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Tom tat: tit:

Hién nay, LiDAR (Light detectmg and ranging) 1a mét cong nghé vién tham méi dang dwoc irng dung kha rong
rii trong nhiéu nganh, nhiéu linh vie. Xll‘ ly dir li¢éu LiDAR la bai toan khong dé dang, trong khi cac phin mém
xir Iy dir liéu LiDAR thwong 1a phan mém déng va cé chi phl kha cao. Bai bio dé cap dén viéc phan loai dir li¢u
LiDAR sur dung thuat toan K-means, mgt buéc tuong doi quan trong trong xir ly dir liéu LiDAR, nham giup
phan chia cac diém vé cac 16p cia nd, tir do cé thé rng dung vao cac bai toian khac nhau trong thue té.

T khéa: Dam mdy diém LiDAR, K-means, LiDAR, phdn logi.
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Abstract:

Nowadays, LiDAR is a technology applied widely for
many fields and sectors. LIDAR data processing is not
an easy issue, while LiIDAR data processing software
is usually closed and quite expensive. This paper deals
with the classification of LIDAR data using K-means,
an important step in LIDAR data processing, to divide
the points to its classes so that they can be applied to
different problems.
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LiDAR 1a cong nghé vién tham moi, chu dong, sur
dung céc loai tia laser dé khao sat d6i tuong tr xa. D
lidu thu duoc cua hé thong 1a tap hop dam may diém
phan xa 3 chiéu cua tia laser tir ddi tuong dugc khao sat.
Hién nay, cong ngh¢ LiDAR dang dugc ung dung rong
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rdi trong Viec khao sat dia hinh va 1ap ban do6, danh gia
san luong go trong lam nghlep, lap ban do6 ngap tng, dia
hinh day bién, cac tuyén truyén tai, ban dd giao thong,
mang dién thoai di dong, mo6 phong mo hinh do6 thi... v

¢6 tiém nang trong nhiéu tng dung khac nhu mo phéng
tac dong cua bao, tao mo hinh 3 chiéu thanh phé 40, mo
phong thiét hai ciia dong dit, khai khoang, moi truong. ..

Heé théng LiDAR 1a mot hé thong tich hop tir 3 thanh
phﬁn chinh: H¢ théng thiét bi laser, hé théng dinh vi
vé tinh GNSS va hé théng dao hang quan tinh INS. O
mdi thoi diém phét xung laser, hé théng dinh vi vé tinh
GNSS sé& xac dinh vi tri khong gian cua diém phat, va
hé thdng dao hang quan tinh s& xac dinh cac goc dinh
hudng trong khong gian cua tia quét. Mot tin hiéu phat di
s& c6 mot hay nhiéu tin hiéu phan xa. Két qua cudi ciing
s& ¢o duoc dam may diém. Dé st dung cac dam may
diém cho muc dich thanh 1ap mé hinh sb d6 cao (Digital
elevation model - DEM), mo hinh sé dia hinh (Digital
terrain model - DTM) hay m hinh s6 bé mat (Digital
surface models - DSM), phai tién hanh phan loai diém
trong dam may diém do6. Hién nay, c¢6 nhiéu thuat toan loc
diém duoc su dung; voi tirng thuat toan, cac hang cung
cAp thiét bj dd xay dung phan mém kém theo trong mot
chu trinh stir dung dd duoc bao mat. Bé co thé phat huy
hiéu qué ctia cong nghé LiDAR trong cong tac tric dia -
ban d, viéc hiéu biét sau sic vé cong nghé va phat trién
duoc cac thuat toan phan loai diém dit liéu LiDAR dong
vai tro quan trong [1].

Trén thé gidi, viéc phan loai dit liéu LiDAR dé tir d6
trich xudt ra dugc cac ddi tugng phuc vu trong cong tac
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xdy dung ban d6 va nhiéu linh vuc khac cua doi séng xa
hoi da kha phd bién. Trong cac nghién ciru [2-4] da sir
dung cac thuit toan phan loai dé tién hanh phan loai dam
may diém LiDAR, tir 6 thanh 1ap DTM, DSM, DEM va
da c6 nhitng thanh cong nhat dinh.

