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Tém tat: Thuat toan MCC dugc Evans va Hudak dé xuit vao nim 2007 d€ phan loai ddm may diém LiDAR trong moi
trudng ring. Hai tham s6 dudc st dung dé khdi chay MCC 1a ty 1é (s) va ngudng cong (t). Hai tham s6 nay dudc xdc
dinh bdi ngudi ding va dudc chon tiy thudc vio mit dd cia tia laser phan xa trd lai. Trong nhiéu nghién ctiu ctia cic
tac gia trén thé gidi da chi ra rang viéc lua chon thong sb thich hop t cho khu vuc khio sit sé anh hudng dén do chinh
xdc ctia két qui phan loai. Bai viét nay gidi quyét vin dé chon tham sb t cho thuit toan MCC va thit nghiém v6i dam

may diém ving Eel River.
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Select the parameter t for the LiDAR point cloud classification with MCC algorithm
The MCC algorithm is an algorithm proposed by Evans and Hudak in 2007 to classify the LiDAR point cloud in a

forest environment. The two parameters used to launch the MCC are the ratio (s) and the curvature threshold (t). These
two parameters are defined by the user and are selected depending on the reflector laser density of the LiDAR system.
In many studies of the world authors have shown that selecting the appropriate parameter t for the survey area will
affect the accuracy of classification results. This paper addresses the issue of selecting the t parameter for the MCC

Title:
Abstract:
algorithm and testing the Eel River area cloud.
Keywords: LiDAR, point cloud, MCC, curvature threshold.

I. GIOI THIEU

LiDAR 13 mot cong nghé vién tham méi, chii dong, c6
thé€ khao sat trén moi dia hinh, do dugc vao ban dém va
khong phu thudc vao yéu t6 thdi tiét. Véi kha ning khio
sat va do trén mdt khu vyc rong 16n, hién nay LiDAR dang
dugc ing dung trong nhiéu nganh va nhiéu linh vuc ctia doi
séng, x4 hoi nhu: tric dia - ban dd, khao cd hoc, vit ly,. ..

LiDAR 1a hé thng bao gom thiét bi laser, hé théng GPS,
va hé thong INS. Hé thong thiét bi laser dudc thiét ké phat
cac chum tia laser, thu va nhan tin hiéu laser phan xa, thu
nhin di liéu cudng d6 tin hiéu laser phin xa tif cic db6i
tuong khic nhau trén mit dat [1]. Tung tia laser riéng biét
khong chi di va vé tir bé mit Trdi dAt mot cach tron ven
va duy nhit ma cé thé dudc phan xa thanh mot hay nhiéu
mic truyén. M6i miic phan xa lai c6 mot cudng do tin hiéu
phin xa khdc nhau [1]. Mot tia laser phat ra c6 thé thu tit 4
- 5 tin hiéu phan hoi. Tap hop céc diém ciia cic tia phin xa
ndy ta sé c6 ddm may diém. Pam may diém la tip hop clia

cac diém c6 toa do (x, y, z). Mot ddm may diém thuong
rit 16n, khoang tif vai trim nghin dén vai triéu di€ém. Va
day 1a tap hop dit liéu rat c6 ich thu thap dudc tif mit dat.
Tuy nhién, d& c6 thé st dung mot cach hidu qua va triét
dé€ dudc nhiing thong tin cAn phai tién hanh phan loai diém
nhdm chia tach nhiing diém c6 cung dic trung thanh ting
16p riéng biét nhu 16p mit dét, 16p nha, 16p thuc vat thip,
16p duong day dién,...

Hién nay, tai Viét Nam st dung céng nghé LiDAR méi
chi ditng ¢ mifc ung dung va st dung cac phan mém xi ly
dit liéu LiDAR dudgc ban di kém thiét bi do vé.

Trén thé gidi, LIDAR dugc ap dung tif kha sém, c6 nhiéu
nha khoa hoc da nghién ctiu 4p dung va cii tién thuit todn
nhim xi 1y va thu nhan thong tin tif dit liéu LiDAR mot
céch triét d€. Nhu trong cdc nghién citu clia cic tic gid [2—
8].

