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Along with cartography science and technology development, data
acquisition through aeronautical laser scanning systems has been
developing. This is an essential and detailed data source for database
construction, mapping, and city 3D modeling,... City 3D modeling requires
processing many types of data, at which point cloud data processing and
classification play an essential role in creating input data sources for the
model. However, the processing and classification of point cloud data
mainly depend on commercial software with very high costs; moreover,
the algorithms and parameters of commercial software are locked. That
makes it impossible for the user to intervene to improve product accuracy.
Therefore, building a program to automatically classify point cloud data
into different geographical objects helps us master data processing
technology for creating 3D models. It makes an important contribution to
building and developing smart cities. The article introduces the step-by-
step classification of LiDAR point cloud data and the process of
automatically building a program to classify point cloud data based on
Visual Studio.Net language. The result is a bilingual program
automatically classifying point cloud data (Vietnamese - English). The
program can read and fully deploy algorithms to process LiDAR point
cloud data containing information with four color bands (red, green, blue,
and near-infrared). The primary processing is based on proposed
classification steps and thresholds for point cloud data classification into
eight feature classes, including hydrology, solar land, traffic, low plants,
medium plants, high plants, houses, and other objects, to establish 3D city
models.
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THONG TIN BAI BAO TOM TAT

Qud trinh: Cung vdi sw phdt trién trong linh viec khoa hoc va céng nghé do dac bdn

Nhan bai 1/4/2023 do, cong tac thu nhdn dit liéu théng qua hé théng quét laser hang khéng
Stra xong 23/7/2023 dd c6 sw phdt trién manh mé. Pay la ngudn dir liéu quan trong va chi tiét
Chap nhén dang 17/8/2023 cho céng tdc xdy dwng co s& di liéu, thanh Idp bdn do, xdy dung md hinh
Tir khia: 3D thanh phd,... Qud trinh xdy dung m6 hinh 3D thanh phd doi hdi phdi xir
Chwong trinh, ly theu, logi dl{' liéu, trong dé cong tdc xur lyva Ehan~ Io_gl du; Ileu‘ dam mdy
Pam may diém diém c6 vai tro quan trong trong viéc tao nguon dir liéu dau vao cho mo
LiDAR ’ hilzn’h. Tuy i:lhlehn, viéc Xu Iy vah é)han Mloalhdu' ligu ddm ,rr;)ay d‘zem‘Ahl_er,z nay
Mo hinh 3D thanh phd. chtl yéu phu thudc vao cdc phdn mém thwong mai cé ban quyén vdi gid

thanh rdt cao, hon niva cdc thudt todn va tham sé ciia phdn mém thuwong
mai dworc md héa lam cho ngwoi diing khdng thé can thiép dé cdi thién dé
chinh xdc ctia san phdm. Do vdy, viéc xdy dung moét chwong trinh tw dong
phan logi dir ligu ddm mdy diém thanh cdc déi twong dia ly khdc nhau
gitip chiing ta cé thé lam chu dwoc cong nghé xir ly dir liéu phuc vu céng
tdc xdy dung cdc mé hinh 3D thanh phd tién téi gop phdn quan trong vao
tién trinh xay dwng va phdt trién thanh phd théng minh. Bai bdo gidi thiéu
quy trinh cdc bwérc thwce hién phdn loai die liéu ddm mady diém LiDAR va
qud trinh trién khai xdy dung chwong trinh tw dong phdn logi dir liéu ddm
mdy diém dwa trén ngén ngir Visual Studio.Net. Két qud bai bdo da xdy
duwng dwoc chwong trinh tw déng phdn loai dir liéu ddm mdy diém song
ngir (Viét — Anh), c6 thé doc va trién khai ddy du cdc thudt todn dé xir ly
die liéu ddm mdy diém LiDAR chita théng tin 4 kénh mau (d6, luc, lam va
cdn hdng ngoai). Qud trinh xit Iy chinh dwa theo cdc bwéc va ngwéng phdn
loai dd dé xudt cho phdn loai dik liéu ddm mdy diém thanh 8 Iop d6i twrong
dia ly khdc nhau bao goém: thily vdn, mdt ddt, giao théng, thuc vdt thdp,
thwec vdt trung binh, thuc vdt cao, nha va cdc déi twong khdc phuc vu cho
cong tdc thanh Igp cdc mé hinh 3D thanh phd.
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1. M¢& dau

