 Cartesian, nhung TLS thyc té lai do cac diém trong hé

toa do cau vai thanh phﬁn toa do lar, ¢, va 6, kém theo gia tri xam do (grey). Tri

do cua TLS duoc mo ta nhu sau:
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3D point clouds (XYZ)
+ intensity value

Terrestrial laser
& scanner

Hinh 5. Po quét dir liéu bang TLS

Cong thire tinh chuyén tir toa do cau vé toa do phang Cartesian nhu sau:
r= X2 +4+Y2+22

can™t (3)

=tan™ " (=

@ v ,

g8 =tan~?! (;)
VE-+ Y-

X = rcos(¢) cos(f)

Y = rsin(g) cos(#)

Z = rsin(8)
Céc bude dé xir Iy tao mo hinh 3D tir dir liéu dam may diém bao gom:
i.  Quét laser tir nhiéu huéng:

ii. Ghép tram va nan vé hé toa do dia phuong;
iii. Triangulation and data sampling;

iv. Nhan dang hinh hoc

V. Phéan manh

vi. Khép dua trén cac bé mat

vii. Xay dyng md hinh 3D

viii. Texturing

Tuy nhién, ciing c6 thé thuc hién budc xdy dung mé hinh truée dé str dung
mo hinh cho viéc ghép va nan tram. Dua vao qui trinh trén, c6 thé thay rang, budc
ghép va nan tram TLS 14 khong thé thiéu, do thong thuong phai quét nhiéu tram
TLS dé c6 thé thu duoc dﬁy du dir liéu cho vi¢c xady dung mod hinh hoan chinh.

Trong khi, moéi tram quét sé c6 dir li€u dam may diém trong hé toa do cua tram
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may, dé dua cac dam may diém cta nhiéu tram vé cung h¢ toa do, can thiét phai
ghép tram (registration).

Nhin chung, ghép tram c6 thé duoc chia thanh hai budc: Ghép tram tho, va
ghép tram chinh xac. Ghép tram tho 13 nham xac dinh cac hé sd chuyén doi. Bé
thue hién duoc diéu ndy, cin cé cac diém song trung hoic cac diém dic trung
nam khu vue trung phu cda hai tram quét. Sau khi da tim dugc cap diém, hodc
cum diém song trung, & budc ghép tram chinh xac, mét ham tdi wu s& duoc sir
dung dé xac dinh cac tham sd chuyén ddi chinh x4c nhd cac vong tinh lip tim
nghiém ti wu. Cac tham sé chuyén doi bao gom:

— AX, AY, AZ;

- 0, 0K

Hinh 6. Cdc tham sé chuyén doi

Pé x4c dinh duoc 6 tham sd trén, can it nhat 3 diém khong trén cung mot
duong thang. Co nhiéu cach dé tim 3 diém nay va do d6 c6 nhiéu phuong phap dé
ghép tram, cu thé:

i. Pam may diém;

ii. Tiéu

iii.Cac d6i twong hinh hoc don gian;
iv.Cac bé mat

v. Thong tin va dic trung trén anh.
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Sau khi dd ghép tram, budc tiép theo co thé 1a nin dam may diém vé hé toa
do dia phuong (vi du VN2000).

Trong nghién ctu ndy, dit liéu quét LIDAR mat dit dé bd sung dit lidu va
danh gia do chinh xac cua diém dam may xdy dung tir cac cong nghé chup anh
bang UAV va chup anh mit dat dé xay dung dir liéu khong gian dia 1y 3D thanh
phé thong minh ven bién cho nhitng cong trinh ma céng nghé UAV va chup anh
mit dat bi han ché. Pbi véi cong ngh¢ UAV, néu bé mat ddi tuong co do déng
nhét cao, hodc khong c6 ciu tric nhu bé mat nudc, mit kinh, viée xac dinh cac
diém dic trung trén anh gap nhiéu kho khan dan dén d6 chinh xac khu vuc co bé
mat nhin bong rat thap. Dac biét véi cac cong trinh xdy dung bang kinh, viéc bay
UAV quanh céc toa nha sé thu nhan dugc cac anh c6 hi¢u tng phan xa guong.
Cac cong trinh ven bién cao téng thuong 1a cac cong trinh thuong mai, dich vy
duoc xay dung bang khung nhom kinh, viéc thiéu dit liéu tai cac vi tri kinh bao
phu 13 khong thé tranh khoi. Cong nghé quét LIDAR mat dat s& cung cap dir liéu
bd tro chinh xé4c trong truong hop thiéu dit liéu nay. Quy trinh thuc hién quét
LiDAR mit dat da dugc quy dinh trong Thong tu 17/2019/TT-BTNMT vé Quy
dinh k¥ thuét thanh 14p mo hinh s6 d6 cao bang cong nghé quét LIDAR mat dat
trén tram cd dinh. Quy trinh chung quét LiDAR mit dat duoc trinh bay trong
Hinh 7.
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Dic diém khu do, trang thiét bi,

