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PANH GIA TIEN NGHIEM VE PQ CHINH XAC CUA KET QUA QUET LASER MAT PAT
PHUC VU GIANG DAY HQC PHAN CONG NGHE LIDAR
VA BAN PO HQC HIEN PAI

Nguyén Xuén Bic, Nguyén Thi Thity Hanh, Quach Thi Chic
Trwong Pai hoc Tai nguyén va Moi trweong Ha Noi

Tom tit: Bai bdo trmh bay phuwong phap xac dinh sai s6 trung phwong trong qud trinh quét laser mat ddt dé tao ra mé
hinh s6 dia hinh. Sai s6 nay lién quan dén sai sé trong vzec dinh hwo’ng ngoai vi ciia cdc ban quét, sai sé trong vzec xac dinh
toa dp mat bang va do cao ciia cac diém quét. Cdc yeu 16 gdy sai s6 bao gom thiét bi do, méi trieong va cdac méc dinh VI.
Phuong phap tryc tiép dinh hudng ngoai vi cung cap do chinh xac cao hon so voi phuwong phdp phan tich, nhing yéu cau
6 thiét bi quét on dinh. Két qua chi ra rang do chinh xdc quét laser mdt ddt phu thudc vao sai s6 do géc va khodng cdch,
VGi cdc yéu té anh hucng dén toa dé cdc diém quét.

Tir khéa: sai s6, quét laser mdt dat, toa do, dinh huong ngoai vi, do chinh xac.

A PRIORI ASSESSMENT OF THE ACCURACY OF GROUND LASER SCANNING
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AND MODERN MAPPING COURSE
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Abstract: The article presents the method for determining the root mean square error in ground laser scanning to
create digital terrain models. This error is related to the misalignment in the external orientation of the scans and errors
in determining the coordinates and elevation of the scanned points. Contributing factors to the error include measurement
devices, the environment, and reference points. The direct external orientation method provides higher accuracy than the
analytical method but requires stable scanning equipment. The results indicate that the accuracy of ground laser scanning

depends on the errors in angle and distance measurements, which affect the coordinates of the scanned points.
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I. PAT VAN PE

May quét 3D 1a mot thiét bi sir dung cong nghé
quét dé thu thap thong tin vé hinh dang va cau
trac cta cac doi tuong trong khong gian ba chiéu,
tir d6 tao ra mo hinh s hoa 3D cua vat thé. Hién
nay, thiét bi quét 3D da dugc dua vao giang day
trong cac truong dai hoc, dic biét 1a cac nganh Ky
thuat tric dia — ban do va cac chuyen nganh ky
thuét lién quan. V6i nhimng vu diém ndi bat vé toc
dd, hiéu suat, kha nang ty dong hoa va ting dung
rong rii trong nhiéu linh vic nhu quan 1y kién tric
va xay dung, cong nghiép san xuat, nghé thuat va
vin hoa, may quét 3D ngay cang trd nén phd bién.
Trong nghién ctru va giang day vé may quét laser,
viéc phan tich cac phuong phap danh gia d6 chinh
xac ciia két qua do dac va xay duyng mé hinh 1a
rit quan trong. Trong bai bao nay nhim danh gia
tién nghiém do chinh xac cia két qua quét laser
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mat dét, tir d6 dua ra nhirng nhan dinh vé cac yéu
t6 anh huong dén do chinh xac trong qua trinh do
dac va mo phong.

II. NOI DUNG NGHIEN CUU

Két qua cua quét laser mat dat 1a mot tap hop
cac diém co toa do khong gian da biét, sau do
duoc chuyén d6i thanh mot hé toa do co thir bac
cao hon.

