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TOM TAT— Véi kha néng thu thdp diege dit liéu trén khng gian rong lom trong khodng thoi gian ngdn va khéng phu thuge
thoi tiét cong nghé LiDAR ngay cang duoc si dung rong rdi trong linh vuc Khoa hoc Trdi ddt. Dir liéu thu duwoc tir dit ligu LIDAR
thwong c6 do chinh xdc cao, moi diém dwoc dic trung béi toa @6, @6 cao va dg chinh xdc ciia né. Tuy nhién, voi $6 heong lon diém
dugc thu thap trong méi lan do, nhiéu trong dir liéu dam may diém LiDAR dnh huong nhiéu dén két quad xir Iy cho cdc vmg dung sau
nay. Do do, can phai logi bo nhiéu truée khi thue hién cdc bude xir 1y dif liéu tiép theo vi dir liéu LiDAR. Trong bai bao nay, cac
tac gia dé xudt phirong phdp loai b6 nhiéu dit lieu LiDAR sit dung khodng cdch danh nghia (NPS) trong qud trinh tién xit Iy,
Phuong phap da dwoc thir nghiém voi dam mady diém LiDAR oc thu nhdn tai Bic Ninh cho dg chinh xdc 93.6%.

Tir khéa— 10gi b6 nhiéu, dim mdy diém LiDAR, khodng cdich danh nghia, LiDAR, NPS.
I. GIOI THIEU

Nhidu trong dif liéu 1a nhitng dit liéu bi ngét, bj hong hodc nhimng di liéu bi thém vao khong mong mubn. Nhidu
thudng 1a nhimg dit liéu khong cé gia tri va anh hudng truc tiép dén do chinh xac dén két qua cua bat ky phén tich dir
lidu nao va lam sai két qua dyu doan cua bat ky thong tin ¢6 ¥ nghia nao néu khong duoc xur Iy dang cach [1]. Pa co
nhiéu nghién ctru thyc nghiém chi ra rang nhiéu trong tap dit liéu anh huong dang ké dan dén lam giam do chinh xéac
cua két qua cua bai toan phan loai va két qua du doan, du bao kém [2]. Do d6, xac dinh va loai bo nhiéu trong céc bai
toan cua khai pha dir liéu 1a can thiét va phai dugc tién hanh trudce khi thuc hién cac bude xir ly tiép theo. Néu viéc loai
b6 nhidu duoc thyc hién véi do chinh xac s& giup tiét kiém thoi gian va nang cao d6 chinh xac cua qua trinh xir ly dit
liéu.

V6i kha ning thu nhan dit liéu trén mot khu vue rong 16n, b dit lidu 16n c6 thé 1én dén hang trim triéu diém,
LiDAR thu thép thong tin vé dbi tuong béng cach phat tia laser t6i muc tiéu va thu nhan tia phan xa. LiDAR thyc hién
quét bé mat Trai dat véi mat do diém day dic, nhidu trong qué trinh thu thap dir liéu 1a khong thé tranh khoi. Nhiéu
trude hét thudng do d6 nhay cao cia may quét khi quét cac dia hinh dia vat, cic ddm may diém hién thi rat nhiéu “diém
trong khong khi”. Thir hai, pham vi tu né c6 xu hudng bi nhidu pham vi cao hon dang ké so vdi dang song tuyén tinh
LIDAR [3]. Nhiéu cuia dir liéu LIDAR thuong 1a Gaussian, ngoai bién va ngoai 1¢ [4].

- Nhiéu Gaussian thudng duoc tao ra do sai sé cta b quét laser trong qua trinh thu nhan vé ddi tuong. Nhidu
nay thuong anh huong dén tat ca cac diém trong dam may diém va co6 thé dugc loai bo trong qua trinh xuat dit liéu va
dugc mo hinh héa béi @6 1éch chuan.

- Nhiéu ngoai bién thuong duoc gy ra do may quét khong xac dinh dugc bién cua khu vuc quét. Sai sb nay co
thé loai bo bang udc lwgng mat dé diém dya trén do cao,

- Nhiéu ngoai 1& thuong dugce tao ra trong qua trinh thu nhén d6i tuong khi c6 nhimng diém dugc thém vao nhu
cac hat trong khong khi, cac ddi tugng khong mong mubn.