yéu cau ky thuat

Thiét ké luoi Thiét ké, ké hoach
khong ché mat dat quét LIiDAR mat dat

Do khéng ché anh

va diem kiém tra Quét LiDAR mat dat

trén tuong, tiéu do
mat dat

Xir ly, xay dung mo
hinh 3D dam may
diém va md hinh sé
bé mat

Kiém tra Khong dat

chat

Pat

M0 hinh s bé
mat céng trinh

bam may
diém d6 cao

Hinh 7. So do”‘, tong qudt quy trinh xdy dung mé hinh 3D dam mdy diém tir quét
LiDAR mat dat
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3 XAY DUNG DU LIEU KHONG GIAN VECTOR 3D VA LIEN KET VOI
DU LIEU THUQC TiNH

3.1 Cac buéce thue hién
Hién nay, c6 nhiéu phuong phap va cong nghé ciing nhu phan mém duoc
phat trién dé thyc hién qua trinh nhanh va thuan tién. Tuy nhién, qua trinh déu

can trai qua cac budce cu thé duoc thé hién trong Hinh 8.

Anh truc Mb hinh s6
giao bé mat

Dt liéu
thudc tinh

Dung mo hinh
vector 3D

Chuyén d6i md
hinh 3D theo
chuan CityGML

Dir liéu khdng
gian dia ly 3D

Hinh 8. Quy trinh xdy dung dif liéu khéong gian dia Iy 3D thanh phé thong minh
3.2 Xay dung dir liéu khong gian dang vector 3D

Budc xay dung mo hinh 3D cua cac doi tuong dia 1y tur dir ligu dd hoa 1a
budce sb hoa dudng bién cia cac tda nha, phan tach cac dbi twong can quan tam.
bam may diém va mo hinh sd bé mat toa nha 1a co s¢ dé xac dinh cac diém gbc

cling nhu duong bién toa nha. K&t qua ctia budc nay la mo hinh cac do1 tuong &

17



muc do chi tiét LOD2. Cac hinh khdi & LOD2 chua thé hién duoc mau sac thuc,
mic du cac chi tiét ndi dd xuat hién rd trén cac ddi tuong. Céac anh chyp ngang
hodc chung nghiéng tir may UAV ddi voi nha cao tang hodc anh chup tir mit dat
véi cac cong trinh thdp tang duoc cat va ghép theo cac hoa tiét ndi trén LOD2 dé
c6 dugc dir lieu LOD3. Vi tri, hinh dang cac cay xanh d6 thi va cac dbi tugng dd
hoa khac trong d6 thi ciing duoc bd sung trong budc nay.

Tuy nhién cac d6i twong hién tai 14 cac d6i twong d6 hoa don thuan chua cé
cac quan hé khong gian. Cac cong cu nhu GG-Sketchup va Match Photo trong
phﬁn mém GG-SU c¢6 thé duoc st dung dé thuc hién cac nhiém vu nay. Day la
cong doan mat nhiéu thoi gian va céng strc nhat. Poi hoi ngudi thuc hién can kién
nhan va c6 kha ning quan sat ciing nhu kha ning hinh dung céc cdu tric 3D cia

doi tuong dé ddm bao do chinh xéc va tién do cong viéc.

L

T LLE

Hinh 9. San pham dit liéu khéng gian dang vector 3D tang 1 ciia nha cao tang
3.3 Chuyén ddi dir liéu khong gian dang vector 3D theo dinh dang CityGML
CityGML 1a chuan dudi dang ngdn ngit eXtensible MarkUp Language duoc
xay dung thanh tiéu chuan qudc té do Open GIS Consortium (OGC) dé xuét voi
muc dich thanh lap va trao doi dir liéu khong gian do thi 3 chiéu. Trong
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CityGML, cac doi tuong dia ly 3D dugc dinh nghia vé mait hinh hoc, cu tric
hinh hoc (topology), cac tinh chat chuyén dé ciing nhu hinh dang bén ngoai. Céc
16p dir liéu hoan toan c6 thé phan tach va dinh nghia cu thé trong dinh dang nay.
C4c dinh nghia nay cho phép ma hoa cac ddi tugng dia 1y 3D trong d6 thi phuc vu
cac muc dich nhu quy hoach, dinh vi, mé phong cac tinh huéng tham hoa va quan
1y ha tang d6 thi. Phan mém Safe Software FME 13 phan mém chuyén dung cd
thé chuyén d6i tir cac mo hinh 3D d6 hoa sang dinh dang CityGML. Thudc tinh

ctia mdi 16p doi twong ciing s& duoc tao 14p trong phan mém nay.

