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Filtering the LiDAR point cloud based the Unmaned Aerial Vehilce (UAV -
LiDAR) in the dense land cover areas to build a Digital Terrain Model (DTM)
is a basic requirement of large-scale topographic mapping. The aim of this

Accepted 31 Oct. 2022 paper s to study the use of the Simple Morphological Filter (SMRF) with
Keywords: suitable parameters to separate the non-terrain points (trees, noise points,
DTM ' etc.) and the topographical points. The methods of this article are

algorithmic programming and combining the two filtering algorithms

Eilti;ing, including SMRF and distributed filtering. The various data input was

Anc Covet, studied in the Ba Be case study. These parameters include the grid width

IPJ(X\rIItLC'};)Xg, called Geen(m), the radius of filters called ny,q and the threshold of the feature
-L1 .

elevation called Eg (m). The point cloud of the terrain obtained after
applying the SMRF continues to be filtered using distributional filter with
the algorithm keeping only minimum elevation in the filtering window in
order to remove the locations of high density of points. Then, it will
contribute to lighten the point capacity to build DTM, to accurately
interpolate the contour lines and to ensure the aesthetics of large-scale
topographic maps. The results of the study are the fomulas to estimate
reasonable input parameters (Geen=3 m, nyq =3, Ew= 0.2 m) of the two filters
for the establishment of a topographic map of 1:2000 scale, 1 m level in the
Ba Be national forest, Bac Kan province, Vietnam.
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K&t hop loc hinh thai va loc phin b6 mit do ddm may diém
UAV-LiDAR dé xay dwng mo hinh sé dia hinh

Tran Trung Anh V¥, Tran Hong Hanh 1, Quach Manh Tuén 2

1 Trworng Pai hoc M6 - Dia chdt, Ha Noi, Viét Nam
2 Céng ty C6 phdn Xdy dung va Thuong mai QT mién Bdc, Ha Néi, Viét Nam

THONG TIN BAI BAO TOM TAT

Qud trinh: Viéc loc dam mdy diém LiDAR st dung thiét bi bay khong nguwoi ldi (UAV-

Nhén bai 14/3/2022 LiDAR) & khu vurc ¢6 thuc phti day ddc nham xdy dung m6 hinh s6 dia hinh
Stra xong 11/8/2022 (DTM) la yéu ctiu co bdn cia thanh Idp bdn do dia hinh ty 1é 16m. Bai bdo c6
Chap nhan dang 31/10/2022 muc dich nghién ctru str dung bo loc hinh thdi don gidn (SMRF) V&1 cdc tham
Tir khoa: s6 phu ho'p dé phdn tdch cdc diém phi dia hinh (diém dia vat: cay coi, diém
nhiéu,. ] va cdc diém ctia bé mdt dia hinh. Phwong phdp nghlen ctru cua bai
bdo la trng dung lap trinh thudt todn va két hop hai thudt todn loc la SMRF

Pam miy diém,

Ll\‘/IQAC glegl 5 dia hinh va loc phan bo, thir nghiém cdc tham s6 ddu vao khdc nhau trén pham vi

T}? mh So dia hin nghién ciku & rimg qudc gia Ba BE. Cdc tham s6 ndy gém dd rong khung ludi

UAL'\YICI?Dl,lA’R 6 vuéng tham chiéu Geen(m), bdn kinh ctra sé loc nwqva ngwémg chiéu cao dia
-L1 .

vdt Ex (m). Ddm mady diém ctia mdt ddt dia hinh sau phép loc SMRF dworc tiép
tuc loc phdn b6 mdt dé vai thudt todn chi gite diém cé do cao thdp nhdt trong
ctra s6 loc dé'logi bé cdc vi tri mdt do diém cao. Tir d6 phép loc nay gép phdn
nhe héa dung lwong diém dé xdy dung DTM ndi suy dwong binh do dwoc
tron tru, hai héa, chinh xdc va dam bdo tinh thdm m)7 ctia ban do dia hinh t)?
Ié I6m. Két qud ctia nghién civu la cdc cong thirc woc tinh tham sé ddu vao
ho'p ly cho hai phép loc (Gcen— 3m,nywa=3, En= 02 m) ddam bdo thanh Idp ban
do dia hinh ty 1é 1:2000, dong mikc 1 m & rieng quéc gia Ba Bé, tinh Bdc Kan,
Viét Nam.

