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TOM TAT

Dinh hudng tuyét ddi sir dung dé chuyén ddi toa do dam may diém vé& hé toa do tric dia. Trong bai bao
nay, quy trinh cua bai toan dinh hudng tuyét dbi gian tiép duogc trinh bay thong qua hai bude gom: (1) ghep
n6i cac ddm may diém vé mot hé toa d6 chung va (2) chuyen toa do cua ddm may diém sau khi da ghép nbi
vé hé toa do tric dia. Phuong phép dinh hudng tuyét d6i gian tiép dugc ap dung dé chuyén dbi toa do dam
may diém thu dugc bang may quét Faro Focus®™ X130 vé hé toa do tric dia dya trén cac dlem khong ché
dugc thanh l4p bang mdy toan dac dién tir Leica TS06 plus. Anh huong cua dd hinh (vi tri va s6 lugng dlem
dinh hudng mé hinh) dén d6 chinh xac md hinh dugc so sanh trong bdn phuong an. Bai bao nay chi ra rang
d9 léch theo truc z c6 thé dat 1 m néu cac diém dinh huéng nim ¢ ciing mot phia va cting trén duong thing.
Nguoc lai, khi cac diém dinh huéng dugc lya chon trai déu trén toan mo hinh (véi chi tdi thiéu 4 diém) thi
d6 1éch 16n nhat chi khoang 15 cm. Khi sé lwong diém dinh hudng ting 1én (véi it nhat 1 diém cho mdi
tram may quét) thi do 1éch 16n nhét khoang 4 cm. Do d6 cac diém dinh huéng can dugce phan bé dong déu
trén toan bo ddi tugng quét va theo cac truc toa dd va nén chon it nhét mot diém dinh hudéng tai mdi tram
quét. Can tranh cac diém dinh huéng & mot phia cia mé hinh hodc nim trén ciing dudng thing hodc mat
phing. Bai bao 1a mot dong gop quan trong cho cong tac chuyén ddi toa do cong trinh dang tuyén duoc
quét béng may laser mat dat vé hé toa do trac dia trén phuong dién lya chon dd hinh diém dinh huéng.

Tir khéa: May quét laser mat dat; dinh hudng tuyét ddi gian tiép; cong trinh dang tuyén.

1. Téng quan

Mdy quét laser mat dat (TLS) 1a mot thiét bi cho phép thu thap dir liéu dam mdy diém (point cloud)
nhanh chéng va chinh xdc. Dir liéu dam may diém cua doi tugng quét can duoc xac dinh trong hé toa do
tham chiéu (hé toa do tric dia). Thu tuc dé chuyén toa do dam may diém vé hé toa do tric dia duoc goi la
dinh hudng tuyét ddi “georeferencing”. Pinh hudng tuyét dbi thudng dwa vao cac diém khdng ché tric dia
dugc thanh 13p boi toan dac dién tr hoac cong nghé dinh vi vé tinh (GNSS) tai thyc dia. Thong thudng,
dinh huéng tuyét dbi c6 thé duoc chia thanh hai phuong phép co ban 1a dinh hudng tuyét ddi truc tiép va
gian tiép.