V6i mdi loai nhiéu s& c6 phuwong phép loai bé nhiéu va da dugc dua ra trong cac nghién ciru ciia nhiéu nha khoa
hoc trén thé gigi. Thong thuong, phuong phép loai bo nhiéu LiDAR s€ dugc thuc hién theo hai hudng sau [5]:

- Khir nhiéu mién tan sé: trude hét chuyén ddi tin hiéu vao mién tan s trude khi loai bo nhidu va bién dbi tin
hi€u tro lai mién khong gian bang cach nghich dao bién doi sau khi khir nhiéu, chang han nhu bién d6i Fourier va bién
do6i wavelet.

- Khir nhidu mién khéng gian: dy la phwong phap ap dung truc tlep phép bién doi khong gian cho dir liéu.
Thuong dua trén phuong phap 1an cén, c6 nghia la gia tri cua mot diém iy mau trong cac dit liéu du ra dugc tinh toan
bd1 mot thuat toan nhét dinh bang cach st dung gia tri cua diém lan can tur cac tin hiéu dau vao. Cac thuat toan co thé 1a
loc trung binh, loc Gaussian, v.v.

Nhidu trong dit liéu LiDAR tir nhiéu ngu@)n khac nhau va c6 su phan b phic tap. Dé lua chon phwong phép
loai bod nhiéu phu hop va ap dung dugc cho moi b dir liéu 1a rat kho thuc hién. Trong bai bdo nay, nhom tac gia tap
trung nghién ctru phuong phap khir nhiéu mién khong gian. Khir nhiu mién khong gian 1a phuong phap c6 thé khir
duoc nhiéu loai nhiéu nhu nhiéu ngoai bién, nhiéu ngoai 1¢.

Trong nghién ctru [5], tac gia da cai tién thuat toan A/p clia tac gia Taubin dya trén phuong phap gia tri trung
binh d¢é loai bé nhiéu dir liéu LiDAR. Két qua thir nghiém d chi ra ring qua trinh loai bo nhiéu giup ting do chinh xac
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cua bai toan g dung. Cac tac gia trong nghién ctru [6] da loai bo nhidu dya trén cac phuong phap thong ké goi y chi
SO trude khi xur Iy dir li€u va so sanh véi dir liéu chua loai nhiéu d€ danh gia do chinh xac.

Trong khi d6, nghién ctru [7] da dua ra phuong phap loai bd bién sir dung su sai khac dot ngdt cia do cao cua
diém so v6i diém 1an can. St dung cach so sanh ndy, nhom tac gia loai nhitng diém cao hay thap dot bién. Bai bao [8]
danh gia mot phuong phap mién thoi gian dé 1am min va giam muc d6 nhidu trong dir liéu d6. Phuong phap Savitzky-
Golay (S-G) xép xi va 1am min di liéu bang cach tan dung loi thé cta viéc diéu chinh mot da thire bac d, s dung binh
phuong nhoé nhat cuc bg. La két qua cua viée tich hop phuong phdp nay v6i Phén tich gia tri 56 it (SVD) va ap dung bo
loc nay trén céc vecto riéng cia SVD, ¢6 thé thu duogc cac két qua lam giam hiéu qua thoa dang. Két qua cua phuong
phap tiép can S-G dua trén SVD nay da dugce danh gia bang cach sir dung hai bo dir liéu LiDAR khac nhau va ciing
dugc so sanh véi cac bo dir liéu khac cac phuong phép phd bién vé mirc d¢ bao toan cdc moémen cua tin hidu va do gan
ctia tin hi¢u nhidu. Két qua chi ra rang phuong phap S-G dya trén SVD c¢6 hiéu suat vuot trdi trong viée khir dir liéu
LiDAR.