Hién nay, trén thé giGi cac nghién ciru vé mé
hinh 3D thanh ph6 phuc vu cho c6ng tdc m6 hinh
héa bé mat va xay dung thanh phé thong minh da
va dang dworc chi trong nghién cru va phét trién.
Cac mo hinh 3D thanh phé dwoc xay dung la két
qua ctia qua trinh tich hop nhiéu loai dit liéu khac
nhau nhw: DEM, anh vé tinh, ban d6 dia hinh, anh
s0, dir liéu ddm may diém LIDAR,... (Bui va nnk.,
2020; 2021; Dwong va nnk, 2202; Lé, 2019;
2023). Qua trinh xy dwng md hinh 3D thanh phé
doi hoi phai xit Iy nhiéu loai dit liéu, trong d6 cong
tac xtr Iy va phan loai dit liéu ddm may diém c6 vai
tro quan trong trong viéc tao nguon dir liéu dau
vao cho mé hinh 3D thanh phd. Nhiéu c6ng trinh
nghién cttu da dwa ra cac phwong phap va thuat
toan vé phan loai ddm may diém dé tir d6 nhan
dang cac doi twong bang cach phan 1ép cho dam
may diém thu nhin dworc, trong dé chu yéu tip
trung vao 2 hwéng: (1) Cacthuit toan dua trén mo
hinh may hoc (Alexandre, 2020; Arief va nnk,
2019; Chenglu va nnk., 2019; Qiang va nnk., 2020;
Yongguang va nnk., 2020); (2) Cac thudt toan
phan loai dwa trén hinh thai va phé (Heidar va
nnk.,, 2020; Markus and Jing, 2014; Ronggang va
nnk., 2018; Wuzhao va nnk, 2020; Yi va nnk,
2020; Yangbin va nnk., 2018; Xudong va nnk,
2019).

Thuc té hién nay, cong nghé do dac thu thap
dir liéu da dich chuyén dan tir cic thiét bi do dac
truyén thong, don 1é tirg diém sang cac thiét bi
thu thap thong tin khong gian moét cach toan dién
va nhanh chéng nhw may quét laser mat dat, may
quét laser di dong (mobile mapping), thiét bi quét
LiDAR trén may bay hay trén UAV. Dinh dang dir
liéu chung cho cac thiét bi nay la dit liéu dang dam
may diém 3D mang thong tin chinh xac vé toa do
dia ly va nhiéu thong tin khac nhw mau sic, cudong
d6 phan xa, xung phan héi,... V&i sy xuat hién cia
dir liéu ddm may diém 3D, thé gi¢i thwe dugc thé
hién mot cach day da truc quan véi ding ty 1é.
Hon nira, khoi lwong dir liéu ddm may diém 3D
dwoc thu thip ngay cang nhiéu di tao diéu kién
thuén loi cung cAp nguodn thong tin da dang, day
da cho phan loai va xay dung cac déi twong noi
dung ctia md hinh 3D thanh phé phuc vu cac &ng
dung quy hoach, quan ly moi trwong do thi, khong
gian, canh quan,.. Tuy nhién, véi khéi lwong dir
liéu 16m, viéc phan loai dir liéu ddm may diém hién

nay hau hét dwa trén cic cong cu ciia phan mém
thwong mai di kém ctia cic hdang san xudt thiét bi
thu thip dit liéu ma chwa c6 nhiéu nghién ctiru xay
dung chwong trinh phan loai di liéu ddm may
diém. Hon nita, viéc st dung cic phin mém
thwong mai doi hdi phai chi phi mua ban quyén
16m, cac tham sé va thuat toan tinh toan dwoc ma
héalam cho nguwdi dung khong thé can thiép dé cai
thién d6 chinh xac cia sdn phdm (L&, 2023). Chinh
vi thé, viéc thiét ké va xy dung chwong trinh may
tinh phuc vu cong tac phan loai dit liéu dam may
diém c6 y nghia khoa khoa hoc va thuc tién cao.