Tai Viét Nam, viéc phan loai dir liéu LiDAR chu yéu
duoc tién hanh thu cong, hau nhu chua ¢o cong trinh
nghién ctru cu thé nao d& cap dén bai toan phén loai ddm
may diém LiDAR. Nghién ctru ciia Tran Dinh Luat [5] da
c6 mot sb két qua thyc nghiém ban dau, véi dia hinh tai
cac khu vuc dao Hon DAu, khu vuc Viing Tau, Céan Gio
va cac khu vuc ctra séng & Pong bang séng Ctru Long,
két qua quét LiDAR va thanh ldp DEM 1a kha quan.
Nghién ciru cuia tac gia Luong Chinh K& [6] va Tran Dirc
Phu [7] da dé cap dén viéc sir dung dir liéu LiDAR dé
phuc vu cho nhiéu linh vyc khac nhau. Tuy nhién, nhiing
nghién ctru nay chi st dung dit liéu LiDAR sau khi da
duoc phan loai, st dung mé hinh DEM c¢6 san. Chting
t6i da tién hanh nghién ctru sir dung thuat toan K-means
trong bai toan phan loai ddm may diém LiDAR nhim tim
ra phuong phap phat huy hi¢u qua cua cong nghé LiDAR
trong cong tac tric dia - ban do.

Noi dung nghién cuu

Bai todn phdn logi dir liéu

Phan loai dit liéu 1a qué trinh t6 chirc dit liéu theo thé
loai c6 lién quan dé co thé st dung va bao v¢ dir liéu hiéu
qua hon. Phan loai dit li€u dic biét quan trong khi néi dén
quan 1y rui ro, tuan thi va bao mat dir liéu [8]. Huong tiép
can nay thuong st dung mot so k¥ thuat ciia hoc may nhu
cay quyet dinh, mang no ron nhén tao, hoc sau...

Qua trinh phén loai dya trén 5 thanh phan co ban:
- Ban ghi (Record).

- Lép (Class).

- Du doan (Predictors).

- Tap dit liéu huan luyén (Training dataset).

- Tap dit liéu kiém tra (Testing dataset).

Dic trung cua tién trinh phan loai gdm nhing diém
sau:

- Bau vao: Tap dir liéu dao tao chira nhirng doi tuong
v6i thude tinh cia no, véi mét so thude tinh da duge gan
nhan.

- Péau ra: M6 hinh phan 16p (Classifier) dugc gan boi
nhiing nhin cu thé cho mdi doi twong (phan 16p cac do6i
tuong theo tirng thu muc), dya trén nhiing thudce tinh cia
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moi doi tuong.

- Mo hinh sir dung dé dy doan nhing 16p méi, nhiing
doi tuong chua biét. Tap dir liéu kiém thir cling dung dé
xac dinh do chinh xac ciia mo hinh.

K-means trong bai todn phdn logi

Thuét toan K-means la tim phuong phap phan nhém
cac dbi twong (Objects) dd cho vao K cum (K 1a s6 cum
duogc xac dinh trude, K > 0) sao cho tong binh phuong
khoang cach gitta cac d6i twong dén tim nhom 1a nho
nhat. Thuét toan K-means dugc mo ta trén hinh 1 va 2.

Khong co diem

thoa man

-
|

Hinh 1. Mo ta thuat toan K-means.

1 o L T T x
I dibm vio EEY .- L
5 1 dang
o Lép trong A 2 H
e rESiZes rong S
P tromg LTI ] tim kil
déng < T e
=an
L Gan lai diém dua trén
Gan lai Khoing cich nhé nhat
Véi k=2, chonk 861
firong ohw 13 cum .
trong tim khoi tao Nhin dang

cum frong
tam moi

n
BN

Hinh 2. Vi duy thuit toan K-means.
Thudt toan K-means trong bai todan phdan loai dir liéu

Trong bai toan phan loai dit li¢u, thuat toan K-means
dugc trién khai theo cac budce sau [9-11]:

Budc 1: Chon K cum trong tam khéi tao, z 1 ZypZys s 2,



Budc 2: Phan phdi mau trong K-means. Mau thuong
dugc gan voi cum trung tim gin nhét theo cong thirc: x
€ S,(n) néu [x — zJ.(n)| <|x- zj(n)| voij=1,2,3, ...,k
1#j; S(n) 1a bo mau cua trong tam z(n), trong d6 n la chi
s6 bude lap cua bai toan.

Budc 3: Tinh toan trong tam cum méi tir mdi cum
S.(n). Tim gia tri mai cho moi z. Trong tdm cum mdi,
z(n+1) s& 1a gia tri trung binh cua cac diém trong S. (n)
nhu:

z(ntl)=(1/c) X _ g, X

Trong do, ¢ 1a tap diém thudc vé cum thu i.