3.4 Lién két thong tin thudc tinh vao dir liéu khong gian dang vector 3D &
dinh dang CityGML

3 FME Data Inspector - 2019.2 - 0 X
file View Camera Tools Window Hel

citygmi_feature_role_attr_name citygml_feature_role_attr_val gmi_description

vvvvv

Hinh 10. Dit liéu khdng gian vector 3D sau khi chuyén déi sang City GML
Trén Hinh 10 c6 thé thay rang sau khi chuyén dbi sang GML mdi ddi tuwong
trén mo hinh 3D dugc dinh dang chuan va phan biét béng ID, c6 thé lya chon
hién thi thong tin tudc tinh theo cac truong dir liéu mac dinh cua city GML hoac
cling c6 thé lién két v6i thong tin thudc tinh do ngudi dung thiét 1ap.
Péi voi 16p dir liéu khong gian Nha ¢ sau khi chuyén d6i sang phan mém

FME c6 dang bang thudc tinh chua c6 cac thong tin nhu Hinh 11 dudi day.
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Hinh 11. Lép Nha ¢ sau khi chuyén déi sang City GML

Lé6p dir liéu Nha ¢ sau khi duoc chuyén tir dir liéu d6 hoa dang vector 3D
sang dir liéu vector 3D theo tiéu chuan CityGML cho cac ddi tuong cac Nha riéng
bi¢t nhu ¢ Hinh 2.14. Bang thudc tinh kém theo chua dugc nhap, tuy nhién ma
dbi tuong khong gian d3 duoc tao ngiu nhién véi ciu trac mi bao gom:
gml_94d7515f-7050-4c78-afe6-364d1c695a72. Ma d6i tuong Nha co thé trich
xudt tir 6 mau xanh trong hinh v€ dé nhap vao ¢t ma trong file dir li¢u thudc tinh
tuong ung voi chinh xac Nha ¢ da thu thap thong tin thude tinh.

- Thudc tinh cac dbi tuong dugc thiét 14p trén phan mém Microsoft Excel
(Hinh 12), cac truong dir liéu thudc tinh duge viét theo ding qui tic chuan City
GML. Truong dit liéu thudc tinh ID dugc nhap tuong tmg véi ID timg ddi tuong
trong file két qua (*.GML).

Céc 16p thudc tinh dugc nhap cho ting dbi tuong dya vao cac diém khong
gian trén phan mém ArcMap 10.3 dé luu trit cac thong tin thu thap duoc tir dit
ligu ddm may diém va cac dir liéu thu thap duogc tur thyc dia. Lép dit 1iéu Nha &

dugc nhép trén ArcGIS tir Hinh 12.
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Hinh 12. Nhdp théng tin thudc tinh cho méi doi tieong ciia 16p Nha ¢

Céac dbi tuong Nha ¢ duoce ay vi tri toa do, do cao trong khong gian tir dit
liéu ddm mAay diém va anh truc giao va sd hoa dudi dang cac diém nhu trong
Hinh 12. Céc thong tin thudc tinh dugc thiét ké boi cac truong thong tin theo cac
cot. Cac thong tin thudc tinh thu thap duoc tir dit li¢u khong gian va thuc dia s€
dugc nhap vao. Bén canh dé cot ma doi tuong (ID) duoc trich xuét tir dit liéu
khong gian dbi tuong nha di chuyén sang tiéu chuan CityGML va nhap vao dé
sau khi két ndi file dir liéu thudc tinh va khong gian, ma dbi twong tuin theo mé

hinh quan hé d6i tuong théng qua ma nay.
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4 KET QUA SAN PHAM DU LIEU KHONG GIAN PIA LY 3D

3 FME Data Inspector - 2019.2 - 0 X

Columrs,

Hinh 13. Lop Nha sau khi da nhdp thuéc tinh

Sau khi két ni dit liéu thudc tinh cac ddi tuong nha va dir liéu khong gian
ctia ddi tuong twong tng theo ding mé ddi twong (ID), phan mém FME sé& hién
thi bang thudc tinh cta timg dbi twong Nha (mau dé trong hinh) twong tng véi
mi d6i twong (6 mau xanh & bén phai hinh v&) va thong tin thudc tinh cua dbi

tuong nha do6 trong bang thudc tinh twong tng voi ID ¢ phia dudi cia Hinh 13.

Hinh 14. Lop thuy van khi da nhdp thudc tinh
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Sau khi két ndi dit liéu thudc tinh cac ddi tuong thuy van va dir liéu khong
gian cua d6i twong tuong umg theo dung ma dbi twong (ID), phan mém FME s&
hién thi bang thudc tinh cua timg ddi twong thuy van (mau do6 trong hinh) twong
g v6i ma ddi tugng (6 mau xanh & bén phai hinh v&) va théng tin thudc tinh cta
dbi twong thuy vin d6 trong bang thudc tinh twong tmg voi ID & phia dudi cia
Hinh 14.