Thuit toan MCC (Multiscale Curvature Classification)
12 thuat todn dudc dé& xuét bdi Evans va Hudak vio nim
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2007 d€ phan loai ddm may diém LiDAR thanh hai 16p 1a
mit dit va khong mit dit. Muc dich cta thuat toan 1a loc
nhiing tin hiéu phan xa khong mit dit dugc phin hoi céc
dbi tugng nhu thuc vat, tda nha, dudng day dién,. ..t dam
may diém LiDAR dé gii lai nhitng diém thudc 16p mit dat
phuc vu cho cong tac thanh 1ap DEM/DSM/DTM cua khu
vuc khao sat.

Trong nghién ciu tic gid Evans vad Hudak da tién hanh
phéan loai tin hiéu phan xa LiDAR trong mdi trudng ring,
thuat toan st dung phép lap TPS (Thin Plate Spline) véi 16i
loc 3%3 va ki€m sodt khoéng cach cdc diém mau anh hudng
dén bé mit udc luong [9]. Trién khai thuat todn MCC céc
tac gia da dinh nghia mot vecotr Z(s) chita gia tri toa do
clia cic diém LiDAR. Vector nay sé dudc st dung trong
phép lap bé mit st dung TPS v6i do phan gidi theo ti 1&
A. Dung sai do cong ¢ sé dudc thém vao x(s) va cic di€ém
khong mit dit sé dugc loai bd khi Z(s) > c. A va ¢ 1a hai
gia tri do ngudi dung ty dinh nghia.

Trong tai liéu [10] lai tién hanh so sanh thuat toan MCC
va BCAL (Boise Center Aerospace Laboratory LiDAR)
theo do phan gidi khac nhau ctia m6 hinh DTM can thanh
lap. Cac tham s6 khéi tao dudc st dung dé thanh 1ap DTM
la céc gid tri sé gay ra 16 RMSE cho nghién ciu. MCC
sé hoat dong t6t nhat v6i gia tri ti 18 1a 1.0 va do cong la
0.05.

II. PHAN LOAI PAM MAY PIEM LIDAR VOI
THUAT TOAN MCC

1. Dit liéu dam may diém LiDAR

Cong nghé LiDAR sit dung 4nh sing laser hong ngoai
d€ do khoang céch dia hinh va cdc ddi tugng. Xung laser
dudc giii dén mit dit, bing cach do thdi gian cho dén khi
xung tré vé, tinh todn khoang céch t6i ddi tugng. Bang cach
thu thip hang ngan diém mdi gidy ta cé mo hinh mit dat,
cdy cbi, nha clia, dudng giao thong va cic dbi tuong véi
dd chinh x4c cao va mat do diém.

liéu diém LiDAR 1a dif liéu 3 chiéu (x,y,z) chia cic
thong tin ctia bé mit dia hinh, bé mit cdc cong trinh xay
dung, thuc phu, duong déy tai dién, duong giao thong,....
Thudc tinh ctia diém LiDAR nhu: cudng do, toa do (x, y, z),
g6c quét, hudng quét, thoi gian do GPS,.... Dit liéu diém
dugc xu ly sau khi thu thip v6i cong nghé LiDAR thanh
diém c6 toa do (x,y,z) chinh xdc cao bing cich phan tich
khoang thoi gian, goc tia quét, vi tri GPS va thong tin INS
(dao hang quan tinh - Inertial Navigation System).

Dit liéu dam may diém thudng rat 16n tif vai ngan dén
vai chuc triéu diém thy thudc vao do rong cia khu vuc
do vé va su phic tap cta khu vuc do vé. Pinh dang dam
may diém thuong 13 .las hay .laz. Pinh dang .las 12 dinh
dang tép chuin theo nganh dudc dinh nghia bsi Hiép hoi

4nh hang khong va vién thim Hoa ky (American Society
of Photogrammetry and Remote Sensing). Mot tap di liéu
Jlas sau khi dugc xt ly c6 thé 1a cic di€ém thudc 16p dét
trong, tham thuc vat cao, thuc vat thip, nha,. ...

2. Thuét toan MCC trong phan loai dam may diém

Pay 1a thuit toan phan loai tu dong dudc st dung dé
phén loai d4dm may diém 3D LiDAR, phat trién b&i Moscow
Forestry Science Laborator, st dung chi yéu dé phan loai
dit liu LiDAR trong méi trudng riing. Két qua cla thuat
toan 12 phan chia ddm may diém thanh hai 16p 12 mit dat
va khong mit dat [9].