© 2022 Truwong Pai hoc Mo - Pia chat. Tt ca cac quyén dwoc bao dam.
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1. M¢& dau

Cong nghé quét LiDAR (Light Detection and
Ranging) v&i wu thé cho ra san phim truc tiép la
vi tri chinh x4c ctia cac diém ctia cac ddi twong trén
bé mat (Baudelet, 2014). Tia laser quét c6 thé
xuyén qua nhiéu ting d6i twong dé tiép cin véi bé
mat dia hinh dwéi cung & khu viee c6 dia vat bén
trén nhw nha ctra, ciy coi. Gin diy, phwong tién
bay khong ngwoi lai UAV (Unmanned Aerial
Vehicle) mang theo thiét bi quét LiDAR tich hop
chup anh s6 cung cap diém quét d6 chinh xac cao,
vira cung cip san pham binh d6 anh trwc quan. é
thanh 1ap ban d6 dia hinh thi binh d6 anh cung cip
kha nang lam nén cho cong tac s6 hda dia vat, con
ndi suy duwong binh do thi can phai xay dung bé
mat dia hinh khong cé dia vat bén trén (Lin va
nnk., 2010; Kraus va Pfeifer, 1998). Thiét bi UAV-
LiDAR cung cip ddm miy diém (Hinh 1) cta da
tang thong tin d6i twong, diy chinh la van dé can
xtr ly d€ phén tach cac doi twgng theo yéu ciu, dic
biét 1a can tach dwoc dia vat (nha ctra, ciy cdi,...)
va difm ndm trén bé mit dia hinh (Kraus va
Pfeifer, 1998; Axelsson, 2000).

UAV

Diém dia vat

® Diém mdt ddt

Hinh 1. Ddm mdy diém ctia UAV-LiDAR.

Trén thé gidi, da c6 nhiéu nghién ctru vé cac
thuat toan loc ddm may diém nham thu nhan cac
diém thudc dia hinh mat dit. Cac thuit toan loc c6
thé chia thanh 6 nhém nhw: thuit toan phan
doan/cum, hinh thai, quét hwéng, dang cao, tam
giac TIN, ndi suy (Meng va nnk., 2010). Mbi thuat
toan déu c6 nhirng wu, nhwoc diém riéng, do chinh
xac khac nhau, 4p dung & nhirng khu vuc khac
nhau (Chen va nnk, 2021). Axelsson (2000) cong
b6 thuit todn loc dwa trén mo hinh mang tam giac
khéng déu linh hoat (TIN) v6i tip hop cac diém

goc dugclay tir tp dir liéu ban dau va ldp di lap lai
thém cac diém tir tAp dap &ng cac tiéu chi lién
quan dén thay déi do cao va hudng. Ty 1€ sai s6
trung binh ctia phép loc Axelsson dat 4,82% va
diém Kappa trung binh cao nhit1a 84,19%. Thuit
toan loc ndi suy manh phan cip (Hierarchical
Robust Interpolation algorithm) c6 ty 1& sai so
trung binh 1a 8,03% va Kappa trung binh dat
75,27% (Kraus va Pfeifer, 1998). Thuat toan bd
loc hinh thidi don gian SMRF (Simple
Morphological Filter) dwgc Pingel cung cong sw da
phat trién va cong bd nam 2013 thdng qua viéc st
dung mot clra s6 ting tuyén tinh va don gian
ngudng do déc, cung véi mét ng dung méi cia
k{7 thudt anh xa hinh anh. Trong thir nghiém nay,
cac thong s6 dau vao dwoc nhoém tac gid gan voi
nhiéu gia tri khac nhau, dat dwoc do chinh xac kha
tot (Kappa trung binh dat 85%) cho dia hinh viing
do thi, chwa thir nghiém & khu vuc thuc phu day
dac, sdn phdm dam may diém chwa dwoc phan bo
mat do hai hoa. Uu diém cuia thuit todn SMRF la
don gian, Chen va nnk. (2021) da ho tro xay dung
ham tinh trén Matlab (Mathworks, 2022) nghién
clru phat trién vé co s& tinh thong s6 dau vao cho
phép loc SMRF va loc phan b6 méat dé cho dir liéu
dam may diém UAV-LiDAR.