% FME Data Inspector - 2019.2 = 8 =

% IFMEMulti

D Lop _duong Cap_duong Loai duong 74 Chieu_dai Nam XD

15 g dd9493-b281-4475 164 Dudn o0 théng Hung Thing song ndi thi Bé tong 2
16 gmi_176e4d7a-4753-4452-2 Dung giao théng Hoang Quéc Viét Buéng liéntinh  Nhua 3000
17 g
18 gn

Hinh 15. Lop Giao thong khi da nhdp thudc tinh

Sau khi két néi dit liéu thudc tinh cac ddi twong giao théng va dir liéu khong
gian cua dbi twong twong umg theo dung ma dbi twong (ID), phan mém FME sé&
hién thi bang thudc tinh cia timg d6i twong giao thong (mau dé trong hinh) tuong
g v6i ma ddi tugng (6 mau xanh & bén phai hinh v&) va théng tin thudc tinh cta
dbi tuong giao thdng dé trong bang thudc tinh tuong tmg véi ID ¢ phia dudi cia
Hinh 15.
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G2 IFMEMultiSu...

Dira

Hinh 16. Lép Thuc vat khi da nhdp thuoc tinh

Sau khi két néi dir liéu thudc tinh cac doi twong cdy xanh va dir liéu khong
gian cua d6i twong tuong ung theo dung ma dbi tuong (ID), phan mém FME s&
hién thi bang thudc tinh cta timg d6i trong cdy xanh (mau d6 trong hinh) twong
g v6i ma doi tugng (6 mau xanh ¢ bén phai hinh v&) va thong tin thudc tinh cta
dbi twong cdy xanh d6 trong bang thudc tinh twong tng v4i ID & phia dudi cta
Hinh 16.
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5 PANH GIA PQ CHINH XAC CAC KET QUA DU LIEU KHONG GIAN

5.1 Thiét ké va xac dinh vi tri khong gian phuc vu danh gia d6 chinh xac vé

vi tri khong gian

Céac doi tuong dd hoa 3D duoc do v& tir cac dit liéu dam may diém va chuin
hoa theo cac 16p v6i cac qui dinh vé dir liéu khong gian dja 1y. Tuy nhién trong
quéa trinh v&, cac ngudn sai s6 do cong nghé tao dam may diém va do qua trinh v&
c¢6 anh huong dén chat luong san pham cac 16p dir liéu khong gian.

Cong nghé quét LiDAR c6 dd tin cdy diém quét rat cao (don vi mm) nén
dugc stir dung dé so sanh cac két qua cua cac dir lieu khong gian khac dugc tao ra
tur chup anh UAV hodc chup anh mat dat.

Bén canh do, cac diém kiém tra dic trung trén bé mat dbi tuong cling duogc
xéac dinh toa do trong khong gain 3D bang két qua do laser sit dung ché do do
khong guong cia toan dac dién tir. Ngoai ra, phuong phap truyén théng, dung
thudce thép dé xac dinh chiéu dai cta cac canh dic trung trén bé mit cac doi tuong
cling dung dé danh gia do chinh xac.

Pé dam bao do chinh xac cho dir liéu khong gian, can bd tri cac diém kiém
tra trén trén bé mit va xung quanh toa nha. Tong s6 diém kiém tra 1a 64. Cac
diém duoc bd tri déu trén cac mit cla cong trinh, voi so dd bb tri diém nhu Hinh

17 va Hinh 18.
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Hinh 17. Cdc diém dac trung trén bé mat phia trudc toa nha dwoc xac dinh vi tri
khong gian bang toan dac dién tir 6 ché do do khong guong

Hinh 18. Cdc diém dac trung trén bé mat phia sau toan nha dwoc xdc dinh vi tri
khong gian bang toan dac dién twr o ché do do khong guong
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5.2 Phwong phap danh gia d chinh xac vé vi tri khong gian

Pé danh gia do chinh xac dir liéu khong gian thanh 1ap tir cong nghé UAV
va TP, phuong phép str dung diém KT va phuong phap st dung dam may diém
TLS duoc 4p dung. Cu thé, sai sb trung phuong RMSE duoc tinh dya trén viéc so
sanh toa do (X, Y, Z) cua cac diém KT do béng toan dac dién ti va cac diém nay
duoc xac dinh trén mo hinh dam may diém tao boi UAV va TP [2], [3] va [4].

