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Panh gia d6 chinh xac khi xdy dung mo hinh s6 héa
doi twogng va dia hinh bang phuong phap quét laser
mat dat phuc vu giang day Cong ngh¢ Lidar

Tran Thi Thu Trang*,Pham Thi Thu Hwong*, Nguyén Thi L¢ Hang**

*ThS, ** TS. Truong Pai hoc Tai nguyén va Méi truong Ha Noi
Received: 5/11/2024; Accepted: 11/11/2024; Published: 18/11/2024

Abstract: This article evaluates the accuracy of constructing digital models of objects and terrain using
ground-based laser scanning methods. The study shows that errors in the vectorization process of objects
depend on the divergence of the laser beam. The scanners are classified into two groups based on this
divergence, which affects the accuracy of terrain map construction. The results indicate significant
differences in the accuracy of 3D models constructed from ground laser scan data across various types
of scanners. The accuracy of 3D models is influenced by various factors and measurement errors.
Experimental results show that the errors in constructing 3D models range from one to seven times the
standard error of the measurement results, depending on the scanning mode and other factors.
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1. Pit van dé

May quét 3D la thlet bi sir dung cong nghé quét
dé thu thap thong tin vé hinh dang va ciu tric cua cac
d6i twong trong khong gian ba chidu. Diéu nay cho
phép tao ra md hinh s6 hoa 3D cua cac vat thé. Ngay
nay thiét bi quét 3D duoc dua vao giang day trong
cac truong dai hoc nganh K§ thuat tric dia — ban d6
va mot s0 chuyén nganh k¥ thuat khac. Vai cac wu
diém vuot troi vé tde do va hiéu suat, kha nang tu
dong hoa, img dung rong rai trong cac linh vuc khac
nhau nhu quan 1y kién triic va xay dung, cong nghiép
san xuét, nghé thuat va van hoéa,... Trong nghién curu,
giang day vé may quét laser can chu y dén phan tich
cac phuwong phap danh gia do chinh xac két qua do
dac va xay dung mo hinh. Bai bao nay danh gia do
chinh xac khi xdy dung m6 hinh s6 hoa déi tuong va
dia hinh bang phuong phép quét laser mat dat.
2. N¢i dung nghién ctru
Cdc nguyén tic chung trong dinh gid dp chinh xdc
khi xdy dung mé hinh sé héa doi twong va dia hinh.
Mot trong nhitng yéu t chinh anh huong dén sai sd
tong hop khi 1ap ban do dia hinh sir dung cong ngh¢
quét laser mat dat 1a sai s6 vecto hoa ddi tuong. Vé
téng quat, sai s vi tri mat bang ctia cac diém dia hinh
trén ban d6 duoc tao ra tir dir liéu quét laser mat dat
¢6 thé duoc biéu dién nhuw mot ham phu thude vao do
phan ky cua tia laser tr may quét:

m =k f(¥) )

Do tét ca cac ph?in mém dé 1ap ban dd dija hinh tur

dir lidu quét laser mat dat déu hd tro ché do twong tc
dé v& cac dbi twong, phuong phap hiéu qua nhat dé
xéc dinh hé s6 k trong biéu thire (1) 14 so sanh cac mo
hinh dia hinh do nhiéu nguoi thuc hién tr cung mat
bd dir liéu quét. Trong hinh 2.1 cac dit liéu quét laser
duoc st dung dugc thu thap tir cdc may quét: Riegl
LMS-Z210, LMS-7Z360, LMS-Z420i, Leica C10.
Trong do:

( %’)bl la gid tri trung binh duoc tinh cho cac

may quét c6 do phan ky cua tia laser ¥ < 1 mrad
(nhu Riegl VZ400, Leica C10, Leica Scan2, Mensi
GS200, LMS Z420)

(m%y)m la gia tri trung binh duogc tinh cho cac

may quét cé do phan ky cua tia laser ¥ > 1 mrad (nhu

Riegl LMS Z210, Riegl LMS Z360).

Riegl LMS-Z420i
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HJIC Leica C10

Hinh 2.1. Di¢ li¢u thu dwoc tie cdc may quét khdac
nhau, ding dé nghién ciru dé chinh xdc ciia qud trinh
vecto héa mé hinh diém nham tao ban do dia hinh

Céac d6i twong trong hinh 2.1 dugc thuc hién
boi nhitng nguoi c¢6 chuyén moén véi kinh nghiém
khac nhau. Cac ddi twong duoc chon dé vecto hoa
1a nhitng ddi tuong d& nhan biét 1 rang trén cac mod
hinh diém, bao gom: dudng dng, toa nha, tim cua
giéng, cac tru d& dudng dng, va gia dd cap. Trong
mdi khu vue khao sat, toa do cta khoang 100 diém
kiém tra da duoc xac dinh. Sai s6 trung phuong trong
viéc hién thi cac dbi twong trén ban do, dya trén dir
lidu quét laser mat dat tir cac may quét khac nhau,
dugc trinh bay trong bang 2.1.