O nwérc ta, Tran va nnk. (2015) nghién ctru vé
kha nang trng dung cong nghé LiDAR xdy dung mo
hinh s6 dia hinh viung bai bbi ctra song ven bién
trong diéu kién Viét Nam. Nghién ctu nay phin
tich wu thé cta LiDAR va xiy dung quy trinh céng
nghé tong quat, nghién ciru vé co s& danh gia do
chinh x4c DEM thanh 14p bang céng nghé LiDAR
(Lé va Lwong, 2008). Tuy nhién, nghién ctru nay
chuwa phéan tich siu cic phép loc ddm may diém;
mot s6 ki thuit dé€ khai pha dir liéu LiDAR dé phan
loai cac d6i twong trén bé mat dia hinh nhw EM, K-
Means, kNN, MCC dworc ap dung trén mot s6 phan
mém thwong mai xtr ly LiDAR (Nguyén va nnk.,
2015). Nhin chung cic nghién ctru vé LiDAR néi
chung va cac phép loc ddm miy diém LiDAR néi
riéng & nwdc ta van con chwa dwoc phong phu, dic
biét vé UAV-LiDAR.

Cac nghién ctru vé LiDAR trong twong lai cin
tip trung vao viéc phat trién cac phwong phap giai
quyét ba van dé con lai trong thach thirc loc diém
bé mat dit gom (1) bé mat cé dia hinh go ghé hodc
do6 doc khong lién tuc, (2) rirng rAm noi ¢é nhirng
tan cay lam giam sy xam nhdp ctia chum tia laser
va (3) nhitng viing c6 tham thyc vat thip thwong
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bi nhiéu bo loc mat dit boé qua (Meng va nnk,,
2010).

Cac nghién ctru da goi y rang LiDAR c6 thé la
mot trong nhirng gidi phap dé 1ap ban d6 dia hinh
& cac khu vuc rirng ram vi nhitng tia laser c6 co
hdi tiép cdn mat dat cao hon (Meng va nnk., 2010).
Do vay, cic tham s6 dau vao cta phép loc SMRF
dwoc dé xuit cho két qua loc hop ly va xay dung
thuit toan phép loc phan bé méat dé cho hai hoa
ctia dam may diém UAV-LiDAR. P4m may diém bé
mat dat sau khi loc dwoc str dung dé xy dung mo
hinh sé dia hinh, ndi suy dwong binh dé va ghi chd
diém do cao dung theo yéu cau ctia ban d6 dia hinh
(Bo Tai nguyén va Méi truwedng, 2015).

2. Dir liéu va giai phap
2.1. Khu vwe nghién ciru

Vuwon Qudc gia Ba Bé, tinh Bic Kan dwoc
thanh 14p theo Quyét dinh s6 83/TTg ngay
10/11/1992 cta Thu twéng Chinh phd. vuon
qudc gia Ba BE ndam & phia tAy bac huyén Ba Bé,
cach thanh phd Bic Kan 68 km theo hwéng tiy bac
va cach thii d6 Ha N6i 250 km vé phia bic. Khu vurc
vuon qudc gia Ba BE co tong dién tich 44.750 ha,
trong do: Ving 16i 10.048 ha, viing dém 34.702 ha.
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Vung 16i bao gobm: phan khu bdo vé nghiém ngit
3.931 ha, phan khu phuc héi sinh thai 6.083 ha,
phan khu hanh chinh dich vu 34 ha. Pay la mot
trong nhirng virom qudc gia c6 dé che phu va ty 1é
rirng nguyén sinh cao trong hé théng rirng dac
dung cta Viét Nam va cac khu vyc nii da voi trén
thé gidi. Khu vec vieon quoc gia Ba BE dwgce che
phu trén 73,68% dién tich rirng kin, thwong xanh,
mua 4m nhiét d&i, trong d6 kiéu rirng nguyén sinh
it bi tic dong trén nui da voi dwoc coila miu chuin
cta hé sinh thai rirng trén nui da voi dac trung cho
ving Dong Bic Viét Nam va thé gi¢i (Nguyén,
2011).

Khu vuc nghién ctru thudc xd Nam MAu,
huyén Ba B€, tinh Bac Kan, trong vudmn qudc gia Ba
Bé, & vi tri 22°23'39" vi dd Bic; 105°35'44" kinh
d6 Pong. Khu vue c6 dic diém dia hinh doi ndi,
chénh cao 16m 250+620 m so v&i muc nwdce bién
véi tham thue vatla rirng cay nguyén sinh day dac
(Hinh 2).