Phuong phap dinh hudng tuyét d6i truc tiép dwa trén céc thiét bi phu tro nhu cic cam bién va dng kinh
dé xac dinh toa d6 va dé dinh huéng ngay khi thu thap di liéu. Céc thiét bi phu trg nay thuong 1a loai cam
bién vi du nhu bé dinh vi quan tinh (IMU), bé thu dit liéu GNSS-RTK. Dinh hudng tuyét abi cling ¢6 thé
don gian thyc hién bai mot bd dinh tim quang hoc va mot dng kinh ngdm dinh huéng duoc gan trén méy
quét (Scaioni 2005). M4y thu GNSS-RTK c¢6 thé dugc st dung cho dinh hudng tuyét ddi truc tiép trong dé
mdt may thu dugc ¢ dinh tai tAm cua mdy quét va mdy con lai tai tim cua diém dinh hudng (Altuntas,
Karabork et al. 2014). Ngoai ra, Schuhmacher and Béhm (2005) st dung la ban s6 v6i bo dinh vi vé tinh
gid ré dé thyc hién thi tyc dinh hudng tuyét ddi. Pinh hudng tuyét ddi ciing c6 thé s dung vai cdc may
quét thé hé méi c6 tich hop tinh nang cua toan dac dién tir dugc bién dén nhu may quét-toan dac dién tir.
Theo d6 cac chirc niang nhu dinh tdm, giao hoi nghich dugc bd sung cho phép dinh huéng truc tlép khi do
ngoai thyc dia (Pham, Nguyen et al. 2022). Ngoai cdc nghién ciru trén, dinh hudng tuyét dbi tryc tiép trong
may quét laser mat dat co thé tim trong céc tai liéu (Paffenholz 2012) va (Paffenholz Alkhatib et al. 2010)
Cung véi su phat trién vé cic thiét bi phu tro trong dinh huéng tuyét dbi tryc tiép, phan tich vé cdc ngudn
sai sO ctia phuong phap nay ciing dugc d& cap chi tiét trong (Lichti, Gordon et al. 2005), (Reshetyuk 2009),
va (Pandzi¢, Peji¢ et al. 2017). Mic du, phuong phap dinh hudng tuyét dbi truc tiép cho phép giam thoi
gian xir 1y dir liéu ndi nghiép nhung viéc trang bi thém cdc thiét bi ¢6 thé lam tang chi phi gid thanh
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(Reshetyuk 2009). Ngoai ra su kho khan va thém thoi gian trong viéc hi¢u chinh thiét bi phu trg cling 1a
mot nhuoe diém chinh cta dinh hudng tuyét ddi truc tiép (Khoshelham and Gorte 2009). Thém vao d6 o
chinh x4c thip ciia phwong phéap dinh hudng tuyét ddi truc tiép ciing 13 trd ngai 16n dé can nhic khi 4p dung
phuong phéap nay (Reshetyuk 2009).

Ngugc lai, phuong phap dinh hudng tuyét dbi gidn tiép c6 thé cho phép thu thap dir liéu diém voi do
chinh x4c cao (Reshetyuk 2009). Nhiéu nghién ctru vé phuwong phép niy c6 thé tim trong céc tai lidu (Lichti
and Gordon 2004), (G 2005), (Tait, Fox et al. 2004), (Bornaz, Lingua et al. 2003), (Schuhmacher and Bohm
2005), va (Mikhail, Bethel et al. 2001). Phuong phap dinh hudng tuyét dbi gian tiép c6 thé dugc chia thanh
hai phuong phap sau: phuong phadp mdt budc “one-step approach” va phuong phap hai budc “two-step
approach” (Reshetyuk 2006). Phuong phap mét bude thuc hién dinh hudng tuyét ddi doc 1ap tai mdi tram
quét v6i it nhat ba diém khong ché. Diéu nay dén t6i ting thoi gian thanh lap cac diém khdng ché tric dia
boi cac phuong phap khac. Tuy vy, phuong phap mot bude khong can sy chong phu giita hai tram quét
nén c6 thé giam thoi gian quét (Reshetyuk 2009). Phuong phap hai budc dya trén thu tyc dinh huéng tuong
dbi ctia nhiéu dam may diém tai cic tram quét khdc nhau trong mét hé toa do chung “common coordinate”
va sau d6 dam may diém nay duoc chuyén vé hé toa dé tric dia dua vao cac diém khong ché tric dia. Mic
di can t6i thiéu tir 25-30% d6 chiim phu giita hai dam may diém c6 thé lam tang thoi gian quét nhung s0
lwong diém khdng ché vira du la loi ich 16n nhét ciia phuong phap hai budc. Dén nay con thiéu cic nghién
ctru mot cach ¢ hé thdng vé phuong phép dinh hudng tryc tiép theo hai budc va g dung né cho céc cong
trinh dédc biét la cong trinh dang tuyen Chinh vi vy, bai bdo nay nham danh gia anh huong cua dd hinh
dén d6 chinh xac mod hinh va dé xuét phuwong an hop 1y cho dinh hudng truc tiép mé hinh 4p dung cho cong
trinh dang tuyén.

