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implement a mathematical layer application to set digital elevation
(DEM), model the face number (DSM), and 3D model to verify the
partition of address, address at the area of testing. Pitch information is
used by the author to separate groups of ground (ground) and non-
ground (non-ground) points. Value reflection will be used to enhance
accuracy when performing groundless classification into vegetative
strata, and tall buildings. The use of point intensity reflection enhances
the accuracy of previous high point-based geometry processing methods.
With the accuracy of the problem analysis class reaching (ground
(93.8%), building (91%), and vegetation (93,7%)), the models are set up
just out of the partition of the required answer surface of the problem
application.

Copyright © 2022 Hanoi University of Mining and Geology. All rights reserved.

*Corresponding author
E - mail: nguyenthihuuphuong@humg.edu.vn
DOI: 10.46326/JMES.2022.63 (5).05



Tap chi Khoa hoc Ki thuit Mo - Pia chit Tap 63, Ky 4 (2022) 48 - 57 49

Tap chi Khoa hoc Ky thuit Mé - Pia chat

Trang dién tir: http://tapchi.humg.edu.vn

Phwong phap phan 16p dam may diém LiDAR st dung do6 cao
va cwong do phan xa cia diém

Nguyén Thi Hitu Phwong 1, Pang Van Dirc 2, Nguyén Trudmng Xuan 3, Pham Hitu
Loi 1, Nguyén Minh Thang 4

1 Trwdng Dai hoc M6 - Pia chdt, Ha Noi, Viét Nam

2 Vién Céng nghé théng tin — VAST, Ha Noi, Viét Nam

3 Trung tdm Ho tro phdt trién Khoa hoc ky thudt - HUMG, Ha Noi, Viét Nam
+Téng cuc Pia chdt va Khodng sdn - MONRE, Ha N9i, Viét Nam

THONG TIN BAI BAO

TOM TAT

Qud trinh:

Nhén bai 09/6/2022
Straxong 29/9/2022

Chép nhin diang 04/10/2022

Tir khoa:

Cwong do phan xa,
Pam may diém LiDAR,
DO cao diém,

LiDAR.

Dit liéu thu nhdn duoc tir LiDAR gém nhiéu thong tin c6 gid tri va dwoc
trng dung trong nhiéu linh virc khdc nhau nhw trac dia - bdan do, khdo cé,
thong tin truyén thong,.... Ddm mdy diém LiDAR chira nhiéu théng tin vé
déi twong nhw dé cao diém, cwong dé phdn xa cta diém, khodng cdch
danh nghia (Nominal Point Spacing - NPS), gid tri dj xdm,... moi théng tin
dworc st dung trong bai todn khdc nhau dé lam ré hon sw phdn bd khong
gian ba chiéu, phdn bé bé mdt hay ddc trung cia dia hinh, dia vdt tai khu
vire khdo sdt. Trong bai bdo, nhém tdc gid st dung théng tin dé cao va
cwong dé phdn xa, hai ddc truwng dién hinh ctia div liéu LiDAR, dé thwc hién
bai todn phén I6p trng dung thanh Idp mé hinh sé do cao (DEM), mé hinh
s6 bé mdt (DSM) va mé hinh 3D dé xdc dinh sw phdn bé ctia dia hinh, dia
vdt tai khu viyre thir nghiém. Théng tin dé cao dworc nhom tdc gid str dung
dé tach nhém diém mdt dat (ground) va khéng mdt ddt (non - ground).
Gid tri cwong dd phdn xa sé dwoc st dung dé tang do chinh xdc khi thuc
hién phdn loai diém khéng mdt ddt thanh I6p thuc vat, nha cao tdng. Viéc
str dung cwong dé phdn xa cia diém gitp tdng cwong do chinh xdc cua
cdc phwong phdp xtt Iy hinh hoc dwa trén do cao diém nhw truéc ddy. Véi
do chinh xdc ctia bai todn phdn lop: ddt (93,8%), cong trinh (91,0%) thuc
vdt (93,7%), cdc mé hinh dworc thanh Idp dd chi ra sw phdn bé ctia bé mdt
ddp tng dwoc yéu cdu cia bai todn trng dung.
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1.M¢ dau