2.2. Thu thdp va xir ly dir liéu UAV-LiDAR

Cong tac thu thap s6 liéu dwoc tién hanh véi
thiét bi bay khong ngwi 1ai DJI M300 mang bo tich
hop LiDAR chup dnh s Zenmule L1. Qua trinh bay
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Hinh 2. Khu vwe nghién ctru vieon quéc gia Ba Bé, tinh Bdc Kan.
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dwoc thiét ké bay theo dang dia hinh v&i d6 cao
bay chup 1a 120 m, mit do diém quét LiDAR trung
binh 1a 400 diém/m?; dién tich khu th nghiém
rong 65 ha; tam chup dwoc dinh vi chinh xac trong
hé toa do VN2000, kinh tuyén truc 106°30’, mui
chiéu 39; xtr ly dit liéu bay quét trén phan mém D]I
Terra; san phadm 1a ddm may diém UAV-LiDAR goc
dinh dang tép LAS dwgc dwa sang qua trinh xtr ly
bdc tach dia hinh mét dit (Hinh 3).

2.3. Thudt todn xir ly ddm mdy diém

Muc dich xtr Iy ddm may diém UAV-LiDAR 1a
tach dworc cac diém dia hinh méat dit va gian déu
mét do cho xdy dwng mo hinh s6 dia hinh DTM
gitp noi suy dwong dongmirc chinh xac, ddm bao
tinh thAm my cta ban do (Pingel va nnk.,, 2013;
Meng va nnk., 2010; Chen va nnk,, 2021; Nguyén
va nnk, 2015; B6 Tai nguyén va Mdi truong,
2015).

Trong nghién cru nay, nhom tac gid tién
hanh 2 c6ng doan chinh, dau tién dung thuit toan
SMRF xtr ly ddm miy diém UAV-LiDAR goc dé
nhin dwoc ddm may diém mat dit dia hinh; Cong
doan sau tiép tuc xtr ly ddm may diém mat dit dia
hinh bang thuat toan phan b6 mat do dé thu nhan
két qua la ddm may diém bé mat dia hinh c6 méat
d6 phu hop cho muc dich thanh 14p ban d6 dia

hinh (DTM, dwdong dong mirc, diém ghi cha do
cao). Quy trinh ky thuét cda qué trinh loc két hop
2 thuat toan dwoc trinh bay trong Hinh 4.

2.3.1. Thudt todn SMRF

Thuét toan bo loc hinh thai don gian (SMRF-
Simple MoRphological Filter) str dung mot cira s6
tang tuyén tinh va don gian nguéng do doc, cing
véi mot irng dung méi cia Kk thuat anh xa hinh
anh (Pingel va nnk,, 2013) gom 3 qua trinh chinh:

Qua trinh 1. tao bé mat do cao nho nhit, gom
cac budc chinh nhw sau:

Buwéc 1. chia ddm may diém vao cac 6 vudng
theo vi tri xy, kich thwéc 6 vudng goi 1a Geen.

Buwéc 2. tim gid tri d6 cao nhd nhit gan cho
mdi phan t 6 vudng d6 (pixel).

Buérc 3. hop nhit toan bd gia tri Zmin vao ma
tran 2D anh raster dé€ tao bé mat dd cao nho nhit.

Qua trinh 2. phin doan bé mat, gdm cac bwéc
chinh sau:

Budc 1. tién hanh md hinh thai trén bé mit do
cao nho nhat (Stenning va nnk., 2013).

Buwéc 2. ciu tric phin t& va ban kinh ctra s6
cua déi twong sé xac dinh vung 1an cin tim kiém
cho hinh thai (Stenning va nnk,, 2013).

Budrc 3. tinh todn do déc gitra bé mat do cao
nho nhit va bé mit mé tai moi phan tir lwdi 6

Hinh 3. Ddm mdy diém UAV-LIDAR géc & khu vuec vuon qudc gia Ba Bé, tinh Bdc Kan.
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Loc diém bé mit dia hinh theo
Thuit toan SMFR

Pam may diém Lidar UAV goc

ach 2 k&t qua: dam may diém dia
hinh v phi dia hinh

PAm may diém dia hinh mé&i

Xiy dyng DTM, néi suy binh &8

Giam mat do diém theothuit toan
loc phin b mét d6 nho nhat

Dam may diém dia hinh

56 diém trong cira sé loc =0

Vi tri cubi cling

Ghi chil: G 13 kich thwée cia 6 vubng; n,g 12 d6 réng 16m nhit cla cira s6;
Ew 12 ngwwémg chénh d6 cao dia vat; Wag 12 dd rong cira s6 loc phan bé mat db;
Hinh 4. Quy trinh két hop hai thudt todn SMFR va loc phdn b6 mdt do trong xit ly ddm mdy diém UAV-
LiDAR (Pingel va nnk,, 2013).

vuong pixel. Néu sw khac biét I6n hon ngudong do
cao thi phan loai pixel 1a phi dia hinh.