2. Pinh hwéng tuyét dbi gian tiép

Pinh huéng tuyét ddi 1a phép chuyén ddi dam may diém tir hé toa do cua may quét vé hé toa do tric dia
“geodetic coordinate” dua trén cac diém khdng ché. Dé chuyén ddi giita hai hé toa do trong khong gian 3
chléu can xé4c dinh bay tham sé chuyén d6i. Hinh 1 vi du vé chuyén d6i hé toa do mdy quét vé hé toa do
tric dia. Néu hai dam may diém duoc quét boi cung mot mdy quét thi tham s6 ti 16 bang 1. Do do, trong ky
thuat quét laser mat dit, ddm may diém c6 thé chuyen d6i vé hé toa do trac dia boi sdu tham s6 bao gom ba
goc xoay (¢, o, k) va ba gia tri toa do (X, Y, Z). Pé x4c dinh sdu tham s6 nay can it nhit sdu gid tri toa do
trong ca hai hé toa do hoac ba diém d3 biét toa do. Nhiing diém khéng ché tric dia thuong dugc thanh 1ap
boi may toan dac dién tir hoac mdy thu GNSS.

Viing chdng
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Hinh 1. Méi quan hé gita hé toa do mdy quét, hé toa do tric dia va sdu tham 6 chuyén doi
(Reshetyuk 2009)

Dinh hudng tuyét ddi c6 thé thyuc hién boi hai phwong phéap co ban theo quy trinh ciia bai todn mot budc
“one-step approach” hodc hai budc “two-step approach”. Phuong phap mét budc cho phép chuyén toan bo
dir liéu quét vé toa do tric dia mot cdch truc tiép. Nguoc lai phuong phap hai budce cho phép chuyén toa do
cac diém may quét vé hé toa do tric dia thong qua hai budc doc 1ap. Trong khuan kho ciia bai béo nay, chi
¢6 phuong phap hai budc duogc 4p dung dé dinh hudng tuyét déi dam may diém thu dwgc boi cong nghé
quét laser mat dat do d6 cac phan sau day sé& chi tap trung gi6i thiéu vé phuong phap hai budc.

2.1. Thudgt todn dinh hwdng tuyét doi gidn tiép

Phuong phap dinh hudng tuyét d6i hai budc (xem Hinh 2) dugc thuc hién boi quy trinh sau: (1) Budce
thir nhat, dm may diém dugc thu tir nhidu tram quét dugc dinh hudéng trong déi trong mot hé toa do chung
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“common coordinate”. Bai toan dinh huéng twong dbi c6 thé str dung cac phuwong phap nhu (i) dwa vao tiéu
do, (ii) diém dija vat ro nét, (iii) ghép bé mat, (iv) dua vao ddi tugng hinh hoc chung hodc (v) st dung Kkét
hop cac phuong phap néu trén. (2) Budc thir hai, toa d6 ¢dm may diém trong hé toa d6 chung “common
coordinate” s€ dugc dinh hudng tuyét ddi trong h¢ toa do tric dia “geodetic coordinate”. Cén it nhét ba
diém d3 biét toa do tric dia dé thuc hién viéc dinh hudng tuyét déi.

Phuong trinh toan hoc ctia phuong phép hai budc c¢6 thé duoc miéu ta nhu sau: bude thir nhét, toa do
dam may diém trong hé toa do may quét “scanner coordinate” X; duoc chuyén vé hé toa dd chung ctia nhiéu
tram quét “common coordinate” X, theo cdng thirc:

X, = Xy + RigX; (1)

voi R, va AX;, tuong ing 1a ma trén xoay va véc to chuyén ddi tir hé toa do may quét vé hé toa do chung.

0 0 - . » .
- - . ™
2 . . w |o . | |
e —— i — 5 I E i &
A a \
. N S VA
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. . \ /
Bifm khing ché trie dja
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Hinh 2. Phirong phdp hai bude trong dinh hwéng tuyét doi truec tiép (Reshetyuk 2009)

Trong budce tht hai, toa dd ciia ddm may diém trong hé toa d6 chung duogc chuyén vé hé toa do tric dia
boi:

X, = AXg, + RyoX, ©)

VOi R,e va AX,. tuong ing 1a ma tran xoay va véc to chuyén ddi gitta h¢ toa do chung va hé toa do tric dia.
Thay cong thiic (1) vao (2) duoc:

X, = AX, o + Ryo(AXiy + RigX)) 3)

Ma tran xoay 1a ham cua ba géc xoay w, ¢, va k theo céc truc toa df x, y, va z tuong ung. Ma trin xoay
¢6 thé duoc tinh bai:

R = R3(x) R;(¢) Ry(w) “)

v6i Ry (w), R,(¢), va R;(k) 1a cdc ma trdn xoay quanh truc X, y va z tuong ung.
2.2. Cdc nguén sai sé trong dinh hudng tuyét doi gidn tiép