Céc cong thtrc tinh nhu sau:

S (Xpe—Fxr,)

RMSE, — \/ “ixt er,) 3)
1 (Ype—vir,)

RMSEJ,=\/ E_:L(""’F'C }’:{Tz) (4)
S (zZpe-zgr,)

RMSEZ=\/ z_1(3Fc 3:{1";) (5)

RMSEy, = | RMSE2 + RMSE} (6)

trong d6: RMSE - sai s trung phuong; n tong sé diém kiém tra (KT); Xkri
va Xpc, Ykri VA Ype, Zkti VA Zpc - thanh phan toa do twong Gng theo hudng truc
X, Y, Z cua diém kiém tra va diém twong ung trén dir liéu khong gian.

Ngoai ra, dit liéu khong gian thanh 1ap tir UAV va TP dugc so sanh vai dir
liéu khong gian thanh 1ap tir TLS dé danh gia do chinh xéac [1]. Khoang cach giita
hai dir liéu khong gian nay dugc tinh va duoc st dung nhu 1a d6 1éch gitra hai dix
liéu khong gian. Do dit liéu khong gian thanh 1dp TLS c6 do chinh xac cao hon
nén duoc st dung nhu 13 dit liéu tham chiéu. Két qua cua phuong phap nay dua ra

su chénh 1éch gitra 2 dir li¢u va hién thi dudi thang mau sic.
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5.3 Panh gia d¢ chinh xac cac dir liéu khong gian

5.3.1 Danh gia do chinh xdc dir lieu khong gian tao ra tir dir liéu bay chup

UAV
Bang 1. Két qua danh gia do chinh xdc dir lieu khong gian twr anh chup mat dat

Ky Piém lay tir két qua dir liéu khong Piém lay tir két qua do toan dac Sai s giira 2

T |hi é):l gian dién tir khong guong phwong phap
.z X (m) Y (m)| Z(m) X (m) Y (m) Z(m)| AX| AY| AZ

diém

(cm)| (cm)| (cm)
1 |206 | 2317860,907| 423488,709| 15,231| 2317860,507| 423489,309] 14,731 04| -06] 05
2 |208 | 2317874,369| 423509,929| 15,936| 2317876,869| 423513,229| 14,736 -2,5| -33] 172
3 |209 | 2317854,096| 423478,560| 6,682| 2317852,196| 423477,960 6,882 19/ 06| -02
4 1216 | 2317876,050] 423509,368| 11,268] 2317874,850| 423511,068 7468 12| -170 38
5 224 | 2317876,282| 423456,367| 12,857| 2317874,482| 423456,767| 11557 18 -04| 13
6 228 | 2317867,293| 423461,408| 7,344| 2317865,493| 423460,308 6,044 18 11 13
7 1244 | 2317877,199| 423462,313| 8,805| 2317877,099| 423460,913 6,905 0,1 14 19
8 1246 | 2317885,009| 423470,343| 17,139| 2317884,709| 423472,743| 14,739] 03] -24| 24
9 265 | 2317890,242| 423515,297| 9,391 2317890,042| 423513,297| 10,291 0,2 2,00 -0,9
10 |269 | 2317901,673| 423504,768| 6,292| 2317902,573| 423505,668 7,792 09 -09 -15
11 |273 | 2317897,669| 423491,230| 7,443] 2317897,369| 423490,530 7543 03] 0,70 -01
12 275 | 2317893,952| 423485,024| 16,693 2317891,352| 423483,324| 18,793 2,6 17/ -21
Sai s6 trung phuong 1,4 16 17

Két qua danh gia & Bang 1 cho thiy céc sai s trung phuong tinh toan tir cac
diém kiém tra ddi véi ba truc X, Y, Z 1an luot 1a 1,4 cm; 1,6 cm; 1,7 cm. DPiéu nay
khéng dinh cac sai sb dam bao yéu cau theo céc qui dinh dé thue hién cac buée

tiép theo trong qua trinh xay dung dir liéu khong gian dia 1y 3D.
Két qua danh gia do chinh xac dir liéu khong gian xdy dung tir chyp anh
bang UAV trén toan bd khu do trén nhu sau:

Badng 2. Bang két qua danh gid do chinh xdc dir lidu khéng gian xdy dung tir chup
anh bang UAV trén toan bo khu do

T(:en Sais6 | Saisod Mp Sai 50
diem | X(cm) | Y(cm) | (cm) | H(cm)
K02 13.7 2.9 14.0 1.6
K05 3.3 1.3 3.6 0.7
KB3 0.4 0.9 1.0 3.7
K17 -0.7 -0.5 0.8 2.5
K4 0.7 -0.1 0.7 1.3
BS9 3.6 -3.6 51 2.1
TD1 -0.4 -5.9 59 -1.2
TD3 7.1 0.5 7.2 -5.2
TD4 9.2 0.6 9.2 3.3
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TD6 -4.1 -1.3 4.3 -2.2
TD16 3.5 -5.1 6.2 3.1
RMSE 5.9 2.8 6.5 0.9

Két qua danh gia san pham dir liéu xay dung tir chup anh UAV cho toan bd
khu do & Bang 2 cho thiy cac sai sb trung phuong tinh toan tir cac diém kiém tra
ddi voi vi tri mat bﬁng, dd cao lan luot 14 6,5 cm; 0,9 cm. Diéu nay khéng dinh
cac sai sO dam bao yéu cau theo cac qui dinh dé thyc hién cac budc tiép theo

trong qud trinh xay dung dir liéu khong gian dia ly 3D.