Thong qua diém ludi khong gian 3D, dir liéu dam may bén trong mdi cac diém ludi khdi ¢ thudc tinh ciia chi
s6 khong gian, theo khong gian mdi quan hé 14n can giira cac phan doan luéi 3D trong diém luéi dudi dang nhiéu diém
1a phuong phéap duoc dé xuét trong [9] Két qua thir nghiém cho thy thuét toan nay c6 thé loc dia hinh mgt cach hiéu
qua dam may diém gom cac diém nhidu roi rac va cac cum nhiéu nho, bang cach sur dung hé s6 tuong quan ctia khoang
cach trung binh giira cic canh cta ludi 3D c6 thé giam dang ké sai s6 x4c dinh nhidu. Vi nghién ctru [10] céc tac gia
su dung mot phuong phap loc ddm may diém 3D cho 14 dua trén khoang cach da tap va udc lugng binh thudng duge
dé xuét. Pau tién, 14 duoc chiét tir ngon cdy dam may va phan cum ban dau dugc thuc hién nhu bude tién xir ly. Tht
hai, cac cum ngoai 1€ loc va loc diém ngoai 1€ da dugc thyc hién lién tiép béng cach st dung khodng céach da tap va
phuong phap cat ngan. Thit ba, cac diém nhiéu trong mdi cum duoc loc dya trén bé mit cuc bo wdc lwong binh thuong.
Két qua tai tao 3D cuia 14 sau khi ap dung bo loc duogce dé xuat phwong phap chimg minh rang phuong phap nay t6t hon
cac phuong phap loc ¢ dién khac.

Vi nhitng nghién ctru da dugc dé cap, co thé thiy phuwong phap loai nhiéu dya trén dic trung diém hay diém
lan can dugc sir dung nhiu va cho d6 chinh xac. Chinh vi thé, nhém tac gia da sir dung phuwong phap loai bé nhiéu
mién khong gian dva trén khai niém diém lan can cho nghién ciru ctia minh. Bai bao st dung khai niém NPS — dic
trung ciia diém dit liéu LiDAR két hop voi thuat toan kNN dé loai bé nhidu cho dam may diém trude khi thyuc hién
phan 16p thanh 1ap DEM.

II. KHOANG CACH DANH NGHIA TRONG DU LIEU LIDAR

Trong cong nghé LiDAR, NPS dugc néu trong danh muc cua USGS 1a thude do phé bién vé& mat do cua tap dir
liéu LIDAR. NPS 1a khoang cach giita cac diém trong bo dit lidu thu thap duoc trong qua trinh quét, thuong duoc biéu
thi bang mét va dugc tinh don gian nhat 1a cin bac hai cua dién tich trung binh trén mdi diém tra vé dau tién. Day la
khoang cach chi dugc sir dung trong cong ngh¢ LiDAR. NPS la mot gia tri thudng duoc dy doan boi phan mém lap ké
hoach chuyén bay cua nha san xudt hé thong dé chi ra khoang cach luéi cua cic diém dugc thu thap duya trén cac tham
s6 ké hoach chuyen bay dau vao. NPS cling co thé dugc wdc tinh bang cach xac dinh can bac hai nghich dao ctia mat
tia phan xa dau tién tra vé, khong c6 diém trung binh, trén mot km? hodc dién tich 16n hon [11].

NPS duogc thu nhan nhu sau [12]:
- Tao ban sao cta bd dir liéu
- Loc cac tin hi¢u phan xa
- Léy thong tin vé cac tin hiéu phan xa dau tién
- Tao mot tap hop da gidc theo duong bay, tinh toan dién tich cua cac da giac nay
i - Tinh téng nhiing diém phan xa dau tién trén mdi 6 da giac chia cho dién tich cta da giac s€ ra dugc mat do
diem
Gia st mot dam may diém phéan bd déu dan, khoang cach diém 1a can bac hai cua dién tich trung binh trén mot

diém (dién tich cua da giac chia cho s6 diém ma n6 chira). Theo ngit canh cua mat dg, NPS co thé duoc tinh theo cong
thirc:

1
NPD

Trong d6, NPD (Nominal Point Denstiy) 1a mat do diém danh nghia. Mat d6 diém cua dam may diém LiDAR
dic trung cho s6 diém trong mot khu vuce nhat dinh. Thudng mat d6 diém duoc tinh todn cho mdi m? va sir dung don vi
pt/m?2,