Nhu d3 trinh bay & trén, dinh hudng tuyét ddi ¢6 thé thyc hién thdng qua hai bude. Sau khi da ghép nbi
(dinh huéng tuong d01) toa d6 cua dam may diém chung dugc chuyén truc tlep ve hé toa d6 tric dia boi
cong thirc (2). Sai s6 trong dinh hudng tuyét ddi truc tiép anh hudng bai sai sb ngau nhién cia mdy quét va
sai s6 ctia tham s6 chuyén d6i. Ma trén hiép phuong sai ctia toa d6 dam mdy diém trong hé toa do tric dia
c6 thé xac dinh bai cong thuc (Pandzié, Peji¢ et al. 2017):

C ]trans Ctrans]trans + Rie]Cint]TR?e 5)

trong d6 Jirans 1a ma tran Jacobian (ma tran chira cdc phén tir 1 gid tri dao ham bac nhét cia ham s6 theo
céc bién sb tuong tng) clia toa ¢ dam may diém trong hé toa do tric dia twong ng vai cdc tham s6 chuyén
dbi, J 1a ma tran Jacobian cuia toa d cac diém do trong hé toa do may quét tuong tng vdi cdc tri do (goc
bang, goc dimg va khoang cich). Cirans 12 ma tran hiép phuong sai cua tham so chuyen d6i giita hé toa do
clia mdy quét va hé toa do tric dia. C;, 12 ma tran hiép phuong sai bao gdm sai sb clia cic tri do va sai 86
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do d¢ rong ctia chum tia laser (Lichti and Gordon 2004):

Cint = diag(a?” Gé + o-lzzeam 0'5 + Glzleam) (6)

v6i 07,03, 04, and 0qp, twong Ung 1a phuong sai cia khoang cach, goc ngang va goc dung va do rong
chum tia.

3. Thue nghiém

Thuc nghiém nham danh gia anh hwéng ciia phwong phap dinh hwéng tuyét ddi hai budc véi
dd chinh x4c cia md hinh cho cong trinh dang tuyén nham tng dung cho cac cong trinh thuc t&
nhw dwong ham, ciu, tuyén dwong ong... D€ mo ta cho cong trinh dang tuyén, thwe nghiém da
tién hanh quét bé mat cia didy nha A (ting 1) va nha F (ting 1 va 2) tai khu A trudng Pai hoc
Mo-Dia chit cé chiéu dai khoang 120 m. S&r dung may quét Faro Focus3M X130, loai may quét
khéng dwoc trang bi bd dinh tAm, véi sdu tram quét nhw dugc miéu ta trong Hinh 3 dé thu nhat
dir liéu bé mat ctia doi twong quét trén. Can st dung sau tram quét dé dam bao dd chong phu
gitra hai ddm may diém lién ti€ép 16n hém 25-30% dong thoi giam cac tia quét cd goc léch 16m vi
khodang cach tir may dén bé mat d6i twong nho chi tir 10-20 m. D& nang cao méat do diém quét,
ché d6 phén giai dworc cai dat tai mirc 4X twong dwong véi mat dé6 6 mm/1 diém tai khoang cach
10 m. Céc tiéu do st dung cho dinh hwdng tuyét d6i 1a cac diém dia vat ro nét va cac bang ngdm
(checkerboard) dworc xac dinh toa do trong hé toa dd VN-2000 bang may toan dac dién tix TS06
Plus. Sai s6 xac dinh vi tri diém cta cac diém dia vat rd nét trong thwc nghiém nay bao dam nho
hon 5 mm ca mit bang

Hinh 3. So dé bé tri cdc tram mdy quét bé mat nha A va nha F tai khu A truong Dai hoc Mo- Dia chat

Trong thyc nghiém nay, do chinh xac ciia mé hinh dwoc danh gia thong qua do 1éch cda tap
hop nhiéu diém rd nét trén mo hinh. D6 1éch nay dwoc so sanh gitta gia tri toa do xac dinh bang
toan dac dién tir va toa dd do dwoc trén mé hinh ddm may diém sau khi da dinh hwdng tuyét doi
mob hinh. Pg léch trong khong gian ba chiéu giira hai gia tri toa do dwoc xac dinh boi cong thirc:

d= /d§+d32,+d§ %)

trong do dx, dy va d, la d¢ Iéch theo céc tryc toa d6 va dugc tinh boi: dy = Xrp — Xyp, dy = Yrp — Yun va
d, = Zrp — Zyy VOi X175, yro, Zrp 12 toa do xac dinh bang toan dac dién tw va xym, ymn, zun 1a toa do duge
do tir m6 hinh dam may dieém.