Coéng nghé LiDAR la su phat trién va trng dung
cac thiét bi laser, dinh vi vé tinh va do quén tinh dé
thu thip dir liéu dia khong giantrén bé mat Trai
dat (Yunfei va nnk., 2008). Tia laser dwoc phdn hoi
tir mat dit hay tir cac bé mat déi twong nhw cay,
dwong hodc nha,... véi moi xung sé do dugc thoi
gian di va vé cta tin hiéy, tir d6 tinh dwoc khodng
cach tir ngubn phat laser téi déi twong. Cac doi
twong trén bé mat Trai dat khac nhau c6 kha nang
phan xa tia quét laser véi cweong d6 khac nhau. Moi
thoi diém phat xung laser vé phia doi twong, hé
thong dinh vi vé tinh (GNSS) va hé théng dao hang
quan tinh (INS) sé xac dinh vi tri khong gian cta
diém phat, géc dinh hwéng trong khéng gian cta
tia quét (Dong va Chen, 2017). S6 lwong tia phan
xa ttr cac doi twong trén bé mat Trai dit phu thudc
vao tinh khong gian cta cac déi twong trén do. S6
lwgng tia phan xa thu nhdn dwoc trén mot gidy la
rat 16m, LiDAR thuc hién quét bé mat véi mat do
diém day dac, két qua cho ra dir liéu ddm may
diém (PMD) biéu thi chi tiét bé mit ving quét.
DMBD la tip hop cac diém dir liéu twong tw thé gidi
thuc theo ba chiéu. Mdi diém dwoc xac dinh béi vi
trf va mau sic cta chinh né. Trong DMD, diém
dworc dac trung béi toa do (x,y), do cao (z) va dwgc
hién thi dwdi dang pixel dé tao mé hinh 3D c6 d6
chinh xac cao (Vladutescu, 2018). Cac thudc tinh
dit liéu LiDAR c6 thé khac nhau, tly thudc vao
cach dir liéu dwoc thu thip va xi ly. Hau hét cac
diém dir liéu LiDAR sé c6 gia tri cwdng d9, dai dién
cho lwong nang lwgng anh sang dwoc cdm bién ghi
lai (Wasser, 2020). Tuy nhién, néu chi str dung cac
dac trung hinh hoc nhw do cao khong du thong tin
dé danh gia vé ban chit cda dia hinh, dia vit. Ban
chat bé mat sé anh hwdng dén viéc phan xa cda tia
laser, do do, gia tri cwong do phan xa la thong tin
c6 gia tri d€ nhan biét bé mat. Cwong d6 do lwong
&nh sang phan chiéu va it phu thudc vao diéu kién
anh sang so v&i cwrong do ma bd quét thu dong
cam nhan duorc.

Pic trung diém LiDAR dwgc cong bd trong
nghién ctru cta Yunfei va nnk. (2008) gi¢i thiéu
cach tiép cin c6 thé phan chia lép thue vat tir diém
ground trong khu vyc d6i nui. Cach tiép cin nay
cht yéu dwa trén sy thay ddi vé do 1éch cia mat do
ditliéu LiDAR tlr cic tin hiéu phan hoi. Véi khu viee
thir nghiém & phia nam cta Ptrc va trung tam
thanh phd Stuttgart, cic tac gia da dé xudt cach

tiép can thong ké dé loc diém mét dat dya trén moi
quan hé mit dé trong dam may diém LiDAR.
Trong d6, d6 1éch va d6 nhon cua sy phan bé nay
1 hai déc trung, dugc str dung trong thong ké, va
sw thay doi cda hai thong s6 dworc st dung dé c6
thé biét dworc su thay doi cia thuc vat va ground.
Két qua phan 16p dwoc str dung dé tao ra DTM,
DSM va CHM (M hinh chiéu cao tan ciy - Canopy
Height Model). Rodriguez-Perez vannk. (2017) da
str dung thuit toan phat hién diém dé phat hién va
phéan 16p cac doi twgng do thi va ciy cdi tir dir liéu
3D MLS (Quét Laser di dong - Mobile Laser
Scanning) va TLS (Quét Laser mét dit - Terrestrial
Laser Scanning). Phwong phap bao gébm ca viéc
phin doan ty dong dé loai boé di nhitng phin
khéng lién quan dén qua trinh phin doan doc doi
twong. Nhitng do6i twong nay dwoc phin doan
bang thuit toan RX va sau d6 dwoc phan cum dé
chia 16p d6i twong thanh cac 16p nhw ciy c6i, ho
nhan tao,...

Cling chung y twéng phén 1é6p ddm may diém
LiDAR st dung phwong phap phan 16p diém, Lin
va nnk. (2012) da thuc hién qua trinh phan
16pbang viéc sir dung ddm may diém 3D. Dam
may diém nay dwgc phin doan thanh cac doan
doc lap, sau d6 mot vai dic trung cda doi twong
duwgrc tinh todn va cudi cing cac diém sé duoc tw
dong phan 16p theo cac dac trung nay. Jing va nnk.
(2021) da nghién ctru va st dung phwong phap
phéan 16p ddm may diém LiDAR da mat dwoc goi la
SE-PointNet ++ dwoc dé xuit thong qua tich hop
khdi SE (Squeeze-and-Excitation) véi mang phan
doan ngir nghia PointNet ++ dwoc cai tién.
PointNet ++ trich xuit cac déi twong dia phwong
tir cac diém dwoc 14y mau khong dong déu va dai
dién cho mdi quan hé hinh hoc giita cac diém
thong qua nhém nhiéu ty 1&. Khéi SE dwoc nhing
vao PointNet ++ dé cliing ¢d cic kénh quan trong
nham tang do nhay cla dic trung clia ddm may
diém tét hon cic thuit todn hoc may thong
thuong.

Dua trén cac dic diém cia ddm may diém
LiDAR trong do6 thi, nghién clru cia Gao va nnk.
(2020) dwa trén tir dién saliency va mo hinh phan
b6 Dirichlet tiém 4n (LDA) dé phan l¢p dam may
diém LiDAR. Phwong phap st dung thé thong tin
vé dir liéu huin luyén va nguon thé cda tirng muc
tir dién dé xay dwng mo hinh huén luyén tir dién
quan trong trong ma roi rac dé thé hién tinh nang
cia diém dwoc dat chinh xac hon. Va né ciing st
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dung trinh phan 16p AdaBoost da dwong dé thuc
hién cac tinh nang cda bé tich diém da cip.