5.3.2 Danh gia do chinh xdc dir liéu khong gian toa nha doc lap xdy dung tir
UAV
Véi phuong phap danh gia dua trén diém kiém tra, két qua danh gia do chinh

xéc dir liéu khong gian xay dung tir UAV dugc thé hién trong Bang 3 sau:

Bang 3. Két qua danh gid @6 chinh xdc dit liéu khong gian xdy dung tir chup dnh
bang UAV toa nha doc lap

Te:zn Sai s6 X Saisd Y Mp (cm) Sai s6 H
diem (cm) (cm) (cm)
599 -0.36006 | -1.08958 1.14753 -2.3491
107 0.187597 | 0.561629 | 0.592132 | 0.46285
105 -0.26855 | 0.225359 | 0.350582 | 0.238866
549 -1.3453 -2.81343 | 3.118529 | -0.76773
RMSE | 0.715331 1.53857 1.69673 1.26283

Két qua danh gia san pham dit liéu xay dung tir chup anh UAV ddi véi nha
doc 1ap & Bang 3 cho thay cac sai s6 trung phuong tinh toan tir cic diém kiém tra
ddi voi vi tri mat béng, do cao 1an lwot 1a 1,6 cm; 1,2 cm. Piéu nay kh?mg dinh
cac sai sO dam bao yéu cau theo cic qui dinh dé thyc hién cac budc tiép theo

trong qud trinh xay dung dir liéu khong gian dia ly 3D.

Vé6i phuong phap danh gid dua trén so sanh két qua diém TLS, két qua duoc
thé hién trén Hinh 19.
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C2C absolute distances[Quadric][k=8]
1.103867
1.034875

0.965884
0.896892
0.827900
0.758909
0.689917
0.620925
0.551934
0.482942
0.413950
0.344958
0.275967
0.206975
0.137983

0.068992
0.000000

C2C absolute distances[Quadric][k=8]
0.499951
0.468704

0437457
0406210
0.374963
0.343716
0.312469
0.281222
0.249975
0.218728
0.187482
0.156235
0.124988
0.093741
0.062494
0.031247
0.000000 |

(b)
Hinh 19. Phdn bé ciia cdc diém UAV c6 khoang cdch so voi dit li¢u khong gian
xay dung tr TLS co gia tri twe: (a) 0mden 1.1 m; (b) O mden 0.5 m

Két qua danh gia san pham dit liéu xdy dung tir chup anh UAV d6i voi nha
doc 1ap so véi dit liéu xay dung tir TLS cho thay céc sai s6 c6 mau xanh lam va
xanh 14 cdy c6 sai s6 nho hon 20 cm. Diéu nay khang dinh cac sai s6 dam bao yéu
cau theo cac qui dinh dé thyc hién cac bude tiép theo trong qué trinh xay dung dit

li¢u khong gian dia 1y 3D
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5.3.3 Danh gia dg chinh xac dir ligu khong gian toa nha djc lgp tir chup anh
mdt dat (TP)
Str dung phuong phap danh gia dua trén dir liéu khong gian xay dung tir

TLS, két qua dugc thé hién trén Hinh 20.

C2C absolute distances[Quadric][k=8]

0.551890
0.517397

0482904
0.448411
0413918
0.379425
0.344931
0.310438
0.275945
0.241452
0.206959
0.172466
0.137973
0.103479
0.068986
0.034493

Hinh 20. Phdn bé ciia cdc diém TP co khoang cach so voi dit li¢u khong gian xdy
dung tuw TLS co gia tri tir 0 m dén 0.5 m

5.3.4 Ddnh gid dj chinh xdc di ligu khong gian day bigt thuw ké nhau tiv chup
danh UAV
Vé6i phuong phap danh gia dya trén diém kiém tra, két qua danh gia do chinh

xac dir liéu khong gian xay dung tir UAV dugc thé hién trong bang sau:

Bang 4. Két qua danh gid do chinh xac dit lieu khong gian xdy dyng tir chup anh
bang UAV day biét thy ké nhau

Tén | Saisd6X | SaisdY | Mp | SaisoH
diém (cm) (cm) (cm) (cm)
244 -0.5 11 1.2 1.9
245 -0.7 1.6 1.7 4.0
246 -0.3 -2.7 2.7 2.8
267 -0.7 03 0.7 -0.2
269 -1.3 -0.8 15 -1.3
276 -1.8 -1.1 2.1 -0.3
206 0.4 -0.5 0.7 0.2
209 2.1 04 2.1 -0.9
211 0.4 -0.4 0.6 3.2
212 0.9 -1.7 1.9 -1.3
RMSE | 1.1 1.3 1.7 2.1
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Véi phuong phap danh gia dya trén di liéu khong gian x4y dung tir TLS, két qua duoc
thé hién trén Hinh 21.