Thuwc nghiém danh gia &nh hwdng do hinh trong dinh hwéng tuyét d6i dén d6 chinh xac cia
mo hinh dworc tién hanh theo bén phwong 4n nhw sau (xem Hinh 4):

- Phwong 4n 1: St dung bdn diém tiéu do dwgc phan b twong d6i thang hang & mot phia (bén
trai) cia mé hinh dé dinh huéng mo hinh va st dung 10 diém con lai ctia mo hinh dé so sanh
cac gia tri do 1éch ca mo hinh.
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- Phwong an 2: Bon diém tiéu do c6 phan b6 twong déi dong déu theo ca ba trucx, y vaz &@ mot
phia ciia m6 hinh (bén phai) d€ dinh hwéng mo hinh. St dung 10 diém con lai d€ so sanh d6 1éch
cda mo hinh.

- Phwong 4n 3: St dung bon diém tiéu do phan bd trén ca mo hinh va st dung 10 diém con lai
ctia mo hinh dé so sanh do 1éch cia mé hinh.

- Phuwong an 4: St dung bay diém tiéu do phin bd déu trén toan b mo hinh dé dinh hwéng
md hinh trong d6 st dung it nhit mot diém dinh hwéng cho méi tram may quét. Str dung 10
diém con lai d€ so sanh d6 1éch cia mé hinh.

Phuong én 4

Hinh 4. So do vi tri cdc diém dinh hwong tuyét doi khi so sdanh giita bon phirong dn 1, 2, 3 va 4

4. Két qua va thio luin

Két qua xac dinh d¢ 1éch khoang céch trong khong gian theo cong thie (7) cua bbn phuwong 4n dugc thé
hién trong cac biéu do ¢ Hinh 7.

Dbi voi phuong an 1 (Hinh 7 (a)), ¢ 1éch d c6 xu huong tang ti 1¢ thudn voi khoang céch tinh tir cdc
diém dinh hudng dén diém xét va gid tri d¢ 1éch nay tir 1 cm dén 1 m. Thanh phan d6 1éch dx va dy ciing ti
1¢ véi khoang céch tuy nhién gid tri cia n6é nho hon 0.2 m. Do léch d, tdng nhanh véi khoang cach do tur 1
cm dén 1 m va duoc bidu dién tryc quan trén Hinh 5.

Hinh 5. B¢ léch theo do cao d, cua cac diém trong phuong an 1

Dbi véi phuong 4n 2 (Hinh 7 (b)), d6 1éch d ¢6 xu huéng ting dang ké véi khoang cdch, tuy nhién gid
tri @6 1éch nho hon S0 véi phuong an 1 va nho h0n70.3 m. Gia tri d(”)’ léchﬂ dx va dy déu nho hon 5 cm trong
khi d, 16n va tang tuyén tinh véi khoang céach tir diém dinh hudng dén diém xét (xem Hinh 5).

Hinh 6. B¢ léch theo do cao d; cua cac diém trong phwong dan 2

1014



Déi v6i phuong an 3 (Hinh 7(c)), d6 1éch d cuia tat ca cac diém déu nho hon 0.15 m va khong dong déu.
Cac diém & cach xa diém dinh hudng nhu (Sben, A101, A103, A107 va A108) c6 d¢ 1éch 16n hon cac diém
G gan Gia tri d¢ 1éch theo tryc d, cling 16n nhét so véi gid tri d¢ l1éch dy va d,.
bdi véi phuong an 4 (Hinh 7(d)), gid tri d¢ 1éch déu rat nho (d <4cm) va déng déu theo cdc truc toa do dy,
dy va d,.