NPS =

NPS ¢6 sy lién quan mat thiét dén mat do diém, cac nhom diém cang gan nhau thi mat d6 diém cang cao. Tuy
nhién, khoang cach giita cac diém trong dam may diém thyc té o thé co sy khac biét, do d6 trong [3] tac gid da dé xuat
khai niém NPS 14y gié tri canh 16n nhat thay vi trung binh. Diéu nay s& dam bao rang cac khoang tréng trong viée lay
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mau duge tinh toan va 56 liéu khong bi giam do cac phép do day déc hodc chdng chéo trong mot dong quét co khoang
cach rong. M6t yeu t6 khac anh huong dén su phan bo diém la kiéu quét duoc tao ra boi cac cam bién khac nhau. Theo
USGS khi tinh toan theo cac ving dang da giac hay tam giac s€ de¢ dang tinh toan dugc su phan bo nay.

Hinh 1. Gié tri NPS duoc tinh toan dya trén do thi Voronoi

Yéu cau vé mat do diém va khoang cach danh nghia cua dir liéu s& 1a yéu td chinh gitp tinh toan céc tham s
cho LiDAR. Mic du ¢6 thé c6 nhiéu cin nhic khac nhau dé chon mot mat do diém va khoang cach nhét dinh, nhung
muc d6 chi tiét can hién thi trong tap dit liu s€ it nhét gidi han mat do diém va khoang cach tdi thiéu. Mat d6 diém cao
hon s& c6 khoang cach diém tha?ip hon va do d6 tiét 16 nhiéu dic trung hon trong dam may diém so voi cac loai dit liéu
khéc [13]. Dua trén gia tri NPS ta c¢6 thé nhan biét nhidu mot cach dang ké trong dir liéu LiDAR.

III. PHUONG PHAP LOAI BO NHIEU DU LIEU PAM MA PIEM LIDAR DUA TREN GIA TRI NPS

Phuong phép loai bé nhiéu dit liéu ddm may diém LiDAR dua trén gia tri NPS dugce nhom tac gia d& xut nhu
trong hinh 2.

D ligu dam may
diém LiDAR

v

Lay gia tri d6 cao cla
diém

Y

Tinh toan mat dé
diém theo dd cao

J

Tinh toan khodng
cach danh nghia

Tao d6 thi Voronoi

Y

Y

St dung thuat toan

kNN dwa trén NPS

loai bd nhiéu cda di
lieu

Y

Phan I&p, thanh 1ap
DEM va danh gia dé
chinh xac

Hinh 2. Phuong phap dé xuét

Chi tiét quy trinh nhu sau:

a) bam may diém LiDAR duoc thu nhan tir qua trinh s€ duoc xuét ra file dudi dinh dang .las