Véi két qua thu nhin dwoc tir nhitng thi
nghiém trong cac nghién ctru da dwoc chi ra do
cao va gia tri cwong do tia phan xa la nhirng dac
trung quan trong cuia dit liéu LiDAR. Pay la hai dac
trung dién hinh cta dit liéu LiDAR giup dé dang
nhin dang loai d6i twong. Qua dd, c6 thé thiy do
cao va cwong do phan xa clia diém la dit liéu dau
vao quan trong cta bai toan phan lép dam may
diém LiDAR. Dya trén hai dac trung nay sé thuc
hién bai toan phan 16p chinh xac va &ng dung cho
cac bai toan khac nhau. Str dung do cao va cwong
do phan xa trong bai toan phan lép thanh lap
DEM/DSM va md hinh 3D 1a pht hgp va cén thiét.
Vi thong tin cwong d6 phan xa cia diém dwoc str
dung khéng bi danh hwédng cia méi trueong chiéu
sang ma phu thudc vao ban chit bé mat cta vat
phan xa. Nhit l1a trong boi canh hién nay, cac bai
toan rng dung tai Viét Nam dang phu thudc vao
phan mém xt ly dit liéu dwoc ban keém cung thiét
bi LiDAR, bi anh hwéng béi ban quyén va sy han
ché trong chuyén giao cong nghé.

2. Dac treng do cao diém va cwong d6 phan xa

Ditliéu chinh dwgc tao ra trong qua trinh quét
tia laser ctia LiDAR la diém. Diém LiDAR duoc
hinh thanh khi cdm bién quang hoc truyén chum
tia laser vé phia muc tiéu trong khi di chuyén qua
cac tuyén dwong khao sat cu thé. Sy phan xa cia
tia laser tir muc tiéu dwoc may thu trong cam bién
LiDAR phat hién va phan tich. CAc may thu nay ghi
lai thoi gian chinh xac tir khi xung laser réi khéi hé
thong dén khi n6 dwoc quay trd lai dé tinh toan
khodang cach gitra cam bién va muc tiéu. Két hop
v&i thong tin vi tri, cac phép do khoang cach nay
dwoc chuyén do6i thanh phép do cac diém ba chiéu
cda muc tiéu phan xa trong khong gian. Dir liéu
diém sau khi thu thip dwoc dic trung bdi toa do x,
y,ztham chiéu dén vi tri dia ly chinh x4c bang cach
phén tich pham vi thoi gian laser, géc quét laser, vi
tri GNSS va théng tin dao hang quan tinh INS.

Cac dac trung diém LiDAR duwgc duy tri cho
mdi xung laser dwgc ghi lai gdm (Geodetics,
2020):

- Gia tri (x, y, z): toa dd mit phang (x, y) va do
cao (z) thé hién vi tri chinh xac ctia diém. Trong do,
gia tri do cao ctia diém 1a gia tri quan trong thé hién
cau truc bé mat va thuwong dwoc st dung nhiéu
nhit trong bai toan phan 16p dam méay diém LiDAR.

Hé théng LiDAR do thoi gian cn thiét dé anh sang
phat ra di xudng mat dat va quay tré lai. Thoi gian
do6 dwoc duing dé tinh quing dwong da di. Khoang
cach di chuyén sau d6 dwoc chuyén ddi thanh do
cao. Cac phép do nay duoc thue hién bang cach st
dung cic thanh phan chinh ctia hé théng LiDAR bao
gom GNSS x4c dinh vi tri X, Y, Z ca nang lwong anh
sang va IMU cung cap dinh hwéng ciia may bay trén
bau trod (Neonscience, 2020).

- Cwong do (Intensity): cwong do cla tia laser
phan xa, dwoc cung cip duwdi dang s6 nguyén tir
1+256. Con sO nay thay d6i theo thanh phan cta vat
thé bé mat phan xa chum tia laser. S6 thap cho biét
hé s6 phan xa thap trong khi s6 cao cho biét hé s6
phan xa cao. Cwong do cia chum tia laser quay tré
lai cling c6 thé bi anh hwdng baoi goc tdi (goc quét),
pham vi, thanh phin bé mat, d6 nham va dé am.
bay la gia tri thwong dwoc str dung dé phan 16p bé
mit (ESRI, 2016). Trong tinh hu6ng gia dinh, cwong
do tia laser phan xa khong bi anh hwéng khi goc
quét nho hon 109, chi gia tri cwong do thwong phu
thudc vao khoang cich tir nguén phat dén déi
twong, goc quan sat, va dic trung bé méat. Tir nhiing
gia tri cworng do ctia diém phan xa, cé thé biét dwoc
ciu tric bé mat va loai doi twgng nhuw tham thuc
vit, nha cao ting, thuc vat cao,... Do d6, gia tri
cuong do cé thé st dung cho cac ing dung nhw
phén tich khu virc nguy hiém, phan tich bé mat,...