(a)-PHUONG AN 1 (b)-PHUONG AN 2
1.2 0.3
dy dx S \ dy dx
1 0.25 d —g—f
\ dz —— ~ I4

.08 — — _ 02 N
E \ E AN
S 06 S 015
F \ g
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\ \
0.2 0.05
\ —
0 — s () m— 0
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Vi tri cac diém so sanh Vi tri cac diém so sanh
(c)-PHUONG AN 3 (d)-PHUONG AN 4
0.2 0.05
dy dx dy dx
| 0.04 dz — ]
0.15
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Vi tri cac diém so sanh Vi tri cac diém so sanh

Hinh 7. So dé do léch cia cac diém so sdnh theo ba truc d, d,, d. va d¢ léch trong khong gian d
cua bon phwong an 1, 2,3 va 4

Cic két qua trén c6 thé giai thich bai chit lugng dd hinh hinh hoc (gdm vi tri va s luong) ctia cac diém
dinh hudng tuyét d6i moé hinh anh hudng dén chat lwong md hinh cu thé nhu sau:

Khi cac diém dinh huéng ¢ mot phia cua dbi tuong quet (phuong an 1 va 2), d6 1éch ¢6 xu hudng tang
ti 1¢ v6i khoang céch tur diém so sanh dén cac diém dinh huéng. Két qua nay hoan toan phit hop voi ly
thuyét lan truyén sai s6. Do 1éch trong phuong an 1 16n gap gan4 1an so v&i phuong 4n 2 vi cac diém dugc
chon cho dinh huéng tuyét dbi mo hinh nam gan trén dudng thang va chi tép trung ¢ mét phia ciia mo6 hinh.
Gid tri d léch cua dlem xa nhét trong mo hinh lén dén 1 m. Két qua nay la do d6 hinh hinh hoc cua phuong
an 1 12 @6 hinh rat xau va ciing 1a dang dd hinh can tranh khi dinh huéng mé hinh. Nguoc lai, tuy phuong
an 2 ciing str dung bdn diém dinh huéng & mot phia cia mé hinh nhung cac diém duoc phéin bd twong d6i
déu theo céc truc toa do (x, y, z) & mot dau cua mo hinh nén d6 1éch ¢ gia tri tuong ddi nho.

Khi cac diém dinh hudng phin bd déu trén ddi twong quét (phwong an 3 va 4), gia tri do 1éch tuong ddi
nho. Phurong an 3 chi st dung 4 diém dinh hudng, do léch khong déng déu, mot sb vi tri & xa diém dinh
huéng c6 do 1éch 16n. Nguoc lai khi sé lugng diém dinh hudng ting 1én (bay diém trong phuong 4n 4) va
dugc phan bd dong déu trén toan bo mo hinh thi d6 1éch ddng déu va nho theo ca ba truc toa do. Do léch
trong phuong 4n 4 1a nhé nhét va chi bang khoang V4 1an d6 1éch trong phuong an 3.

So sanh phuong an 2 va 3 (cung co bén diém dinh hudng), d6 1éch cua phuong an 3 giam mot nira so
voi phuong an 2 1a do cac diém dinh huéng trong phuong an 3 phan b6 déu trén ca mo hinh. Nhu vay c6
thé thay rang ngoai s6 lugng diém dinh hudng thi vi tri ctia cac diém dinh hudng 1a yéu t6 quyét dinh dén
chit lugng dinh huéng mé hinh trong trudng hop nay.

Ngoai ra, d& dang nhan thiy rang trong ca ba phuong an 1, 2 va 3 d¢ léch tong hop (d) cht yéu phu thude
vao thanh phan d¢ léch theo d6 cao (d,). Piéu nay la dp cac diérp st dung dé dinh hudng mo hinh c¢6 gia tri
d0 cao chénh I¢ch nhau khong 16n (khodng 2-3 m) doi voi chi€u dai trén 100 m ctia d6i tugng quét. Pay
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cung la mot dac diém khé khic phuc dbi véi cdc cong trinh dang tuyén thuong hep, chiéu cao khong 16n so
v6i chiéu dai. Chd y rang d¢ chinh xédc cua thanh phan d¢ cao xdc dinh theo phuong phap do cao luong
gidc thap hon thanh phan toa dg.

Nhitng han ché can dugc dé cap trong nghién ciru nay 13 chua xét t6i anh hudng cua d6 chinh xéc vi tri
cta cac diém khéng ché tric dia dén d6 chinh xdc cia mé hinh. N goai ra, anh hudng cta d6 chinh xac khi
ghép ndi cac dam may diém (dinh hudng tuong d6i mé hinh) dén do chinh xdc ctia phuong phap dinh
hudng tuyét d6i mé hinh ciing chua dugc dé cap.