Budce 4: So sanh z(n) va z(n+1) v6i moi i.

Tinh toan khoang cach giita mdi cap diém trong mdi
lan lap lién tiep:

a. Néu khong c6 sy thay doi dang ké, két thuc phuong
phap, mot vai tiéu chi cho két thuc nhu:

+Néu |z(n+1) - z(n)| < T véi moi i

FNéuZ* |z (n+1) - z(n)| < T v6imoi i

b. Néu khéng thi tiép tuc lap cac 1an lap tiép theo tir
budce 2.

K-means trong phin logi ddm mdy diém LiDAR

Pdc diém ddm mady diém LiDAR: Két qua thu duoc
sau khi xtr ly dir liéu khong gian LiDAR goi la ddm may
diém. Pam may diém dau tién 1a tap hop cac diém do
cao, voi toa do x, y cung v6i bd sung cac thudce tinh nhur
thoi gian GPS. Cac déc trung bé mat duoc tia laser thu
nhan dugc sau qua trinh xtr ly, vi du d6 cao mat dat, toa
nha, tan cay, cau vuot, va cac dbi tuong khac trong sudt
qua trinh quét dugc tin hi¢u laser thu nhén dugc tao thanh
dam may diém [1].

Mot sb thong s dic trung ciia ddm may diém LIDAR:

-Toa do X, Y va do cao Z: Pugc thu nhan dua theo hé
thong dinh vi GPS, d6 cao may bay, thoi gian di chuyén
va phan xa trd lai cia tia laser...

- S6 1an phan xa (Return): Cac chum tia laser sau khi
cham vao cac ddi tuong nhu toa nha, mat dat, cot dién thi
phan xa (Return) nguoc tro lai va dugc b thu nhan tin
hiéu laser thu lai.

- Cuong do xung phan xa (Intensity): Khi tia laser
phan xa trd lai s€ mang theo nang lugng voi mot cuong
d6 nhat dinh. Thong thuong, cuong do xung phan xa lon
khi tia laser tiép xuc v6i mat dat.

Ngoai ra con c6 cac thudc tinh ciia ddm may diém
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LIDAR nhu: S6 phan hoi, goc may bay, thoi gian GPS
goc quét, hudng quét...

Phan logi ddm mady diém LiDAR sir dung K-means:
M&i diém LiDAR trong qua trinh phén loai dugc gan vao
mot 16p dugc dinh nghia trong qua trinh phan loai. Céac
diém nay c6 thé dugc phan vao mét sb 16p nhu: Dét trong,
duong giao thong, mat nudc, rung cdy... Thong thuong,
cac ma phan loai dai di¢n cho kiéu doi tuong duoc thu
nhan trong tin hiéu phan hoi. Phan loai dam may diém la
budc quan trong trong qua trinh trich xuat thong tin cta
cac 16p nhu toa nha, thyc vat, giao thong va mat nudc.
Thuat toan phan loai st dung K-means s€ lya chon cac
diém mau trong mau ngiu nhién tir toan bo dam may
diém. Phuong phap phan loai duoc thé hién qua so d6
hinh 3.

Input: Dt liéu LIDAR
Output: Bo dit liéu sau phan loai
Procedure
1. Initial: Chon s6 cum duoc khdi tao, s6 |&p can phan loai n
If (k> n), thuat todn két thic
Else If (k < n), thi chon k ngdu nhién, tinh toan trong tdm clia cac cum vira tao
2. While(1)
Tinh todn khoang céch ctia cac diém dén trong tam clia cum d(x k)
Tim cdc nhém diém théamand =d_ (x,k), G
If (d,,#d)
Cap nhat cac cum mdi
Tinh toan lai trong tdm cla cdc cum mdi
Else If (k=n) hodcd,  =d,
Két thuc 1ap
3. V@i k thu dwoc sau qua trinh I3p, gan tén thudc tinh véi k‘
4. Két thuc thuat toan

S - oo kdu cien
Mhgp dit ligu TN
& dang als
’ * Cic thude tinh
Lira chon cic [,
thuc“ﬁnh theo ol iy
s cinldy

Ly miu dir

ligu hudn
luyén
i dung thuit
Phin ldp :ro::s whan
oal
Chon quy ludt
Ki€m tra két
qua phan logi

Hinh 3. Quy trinh phan loai dam may diém LiDAR si
dung K-means.