2. Thiét ké tong thé chwong trinh phan loai dir
liéu dam may diém

2.1. Phwong phdp phdn loai div liéu dam mady
diém

Dt liéu ddm may diém LiDar dwgc thu nhian
dwoc v6i bon dai mau: dé - xanh luc - xanh lam -
héng ngoai gan. Dua trén cic dac diém cta dam
mday diém, nhom nghién ctru da xdy dwng quy
trinh chi tiét cAc bwérc d€ phén loai tw dong dir liéu
dam may diém thanh cc 16p dir liéu chira cac doi
twong dia ly khac nhau bao gom: 16p diém mat dat,
16p diém giao thong, 16p diém thuc véat, 16p diém
nha va cac16p diém cac doi twong khac. PAm may
diém sau khi phan loai sé la dir liéu dau vao dé
thanh 14p mo hinh 3D thanh phd. Quy trinh chi tiét
bao gdbm qua trinh xtt ly v&i cac thuat toan loc dir
liéu ddm may diém thanh cc 16p déi twong dia ly
khac nhau. Viéc phan loai dir liéu ddm may diém
nay dua trén ngudng phan loai dwgc mo ta trong
Hinh 1. Mirc ngudng dwoc phat trién dwa trén dac
diém tw nhién cda cac l6p déi twong trong dam
may diém ciling nhw crong d6 phan xa cia cac doi
twong dia ly dwoc khuyén cdo tir hang san xut
thiét bi thu nhan dirliéu (Bang 1). C6 bon ddc diém
dwoc st dung dé phat trién mirc nguwdng do la:
cuwong dd, chi sé thwc vat (NDVI), chiéu cao va
hinh hoc (Bui va nnk,, 2021; L€, 2023).

Bdng 1. Pham vi cwong do ctia cdc ddm mady
diém CityMapper cho cdc déi twong khdc nhau.

TT Déi twong Khodng cuong do
1 Puong nhua 2100+5400
2 Bé tong 900012500
3 Mai ngéi 7300+9700
4 Mat dat 7500+13600
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Bang 1 cho thdy rang dwong nhua c6 thé
dwoc loc ra khoi cac vat thé mat dit khac theo gia
tri ceong do. Vi nén dit bang phang trong khu vurc
gom c6 duwong nhua, bé tong, ngdi, dit ngo, dat.

Cac bwdc trién khai phwong phap phén loai
dir liéu ddm may diém cho xay dung chwong trinh
tw dong phan loai dir liéu ddm may diém dwoc quy
trinh hoa theo thit tw trién khai thuit toan bao
gém: (1) Loc bé diém nhiéu; (2) Phan loai diém
mat dat; (3) Phén loai giao théng; (4) Phan loai
thuc vat; (5) Phan loai diém mai nha (Dwong va
nnk., 2022).

2.2. So do thiét ké hé thong chwong trinh mdy
tinh phdn loai dir liéu dam mdy diém

Chwong trinh phan loai dit liéu dworc thiét ké
dé lam viéc véi dir liéu ddm may diém va dir liéu
s6 hda (diém, dwong, ving). Cac dinh dang dit liéu
nay sé hién thi trong méi truomg 2D trén ctra s6
chinh ctia chwong trinh véi cac cong cu hd tro
twong tac dé nguwoi dung c6 thé thay déi cac goc
nhin khac nhau cia cac doi twong, bién tip va
chinh stra cac dir liéu truc tiép trén chwong trinh
da xay dwng. Chwong trinh dwoc thiét ké theo so

Thuit Khéng cé _|Mat mwéc
7| todn loc dir lidu
nhiéu
Cwéng dé < | Pwong
Thuat | [ |_neweme "| nhua
L) o | | omga] i
mait dat ngwrong dat
5| NDVI=> N Thl_]'E vat
ngréng thap
Bam NDVI =
mﬁy —=| N !
.2 4 Nguwiérng ngwong
diém dd cao 1 [
LiDAR : NDVI < Céc déi
da ngwng T}?’ng
ac
dwoc NDVI <
gan 4 N | _nswémg [
2= gwong 5 ot
dz‘“ dé cao 2 ™ NDVI > tr}]ng
mau —»| ngwéng binh
) NDVI = | Thue vit
v Ngwéng ngwéng cao
ddcao3 | " NDVI
— " »{ cac dsi
ngwirng fwong
Cac déi khac
twong Thuat toan
“—p| khac »| lpcnha _W

Hinh 1. Quy trinh phdn logi cdc déi twong tir die
liéu dam mady diém (Bui va nnk., 2021; Lé, 2023).

d6 thiét ké hé théng véi cic nhom chirc ning va
cac cong cu nhw Hinh 2, trong dé tdp trung vao
viéc thiét k€ nhom chirc nang phan loai di liéu
dam may diém thanh cic 16p ndi dung nhw da de
cap trong muc 2.1.