Nguyén tic cd ban ctia thuit todn 1a phan loai cic diém
ma di chéch khoi mot nguéng ma ngudi dung lua chon (t)
dugc ndi suy tir dim may diém vdi phép lip TPS. Thuat
toan sé lip qua nhiéu buéc cho dén khi hoi tu.

M0 ta thuét toan [8]:
Ciac tham s6 khai bdo:
o SD - mién ti 1&, s6 nguyén trong khoang [1..3]

o tsp: dung sai do cong cho SD
o t; do ngudi dung dinh nghia

o h=1t+0,1

o t3=13+0,1

o CRsp do6 phan giai ctia mién ti 1& - A

o A1 =0,5%A4

o Ay - ngudi dung dinh nghia (thuong la khoang cach

sau ctia dit liéu dau vao LiDAR)

A3=15%41

o Py - tap diém chua phan loai, Py = {P, Pa,..
trong d6 n thay déi sau mdi lan lip

o Pj - di€ém LiDAR rdi rac, Pj = {xj,y;,2;}

o Py - tap hop ddm may diém LIDAR khdi tao bdi ngudi
ding

[}

~’Pn}a

1) Lua chon A, ¢, ddm may diém can phan loai, tap tin
chiia két qua phan loai
2) Loai bd nhiing diém c6 clng toa dd (x,y) trong Uy
- gin chiing vao 16p khong mit dat
3) forSD=1to3
4) repeat
5) Lip bé mit raster méi st dung TPS - S
6) Loc bé mit qua 15i loc 3x3 qua S - S’
7) Véi méi P; € Py
8) if Zj > S’()Cj,yj) + ¢ then
9) phan 16p P; vao 16p khong mat dét va loai bd P; khoi
Py
10) until s& diém bi loai bé < 0,1%%*n
11) Phan 16p nhiing diém con lai trong Py vao 16p mit
dat
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Hinh 1. M6 ta thuit toan MCC trong phan loai ddm may diém
LiDAR

Tinh nang cda thuat toan MCC trong phén loai ddm may
diém LiDAR hd tr¢ cho qua trinh lip dé tim kiém bé mit
that cia Trai dit v6i do phan gidi tuong dng v6i mau.

3. Tham s t trong thuit toan MCC

Ngudng do cong t 12 mot trong hai tham sd khéi tao cia
thuat toan MCC. Ngudng d6 cong thé hién géc 16n nhét
ctia dd cong cho phép cho mot diém. Néu géc nay 16n hon,
qua trinh loc sé diing lai va gan diém vao 16p khong mit
dét. Gia tri khdi tao cta t do ngudi dung tu dinh nghia,
thong thudng gid tri mic dinh cta t 12 0,3 (néu khoang
cich dudc do bang m) va bing 1 (néu khoang cach dudc
do bang feet) [227]

Theo [11] cai dit t6i uu cho cdc tham sd cia thuit todn
MCC phu thudc vao d6 phan giai cua khu vuc khao sat va
mét do diém clia dam may diém, cla dia hinh cling nhu
ctia thuc vt tai khu vuc d6. Trong cac lan lip cda thuat
toan, ngudng khoan do cong (t) la tham s6 c6 anh hudng
nhit dén két qua, do day 1a tham s dudc st dung dé so
sanh va gan 16p cic di€ém vao 16p mit dat hay khong mit
dat.

Theo [9], t v6i SD1 dugc dinh nghia bdi ngudi dung,
khi tién hanh I3p véi phép lip TPS va 15i loc 3 x 3 sé dinh
nghia mot vector méi x(s) trung véi Z(s) bao gom toa dod
(x,y) va gid tri trung binh clia bé mit. Sau d6 t sé dudc
thém vao x(s) va diém sé dudc phan loai thanh 16p mit dt
hay khong mit dét bang cach ap dung diéu kién:

If Z(s) > c then diém dudc gan vao 16p khong mit dit,
véi ¢ = x(s) + ¢.