Str dung thuat todn K-means trong phan loai ddm may
diém LiDAR dugc thuc hién nhu sau:

Dé thir nghiém thuat toan K-means trong phan loai

dam may diém, chang t6i da tién hanh thuc nghiém véi
bd dir licu dugc do tai thanh pho Vinh, tinh Nghé An voi
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s6 diém demo 1a 538 diém, mdi diém gém gia tri (x, y, T 5500
z), trong d6 gi tri z dugc lay 1a thudc tinh dé tién hanh 5 2:000
phén loai. 3 1,000
Véi s6 cum duoc lua chon ngﬁu nhién, qua mdi 1an 4 2,000
, A v ‘1o D 5 6,000
thtr nghiém két qua cho duoc 1a khac nhau. Pau tién, voi . 19.000
k =2, qua 2 lan 1ap s€ phan chia dugc hai cum voi két ; 2:000
qua nhu hinh 4. 8 230,000
g 5,000
Cluster Cluster 1 460,000 10 2,000
2 78,000 11 1,000
1 E Walid 538,000 12 20,000
V4 1148 121598 Missing 1763,000 13 3,000
14 10,000
Cum khéi tao Két qua phan cum 15 15,000
N NP e 18 7,000
Hinh 4. Phan I6p véi s6 cum khdi tao k = 2. ' 26000
.z . e £ \ 18 18,000
Khi s06 cum dugc khéi tao voi gia tri k = 10, két qua ' 147000
duoc the hién trong hinh 5, 6 va 7. a0 5,000
valid 538,000
Cluster o
Migsing 1763,000
f 2 3 4 5 ; 7 : g 1)
V| nedE | ns0 | 1218 | MesR | 1146 | 149 | 098 | 76| 2098 | 113
Hinh 5. Tam clia cac cum khéi tao. Hinh 8. S& diém dugc gan vao cum khi s& cum khdi tao
thay doi.
Cluster . , .
1 2 3 [ § B 7 8 o [ 10 Va khi k tang 1én la 30 thi két qua cua thuat toan voi
VA | fes| fEm | 1208 | 6w | 1183 | 15 | w102 | 14 | 20w | 1130 s6 cum duge tinh toan lai trong tim duoc thé hién trong
Hinh 6. Sy thay déi clia tam cum khi phan loai. hinh 9.
Cluster 1 37,000 20 1,000
Cluster 1 14,000 2 3,000 2 3,000
' 4 7.000 23 117,000
3 20,000
5 79,000 24 10,000
4 18,000 5 2,000 25 3,000
4] 407,000 7 7,000 2 2,000
B 14,000 ] 3,000 77 2,000
' g 2,000 28 1,000
’ 23,000 10 2,000 29 11,000
8 8,000 11 13,000 30 2,000
] 7,000 12 2,000 Walid 538,000
_ ' 14 2,000
Valid 538,000 15 1000
Missing 1763,000 15 2,000
17 6,000
Hinh 7. Cac diém trong cac nhém sau phan loai véi k = 18 2,000
10. 19 14,000
Khi soA cun{ khql tao du:q?.tang Ién la 2‘O,Aso .1?n lapla | Hinh 9. Két qua phan cum véi k = 30.
6, trong tdm cua cac cum moi dugc tao va so diém duoc . . . .
gan vao cac cum ciing thay doi, két qua dugc thé hién Qua 4 th}f nghlf_:m v6i lya chon s6 cum khoi tao khflC
trong hinh 8. nhau, c6 thé thay thuat toan K-means hoat dong kha 6n
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dinh khi gia tri missing cua thuét toan khong thay d6i khi
k ting dan. Do do, két qua phan loai 1a déng tin cay va
c6 thé ung dung trong bai toan phan loai dam may diém
LiDAR.

Thuét toan K-means 1a thuat toan dién hinh trong bai
toan phan cum dir liéu, 1a giai thuat dé hiéu va dé& cai
dat. Voi dit liéu thir nghiém, khi s6 cum ting dan, gié tri
missing ctia thuat toan khong thay doi, vi thé thuat toan
K-means hoan toan phu hop véi bai toan phan loai dit
liéu dam may diém LiDAR. Tuy nhién, thir nghiém méi
chi str dung mét thude tinh (d6 cao cua dir li¢u diém)
trong phan cum, viéc giai quyét bai toan c6 nhiéu thude
tinh s& 12 hudng phat trién tiép theo ctia nghién ctru nay.
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