5. Két luan

Chuyén toa d0 ddm may cua cac cong trinh thu nhan dugc tr may quét laser mat dét vé hé toa do tric
dia con duoc goi 1a dinh hudng tuyét d6i mo hinh. Két qua bai bao chi ra rang, ¢ hinh hinh hoc cua diém
dinh huéng 1a mot trong nhitng yéu to quan trong co thé anh hudng truc tiép dén chat lugng cia md hinh
ddc biét 1a ddi voi cong trinh dang tuyen Do d6 cong tac thiét ké va lua chon cac diém dinh huéng déng
vai tro ddc biét quan trong, mot s6 két qua ndi bat ctia bai béo c6 thé dugc tom tit nhu sau:

Phuong phap dinh hudng tuyét ddi gian tiép hai bude 1a phwong phap phu hop dé chuyén toa d6 mé hinh
dam may diém vé hé toa d¢ tric dia ddi véi cac loai may quét khong dugc trang bi bo phan dinh tim quang
hoc. Phuong phap nay cing phu hop dé ap dung cho cac cong trinh dang tuyén boi vi n6 cho phép giam
dang ké s6 luong diém khong ché tric dia thong qua dinh hudng tuong d6i mo hinh (so sanh v6i phuong
phap mot bude). Giam sb lwong diém khdng ché tric dia ciing dong nghia véi giam chi phi va thoi gian cho
cong tac ngoai nghiép.

D6 hinh hinh hoc cta diém dinh huéng cé anh huong dang ké dén do chinh xac dinh hudng tuyét ddi
md hinh. Trong bai bdo nay néu cac diém dinh huéng nam & cling mot phia va cling trén dudng thang thi
d6 18ch c6 thé 1én dén 1 m. Nguoc lai, khi cac diém dinh hudng duoc lya chon trai déu trén mé hinh (véi
chi tdi thiéu 4 diém) thi do 1éch 16n nhét chi khoang 15 cm. Néu s6 lwong diém dinh hudng ting 1én (véi it
nhat 1 diém cho mdi tram may quét) thi d¢ léch 16n nhét nhoé hon 4 cm. Do d6, ddi véi cong trinh dang
tuyén nén lya chon cac diém dinh hudng phan bd dong déu trén cong trinh theo ca mit phing va do cao va
nén chon lua it nhat mot diém dinh huéng tai mdi mot tram may quét. Can tranh chon céac diém dinh hudng
trén mot duong thing hodc trong mot mét phang va tranh cac diém dinh hudng & mot phia ciia cong trinh.

Anh hudng cua sai s6 vi tri diém khéng ché tric dia ciing nhu sai s ghép ndi cdc tram quét hay dinh
hudng tuong do6i (gom so lugng diém tham gia dinh hudng, 36 chong phi cua ddm may diém, mat 4o diém
quét) dén sai s6 m6 hinh ddam may diém can tiép tuc dugc nghién ctru.
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ABSTRACT

Indirect georeferencing in Terrestrial Laser Scanner for long-span
constructions

Pham Trung Dung”, Nguyen Thi Ha, Nguyen Thi Kim Thanh, Tran Thuy Linh
Hanoi University of Mining and Geology

Georeferencing is to transform the coordinate of the point cloud in the scanner system into the geodetic
coordinate system. In this paper, the procedure of indirect georeferencing is presented in two steps including
the point clouds being transformed into a common coordinate system and then they are transformed into
the geodetic coordinate system. The indirect georeferencing method is used for point clouds collected by
Faro Focus®™ X130 based on control points established by Leica TS06 plus. The influence of geometry
configuration (number and location of control points) on the model’s accuracy is compared in four cases.
The paper indicates that the deviation can reach 1 m in the z direction if all control points lie on one side
and in a line. In contrast, when the control points spread out the scanned object (at least four points), the
deviation is approximately 15 cm. In the case of increasing the number of control points (at least one control
point at a scanner station) the deviation decreases to 4 cm. Therefore, the control points should be
distributed around the scanned object with at least one control point at a scanner station. The control point
should be avoided at one side of the scanned object or in a line/plane. The result of the paper plays an
important role in georeferencing procedure of TLS used for long-span constructions in terms of control
points’ configuration.

Keywords: Terrestrial laser scanner, Indirect georeferencing; Long-span constructions.

1017



	3. ruot 15 TB - bản full.pdf
	13b.Toan van Tieu ban Trac dia.pdf
	3. DLTT11_ERSD2022.pdf (p.20-27)