Sai sb trung phuong tong thé trong viéc xéac
dinh toa d0 mat b'fmg va dd cao cua cac diém trong
mé hinh sd cua dia hinh, duoc tao ra béng phuong
phap quét laser mat dat, co thé duoc tinh bang
cong thuc sau:

(M

2 2 2 2 2
m”=m, +m, +m; +m,
Trong d6:

m, ,m, 1 sai s6 trung phuong cua toa do cac

diém trong mo hinh, gy ra boi sai s6 trong viéc
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tao 1ap hé thdng co s& va quan tric mat bang, do
cao cho qua trinh quét. B9 16n phu thudc vao do
chinh xac trong viéc xac dinh toa dd ctia cac mbc
chuyén dung (diém quan tric), dugc sir dung dé
thuc hién dinh hudng ngoai vi clia cac ban quét.

ma: 1 sai s trung phuong, do sai sb trong dinh
hudng ngoai vi clia cac ban quét gay ra;

M 14 sai s6 trung phuong trong viéc xac dinh
toa do cac diém ciia mé hinh, bi anh hudng bdi sai
s6 dung cu ciia may quét, moi trudng bén ngoai
va cac dic tinh do luong cta dbi tuong duge quét.

Cong thte (1) ap dung cho truong hop cac yéu
t6 dinh huong ngoai vi cua cac ban quét dugc
xac dinh bang phuong phap phan tich. Khi su
dung phuong phap truc tiép, sai s6 mqt s& khong
xuét hién.

Hién nay, hé co s& mit béng—dé cao trong quét
laser mat dat thuong duogc tao ra bang cach sir
dung thiét bi dinh vi vé tinh hodc sir dung cac diém
ctia mang ludi toa do, do cao quéc gia. Trong mét
sO trudng hop, ludi duong chuyén duge thiét 1ap
bang may may toan dac dién tur.

Viéc chuin bi hé co sé mit bang-d6 cao lam
viéc trong quét laser mat dat duge thuc hién béng
cach st dung may toan dac dién tr. Do do, sai )
trung phuong khi tao ra hé co s¢ nay cé thé dugc
biéu dién bang cong thirc:

2
Myy gt m y t m‘,,, + m({u (2)

»Hmg, 3)

mH.ql =

Trong do:

- Mxve VA Mg sai 8O trung phuong trong viéc
xac dinh toa do mit bang va do cao cia cac diém
quan tric trong hé co s do dac twong tng;

- mr va ma sai s6 trung phuong do sai s6 khi
dinh tdm va dinh huéng may toan dac gay ra,
tuong ung;

- mw sai sO trung phuong khi xac dinh d6 cao
ctia thiét bi;

- mw sai sb trung phuong khi xac dinh toa do
cac diém trong h¢ co so, bi anh hudng béi sai )
dung cu ctia may toan dac va tac dong ctia mdi
truong bén ngoai.

Sai sb dinh tdm cua cac may toan dac dién ti
hién dai, dugc trang bi bu nghiéng va thiét bi dinh
tam b'flng laser, 12 1,5 mm. Sai sb x4c dinh do cao
ctia thiét bi ciing 1a 1,5 mm. Sai sé dinh hudng
cuiia may toan dac dugc xac dinh bdi d6 chinh xac
ctia phép do goc. Pi v6i hau hét cac may toan
dac hién dai st dung trong do dac ban dd, sai sd
do goc khong vuot qua 5”. Vi khoang cach dén
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diém do khong qua 150 m, diéu nay dan dén sai s6
vé vi tri khong gian cua diém khoang 4 mm. Do
chinh xac xac dinh toa d6 mit bang cua cdc mdc
dac biét, khi st dung may toan dac hoat dong &
ché d6 khong phan xa, thuong 13 3 mm + 2 mm/
km. Do d6: sai s trung phuong trong viéc xac
dinh toa d0 mat b'flng cua cac diém trong hé co
so 12 5 mm, sai s6 trung phuong xac dinh do cao
1a 4 mm.