0.062499

0.031250

0.000000

(b)
Hinh 21. Phdn bé ciia cic diém UAV day biét thy lién ké c6 khoang cach so voi
dir lieu khong gian xdy dung tie TLS co gia tri tue: (a) 0 m dén 4.5 m; (b) 0 m dén
0.5m

Két qua danh gia san pham dit liéu xdy dung tir chup anh UAV ddi voi day
nha bié¢t thuc so véi dir liéu xay dung tir TLS cho théy cac sai sO ¢ mau xanh lam
va xanh 14 cdy c6 sai s6 nho hon 20 cm. Piéu nay khing dinh cac sai s6 dam bao
yéu cau theo cac qui dinh dé thuc hién cic budc tiép theo trong qua trinh xdy

dung dir li¢u khong gian dia Iy 3D.
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5.3.5 Ddnh gida dj chinh xdc dit li¢u khong gian day biét thw ké nhau tir chup
danh mat dat
Vi phuong phap danh gia dya trén dir liéu khong gian xay dung tir TLS, két

qua duoc thé hién trén Hinh 22.

C2C absolute distances[Quadric][k=8]
1.720242
27

1.075151

0.967636

0.537576.
0.430060

0.322545

0.343746

0.312497
0.281247
0.249997

(b)

Hinh 22. Phdn bé ciia cic diém TP ddy biét thy lién ké c6 khoang cach so voi dir
lieu khong gian xdy dung tue TLS co gia tri tie: (a) 0 m dén 1.8 m; (b) 0 m dén 0.5
m
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5.3.6 Ddnh gid dp chinh xdc dir ligu khong gian nha cao ting tiv chup anh
UAV
Vi phuong phap danh gia dya trén diém kiém tra, két qua danh gia do chinh

xac dam may diém UAV duoc thé hién trong bang sau:

Bang 5. Két qud ddanh gid dé chinh xdc dam mdy diém UAV toa nha cao tang

Tén Saisé | Saisd Mp Sai s6
diem | X(cm) | Y (cm) | (cm) | H(cm)
3 -0.8 -0.8 1.1 0.9
6 0.4 -3.2 3.3 -1.7
18 4.4 -0.6 4.4 6.1
23 3.8 2.0 4.3 4.3
197 -2.3 -2.9 3.7 -0.9
203 -6.3 -1.9 6.5 -0.7
205 -5.9 -5.7 8.2 -2.4
212 -2.0 4.4 4.8 -19.5

RMSE 3.8 3.1 5.0 7.5

Vi phuong phap danh gia dya trén dir liéu khong gian xay dung tir TLS, két
qua duoc thé hién trén Hinh 23.

C2C absolute distances[2D1:2 Triangulation][k=6]

C2C absolute distances[2D1 /2 Triangulation][k=6]

13 84
13.047266

1217748
11.307631
10437813

9.567995
8.698177
7.828360

8542

6.088724

5.218906
4.349089
3479271
2.609453
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0.468750
0.437500
0.406250
0.375000
0.343750
0.312500
0.281250
0.250000
0.218750
0.187500
0.156250
0.125000
0.093750
0.062500




C2C absolute distances[2D1.2 Triangulation][k=6] C2C absolute distances[2D1.2 Triangulation][k=6]

13.917084 . 0.500000

13.047266 i S 0468750

12177448 hem it : {5 4 0437500

11.307631 ¢ ¥ 9 0406250

10437813 | e 0.375000

9.567995 g @ 0.343750

: 0.312500

7.828360 i y 0.281250

6.958542 L E @ | 0.250000

0.218750

6 0.187500

4.349089 T 0.156250
3479271

2609453 093750

5 q ‘ﬁuazmo

931250

0.000000

@ (b)
Hinh 23. Phdn b6 ciia cic diém UAV nha cao td‘ng’co' khodang cdch so voi di liéu
khong gian xdy dung tuw TLS co gia tri tw:(a) 0 m den 14 m;(b) Om dén 0.5m

Két qua danh gia san pham dit liéu xdy dung tir chup anh UAV ddi voi nha
cao tang so voi dit liéu xay dung tir TLS cho thiy céc sai s6 c6 mau xanh lam va
xanh 14 cy c6 sai s6 nho hon 30 cm. Diéu nay khang dinh cac sai sé dam bao yéu
cau theo cac qui dinh dé thyc hién cac bude tiép theo trong qué trinh xay dung dir
liéu khong gian dia 1y 3D.