b) Trich xuat gi4 tri d6 cao (Z) cta diém, gia tri d¢ cao ctia diém trong ddm may diém LiDAR la gia tri ddc
trung cua dir liéu LiDAR. Dya trén gia tri d§ cao ta co thé thuc hién cac bai toan phén 16p, xay dung cac mo hinh, tao
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mo phong, .... Trong bai bao nay, nhom tac gia sir dung gia tri do cao cua diém LiDAR dé thuc hién tinh toan phéan b
theo d6 cao dé tir d6 tinh dwoc khoang cach danh nghia giita cdc diém theo phan bd d6 cao. Theo d6, budc trich xuat
gia tri d cao cla diém tir file .las s& duoc thue hién trude cac bude tinh toan tiép theo.
¢) Tao db thi Voronoi:
bd thi Voronoi 1a khai niém co ban chi cAu truc dix liéu dugc nghién ciru trong hinh hoc. Mot dd thi Voronoi
dugc dinh nghia nhu mot dd thi t6i thiéu cua mot tap hiru han cac ham lién tuc [14]. Mot dd thi Voronoi thuong chia
tap dir liéu thanh cac ving, mdi ving bao gom céc diém gan véi diém nhit dinh hon so v6i cac diém khéc, va nhu vay
ta co thé n6i mdi diém trong dam may diém sé& co khoang cach nhét dinh v6i mot diém nao d6 [15]. Do dé, sir dung do
thi Voronoi rat dé dé tim ra viing da giac theo duong bay, tir @6 tinh toan dugc NPS. Dé tim duoc d6 thi Voronoi ciia
dam may diém nhém tac gia dua trén thudt todn dong quét Fortune (tir dudi 1én trén), thuat toan duogc thuc hién theo
cac budc sau:
Ta c6 tap diém P = {p1, p2, ..., - pn}
Budc 1: Xac dinh vi tri cac diém dua trén toa do diém (x,y) — ki hiéu s
- Budc 2: Xac dinh mot phép bién d6i *(P) v6i *(P) = (pX, py + d(P)), xac dinh dudng quét T, Rs 14 ving
bao quanh vi tri s, Bij 1a viing bién giira hai vi tri si, sj. Coi cAc sm 1a cac vi tri voi gia tri ti thiéu cta toa
d6 y theo x. Tap Q = P — {sm}, tao cac duong bién doc ky hiéu B0s1,s2, B0s2,s3, ..., BOsm-1,sm. Buong
quét T 1a tap hop bao gdm céc gia tri {*(Rs1), BOs1,s2, *(Rs2), B0s2,s3, ..., *(Rsm- 1) BOsm-1,sm}
- Bu6c 3: néu si la vi tri trong *(P) st dung phép bién doi *P dé tim tan suat xay ra cua vung Rs trong T.
Néu si thudc vao T tao mot duong bién B méi va loai bo bét ky diém nao nim & vung ranh gidi, va thém
bét ky diém nao nam & ving giao ciia ving trén va dudi cua duong quét.
- Budc 4: Néu si 1a dinh cua Voronoi, xét si theo vi tri bén trai hay bén phai cia dudng quét, tién hanh tao
moi dudng bién B méi va loai bo hay thém vao cac diém & viing bién theo vi tri cia diém
- Budc 5: Ghi nhén lai cac vi tri si nay vao tao duong phan vung vi tri
- Budc 6: Luu lai cac duong bién nay trong duong quét dé tao thanh do thi Voronoi
d) Sau khi tim dwgc do thi Voronoi cua dam may diém LiDAR, NPS dugc tinh theo mat do diém va su phan
bd diém trong khong gian theo cac budc sau:
- Sap xép gia tri khoang cach va mat do tir thip dén cao

Trong d6, khoang cach (Point Spacing — PS) va mat d6 diém (Point Density — PD) duoc tinh theo cac cong

thire sau:
1

06 Voronoi

PS = MAX(Apy; € Py)

Trong d6, Apy; — khoang cach giita hai diém, P, — tap diém lan can cua pk.

Tinh toan phéan vi cua gia tri PS va PD, gan gia tri phan vi nay = NPS

e) Str dung thuat toan kNN duya trén NPS loai bé nhidu dam may diém LiDAR

Dua trén mat do diém va NPS, sir dung kNN tim kiém diém Ian can gan nhat theo NPS, st dung gié tri
ngudng 1a mot sb nguyen k thuong dugc Iay theo do I6n cua dit liéu, va gia tri NPS cho moi diém duoc ki hiéu 1a x.
Khoang cach giita cac diém miu va x duoc sap xép theo:

Di(x) <+ < Dy_q(x) < Di(x) <+ < Dy(X)
Tinh to4n x4c suit theo theo cong tht’rc:

PG) = N7D,(x) ) KIDe(0)Gx = X0)]

Trong d6, D, (x) la khoang cach tir x dén k lang giéng cua no, K (...) 13 ham Gaussian.

Sau khi c6 gié tri x4c suat, loai bo bién bang cach so sanh d6 cao cua cac diém vai diém Ian can caa n6, nham
tim kiém nhitng diém loai bo. Diém bi loai bo 1a diém c6 gia tri do cao thay ddi qua Ion trude va sau khi so sanh né voi
k lang giéng cua n6 va gié tri mat d cua né 1a thap.