C6 thé thiy, diéu kién trén xay ra khi gia tri ctia t vuot
hoic xp xi véi A, di€ém sé bi gan vao 16p khong mit dét,
do vector x(s) dudc loc thdong qua 16i loc 3 x 3 va dugc
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tinh toan dua trén gia tri trung binh ctia bé mit. A dudc lua
chon dua theo khoing cach sau ctia dif liéu diu vao, trong
d6 khoang céch sau dudc tinh toan dya trén mat do xung
phan xa trén mot m?.

A = 1/sgrt(mat do xung/mz) )

Theo nghién cifu ciia cic tac gia trong [12], néu khoang
cdch sau cta cdc diém dit liéu dau vao 1a 1m, tham sb ti
1€ Iya chon Ia 1, thi ngudng do cong lua chon nén la 0,3;
0,4; hay 0,5.

Néu gid tri t qua 16n dudc ap dung cho nhiing khu vuc
c6 thuc vat thip sé gay ra 18i cho qud trinh phan loai. Hay
nhiing khu vuc cé dia hinh phic tap, viéc lya chon mot
ngudng dd cong két hop véi ti 1& dugc st dung dé€ nham
dat dugc két qua phan loai chinh xic cao hon.

Theo [11], d€ lya chon ngudng do cong phu hop véi khu
vuc khio sat, tét nhat nén bit diu véi r = 0.3, sau d6 tién
hanh ting thém 0.1 cho dén khi dat dudc két qua phan loai
t6t nhét.

Vi vay dé€ c6 thé lya chon tham sd tot nhit cho khu vuc
khéo sit, can tién hanh thi nghiém va tim ra gia tri t cho
thuat toan MCC.

1. THU NGHIEM VA PANH GIA
1. Dt liéu thi nghiém

Dit liéu LiDAR thtt nghiém la di liéu dugc do bdi LiDAR
hang khong (ALS - Aerial Laser Scannintg). Dt li€u thu
thap thong tin vé khu vuc song Eel cia My, chim budc
song la 1064nm, do cao cua tia quét la 45m, géc phuong
vi tia quét la 315 d9. Dt liéu dugc do vao thang 7 nam
2014, dugc tai vé ti trang web http://opentopo.sdsc.edu,
day la trang web dudc cung cip bdi National Center for
Airborne Laser Mapping (NCALM). Ddm may diém bao
gdm 943.843 diém c6 toa dd (x,y,z), mat do diém quét 1a
2,16 diém/m?. Toa dd cta khu vuc thit nghiém la:

Xmin = 420893.5611; Ymin = 4467227.0495
Xmax = 421466.8754; Ymax = 4467690.4093

2. Thit nghiém phan loai dim may diém véi MCC

1) Tién hanh chay phdn loai MCC véi cdc tham sé dwoc
lya chon s = 3vat=0,3:

Ciu tric cau 1énh mcc-lidar lua chon tham sb:
\WindowsFormsAppl\WindowsFormsAppl\bin
\Debug>mcc—-lidar -s 3 -t 0.3

"E:\NCS\ThuNghiemMCC\points2.las"
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Hinh 3. M6 hinh DEM cua khu vuc khao sat

"E:\NCS\ThuNghiemMCC\output-2017-07-10-
9-46-47.1las" Reading 934.843 points

from ’""E:\NCS\ThuNghiemMCC\points2.las"

Chay phan loai v6i 3 mién ti 1é: SD1, SD2, va SD 3.
Trong d6, SD1 véi 9 lan lip, SD2 véi 5 lan lip, SD3 véi 6
lan 1ip. Trong mdi mién ti 1&, khi s6 diém dudc phan loai
vao nhém diém khong mit dit < 10% t6ng sd diém phéan
loai, vong ldp sé diing lai va chuyén sang mién ti 1& tiép
theo. BS sung tiéu chi chon s6 1an 1dp 9, 5, 6. Két qua phan
loai:
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Hinh 4. Céc diém dugc gan 16p sau phan loai véi 1 - diém khong
mit dit, 2 - diém mit dat

Ti 18 phan loai trong cac mién
(1]

0
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m5D m5D1 m5D2 ms03

Hinh 5. Ti 1¢ phan loai trong cdc mién ti 1&

C:\Users\MyPC\My Documents>mcc-lidar
-S

las ou

-t 0.5 points2.