3. Xay dwng chwong trinh phan loai dir liéu
dam may diém

3.1. Thiét ké giao dién chwong trinh

Chuwong trinh dwoc thiét ké trén nén tang
ngon ngir 1ap trinh VisualBasic.Net véi giao dién
don gian dé st dung, bao gdm 4 nhém: (1) Menu
bao gbm 6 muc chirc nang chinh: tép, dinh dang,
V€, gbc nhin, cong cu va trg giup; (2) Cac cong cu
chirc nang: tao méi, mé tép, lwy, cac cong cu vé
diém, dwong, hinh tron, ghi chd..., cic cdng cu thay
d6i goc nhin, cac cong cu phan loai ddm may diém,
cong cu loc, hién thi va phan loai lai; (3) Man hinh
hién thi: cho phép vé cac ddi twong do hoa co ban
nhw dang diém, dwong, viing va hién thi dir liéu

l | | J

Céng cu hién thi dif liéu
Nhom chife ningl
va menu ciia phan méml

El
IEE
s W&

Déi tirong
khac

Nhom cic céng cu/ chire ning phin
loai di lifu dam miy diém

Hinh 2. Sor dd thiét ké hé thong chwong trinh phdn
loai ddm mdy diém (Lé. 2023).
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dam may diém trén giao dién cia chwong
trinh; (4) Thanh trang thai phia dwéi, hién thi
thong tin vé toa do ctia con tro6 (Hinh 3).

3.2. Thiét ké chirc ndng ctia chwong trinh phdn
loai dir liéu ddm mdy diém

Chwong trinh dwoc thiét ké véi 7 nhom chire
nang bao gdbm: (1) Nhém chirc nidng quan ly tép;
(2) Nhém chirc nang hién thi cho phép tuy chinh
dinh dang hién thi cta cac d6i twong dworc s6 héa
bdi phin mém; (3) Nhém chirc ning s6 héa; (4)
Nhém chirc nang diéu chinh géc nhin; (5) Nhém
cac céng cu b6 tre' nhw do khoang cach, cong cu do
dién tich, cong cu tra ctru thong tin ddm may diém;
(6) Nhém cong cu tro gitp gidi thiéu vé chwong
trinh va 1 s6 thong tin hwéng dan, dong thoi 6 thé
lwa chon chuyén d6i ngon ngir cia chwong trinh
qua lai gitra tiéng Viét va tiéng Anh; (7) Nhém
chirc ndng phéan loai dir liéu ddm may diém bao
gom cac cong cu thuc hién cac tinh ndng phan loai
dam may diém dwoc thiét ké va xay dung theo
logic cac bwéc da dé xuit trong muc 2.1 bao gom
cac cong cu: loai bd diém nhiéu; phan loai diém
mit dit; phan loai diém dwong giao thong; phin
loai diém thwc vat; phan loai nha; tai phan loai; loc
hién thi theo 16p.

3.3. Lap trinh xdy dwng chwong trinh phdn loai
dir liéu ddm mady diém

3.3.1. Khai bdo cira s6 hién thi dir liéu

Chuwong trinh dwoc thiét ké dé€ phan dinh ro
gitta hé toa do thuc - r va hé toa d6 man hinh - V.
Hé toa do thwc Iwu trir thong tin toa do thwce cia
moi ddi twong trong khi hé toa dd man hinh lwu
trit gia tri toa d6 hién thi cia cac do6i twong trén
ctra s6 hién thi dit liéu. Do d6, véi bat ky doi twong
nao c6 trong dir liéu ddm may diém diu vao, sé
dwoc lru triv thong tin dwdi dang ca 2 hé toa do.
Vi vy, chwong trinh da dwoc xay dung 6 ham dé
chuyén doi tir hé toa do thuc sang hé toa d6 man
hinh cho gia tri X,Y va hé so ty 1é m.

"Cac tham so anh xa
Dim vXo, vYo As Integer
Dim rXo, rYo As Double
Dim m As Double
Dim rXmin, rYmin, rZmin As Double
Dim rXmax, rYmax, rZmax As Double
Dim rLasXmin, rLasYmin As Double
Dim rLasXmax, rLasYmax As Double
'Tu man hinh sang thuc
Private Function rX(ByVal vX As Double)
As Integer
Return (rXo + (vX - vXo) / m)
End Function
Private Function rY(ByVal vY As Double)
As Integer
Return (rYo - (VY - vYo) / m)
End Function
Private Function rS(ByVal vS As Double)
As Integer
Return (vS / m)

£ Point Cloud Classifier

Tép | Pinhdang | VE

Géc nhin

(:j alie S M ® Mo O ?