Thuc hién lap di lap lai cac bwéc tir 1 dén 3.
Tang ban kinh ctra s6 1én 1 pixel trong moi lan 13p
cho dén khi n6é dat d&€n ban kinh ctra s6 16n nhit.

Budrc 4. két qua cudi cung ctia qua trinh 13p lai
12 mot két qua trang thai phan hai, trong d6 méi
pixel ciia dm may diém dwoc phan loai la dia hinh
mat dat hodc phi dia hinh.

Qua trinh 3. phin doan dam may diém goc,
gom cac budc chinh sau:

Budc 1. ap dung trang thai phin hai cho bé
mat do cao nho nhit ban dau dé loai b6 cac diém
lwéi phi dia hinh.

Budrc 2. ndi suy gia tri cho cac diém lwdi trong
bang ki thuat noi suy hinh dnh dé€ tao mé hinh d6

cao worc tinh.

Budrc 3. tinh todn chénh 1éch dd cao gitra moi
diém trong ddm may diém goc va diém twong irng
trong mé hinh d6 cao wéc tinh. Néu sy khac biét
16m hon ngudong do cao (Ew) thi phan loai pixel 1a
phi dia hinh (Hinh 5).

o2

Diém phi dia hinh

‘e
Eth‘-.-h =

bé mdt dé cao nhé nhdt

Diém mdt ddt

Hinh 5. Ngwéng d6 cao Ey, cho diém phi dia hinh.
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San pham cuda thuét toan bo loc SMFR 1a dadm
may diém UAV-LiDAR géc dwgc phan tach thanh
2 nhom: ddm miy diém ctia bé mat dia hinh va
dam may diém cta déi twgng phi dia hinh (nha
clra, cAy cdi, diém nhiéu,...).

2.3.2. Thudt todn loc phdn b mdt dé

Trong thuc té sdn phim dam may diém tir
UAV-LiDAR c6 mit d6 cao nhwng phin bo lai
khong déu vi tia laser phan xa phu thudc vao déi
twong bé mat nhw: dic tinh cta thuc vat (ciy cao,
tan cdy, cay bui,...), nha clra, dwong xa, mat nwéc
(thwong hap thu 100%, khong phan xa, khong tinh
dwoc toa dd), dic tinh dia hinh,... va vi tri cla thiét
bi cling nhw géc quét cia chum tia Laser. Do vay,
dam may diém sau khi loc bé déi twong phi dia
hinh sé c6 mat dé khéng déu, ciing véi sy phan b
khéng déu (Hinh 6).

Waa Wad

- Diém mdt ddt c6 do
cao nhé nhdt trong 6 lwdi
Hinh 6. Loc phdn b6 mdt dé.

* Diém madt ddt

Nhom tac gid dé xuat mot phép loc phin bé
mat do dwa trén co s& mot clra s6 loc c6 do rong
Wag, chi gitt lai diém dia hinh c6 d6 cao nho nhat
(Hinh 6). Thuat todn nay dwoc dién gidi nhw sau:

Input: ddm may diém dia hinh

Output: dam may diém dia hinh dwoc gidn
mat do theo yéu ciu cia ban do

Initial: nhap gia tri Waq

Liy gia tri diém 30 (X,y,Z)min; (XY,Z)max cUa
dam may diém dia hinh;

Gan vi tri clra s6 dau tién Xi=Xmin; Yi=Ymin;

Procedure: Loc phin b6 mat do

Cho ctra s6 loc chay lan lwot trén ddm may
diém dia hinh theo chiéu x va chiéu y;

while xi<=Xmax

Yi=Ymin; Xi=Xi + Wad;

while yi<=ymax

yi=yi +Wag;

Xac dinh toa do trai dwdi, phai trén clia clra s6
loc thit i, gan d6 cao khong gian cho ctra s6 loc theo
d6 cao nho nhat (Zmin) va 1én nhat (Zmay);