Bdng 2.1. Sai s6 trung phwong trong qud trinh vecto héa cdc
mo hinh diem thu dwoc tir cac may quét khac nhau

Journal of educational equipment: Applied research, Volume 1, Issue 324 (November 2024)

ISSN 1859 - 0810

bodi cac may quét cd do phan ky laser khac nhau,
khéc biét dang ké. Dua trén cac két qua thu duogc tu
qué trinh quét laser mat dat (LMS), ¢6 thé phan loai
cac may quét thanh hai nhém doc 1ap sau: (1) Nhém
cac may quét laser co do phan ky cua tia laser ¥<I
mrad; (2) Nhom cac may quét laser c6 ¥ > 1 mrad.
V6i két qua thuc nghiém thé hién trong bang 2.1

tinh dugc giad tri cua ?Lmrad, cac biéu thic udc

lugng do chinh xac vi tri mat b?mg cua cac doi tuong
trén ban dd dia hinh dugc tao ra tir dir liéu may quét
laser mat dét.
Trong truong hop stt dung may quét cé do phan
ky cua tia laser ¥ < 1 mrad
m, =0,12858 - ¥ )
Trong truong hop st dung may quét c6 do phan
ky cua tia laser ¥ > 1 mrad
m, =0,01610- ¥ 3)

Biéu thtic (2) va (3) dung dé wéc luong d6 chinh
xé4c ctia qua trinh vecto hoa mé hinh diém khi tao ban
d dia hinh theo co s6 1y thuyét ciia cong thirc (1).

Nguyén tic chung dé danh gia do chinh xac khi
xdy dung cac md hinh sb héa 3D cua dbi tuong va dia
hinh. Cac md hinh s6 hoa 3D clia ddi tugng
va dia hinh c6 thé dugc xay dung tir dit liéu
LMS bing cach sir dung sau: (1) Cac bé

m m m m a . 4 3
Logi my " / ( %,] [ %y) ( /I,) ( %,) mat TIN,‘MesA’I.l, NUR]%S, (2’) Cacvhlnhch()c
et | M| M| om | w W (m /) (m %‘) (m %P) co ban va khql (nhu cau, néon, mat phang,
L ~ ~ A ~
( /ij ¥ ), s s>/ ranh chit U, dam chit [, v.v.).
m | m m  |mrad| m/mrad | m/mrad | m/mrad % % PO chinh xac khi Xéy dung ciac mo hinh
Ricel 1 126/0,024|0,0359] 030 | 0,11972 | -0,0089 6,90 3D cutia doi tuwong dua trén cac bé mat TIN,
VZ400 LR S
Leica Mesh, NURBS, néu théa man cac dic¢u kién
cro |0014|0.01110017510,1410,12502 | -0,0036 277 cua ly thuyét Kotelnikov-Shannon, dugc
ge"’; 0,011]0,011]0,0159| 0,12 | 0,13237 | 0,0038 2,95 ddc trung boi sai s6 tinh theo cong thirc:
can m2=m, +m 3)
Mensi 1 506 10,006|0,0081 | 0,06 | 0,13558 | 0,0070 544 o de” i sb
Gs200 | ©-006|0,006/0; .06 | 0, X ; Trong d6 m,, - sai sO trung phuong
cua dinh hudng ngoai; m, - sai sO trun
LMS 1, 022]0,02410,0326 | 025 | 0,13023 | 0,0016 | 00008 | 128 it 1g Ng > My, 5 %
2420 phuong xéac dinh toa d§ diém do ctia mo
Riegl . S 1N 2 ) o Kk, <k
LMS3,00 [0,024]0,024]0,0340 | 2,00 | 0,01691 -0,0008 5,03 hmh,rdur(yc ,COI la anh huo.'ngqsal SO cua th{et
7360 bi may quét laser do chiu anh huong cua
Ricgl mdi trudng va cac yeu to doi tugng do.
LMS {0,033 0,032|0,0460 | 3,00 | 0,01529 -5,03 Khi thuc hién cac cong viée thuc t&,
7210 A an s Ny AA AN A% » A1y
viéc dam bao mat d¢ day dac cua mo hinh
(") 0,12858 diém 1a kho kha thi. Dieu nay duoc giai
o thich nhu sau:
(”%,)“ 0,01610 - bé xay dung cac mo hinh st dung

Tir bang 2.1, c6 thé thdy rang do chinh xac cia
viéc v& doi tugng tir cac mo hinh diém, duoc tao ra
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toan bo tap hop diém véi khdi luong dir
liéu 16n, va dé hién thi cac mo hinh nay
mot cach dong (xoay, di chuyén, thu phong), can mot
luong 16n thoi gian thao tac may moc. Vi vay, viéc
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giai quyét cac bai toan ing dung dua trén cic mo
hinh 3D d tao ra 1a mot qua trinh phirc tap, ton thoi
gian. Trong thuc té, viec xay dung cac bé mit TIN,
Mesh, NURBS thuong dugc thuc hién trén cac mo
hinh giam mat d6, nhung van bao toan cac dudng ciu
trac cua dbi tuong.