159.000 ,82.000

Phanloai Céngcu

OmMRB /08D T 62200

Tro gidp

Hinh 3. Giao dién chwong trinh (Lé, 2023).
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End Function
'Tu thuc sang man hinh
Private Function vX(ByVal rX As Double)
As Integer
Return (vXo + m * (rX - rXo))
End Function
Private Function vY(ByVal rY As Double)
As Integer
Return (vYo - m * (rY - rYo))
End Function
Private Function vS(ByVal rS As Double)
As Integer
Return (m * prS)
End Function

Trong 6 ham trén, c6 rX, rY, rS, vS la cac bién
s6, g véi toa d6 thuc va toa dd man hinh cia méi
diém; rXo, rYo 1a hing s6, mic dinh ban dau c6 gia
trila 0; vXo, vYo, m ciling 1a hang s6, dwoc xac dinh
khi mé cira s6 chwong trinh. M3 ngu6n 1énh mé
ctra s6 chwong trinh va xac dinh cac hang s6 vXo,
vYo, m dwoc xac dinh nhw sau:

Private Sub FrmView_Load(ByVal sender As
Object, Byval e As EventArgs) Handles
MyBase.Load

g = PicView.CreateGraphics

m=1

vXo = PicView.Width / 2

vYo = PicView.Height / 2
End Sub

3.3.2. Khai bdo khuén dang div liéu

Doi véilop dir liéu dwong, polyline, hinh tron
va ghi chd chwong trinh chi lwu triv dwéi dang 2D
do chwong trinh khong thiét ké dé hién thi trong
mdi tredomg 3D. Vi modi dang ddi twong, tién hanh
khai bAo mot mang dir liéu 2D, bao gom cac gia tri
vé toa do vi tri dwédi dang s6 thue, dong thoi véi
mot gia tri s6 lwgng dang s6 nguyén twong Gng.
Puwong tron khai bao thém gia tri ban kinh, con ghi
chd khai bao thém gia tri néi dung ghi chd duéi
dang string.

Structure Line_2D

Dim rX1 As Double
Dim rY1l As Double
Dim rX2 As Double
Dim rY2 As Double

End Structure

Dim DS_Lines() As Line_2D, LinesCount As
Integer

Structure Circle_2D

Dim rX1 As Double

Dim rY1l As Double

Dim rR1 As Double
End Structure

Dim DS_Circles() As
CirclesCount As Integer

Circle_2D,

Doi voi dinh dang dir liéu polyline, tién hanh
khai bao mang polyline bao gom mang cac vertex
va sO lwong vertex, cung véi s6 lwong polyline.
Moi vertex sé chira thong s6 vé toa do X, Y tirng
vertex.

Structure Polyline_2D
Dim DS_Vertexs() As
VertexsCount As Integer
End Structure
Dim  DS_Polylines() As
PolylinesCount As Integer

Point_3D,

Polyline_2D,

Ngoai ra, d€ phuc vu cho thuit toan phan loai
diém mat dit, chwong trinh cin khai bao thém
mang 0 lwdi (grid) va mang tam giac (triangle).
Mang grid bén trong bao gbm cac mang con dé luvu
trit cac diém trong moi 6 lwédi cling véi s6 lwong
grid. Mang triangle lwu trit dwdi dang ba dinh cia
tam giac va s6 lwong tam giac.