3. Phin 16p ddm miy diém LiDAR str dung do
cao diém va gia tri cwong do

Phuwong phap phin 1ép dam may diém LiDAR
dwa trén do cao diém va gia tri cwong dé dwoc thé
hién theo quy trinh nhuw trong Hinh 1.

3.1. Tién xir ly div liéu

a) Pam may diém LiDAR dwoc thu nhan tir
qua trinh bay quét sé dwoc xudt ra file dwéi dinh
dang .las.

b) Thuc hién trich chon dac trung:

Lay théng tin d6 cao (Z) cta diém. Gia tri 6
cao cua diém trong ddm may diém LiDAR la gia tri
dac trung cua dir liéu LiDAR. Dwa trén gia tri do
cao ta cé thé thuc hién cac bai todn phan 1ép, xay
dung cac mo hinh, tao mé phdng,... Trong bai bao
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Trich xuat gia tridg | Trich chon khong mat dat st dung di ligu

Tach I6p diém mat gat va| Phan loai

— A

Loai b nhiéu di liéu dam may diém

va gia tri dac trung dir liéu do cao
i cuédng do ’_) ¢

St dung gia tri cdng ddé

v

LIDAR s(r dung khodng cach danh Tao bo diF liéu train diém khong mat dat
nghia (Nominal Paint Spacing - va test theo nguyén
NPS) tac 2/3 va 1/3

phan xa phan loai I6p

4

Banh gia dé chinh xac

Hinh 1. Phwong phdp phdn 16p ddm mdy diém LiDAR st dung dé cao va gid tri cworng do.

nay, nhom tac gia str dung gia tri d6 cao cta diém
LiDAR @é thuc hién tinh toan phin bé theo d6 cao
dé tir d6 tinh dwoc khoang cach danh nghia gitra
cac diém theo phan bd d6 cao. Theo d6, bwéc trich
xudt gia tri dd cao cia diém tir file .las sé dwoc thuc
hién trwdc cac bwdc tinh toan tiép theo.

¢) Tao do thi Voronoi:

D6 thi Voronoi 1a khai niém co ban chi cau
truc dir liéu dwoc nghién ctru trong hinh hoc. M6t
d6 thi Voronoi dwoc dinh nghia nhw mét do thi toi
thi€u cta tip hiru han cac ham lién tuc (Kalantari,
2013). D6 thi Voronoi thwong chia tip dir liéu
thanh cic viing, mdi viung gdm cac diém gan véi
diém nhit dinh hon so v&i cac diém khac. Nhw vay
ta c6 thé€ néi moi diém trong dam may diém sé c6
khodng cich nhat dinh véi mét diém nao dé
(Pokojski va nnk, 2018). Do d6, st dung do thi
Voronoi rit dé dé tim ra ving da giac theo dwong
bay, tir d6 tinh toan dwoc khoang cach danh nghia
NPS. D€ tim dwoc d6 thi Voronoi cia ddm may
diém, nhém tac gia dwa trén thuit toan dong quét
Fortune (tir dudi lén trén), thuat toan dwoc thuc
hién theo cac bwéc sau:

Veé tap diém P = {p1, p, .., pn} Vi pila cac diém
LiDAR bao goém cac thudc tinh (x, y, z, cwong do
phan xa, thit tw tra vé,...). Tim do thi Voronoi theo
cac buéc sau (Pokojski va nnk., 2018):

Buwére 1: Xac dinh vi tri cic diém dwa trén toa
do miat bang diém (x,y) - ki hiéus.

Budrc 2: Xac dinh mot phép bién déi *(P) voi
*(P) = (px py + d(P)), xac dinh dwong quét T, Rs 1a
vung bao quanh vi tri s, Bjj1a viing bién gitra hai vi
tri s;, s;. Coi cac sm la cac vi tri véi gia tri t6i thiéu
ciatoa do y theo x. Tap Q = P - {sm}, tao cac dwong
bién doc ky hiéu Bosi,52, Bos2,S3, .., BoSm-1,Sm.
Puwong quét T 1a tip hop bao gom cac gia tri
{*(RS1), BoS1,Sz, *(RSz), BoSz,S3, . *(RSm.1), BoSm.1,Sm}.

Buwdrc 3: néu s la vi tri trong *(P) str dung phép
bién doi *P d€ tim tan suit xay ra cda vung Rs
trong T. Néu s; thudc vao T tao mot dwong bién B
ma&i va loai bo bat ky di€m nao nam & ving ranh
giti, va thém bAt ky di€ém nao nam & viing giao cua
vung trén va dudi ctia dwong quét.

Buwdc 4: Néu s; la dinh ctia Voronoi, xét s;theo
vi tri bén trai hay bén phai cia dwong quét, tién
hanh tao méi dwong bién B méi va loai bé hay
thém vao cac diém & vung bién theo vi tri cla
diém.

Buée 5: Ghi nhéan lai cac vi tri s; nay vao tao
dwdng phan vung vi tri.