Ximin=Xi - Wdd/2; Yimin=yi - Waa/2;

Ximax=Xi +de/2; Vimax=Yi + de/Z;

Ctra s6 loc khong gian

Wroi= [Ximin Ximax Yimin Yimax Zmin Zmax];

Pam may diém cé trong ctra s6 loc khong gian
= (Pam may diém dia hinh, W;);

if SO diém ctia dam may diém c6 trong ctra s6
loc khong gian >0

Tim diém c6 d6 cao nho nhat trong ctra s6 loc
khoéng gian;

Gan diém nay sang ddm may diém maoi;

end %if

end %while y;

end %while x;

End;

2.3.3. Cdc chi sé ddu vao dé xir ly ddm mdy diém
UAV-LiDAR

Muc tiéu cia bay quét UAV-LiDAR la phuc vu
thanh 14p ban d6 dia hinh ty 1 16m véi yéu ciu dat
d6 chinh xac vé dwong binh do. D6 chinh xac nay
phu thudc 16n vao mo hinh sé dia hinh dwoc loc tir
dam may diém UAV-LiDAR va dwong nhién cling
phu thudc vao céc chi s6 ky thuit dau vao cia cac
phép loc. Ttr quy dinh vé do chinh xac ctia ban do
dia hinh, tuy theo ty 1& ban do, d6 doc dia hinh, do
phirc tap ctia dia hinh (B6 Tai nguyén va Moi
trwong, 2015) sé tinh dwoc cac sai s6 vi tri diém
mat bang va dd cao ctia diém mat dit. Trén co s&
d6 c6 thé tinh cac chi s6 dau vao cho cac phép loc
SMREF va loc phan b6 méat d6 (Hinh 7).

Waa

®
biém mdt dat

Waa

Waa

[ J
Piém mdt dat

1

Hinh 7. Co sé tinh cdc théng sé ddu vao cho
phép loc SMRF va loc phdn b6 mdt do.

Nhirng tiéu chi ki thuit dau vao cho phép loc
SMRF va loc phan bé méit do cin cin cir vao yéu
ciu clia san pham dau ra, chinh 1 cic tiéu chi vé
d6 chinh x4c ctia ban do dia hinh can thanh lap.

Can ct vao sai s6 do cao, v&i yéu cau cao hon
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mot cip dé du phong do chinh xac co thé xac dinh
ngudng chiéu cao xac dinh doi twong dia vat phi
dia hinh nhuw sau:

Mh ®
Ep =—2
th \/i
Do rong ctra s6 loc phan b6 mat do:
(2
Wig < ——=
dd 2\/2

Do rong 1ém nhat ctia ban kinh ctra s6 trong
phép loc SMRF dé tim diém mat dat:

Waa ) 3)

cell

Nny,q = round (

Trong do: D - khoang cach t6i thi€u trong mét
do6 diém do theo quy dinh (m); my - sai s6 do cao
dia hinh (m); Ey - ngwdng chiéu cao dia vat (m);
Waa - A0 rong ctra s6 loc phan bé méat dé (m); Geen -
kich thuwéc cia 6 vudng 14y mau, c6 thé coi la
dwong kinh ctia tan ciy nhoé dai dién nho nhat (m);
Nwq - A6 rong 16 nhit ctia ban kinh ctra s6 theo s6
nguyén lén GceII-

3. Két qua va thao luian

Tt yéu ciu thanh 14p ban d6 dia hinh ty 1é

1:2000, dwong dong mirc 1 m, sai s6 dd cao yéu
cau 0,3 m, khoang cach giita cic diém do khong
vurgt qua D =40 m (B6 Tai nguyén va Méi truong,
2015). Pam miy diém UAV-LiDAR géc c6
59.145.962 diém, trén dién tich 65 ha. Ttr cic cong
thirc (1, 2, 3), wéc tinh cac théng s6 loc: Waa=14 m;
Exn=0,2 m;

Lan lwot thir nghiém véi dwong kinh cda ciy
Geent 12 1 m, 2 m, 3 m; tinh dwoc nwq do rong lom
nhAt cia ban kinh clras6 12 §, 4, 3.

Két qua nhin dwoc tir 2 phép loc SMRF va
phan bé mat do ddm may diém UAV-LiDAR goc
dworc trinh bay trong Bang 1.