Structure Grid_2D
Dim DS_Vertexs() As Point_3D,
VertexsCount As Integer
End Structure
Dim DS_Grids() As Grid_2D, GridsCount As
Integer
Structure Triangle
Dim iD1 As Integer
Dim iD2 As Integer
Dim iD3 As Integer
End Structure
Dim DS_Triangles() As Triangle,
TrianglesCount As Integer

Doi véi dinh dang dir liéu ddm may diém, do
dirliéu LiDAR ngoai thongtin toa dd X, Y, Z con bao
gom thdong tin vé cuong do tia quét, 1ép phan loai,
thong tin vé bon dai mau: do, luc, lam va cin hong
ngoai, nén ciu tric dinh dang ddm may diém dwoc
khai bdo theo ma ngudn 1énh khai bao dinh dang
dit liéu cho ddm may diém nhw sau:

Structure LasPoint_3D
Dim rX1 As Double
Dim rY1l As Double
Dim rZl As Double
Dim classification As Integer
Dim Intensity As Integer
Dim Red As Integer
Dim Green As Integer
Dim Blue As Integer
Dim NIR As Integer
End Structure
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3.3.3. Khai bdo doc dir liéu

Chuwong trinh dwgc xay dwng dé doc dwoc dir
liéu ddm may diém. Di¥ liéu ddm may diém cin
duoc lwu triv duéi dang tép van ban, moi diém
twong ng véoi mot dong, bao gdm cac thong tin vé
toadd X, Y, Z, cwdng do, thong tin mau sic bao gdbm
gia tri do, luc, lam, cAn hong ngoai va thong tin vé
phan lép. Moi thong tin sé dwoc ngan cach bang ky
hiéu ngan cach - delimeter thwong la dau cach
trong hodc diu phdy. Do d6, cin xiy dung mét
ham gitip nhan dién ky hiéu ngan cach nay va luu
thong tin cua tirng diém gitta moi ky hiéu ngin
cach. Dt tén ham nay 1a SplitChain (tach chubi).
Function SplitChain(ByVal Text As String,
ByVal Delimeter As String, ByRef Words() As
String) As Integer

Dim n As Integer, i As Integer
i=29
Do
i=1i+1
Text = Trim(Text)
n = InStr(Text, Delimeter)
ReDim Preserve Words(i)
If n > © Then
Words (i)
Text

Mid(Text, 1, n - 1)
Mid(Text, n + 1)

Else

Words(i) = Text
Return i
Exit Do
End If
Loop
End Function
Nguyén 1y ham tach chudi ndy nhw sau: st
dung 1énh 1ap Do - Loop, v&i bién i chay. Pau tién
thuc hién cit bd cac khoang tréng thira hai dau
moi dong véi ham Trim(Text). Tiép dén xac dinh
gia tri s6 lwong chit - n cho dén khi gap ky tw ngan
cach - delimeter bang ham InStr. Véi diéu kién n >
0, ham sé lan lwot lwu cac gia tri gitra cac ky tw
ngan cach vao mang Word(i) bang ham Mid(Text,
1, n-1). Nhw vy cac thong s6 vé X, Y, Z, cwong do,
thong tin mau sac sé dwoc lan lwot lwu vao mang
Word(i).

3.3.4. Khai bdo hién thi dir liéu

Dt liéu dwoc hién thi dwdi dang 2D, theo goc
nhin thing dirmg tir trén xu6ng. V&i moi di twong
dwoc vé, déu c6 1énh Graphic.draw dé vé cac doi
twong véi mau sic mic dinh 13 trang trén nén den.
V&i dir liéu ddm méay diém *las, sau khi duoc tai
vao chwong trinh, dit liéu sé dwoc xtr 1y dé tw dong
dwa toan bo dir liéu vé man hinh hién thi (Hinh 4).

Hinh 4. Giao dién hién thi dir liéu ddm mdy diém (Lé, 2023).
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4. Két qua va thao luan

4.1. Két qua xdy dwng chwong trinh phdn loai
dir liéu ddm mady diém

Vé&i moi modul cong cu chirc ndng sau khi xay
dung sé dworc tién hanh chay thi véi dir liéu dam
may diém c6 s6 lwong tir nho dén 16n dé kiém tra,
néu c6 phat sinh 16i thi sé tién hanh kiém tra 16i va
thwc hién cac chinh stra cin thiét. Mdi modul cong
cu sé duwoc hoan thién sau khi chay thit dit liéu &
nhiéu khu vic khac nhau va loai bo hét cac trueong
hop phét sinh 16i. Cac cAu Iénh cling dwgc bién tap
ra cac chirc ning riéng va bo tri mét cich gon gang
nhit, gitp tang cwdng toc dd xi 1y dir liéu, tranh
cac buéc chay dwong vong, lang phi thoi gian va
tai nguyén bd nhé. Két qua xy dung chwong trinh
c6 thé hién thi va x(r Iy phan loai dir liéu ddm may
diém dé tach dir liéu thanh 8 16p dir liéu dia ly bao
gbom: mat nwéc, mat dat, giao thong, thue vat thip,
thwc vat trung binh, thuc vat cao, nha ctra va cac
déi twong khac.