Bwéc 6: Luu lai cac dwdng bién nay trong
duwong quét dé tao thanh do thi Voronoi.

d) Sau khi tim dwoc d6 thi Voronoi ctia dam
may diém LiDAR, NPS dwoc tinh theo mat dé
diém. Sw phan bo diém trong khéng gian theo cac
budc sau:

- Sap x€p gia tri khoang cach va mat do tir thap
dén cao.

Trong d6, khoang cach (Point Spacing - PS) va
mat do diém (Point Density - PD) dworc tinh theo
cac cong thirc sau:

PD = - (1)

Trong do6: V- mét 6 Voronoi.

O Voronoi cho mot nut trong d6 thi Voronoi la
phan bén trong cla da giac 16i cia cac diém gan
nhit.

Trong d6 : Apy; - kKhoang cach gitra hai diém
(m); P;, - tAp diém lan cin cua px (diém).

Tinh todn phan vi clia gia tri PS va PD bang
cach gan gia tri phan vi nay = NPS.

Cac phan vi 1a cac diém cat chia pham vi phan
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phdi xac sudt thanh cac khoang lién tuc véi xac
suit bang nhau hodc chia cic quan sat trong mot
mAu theo cing mot cach. Phan vi dwoc tinh theo
cong thirc:

Pe = %* 100 (3)

Trong dé: n - xép hang ctia gia tri da cho, hodc
sO lwong gia tri nhd hon mot gia tri cho truéce; N -
téng so dir liéu.

e) St dung thuat todn kNN (k - Nearest
Neighbors - k lang giéng gin nhit) dwa trén NPS
loai bé nhiéu ddm may diém LiDAR.

Duva trén mat do diém va NPS, st dung KNN
tim kiém diém 14n cin gin nhat theo NPS, str dung
gia tri ngwdng la mot s6 nguyén k thwong dwoc
khai gan theo do 1om cta di liéu (gan gia tri bang
téng s6 diém trong PMD) va gia tri NPS cho moi
diém dwoc ki hiéu la x. Khoang cch gitra cac diém
mau va x dwoc sap xép theo:

Di(x) <+ < Dj_1(x) < Dp(x) < -+ @
< Dy(X)

Tinh toan xac suit theo theo cong thirc:

P(x) = N71Dp(x) XIL; K[Dy (%) (x — X;)] (5)

Trong do: D, (x) - khodng cach tirx dén k lang
giéng ctia né (m); K (...) la ham Gaussian.

Sau khi c6 gia tri x4c sudt, loai bo bién bang
cach so sanh d6 cao ctia cac diém v&i diém 1an cin,
nham tim kiém nhitrng di€m bi loai bo. Diém bi loai
bd 1a diém c6 gia tri d cao thay déi qua lom trwde
va sau khi so sanh véi k lang giéng cda né va gia
tri mat do la thip.

Déso sdnh dwoc do cao cia cac diém vdi diém
lan can, st dung cong thirc:

( Zip = 3% P(x) * Zstq

1
Zsta = \/;Z]]g=1(zk — Zmean)® (6)
1
Zmean = ;ZII§=1 Zy

Trong d6: Z;;, - nguwdng do cao dé€ phat hién
diém nhiéu (m); Z,4 - phan bd chuin cta diém lan
can (m); P (x) - ham xac sult; Z,;, .4, - trung binh
dé cao ctia diém 1an cin (m); Zj, - d6 cao ctia diém
dang xét nhiéu (m). Néu gia tri Z;, > Z;,; d6 1a

nhiéu, diém sé bi loai bd.

3.2. Trich chon ddc trung

Thuc hién trich xuit thong tin d6 cao va gia tri
cwong do.

3.2.1. Trich xudt théng tin dj cao cta diém

Trong hé thdng LiDAR, 4nh sang dwoc phatra
tir tia laser xu6ng bé mat dia hinh. Tia laser truyén
xuéng mat dat va nhanh chéng phan xa lai tir
nhitng d6i twong trén bé mat nhw toa nha, canh
ciy,... va ca bé mat. Nang lwong tia phan xa sau do6
quay tré lai cdm bién LiDAR va dwoc ghi lai.

Hé thong LiDAR do thoi gian cn thiét dé€ anh
sang phat ra di xuéng mat dit va quay tré lai. Cac
phép do nay dwoc thuwc hién bang cach sir dung
cic thanh phén chinh ctia hé thong LiDAR bao gbm
GNSS xac dinh vi tri x, y, z cda tia quét va don vi do
lwong quan tinh (IMU) cung cdp dinh hwéng cida
may bay trén bau troi.

Tinh toan thuc té€ dé€ do khoang cach ma mot
photon anh sang tré lai da di dén va di tir mot vat
thé theo cong thirc sau:

D = (S*T)/2 )

Trong dé: S - téc do cha tia quét (m/s); T - thoi
gian di va vé cla tia quét (s).

Trong bai bao, nhom tac gia s dung thong tin
d6 cao lam dau vao dé€ phan tich nhém diém
ground va non - ground.