Sai s trung phuong cia viée dinh hudng ngoai
Vl cac ban quét phu thudc vao sd lugng, hinh hoc
sap xep cua cac moc dic biét va khoang cach tr
cac moc nay den may quet Chung ta s€ chi ra anh
huong cua sai s tir cac yeu t6 d1nh hudng ngoai
vi ciia cac ban quét dén tong sai s0 trong viéc xac
dinh toa dd cac diém cua ddi tugng duoc quét.
Dé lam diéu nay, ta s& lay vi phan cac biéu thirc
theo cac yéu t6 dinh hudng ngoai vi. Khi do, sai
s6 trung phwong cia viée xac dinh toa d6 Xng cta
diém thuoc ddi tuong s€ dugc xac dinh b'flng cong
thirc sau:

My =My, + ((fi) m?+| L my+ L (x4
: ! ¢ an ak)
Y , (&Y , (&Y |, ((0aY 2 (&Y 2 (6aY .]..
+[ ')m;+ =% | 'm, 4| == m'}'+(_ Jm;+ | my | | m; |27
de on) " \oE) * e on) " \e¢) *

, (Oa, \( 0a, | Oa, Oa,
trongdd | — || — || —|....| —
oe )\ on )\ o0& o&

la cac dao ham riéng theo hudng cosin theo
cac yéu to dinh hudng ngoai vi ciia ban quét €, 1,
E.

Twong t, c6 thé nhan duoc cac cong thic biéu

dlen sai s6 trung phuong ctia My, va m,,, Vicac
yéu tb goc dinh huong ngoai vi cua cac ban quét
& va 1 1a rat nho, dé don gian héa viéc phén tich
cong thirc, ta gia sir ring cose ~ cosn = 1, sing =
gvasinn= . Vi cac gié dinh trén, sau khi thyc
hién mot s6 phép bién dbi, cong thirc phu thuge
clia sai s6 trong viéc xac dinh toa d6 ciia diém mo
hinh vao d¢ chinh xac cua dinh hudng ngoai vi
cac ban quét sé€ c6 dang:

Mg =My +mzY* +m 7

2 2 272
my,, = mY +m§X +m, 2" (5)
méng zmzo +mX? +m,§Y2

Thay the cac gia tri sai so trong vi¢c xac dinh
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cac yéu to tuyén tinh va goc ciia dinh huéng ngoai
vi cic ban quét biang phwong phéap truc tiép va
phan tich vao biéu thic (5), v6i gia dinh khoang
cach dén diém do 1a 150 m (dya trén kinh nghiém
thuc hién cac cong viée voi viée st dung may quét
laser mit dat), ta s& nhan duoc sai s6 trung phuong
trong viéc xac dinh toa d6 mat béng mX,mY va do

cao mZ cua cac diém quét trén dia hinh, nhu duogc
trinh bay trong bang 2.1. Bang 2.1 cho thay ring
phuong phép truc tiép dinh hudng ngoai vi cac
ban quét 1a chinh xac. Tuy nhién, d§ chinh xac
trong viéc xac dinh cac yéu té tuyén tinh ciia dinh
hudng ngoai vi cac ban quét bang phuong phap
phan tich lai cao hon (khoang 1 mm).

Bdng 2.1. Sai 56 trung phwong trong viéc xdc dinh toa d cdc diém ciia doi twong tity thude vdo sai s ciia cdc
yeu to dinh huong ngoaqi vi ciia ban quét laser mat dat