tput.las
1 nd

Hinh 6. Két qua s6 diém mit dit sau phan loai véi t = 0.5

2) Tién hanh chay phdn logi véi s = 3, t = 0,5:

Khéi tao gid tri tham sb cho s va t:

Chay phan loai véi 3 mién ti 1&: SD1 9 lan lip, SD2 6
lan ldp, SD3 5 lan lip. Ti 1é phan loai trong mdi mién dugc
thé hién qua biéu do:

3) Vois=31t=07:

Lua chon tham s6 cho phan loai: Chay phan loai véi t

= 0,7 v6i 3 mién ti 1&: SD1 9 lan lap, SD2 5 lan 1ap, SD3
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Hinh 7. Ti 1& phan loai trong mdi mién vé6i t = 0.5
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sau phan loai

Hinh 9. S lugng diém thudc 16p mit dat

5 1an lip. Ti 1& phan loai qua mdi lan lip cta 3 mién ti 1&

dugc thé hién qua so dd sau:

3. Panh gia

-t 0.7 points2.las

Qua qua trinh thif nghiém véi bd dit liéu 943.843 diém,
thtt nghiém 3 1an véi gia tri tham sb s =3, gia tri t = 0,3;
t=05vat=0,7.

Hinh 10. Céc diém sau phan loai véi t = 0.7

Ti 1& phan loai trong mién ti I&

35

30

25

20

15

10 |
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Tilé phan
loai

msDl ms3DZ msD3

Hinh 11. Ti 1& phan loai trong cdc mién véi t = 0.7

Trong 1an phan loai vé6i t = 0,3 c6 147.775 diém dudc
gan vao 16p mit dat.

Phan loai véi t = 0,5 c6 164.227 diém dugc gin vao 16p
mit dat.

V6i t = 0,7 c6 175.873 diém dugc gan vao 16p mit dat.

D€ c6 thé danh gid va lua chon dudc tham s t, so sanh
két qui sau phan loai v6i két qua dudc chay phan loai
trang http://opentopo.sdsc.edu. Trén trang opentopo, dam
may diém sau khi dugc thu thap, bién tip sé dudc phan
loai véi thuat toan BCAL (BCAL LiDAR tool). Pay la mot
ma ngudén md dudc phat trién bsi Phong thi nghiém Boise
Aerospace cua Pai hoc Idaho. Py la thuit toan phan loai
du liéu LiDAR dua trén thudc tinh do cao, va thi tu tia
phén xa, chii yéu dudc st dung d€ phan loai 16p thuc vat,
nhu xac dinh mo6 hinh tan cdy. Tuy nhién, thuit toan nay sé
cho két qua phan loai khong chinh xic v6i nhiing di liéu
nam & gan bién.



Cic cong trinh nghién cifu phat trién Cong nghé thong tin va Truyén thong

7 points (1).6t - Notepad 7| points2.tit - Notepad

File Edit Format View Help File Edit Format View Help
428979.25 4467696.37 141.37 A2@996 .45 AA67690.38 148.308
428953 .87 4467693.58 132.43 A20999 .63 4467690 .34 141 .80
4208897.11 4467694.53 118.88 428999.85 4467689.45 143.17
420893.68 4467694.45 115.75 420995.92 4467689.65 143.73
420890.55 4467693.71 114.44 429995.78 4467689.31 139.49
420893.79 4467693.62 115.48 420992.96 4467690.19 148.41
4208951.89 4467691.85 138.32 428986.4@ 4467689.90 1408.90
420995.78 4467689.31 139.49 428983.2@ 4467689.92 139.12
420951.21 4467698.72 129.25 429980.17 4467690.31 142.80
420896.49 4467692.50 117.36 420949.91 44676908.39 128.33
A20924.,25 A4467691.27 123.87 A420981.94 4467689.65 129.18
4208949.91 446769@.39 128.33 428985.15 4467689.61 148.73
420995.80 4467688.34 139.17 428991.82 4467690.16 151.53
429985.51 4467688.69 137.58 420994.67 4467689.48 143.98
420943.86 4467689.75 125.07 428937.77 4467689.15 142.86
420948.62 4467689.82 123.84 4208998.24 4467688.43 142.29
428995.16 4467688.72 143.84
220895, 20 4467690.61 115,09 2 | 120995.00 4467683.34 139.17
198914, 47 446768884 124,05 428992.28 4467689.25 148.57
420991.95 4467688.70 141.66
420982.97 4467687.9@ 136.65 120985 81 446768586 141.75
4208986.14 4467687.88 137.37 420985 .64 4467685.97 141.08
caooes 52 saerelT 74 182 2| nemes 51 oo oo 107