3.2.2. Trich xudt théng tin gid tri cworng do

Khi tia laser quét qua mit phang min va
khéng trong sudt, cwong dd phan xa lén hon
cwong do phan xa trén mat phang c6 bé mit mo.
Vi vay, néu mét s6 khéi c6 vat liéu phan xa thip
dwoc dat trong mot canh, cac dac diém ctia dir liéu
da quét dwoc str dung lam cac dic trung dé hiéu
chun t6t hon (Lin va nnk., 2020). Vi gia tri cwong
do6 cta cic diém dac trung la thip hon so véi cac
diém xung quanh, miu hiéu chuin c6 thé duoc
trich xuit dé dang bang cic ngudng xac dinh
trude. Sw phan loai cac diém c6 thé dwoc thé hién
nhw sau:

P € SCP:néu Inin < [Pl- < Imax (8)

Trong d6: Scp - tAp hop diém mau (diém),
Lmin VA Lypgy - nguomg trén va nguwdng dwdi cia
cuong do.

C6 thé str dung ham Gaussian dé tinh toan sw
phén b cta tia phan xa theo cong thitc:

0.2
ks=e n 9)
Trong dé: k, - ham mat do cwong do; o - sw
phan bd chuin cta dit liéu; n - s6 thanh phan cta
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mo hinh Gaussian.

Cuwong do6 trung binh p cta cac diém lan cin
dwogc st dung, vi n6 la diéu kién cac dic trung
cuong do.

3.2.3. Lwa chon tdp dir liéu hudn luyén va kiém tra

St dung nguyén tac 2/3 dir liéu lam tp huin
luyén va 1/3 dir liéu lam tip kiém tra cho tip dir
liéu thir nghiém. Phan chia bd dit liéu theo nguyén
tAc trén mot cach ngau nhién.

3.3. Phan Iop div liéu

3.3.1. Tdch diém ground va non - ground st dung
thudt todn cwc dai héa ky vong (Expectation
Miximization - EM)

Gid st co tap divliéu Z = {Z1, Zo, ..., Zn}, v&i Z1a
d6 cao cda diém trong dam may diém (m). M6
hinh x4c suit ctia phan bé Gaussian dwgc thé hién
nhw sau:

P(Z;) = Y§-1 N Gaussian(Z;|p, i, Ck)B (10)
Trong d6: - gia tri trung binh cua tdp dir liéu
(m), 2 - ma tran hiép phwong sai, C - hé s6 mixing,
o - d6 1éch chuin, g - tham sé 14p lich dwogc tinh
theo cac cong thirc dwéi day:

YhiZi
p= === (11)
1
0= 4’; e (m)? (12)
X = V(L —12DY?R (13)
1
Cr = ;Zﬁﬂ Yi(Zi) (14)

Tang dan gia tri  cho mdi vong lap (gia tri clia
B khong 16m hon 1, fmax = 1). Gia tri B dwoc tang
thit chdm, néu > 1, tién hanh giam dan vé 1.

- Tinh to4n xac suit ctia mot diém Zi thudc vé
thanh phan thit k theo cong thikc:
(P(Z;|k)P))P

(15)

Trong do:

K
P(Z) = ) PZIOPGK)  (16)
k=1

K
P(Z;|k) = 2 CyGaussian(Z;|u, 2,) (17)
k=1

Véi ham phan b6 Gaussian dwoc tinh theo
cong thirc:
Tiz

xe 202 (18)

Gaussian(Z;|u, Z;) = TN
Sau d6, thuwc hién tham s6 cho mo hinh véi cac
giatriy, %, C, o.
Dé phan loai diém Z; vao 16p k sé dwa trén hai
diéu kién:
néu P(k|Z; = 0.5
e,

3.3.2. Phdn logi nhém diém non-groung vdi gid tri
cwong dé phdn xa st dung Vector mdy hé tror (SVM)

Ta c6 vector ddc trung ciia md hinh bao gom
cac gia tri:
_(z;,reflection intensity,
L {return number, PS, PD }

(19)

C6 thé danh gia trong so cua cac dic trung
thong qua cong thitc:

n
a;v;
T, L P (20)

FW(p) =
(=1 &p+=1Vip

Trong do6: FW - trong s6 ctia dac trung p, D -
s6 chiu dic trung, n - sd vector hd tro, o; vi - hé s6
vector hd tro. Khi 4p dung cho tip dit liéu huin
luyén, diém sé dwoc gan vao 16p tuy thudc vao
trong s6 ctia nd. Pay la phwong phap thwong dwoc
ap dung cho bo dir liéu c¢6 lwong diém lém.

Thuit toan SVM dworc st dung dé phan 16p
nhom diém non - ground cé st dung vector dac
trung F, dwoc thuc hién nhu sau (Rodriguez-
Perez va nnk,, 2017):

Tép dit liéu huln luyén: X = {x1, X2, ..., Xn}, VOi
Xi € RY, ¢; - nhan cda 1¢p. M6 hinh huin luyén dwoc
biéu dién nhu sau:

. 1
ming(w,€) = 5”0’”2 +CYi6  (21)

Véi:

N
cilwTo(x;) + b] = ¢ Z wix; +b
i=1 (22)
voii=1..n
€>0v6ii=1..N

Trong dé: w - vector trong s6; C > 0 - tham s
tinh toan sai s6 trong mé hinh huén luyén va do
phtrc tap cia md hinh; b - khodng cach tir diém
trén siéu mat phang dén diém goc; ¢ (w, €) - ham
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anh xa dir liéu dau vao téi mot khong gian c6 chiéu
cao hon, noi dir liéu c6 thé dwoc phin tich mot
cach tuyén tinh; €; sé so sanh sw sai khac gitra
wTp(x;) +bvac;.