4.2. Ung dung chwong trinh trong phén loai div
liéu dadm mdy diém

Trén co s& chwong trinh da xay dung nhom
nghién ciru tién hanh thywc nghiém phéan loai dir
liéu ddm may diém cho khu vuc phwong Thuong
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Hinh 5. Vi tri khu vwc phwong Thwong Ly, thanh phd Hdi Phong.
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Ly, thanh ph6 Hai Phong (Hinh 5). PAm miy diém
dwoc str dung cong cu loc nhiéu d€locbé cac diém
thap, két qua thu dwoc nhirng khu vuc khéng cé
dir liéu va dwa vé 1&p thuy van. Tiép theo, tién
hanh lya chon cong cu loc mat dat va thiét 1ap cac
tham s6 cho thuét todn loc mat dat bao gobm kich
thuéc ctia 6 lwdi; khoang cach va goc lap 1an 1; do
bién thién cta dir liéu; khodng cach va goc 1ap lan
2 (Hinh 6). Khi d6, chwong trinh sé can ctr vao kich
thwdce ctia 6 lwédi dwoc lwa chon dé xac dinh cac
diém hat gi6ng 1a cac diém thip nhat trong cac 6
lwdi va tién hanh tam giac héa bé mat dé tao mo
hinh TIN. Dya trén bé mat TIN nay chwong trinh
tién hanh ap dung cac diéu kién vé khoang cach va
goc ldp dé xac dinh diém mat dat, cu thé diém
duwoc xét 12 di€ém nam trong tam giac dong thoi
thoa man diéu kién nho hon gia tri tham s6 cta
khoang cach va gocldp ma ngwdi dung da thiét1ap.

Khi d6, diém nay sé dwoc tinh 1a diém mat
dat, chwong trinh sé x6a bo tam giac chirané va st
dung diém nay dé lap 3 tam giac gitra diém dé va
3 canh ctia tam giac ban dau. Sau khi vong lap 1 két
thic chwong trinh sé tién hanh twong tw cho vong
13p thit 2 v&i cac tham s6 da dwgc nguoi dung xac
dinh v&i di€ém khai tinh ban dau 1a cac diém mat
dat ctia vong lap thir nhat véi gia tri goc 1dp 16n
hon va khoang cach 1ap nhé hon 1an 1 d€ xac dinh
cac diém mat dit & nhirng khu vuec dia hinh c6 do
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déc 16n cling nhw tranh cho bwéc nhay 16m
vao bé mat cta cac d6i twgng khac (Dwong va nnk.,
2022). Két qua cudi cung sé tach dwoc 16p diém
mat dat ra khdi dir liéu dam may diém goc ban dau
(Hinh 7). Sau khi phén loai xong cac diém mit dat,
tién hanh phéan loai 16p dwong giao thong dwa trén
dir liéu cac diém mat dat da dwoc tach ra tir qua
trinh loc mét dit. Chwong trinh sé dwa trén tham
sO vé gia tri cwong d6 ma ngwdi dung nhip vao
(Hinh 8) dé loc ra cic diém dwong giao thong. Két
qua ctia qua trinh nay sé tich dwoc 16p mat dit va
16p dwdng giao thong (Hinh 9).

Sau khi loc cic d6i twgng giao thong, tién
hanh loc cac d6i twong thue vat. Thue vat duocloc
ra thanh 3 16p (thap, trung binh va cao) dwa trén
gia tri NDVI két hop véi do cao ctiia diém so véi bé
mat TIN dwoc tao ra tir két qua phan loai diém mat
dat. Két qua ctia qué trinh nay sé thu dwoc 4 16p

A

Tép Binh dang Ve Géc nhin Phén loai Céngcu  Trg gidp
ORI A OADT 6200

Mot Mol @ W [ DT

¥ 5 pL Diém Mat Dat

Tham s& vang l&p 1
Kich thudc grid
Khodng cach 1&p 1&n 1
Goc l&p 1an 1

B4 bign thién di liéu
Tham s& vang l&p 2

Khodng cach 1&p 1&n 2

Goc [&p l&an 2

Hinh 6. Xdc dinh cdc tham s6 cho céng cu loc
diém mdt ddt.