Twr két qua cua Bang 1 nhin thay, gdn duong
kinh tan cay cho gia tri Gen cang nhd thi ban kinh
tim diém mit dat cang 16n. PAm may diém mat dat
sau khi loc SMRF dworc dat ty 1€ 24%, 19% va 12%
so v&i dam may diém UAV-LiDAR g6c. Két qua cho
thdy rang dwong kinh tan cdy can nhap twong doi
sat véi thye té va treong hop 3 1a phtt hop nhit.
Phép loc SMRF c6 thé loai bd dwoc cac diém nhiéu.
Sau d6 phép loc phan bé mat do déu tra vé s6 diém
trong ddm may diém mat dat déu giéng nhau (hon
14.000 diém), thé hién phép loc phan bé méat do
cho két qua ton trong quy dinh vé mat do diém do,
cho du s6 diém dau vao la khac nhau, tiép tuc loai
bé cac diém nhiéu dot bién.

Bdng 1. Két qud loc ddm mdy diém.

Loc SMRF Loc phin b6 mat do
TT | Geen Np 2 oax A ai ar 2 oaz A i M6 hinh s6 dia hinh, néi suy
(m) Nwd K&t qua ddm may diém K&t qua ddm may diém dwong binh dé
1(1 8
14.224.575 diém. 14.089 diém. 1.871 dudrng binh do.
21214
| 11.750.881 diém. 14.082 diém. 2.493 dwong binh do.
2 A
31313
7.108.292 diém. 14.036 diém. 2.010 dwong binh da.
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Pam may diém dia hinh sau khi loc sé& c6 méat
d6 phan bé khong déu (1a cac diém do cao dia hinh
c6 vi tri ngiu nhién) va c6 thé c6 nhitng viing trang
diém, nén khi xy dung mo hinh s dia hinh can
theo dang lwdi tam gidc khong déu TIN véi phép
ndi suy tuyén tinh 1a hop ly. Két qua xay dung mo
hinh sé dia hinh va noi suy dwong binh do cling
cho thiy dam béo tinh chinh xac, hai hoa va my
thuét trong trinh bay ban do.

Cac két qua kiém tra diém loc mat dat truc
tiép bang thi cdng mot s6 vi tri nhw diém dinh, yén
ngua, ving bang,... cic diém bé mit dia hinh déu
1a cac diém do mat dat cia dir liéu UAV-LIDAR, cac
diém trén ngon ciy, tan ciy,... déu bi loai bo.

4. Kétluan

Giai phap ky thuat loc ddm may diém UAV-
LiDAR gom loc hinh thai don gian SMRF va loc
phan bd méat d6 cho két qua 1a ddm may diém bé
mit dia hinh mit dit. Pam may diém nay c6 mat
do6 phu hgp, ddm bao yéu cau d6 chinh xac, phuc
vu xy dung mo hinh sé dia hinh va ndi suy duwong
binh d6 c6 tinh chinh xac va thim my cao ctia ban
d6 dia hinh khi khu thwc nghiém la c6 tham thuc
vat rirng ciy day dac. Cac hé sd cia cac phép loc
dwogc wdc tinh theo cac cong thire (1, 2, 3) ddm bao
vé co s& khoa hoc dé cho san phdm loc ddm méy
diém UAV-LiDAR. Viéc két hop hai phép loc SMRF
va loc phan bé méat do hd tro tw dong hda cao
trong bién tip san phdm ban do dia hinh.

Trong nghién ctru tiép theo, cin t6i wu thuat
toan loc SMRF va loc phan bd méit do diém dé tang
téc, ddm bao x ly cac khoi ddm may diém lon va
c6 thé thwong mai. Can thi nghiém thém & ving
do thi hodc hon hop da dang nhiéu d6i twong khu
do.

Loi cam on
Cactac gia xin chan thanh cdm on Trwong Pai

hoc M6 - Dia chit da ho tro nghién ciru nay - san
phdm ctia dé tai cip co sé T22-45.
Pong gop caa cac tac gia

Tran Trung Anh - viét thuit toan, chay
chwong trinh, x ly dam may diém, bién tip két
qua va 1én ban thao; Tran Hong Hanh - chinh stta,
kiém tra, bién dich tém tat ban thao; Quach Manh
Tuln - thyc nghiém hién trwong bay quét LiDAR-
UAV, xtx ly s0 liéu tho ctia LiDAR-UAV.
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