5.3.7 Ddnh gid dj chinh xdc dir ligu khong gian nha cao tang tiv chup anh mdt
dat

Céac ddm may diém TP dugc so sanh véi ddm may diem TLS dé danh gia do
chinh x4c. Khoang cach giita hai dam may diém nay duoc tinh va dugc sir dung
nhu 13 d6 16ch giira hai ddm may diém. Do dam may diém TLS c6 d6 chinh xac
cao hon nén dugc sir dung nhu 1a dir liéu tham chiéu.

St dung phuong phdp danh giad dua trén dit li¢u khong gian xay dung tu
TLS, két qua dugc thé hién trén Hinh 24.
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C2C absolute distances[Quadric][k=8]

3.011822
2.760837
2.509851
2.258866
2.007881

0.752955

0.501970

0.437500
0.406250
0.375000
0.343750
0.312500
0.281250
0.250000
0.218750
- 0.187500
0.156250
0.125000
0.093750
0.062500

0.031250

(b)
Hinh 24. Phdn bé ciia cdc diém TP nha cao tang cé khodng cach so voi dir liéu
khong gian xdy dung tir TLS co gid tri tie: (a) 0 m dén 4 m; (b) 0 m den 0.5 m

5.3.8 Ddnh gid dj chinh xdc bang do kiém tra bing thuéc thép
Str dung thude thép do khoang cach cac canh dic trung nhu chiéu cao, chiéu

rong cua ctra s6 (Hinh 25 va Hinh 26), 6 sau cac ctra vao nha (Hinh 27).
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Hinh 2.7 Po kiém tra chiéu cao ciia cira s6 bang thuedc thép
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S,

Hinh 26. Po kiém tra chiéu sdu cia cira ra vao bang thiedc thép
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Cac két qua do bang bang cong cu do khoang cach trén dit liéu khong gian
tuong tng véi cac khoang cach do truc tiép & thuc dia bang thudc thép cho thiy
sai sb trong khoang tir 3 cm dén 5 cm. Nhu vay cho thay dit liéu khong gian xay
dung dugc hoan toan dap tng cho dir li¢u khong gian dia 1y 3D LoD3.

5.3.9 Ddnh gid vigc tiéu chuin héa cdc di ligu khong gian

Mac du céc 16p dir li¢u khong gian sau khi dugc v€ & dang vector 3D va bién
tap theo cac qui dinh k¥ thuat vé dbi twong khong gian dia 1y, nhung khi chuyén
tir dit liéu khong gian dd hoa 3D sang tiéu chuin CityGML, cac quan hé hinh hoc
khong dung theo yéu cau cta tiéu chuan s& hién thi cac 16i. Vi du viéc bét dinh
diém khong chinh xac tao sy sai khac, toa 46 goc cdy xanh khéng nam trén dung
bé mat dia hinh,....Cac 13i nay c6 mot sb s& duoc phﬁn mém bao 16i trong qua
trinh dinh chuan dit liéu khong gian dia 1y theo tiéu chuan CityGML. Cac 13i khac
bat budc nguoi xay dung dir liéu phai td churc ra soat, kiém tra dé khic phuc duogc

161 tai ra dir li¢u c6 d0 tin cay cao dap tng yéu cau dat ra.
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KET LUAN

Noi dung nghién ctru da trinh bay bao gdm céac van dé sau day:
. Pa @& xuit qui trinh x4y dung dir liéu khong gian dia 1y 3D tir dit liéu bay
chup bang UAV, chup anh miat dit va quét LiDAR;
. Pi dua ra duoc cac két qua san pham dit liéu khdng gian dia ly 3D;
. San pham dir liéu khong gian 3D sau khi duoc chuan héa theo tiéu chuan
CityGML duoc kiém tra, danh gia theo cac d6i tuong va kha ning cho phép
nhap céc thong tin thudc tinh dé hoan thién dir liéu khong gian dia 1y 3D;
. Cac cong viéc chuan bi dir liéu thudc tinh theo tiéu chuin CityGML va duoc
gan voi ma doi tuong duoge 1ay truc tiép trén mo hinh khong gian da chuyén
sang & tiéu chuan CityGML. Cac budc cu thé duogc md ta chi tiét dé lien két
dir liéu thudc tinh da thu thap va chuan héa véi dir liu khong gian tao thanh

mot dir liéu khong gian dia 1y hoan chinh.
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