i

Hinh 7. Két qud phdn loai I6p mdt ddt (Dwong va
nnk., 2022).

thuc vat thap, thuc vat trung binh, thuc vat cao va
cac doi twong khac. Cudi cung chwong trinh tién
hanh trién khai thuit todn dé phén loai 1&6p nha
trén co s& dir liéu cac doi twong khac vira dwoc
tach ra tir qua trinh phan loai thwc vat dwa vao dac
diém dit liéu luc nay do 1a cac diém nam trén mot
mat phang ddm bao théa man goc déc so véi bé
mat dat mot gia tri dwoc xac dinh ctia ngudi dung
sé dwoc dwa vé 1ép nha. Két qua sé thu nhan dwoc
16p nha (Hinh 10) va cic déi twong dia ly con lai sé
dwoc dwa vao 16p cac doi twong khac.

A
Tép PBinhdang V& Gdécnhin  Phénloai Céngcu  Tro gidp
OB <  OADT €200

o Mo ® W DY

a5l FrmAsphalt

Gia tri cudng dé

6000

P, e -
Hinh 9. Lop giao thong dworc tdch ra tir Iop diém mdt ddt
dwa trén gid tri cwong dé (Dwong va nkk, 2022).

Hinh 10. Két qud phan loai Iép diém mdi nha (Dwong
va nkk., 2022).
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5.Kétluan

Bai bdo da tién hanh xiy dung va hién thuc
héa cac bwéc trién khai phan loai dit liéu dam may
diém trén co s¢ thuit toan va ngudng phan loai
dwoc dé xuit bdi nhom tac gia trong nghién ciru
cia (Bui va nnk, 2021; L&, 2023). K&t qua xay
dung chwong trinh phan loai di liéu ddm may
diém cda bai bao cho thy ching ta hoan toan c6
thé chi dong cong tac thiét ké va xay dung cac
chwong trinh may tinh hd trg cho phan loai dit liéu
dam may diém doc 14p ma khéng qua phu thudc
vao cic phan mém thwong mai nhw hién nay.

Chuong trinh phan loai dit liéu dam may
diém da xay dwng dam bao doc dwoc dir liéu dam
may diém co chira thong tin 4 kénh mau bao gom
dé, luc, lam va cin hong ngoai va c6 thé trién khai
day da cac thuét todn phan loai dit liéu dam may
diém theo quy trinh cac bwéc da dé xuat va cé thé
phéan loai dit liéu ddm may diém thanh cac doi
twong dia ly riéng biét bao gobm: thly van, mat dat,
giao thong, thuc vat thip, thwe vat trung binh, thyc
vat cao, nha va cic déi twong khac. Chwong trinh
c6 giao dién don gian, dé nhin, dé st dung véi 2
ngbn ngir tiéng Viét va tiéng Anh. Pac biét, chuwong
trinh c6 thé lwa chon cac tham s6 cho tirng doi
twong trong qua trinh phan loai dé phu hop véi
tirng nhdm doi twgng dia ly trong nhirng diéu kién
dia ly khac nhau gitp cho két qua phén loai dam
bao sat véi thwce té nhat.

Véi chwong trinh may tinh da xay dung,
ngudi dung cé thé doc, hién thi va tién hanh phin
loai ddm may diém ra nhiéu cac phan 16p khac
nhau mot cach tw dong nham cung c4p dir liéu dau
vao cho xiy dung cdc mo6 hinh 3D thanh pho.
Ngoai ra, chwong trinh ciing cho phép s6 hda cac
d6i twong do hoa dang diém, dwong, viing hd tro
cong tac danh dau cac doi twong khi can thiét, day
cling 1a mot sw két hop can thiét ma it cic phin
mém thwong mai hién nay quan tdm xay dung.
Pong gop cua tac gia

Bui Ngoc Quy - 1én y twdng thiét ké, viét phan
phuwong phap va hoan thién ban thao; Lé Dinh
Hién - 14p trinh xay dung chwong trinh; Dwong
Anh Quin - danh gia cac két qua thuc nghiém va
bién tip ban thdo; Pham Van Hiép - chay thir
nghiém va kiém tra dir liéu sau phan loai; Vii Son
Tung - loc dit liéu, bat 16i chwong trinh; Tran Thi

Thu Trang - thu thip dit liéu ddm may diém thuc
nghiém, bién tap va ra soat ban thao.
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