Viéc thiét 1ap cong thirc danh gia d6 chinh x4c khi
xay dung mo hinh 3D cua dbi tuong st dung bé mat
TIN, Mesh, NURBS 1a m6t nhiém vu phuc tap, boi
sai s6 trong qua trinh md hinh héa 3D phu thude vao
nhiéu yéu t6, bao gom:

(1) Po gian doan ctua mé hinh diém duoc sir dung
dé xay dung bé mat TIN, Mesh, NURBS;

(2) Muc do phan tan cua cac gradient trong cac
ham mo ta bé mat;

(3) Sai s6 do luong toa df cua ting diém cu the

(4) Do 1éch cua diém so véi vi tri cua dudng ciu
tric;

(5) Anh huong ngau nhién khi tong quat hoa mo
hinh 3D da xay dung.

Phan tich cac két qua xu ly tr mot luong lon dir
lidu quét laser mat dat trong thuc te cling nhu cac
nghién ctru thuc nghiém, cho thiy rang sai s6 trong
viéc xdy dung mé hinh 3D bing bé mat TIN, Mesh,
NURBS dao dong trong khoang tir m, den Tm,
trong d6 m, la sai sO trung phuong cua mot lan do
don 1& bang may quét.

Qua danh gia d6 chinh xé4c khi xay dung mo hinh
3D thuc té str dung bé mat TIN, Mesh, NURBS, viéc
su dung cac phuong phap mo hinh hoa toan hoc s€
hop 1y hon.

Do chinh xac khi xdy dung mo hinh 3D cua dia
hinh dugc mo ta tuong ty nhu do chinh xac trong viéc
xay dung cadc mo hinh 3D cua dbi tuong, su dung cac
bé mat TIN, Mesh, NURBS.

Khi xdy dung mo hinh 3D cua ddi twong bing
cach sir dung cac hinh hoc co ban va khdi, c6 ba ché
d6 dugc ap dung: (1) Ché do ty dong; (2) Ché do ban
tir dong; (3) Ché do twong tac.

Do chinh xéc khi xay dyng m6 hinh 3D bang cac
hinh hoc co ban va khéi phu thude vao cac yéu tb sau:
(1) Sai léch ngiu nhién cia cac dbi tugng so voi mod
hinh toan hoc ly tudng; (2) Do gian doan trong cac
phép do bing may quét laser mat dat; (3) Do chinh
xac ctia phép do don 1é bang may quét; (4) Sai sé do
con ngudi diéu khién khi sir dung ché d6 ban ty dong
va tuong tac.

Phén tich két qua xtr ly dit liéu quet laser mat dat
trong thuc t& cong viéc cho thdy ring, dé udc luong
d6 chinh xéac khi xay dyng cic mé hinh 3D ciia dbi
tuong, ¢6 thé sir dung cic biéu thirc twong ty nhu cac
cong thuc (2) va (3).
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Trong truong hop st dung may quét c6 do phan
ky cua tia laser ¥ > 1 mrad
m, =0,01610-k - ¥ 4

Trong truong hop st dung may quét c6 do phan
ky cua tia laser ¥ < 1 mrad

m, =0,12499 -k - P ®)
Trong d6 k 1a hé s6 phu thudc vao lya chon ché do
quét laser 3D.

Dua trén udce lugng hau nghiém vé do chinh xac
trong viéc mo hinh hoa cac déi twong khac nhau tir
dir liéu LMS, céc gié tri hé s da duoc xac dinh nhu
sau: (1) Ché do tuong tac: k=(0,95-1,0); (2) Ché
do ban ty dong: k=(0,70-0,85); (3) Ché do tu dong:
k=(0,30-0,70).

Béng cach sir dung cac biéu thic (4) va (5), ¢6 thé
thuc hién ude lugng do chinh xac khi xay dung mo
hinh 3D str dung cac hinh khéi va hinh hoc co ban.

3. Két luan

Trong bai viét da danh gia do chinh xac khi xay
dung md hinh s6 héa d6i twong va dia hinh bang
phuong phdp quét laser mét dat. Nghién ctru chi ra
rang d6 phéan ky cua tia laser c6 anh hudng lon dén
sai s6 trong qua trinh vecto hda d01 tuong, didu nay
anh huodng truc tiép dén sai sd tong hop trong viée
lap ban d6 dia hinh. Két qua nghién ctru cho thiy do
chinh xac cua cac mé hinh 3D xdy dung tir dit liu
quét laser c6 sy khac biét 18 rét gilra cac loai may quét.
Cac yéu t6 nhu ché do quét, mat do diém va do chinh
xéc cta thiét bj do déu | dong gop vao do chinh xac cubi
cung cua md hinh. Két qua thuc nghi¢ém cho thiy sai
s0 trong viée xay du’ng mo hinh 3D ¢6 thé dao dong tir
mot dén bay lan sai s6 trung phuong cta két qua do,
diéu nay nhin manh sy phic tap va su bién dong cia
qua trinh mo hinh hoa.
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