NéuYN , w;x; + b = 1diém sé& thudc vaolép
A, nguoc lai ¥V, wix; +b < —1 diém sé thuoc
16p B.

Sai léch dwgc dung sai s6 vi cac gia tri duorc
quan sat va dw doan cta dir liéu dao tao toi dala g;
va céc sai s6 16m hon sé bi loai bd. Dé toi wu bai
toan, c6 thé str dung mot Kernel dé ting dé chinh
xac cho vector nhiéu chiéu, Kernel Gaussian
thwong sé dwoc str dung trong tredong hop nay cd
dang:

K(x;, ;) = eGallxealD’ 23)
3.3.3. Ddnh gid dé chinh xdc

D€ thuc hién danh gia do chinh xac cta qua
trinh phan 16p, nhéom tac gia st dung dé do: bo
chinh xac (Precision), D6 hoi twéng (Recall), F1 va
ma trin sai sd (confusion matrix) dé thuc hién
danh gia. Gia str c6 bang ma tran sai s6 nhw sau:

Bdng 1. Bdng ma trdn sai sé.

Thuc té Positive Nagative

Du doan
Positive TP - True FP - False
Positive Positive
Nagative FP - False TN - True
Positive Nagative

Dua trén ma tran sai s6 cac do6 do dwoc tinh
toan theo cdng thirc:

Precision = —— (24)
TP+FP
Recall = —2— (25)
TP+FN

Trong d6: TP - True Positive, diém thudc 16p
Aj dwoc phan loai vao dung 16p A;

TN - True Nagative, diém thudc 16p B; dwoc
phan loai vao diang 16p B;;

FP - False Positive, diém thudc 1ép A; bi phin
16p nham vao 16p B;;

FN - False Nagative, diém thudc 16p B; bi phan
16p nham vao 16p A

Duwa trén dwong chéo chinh ciia ma tran, mét
d6 do dwgcnhom tac gia st dung chinh la do chinh
xac tong thé (Overall Accuracy - OA) dé danh gia
dd chinh xac cda phan 16p véi SVM. OA dwgce tinh
theo cong thirc:

Ti l& diém dwgc phan lop ding

0A =

(26)

T6éng s6 diém
3.4. Két qua thir nghiém va ddnh gid dé chinh xdc
3.4.1. B§ dir liéu thir nghiém
Dir liéu thtr nghiém ctia bai bao la dir liéu
LiDAR hang khong (ALS) tai khu vuc thanh phd
Udng Bi, tinh Quang Ninh vao nam 2020. bam may
diém c6 dinh dang file .Jas chuin 1.2, véi
1.458.323 diém, mat dé diém 1a 10.20 diém/m2.
Véi cac ddc trung cwong do phan xa, thir ty tia
phan hoi ciia diém dwoc thé hién trong Bang 2:
Bdng 2. Gia tri thi tw tia phdn xa va cwong do
phdn xa ctia diém LiDAR.

STT Tén thudc tinh (Min, Max)
1 Thit tw tia phan xa (0,4)
2 S6 lwong tia phan xa (04)
3 Cwong do tia phan xa (0,255)

3.4.2. Két qud phdn loai

Trich xudt gia tri x, y, z, cwong do, thir tw phan
xa trong ddm may diém thé hién trong Hinh 2.

X Y zZ

717068.79 4366595.37 2253.23 255
717069.10 4366595.51 2253.28 155
717069.49 4366595.66 2253.11 255
717069.52 4366595.59 2253.17 255
717069.20 4366595.46 2253.22 175
717068.87 4366595.33 2253.27 175
717068.59 4366595.20 2253.21 165
717069.31 4366594.11 2253.44 165
717069.72 4366594.28 2253.28 255
717070.08 4366594.42 2253.22 155
717070.40 4366594.56 2253.25 255
717070.65 4366594.68 2253.45 175
717070.76 4366594.75 2254.00 165

WRRERRRRRRBRRRERRR

Hinh 2. Ddc trung ctia diém dworc trich xudt.

Vi ba cot dau tién thé hién gia tri x, y, z, cot
thir 4 thé hién gia tri cwong d6 cla tia laser phan
xa va cOt cudi cung thé hién thir tw tia phan hoi.
Qua trinh phan 1ép dwoc thue hién nhw sau:

- Loai bé nhiéu véi NPS va kNN.

Dwa trén d6 thi Voronoi dwoc tao trong Hinh
3, sap xép diém theo thi tw ting dan cta do cao,
thuc hién tinh todn mét dé diém va str dung kNN
(v6i k dwoc lwa chon theo tong s6 diém trong
DMD) theo bo dir liéu da dwoc sap x&p sé co ti 1é
nhiéu trong bo dit liéu dwoc thé hién trong Hinh 4.