Phuong phéap dinh huéng ngoai
mX’m my)m Mmb ,M mZ m
Tryc tiép (phuong an 1 X=150m, Y= 0m, Z= Om
00020 | 00055 [ 00058 | 00039
X=150m, Y= 0m, Z= Om
my, = my, = 2.0mm 0,0055 | 00020 | 00058 | 00039
my, =3,5mm X=106,066m, Y= 106,066m, Z= 0m.
s 0,0041 | 00041 | 00058 | 00039
e =My =5 X=75m, Y= 75m, Z= 106,066m
me =1 00035 | 00035 | 00037 | 00049
X=0m, Y= 0m, Z= 150m.
00027 | 00027 | 00038 | 00035
Phan tich X=150m, Y= 0m, Z= Om.
00182 | 00183 | 00257 |
my =my = 1,.8mm X=0m, Y= 150m, Z= Om.
my, =17Tmm 00018 | 00183 | 00257 |
35" X=106,066m, Y= 106,066m, Z= 0m.
Mo = My =2 00120 | 00183 | 00257 |
m; =249 X=75m, Y= 75m, Z= 106,066m.
0023 | 00287 | 00182 |
X=0m, Y=0m, Z= 150m.
00257 | 000363 | 00018 |
Két hop (cac yéu tb tuyén tinh X=150m, Y= Om, Z= Om.
cua dinh hudngngoai vivagéc[ 00182 | 00018 | 00183 | 00025
§ dugc xac dinh theo toa do X= 0m. Y= 150m. Z= Om
cta cde moc co 80, the 1d bang 0 TG0 e T 0183 | 0,0257
phuong phap phan tich, con g, 1
tinh tryc tiép). X=106,066m, Y= 106,066m, Z= 0m.
my, =my, =1.8mm 0,0129 0,0129 0,0183 0,0025
m,, =1,7Tmm X=75m, Y=75m, Z= 106,066m.
m, =m, =2,5" 0,0093 0,0093 0,0132 0,0022
m; =24,9" X= 0m, Y= 0m, Z= 150m.
0,0026 0,0026 0,0036 0,0018
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Két qua phan tich cho phép rit ra cac két luan sau:

Phuong phép truc tiép dinh hudng ngoai vi cc
ban quét 1a phuong phap wu tién, vi né cung cap
d6 chinh xac cao hon va yéu cau it cong strc hon.
Tuy nhién, nhugc diém cia phuong phap nay 1a
kho thuc hién bu goc nghiéng ctia may quét khi st
dung céc thiét bi c6 khéi luong 16n.

Trong cac hé théng quét laser mat dat, ca hai
phuong phap dinh hudng ngoai vi cac ban quét
laser mat dat déu can dugce thuc hién. Trong thuc
té, c6 nhiing trudng hop khi quét cac doi tuong,
gbc nghiéng doc va ngang clia may quet co tinh
duoc dat 1on dé loai trir cac "ving chét" gan may
quét. Trong trudong hop nay, phuong phap truc
tiép dinh huéng ngoai vi cic ban quét khong thé
ap dung. Tuy nhién, trong cac tinh hudng khéc,
khi ¢6 thé str dung phurong phap nay, nd cho phép
xac dinh chinh xac hon cac yéu té goc ciia dinh
hudng ngoai vi cac ban quét laser miat dat.

Pé xac dinh dd chinh xac cudi cung cua

phuong phap quét laser mit dat, can xem xét cac
yéu t6 anh huong dén d6 chinh xac cua phep do
khodang cach va goc ctia may quét. Cac sai sd tong
hop trong xac dinh toa dd clia cac diém doi tuong
quét, lién quan dén d6 chinh xac dung cu cta quét
laser mat dat va moi truong.

1. KET LUAN

Ndi dung nghién ctru chi ra d¢ chinh xéc trong
quet laser mat dat phy thudc vao nhiéu yéu td, bao
gdm sai sd trong viéc xac dinh toa do va do cao
clia cac diém quét, ciing nhu cac sai s6 tir qué trinh
dinh hudéng ngoai vi. Phuong phap dinh hudng
tree tiép mang lai do chinh xac cao hon SO Vo1
phuong phap phan tich, tuy nhién yeu cau thiét bi
quét on dinh va c6 khéi vira phai. Dé nang cao do
chinh xac ctia phuong phap quét laser mat dat can
xem xét sai s6 tir nhiéu ngudn khac nhau, trong d6
cd sai s tur cong cu do dac va anh hudng cua moi
trudng xung quanh, gitp cai thién két qua va do
chinh xac cia mo hinh dia hinh duoc tao ra.
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