420950.37 4467689.73 128.73
420943.37 4467687.55 122.47 420947.48 4467690.27 133.53
420921.06 4467688.54 120.91

428944.85 4467690.03 128.52
428894.35 4467688.83 112.76 420943.86 4467689.75 125.87

PORR RN R R R R R R R RN R R R R R R R RN MR N R

NRRERRNRPREPRRERNRPEPERRERPPEPENRERRBRNERE R

Hinh 12. Piém thudc 16p mit dit dugc phan loai tir trang
opentopo.sdsc.edu

Bang I i .
SU THAY POI Ti LE PHAN LOAI TRONG MOI MIEN
KHI CO SU THAY POI CUA NGUOGNG PO CONG

t D Tilé phén loai

51 19 37 il 13 74 4 12 13 0,79
t=03 | sm s 15) o5 o041 006

503 42 0,85 042 0,075 0,028 00041

1 W ox  # Bl 55 34 19 1] o3
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503 39 0,53 02| 0,003 0,005

1 g oxn o2 u sy 33 18 12 08
t=07 | 502 34 11 047 012 0,034
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Két qua phan loai dudc chay tu dong véi dam may diém
trén trang http://opentopo.sdsc.edu c¢6 166.280 diém thudc
16p mit dat.

S6 diém léch ciia titng két qua thit nghiém so véi két qua
phén loai ctia Opentopo nhu sau:

o t=0,31&ch 18.505 diém, sai s6 1,96
o t=0,51é&ch 2053 diém, sai s6 0,21
o t = 0,7 l&ch 9593 diém, sai s6 1,01

Su thay d6i ctia ngudng do cong con thay ddi dén sb lan
ldp ctia mdi mién ti 1é va diéu kién hoi tu cla thuat todn
ciing thay d6i véi 3 gid tri t khdc nhau.

Diéu kién hoi tu ciia SD1 1a 0,0041 ; SD2 1a 0,0055 va
SD3 la 0,0091.

Trong 3 gid tri tham sb t dugc Iwa chon cho s = 3 ta thiy
v6i t = 0,5 két qua phan loai c6 s6 di€ém sai léch 1a nho
nhét 2,1%.

Hinh 13. M6 hinh TIN cta khu vuc do dugc thanh 1ap sau phén
loai dém may di€ém véi MCC

Hinh 14. M6 hinh 3D cua khu vuc song Eel

Tit d6, c6 thé thiy rang tham s t sé quyét dinh dén qua
trinh phan loai mot diém thudc 16p mit dat hay thudc 16p
khong mit dat. Khi t thay d6i sb luong diém dudc gan vao
16p miit dat thay d6i. Va lua chon t phit hdp véi mién ti 1&
gilip cho qua trinh phan loai c¢6 d6 chinh xac cao hon.

V6i dit liéu thit nghiém 1a khu vuc ven song El, véi dia
hinh khéng phiic tap va nhiéu thuc vat, thuit toan MCC
phan loai dam may diém LiDAR cua khu vuc dip tng
dudc yéu cau phan loai d€ thanh lap DEM/DTM ctia khu
vuc.

IV. KET LUAN

Bai bdo da trinh bay thuat toan MCC trong phan loai
ddm may diém LiDAR, tién hanh thi nghiém va lua chon
gia tri tham sb ngudng do cong cho dif liéu lya chon. Bo
dit liéu v6i 943.843 diém dudc phan loai v6i 3 gid tri tham
s6 ngudng do cong khac nhau. Sau khi phan loai, cic diém
dugc gan vao 16p mit dét (2) hay khong mit dat (1), nhan
thdy ring v6i s = 3 thi lua chon t = 0,5 1a gi tri phu hop
dé phan loai.
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