- Thyc hién phan 16p dit liéu véi EM theo cac
buwéc dwoce thé hién trong muc 3.3.1.
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+ Lwa chon s6 cum, két qua s6 lwong diém
trong moi cum dwgc thé hién trong Bang 4:
SOUUE L 1]

<\-T. I T T

)
!

PN (4‘ .

Hinh 4. M6 hinh DEM ctia khu vyrc thwc nghiém.

Bdng 3. Ti Ié nhiéu trong bé di¥ liéu thir nghiém.

STT Diém S6 lwong diém
1 Gia tri dang 1.452.134
2 Nhiéu 6.198 100%
3 Tong s6 diém 1.458.323

Bdng 4. S6 lwong diém clia tirng cum sau phan I6p.

Cum1
S6 diém | 563.890

Cum 2
53.692

Cum 3
768.432

Cum 4
72.309

- St dung cwong dé phan xa, cum da dworc
phén cum va cong thirc tinh chi s6 thwe vt cac cum
dwogc gan nhan cho két qua nhw trong Bang 5:

Bdng 5. Gdn nhdn cho cum dwa trén cwdong do
phdn xa va chi s6 thuc vit.

Mait Toa Thuc Chwa
dat nha vat phén loai

S6 diém | 563.890 | 53.692 | 768.432 | 72.309

- Thyc hién phan tach va tang cweorng do chinh
Xac cda qua trinh gan nhéan véi gia tri cwong do
phan xa két hop thong tin d6 cao, ta c6 két qua
dwoc thé hién trong Bang 6.

Bdng 6. Biém dworc tdng do chinh xdc vdi gid tri
cwong dé va dj cao.

Mat Toa Thuc Chua
dat nha vit | phénloai
SO diém | 563.802 | 53.245 | 769.255 | 72.201

-Panh gia do chinh xac ctia qua trinh phan lép
vGi Pecision, Recall va F1 dwoc thé hién trong
Bang 7.

Bdng 7. Ddnh gid dj chinh xdc.

Mat Toa Thuc | Chuwa
dat nha vat  phan loai
Do chinh xac| 93,8% [91,00%]| 93,7% | 89,2%

Do hoi twdng| 94,0% [90,50%| 92,8% [89,70%
F1 93,9% 190,75%93,25%89,45%

Qua két qua danh gia véi cac do do trong Bang
5, cO thé thay cac diém sau phan lép ddm bao do
chinh xac cho cac bai todn &ng dung nhw tao
DEM/DSM vé&i do phan gidi 1 m trong cac Hinh 4.

4. Thao luin

Qua két qua thir nghiém thdy rang cac dic
truwng cta diém trong ddm may diém la thudc tinh
rat quan trong trong qua trinh thu thip dit liéu
LiDAR. Khi dwgc st dung va ap dung thuat toan
pht hop c6 thé phuc vu cho nhiéu bai toan khac
nhau.

biac trung clda diém LiDAR la thong tin rat
quan trong trong phan loai PMPD. Véi nhitng dac
trung thu dwgc nhw do cao va gia tri cwong do
phan xa dwoc st dung trong bai bao da cho két
qua phan loai trén b dit liéu thir nghiém véi do
chinh xac gan 94% véi 16p ground va thyc vét,
91% v&i 1op nha dwgce thé hién trong Bang 7. Két
qua sau phan loai dwoc st dung dé thanh 1ap mo
hinh DEM, DSM v&i d6 phan giai 1m cho két qua
¢6 do chinh xac cao.

5.Két luan

Két qua phéan loai trong bai bio da chi ra sw
cin thiét cta lwa chon cac dic trung cta di liéu
LiDAR quyét dinh t&i do chinh xac ctia bai todn
phan 1ép. Cac thong tin thu nhan dwoc tir cong
nghé LiDAR la rat 16n. Tuy nhién, bd dir liéu c6
nhiéu nhiéu va cic diém chua dwoc phan 16p la
can tré 16m dé str dung dir liéu LiDAR vao bai toan
trng dung cu thé. Véi phwong phéap loai bé nhiéu,
thudt toan phan loai va cac dac trung dwoc st
dung da cho thdy gia tri va y nghia cta viéc lva
chon dic trung diém phu hop véi yéu cu cta bai
toan phan loai.

Vi nhitng thong tin vé khu viec nhw dir liéu
dam may diém, thong s6 cta hé thong,... dic biét



Nguyén Thi Hitu Phwong va nnk./Tap chi Khoa hoc Ky thudt M6 - Pia chdt 63 (5), 48 - 57 57

la nhirng thong tin vé dic trung ctia diém trong file
.LAS la thong tin quan trong va c6 gia tri khi cung
cip dic trung va la dir liéu dau vao dé thuc hién
dworc bai toan phan lép. Qua dir liéu thir nghiém,
nhitng ddc trung nay gitup qua trinh phan lép dat
dwoc d6 chinh xac dé thanh 14p DEM/DSM/m6
hinh 3D.
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Nhoém tac gia xin chan thanh cdm on dé tai cip
co' sé T22-03, Trweorng Dai hoc Mo - Dia chat da tai
tro cho bai bao nay.
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thuat toan va dwa ra quy trinh, thuc hién thuc
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