Dé so sanh dugc do cao cua cac diém véi diém lan can, sir dung cong thic:

Ziyp = 3% P(x) * Zgq

k
1
Zsta = EZ(Zk = Zmean)*
k=1
Zmean = Z Zy

V6i, Z,p, 1a ngudng do cao dé phat hién diém nhiéu, Zstd la phan bd chuan cua diém 1an can, P (x) 1a ham xac
Suét, Zmean 12 trung binh d6 cao cua diém 1an can, Z, 1a d6 cao cua diém dang xét nhiu. Néu gid tri Z, > Z,;,, d6 1a
nhiéu, diém s& bi loai bo.

f) Phan 16p dam may diém sau loai bo nhiéu, thanh lap DEM va danh gia do chinh xac

PD =
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DPam may diém sau khi loai bo nhiéu thuc hién phan 16p véi thuat toan cuc dai héa ky vong dugc cong bb tai
Hoi thao Khoa hoc Quéc gia “Mot sb van dé chon loc ciia cong nghé thdng tin va truyén thong” 1an thie XXI1, thang
6/2019 tai Thai Binh. Két qua phan 16p s& dugc so sanh véi qué trinh phan 16p dam may diém khong duoc loai bo voi
nhidu véi cac d6 do Precision, Recall va F1.

IV. THU NGHIEM
Bo dir liéu duoc sir dung trong thuc nghiém Ia khu vuc dan cu cia Thanh phé Bac Ninh. Day 1a khu vuc c6
mat d6 dan cu binh thuong, ¢é dién tich khoang 6km?, mat do dan cu cao, c6 duong giao thong va nhiéu cay. Ddm may

diém véi 606.249 diém, gié tri toa d6 Xmin = 442160.213633; Ymin = 3940060.013977; Xmax = 442377.312573;
Ymax = 3940171.064913. Mat d6 diém la 33.13 pts/m?, sir dung cong _nhé;ALS (Airborne Laser Scanning).

"f'”ﬁ{ t

Hinh 3. Anh vé tinh cta khu vue thu nhan di liéu

Thuc hién loai bo nhiéu dam may diém st dung NPS theo phuong phap dé xuat thu dwoc két qua nhu sau:
- Trich xuat dit liéu d6 cao diém ctia ddm may diém va mot phan do thi voronoi dugc xay dung trén tap hop
d6 cao dam may diém thé hién trong hinh 4.
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Hinh 4. Gi4 tri d6 cao cua diém va mot phan db thi Voronoi duoc tao

- Dya trén db thi Voronoi, tinh toan sy phan b mat do do cao diém dit liéu, va tinh toan gié tri PD thé hién trong hinh 5, 6
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Hinh 5. Phan bd mat do diém

X Y zZ z
420996.5 4467690 140.3 140.3 0.005153
420999.6 4467690 141.8 141.8 0.00493
420999.1 4467689 143.17 143.17 0.004729
420995.9 4467690 143.73 143.73 0.004648
420995.8 4467689 139.49 139.49 0.005274
420993 4467690 148.41 148.41 0.003989
420986.4 4467690 140.9 140.9 0.005063
420983.2 4467690 139.12 139.12 0.005329
420980.2 4467690 142 142 0.0049
420949.9 4467690 128.33 128.33 0.006967
420981.9 4467690 139.18 1359.18 0.00532
420985.2 4467690 140.73 140.73 0.005088
420991.8 4467690 151.53 151.53 0.003576
420994.7 4467689 143.98 143.98 0.004611
420997.8 4467689 142.86 142.86 0.004774
420998.2 4467688 142.29 142.29 0.004858
420995.2 4467689 143.84  143.84 0.004632
420995 4467688 139.17 139.17 0.005322
420992.2 4467689 148.57 148.57 0.003968
420992 4467689 141.66 141.66 0.00495

Hinh 6. Gia tri PD cua bo dix liéu
- Sap xép gia tri PD tur 1on dén nho 13y phan vi ciia n6 ta c6 gia tri cia NPS = 3.02 )
- St dung kNN tim diém lan can, thyc hién theo budc f cua phuong phap, mo hinh cho ta két qua trong hinh 7,
8,9

Predictor Space
Built Model: 1 selected predictors, K =3

Focal

®no

@ves

Type
@ Training
A Holdout

Targst

V3

®60.00

@50.00

@40.00

830 0o

0 k Nearest Neighbors and Distances
[ B
Displayed for Initial Focal Records
Nearest Neighbors Nearest Distances
Focal Record
2 3 1 2 3
T T T 82539 467 82380 82036 0.000 0.000 0.000
2000 30.00 4000 5000 60.00

Hinh 7. MBS hinh sau khi chay, diém dit liéu va khoéng cach

So sanh diém véi ngudng loai bo nhidu, két qua ti 18 nhidu dugc thé hién trong hinh 8

Error Summary

Partition Sum-of-Squares Error

Training 0.269

Hinh 8. Ti I¢ nhiéu trong dir liéu

] Dit ligu sau khi logi bo nhi€u dugc thyc hign phan 16p thanh 16p mit dét va khong mt dét, voi 16p mit dt dugc sir dung
dé thanh 1ap DEM. Sau khi thuc hién, két qua duoc so sanh voi bo dir liéu chua loai bo nhiéu trudce khi thuce hién phan 16p va thanh
lap DEM dua trén cac d6 do Precision, Recall, F1.

Két qua so sanh d¢ chinh xac trén d6 do dugc thé hién trong bang 2, m6 hinh DEM dugc thé hién trong hinh 9.
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Bang 1. So sanh két qud phdn 16p trén cdc dg do

Khong loai bé nhidu C6 loai bo nhiéu
Precision 89.20% 93.60%
Recall 89.50% 92.70%
F1 89.35% 93.15%
7 i
ta t 4
I I
(2) DEM trudc khi loai nhiéu (b) DEM sau khi loai nhigu

Hinh 9. M5 hinh DEM duoc thanh 1ap véi bo dit lidu trudce va sau khi loai bé nhidu
Qua do, co thé théy, viéc loai bo nhidu trudc khi sir dung dir liéu dam may diém LiDAR vao cac bai toan ung dung la hoan

toan cén thiét. Qua bang déanh gia do chinh xéc cua két qua phén 16p chi ra rang, nhidu anh hudng nhiéu dén bai toan nay. Néu thuc
hién duogc bai toan loai bé nhicu trude khi xur 1y dir liéu LiDAR sé gitip két qua cua bai toan ing dung chinh xac hon.

V. KET LUAN

Hién nay, LiDAR ngay cang dugc sir dung rong rai trong cac linh vuc ciia doi song xa hoi nho kha ning tng
dung cao ctia minh. Loai bé nhidu trong qua trinh xtr 1y 13 hoan toan can thiét dé gitip tang d6 chinh xac cho bai toan
xtr ly dir liéu LiDAR sau nay. Vi NPS 1a gia tri déc trung cta bo dir liéu, dugc tinh toan dya trén gia tri do cao cua
diém, duoc sir dung trong qua trinh loai bo nhiéu 13 hoan toan dung dén, khi c6 thé st dung va loai bé nhidu hidu qua.
Trong bai bao, nhom tac gia da sir dung khai niém NPS trong thuat toan kNN tim diém 1an cin va tinh ham phan bd
mat d9, sau d6 dua trén ngudng dé thuc hién loai bo nhidu trong dir liéu LiDAR. Két qua thyc nghiém chi ra réng viéc
thuc hién phuwong phap gitp ting d chinh x4c ciia bai toan phan 16p thanh lap DEM. Tuy nhién, can thir nghiém trén
da dang bo dir liéu dé danh gia t6t hon phuong phap dé xuét.
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LIDAR POINT CLOUD DENOISING METHOD USING NOMINAL POINT
SPACING (NPS)

Nguyen Thi Huu Phuong, Dang Van Duc, Nguyen Truong Xuan

ABSTRACT— With the ability to collect data over a large space in a short period of time and regardless of weather, LIiDAR
technology is increasingly widely used in the field of Earth Science. The data obtained from LiDAR data is usually highly accurate,
each point is characterized by its coordinates, altitude, and precision. However, with the large number of points collected in each
measurement, the noise in the LiDAR point cloud data greatly affects the processing results for later applications. Therefore, it is
necessary to remove noise before performing further data processing with LiDAR data. In this paper, the authors propose a method
to remove noise from LiDAR data using nominal point spacing (NPS). The method has been tested with the LiDAR point cloud
acquired in Bac Ninh for an accuracy of 93.6%.



