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Tom tét - Xe tw hanh 1& moét phuwong tién véi kha nang hoat déng
ma khéng can sy diéu khién hay can thiép truc tiép tir con ngudi.
DPay dang la hwéng di twong lai, méot xu thé trong nganh céng
nghiép xe dang ngay cang hién dai va phat trién hién nay vi thé
viéc hinh thanh cac khai niém vé xe tw hanh ccling nhw buéc dau
xay dwng ban db s6 hoa cho xe déng vai tro rat quan trong tao nén
d liéu co s& tbt cho viéc van hanh xe tw hanh. V&i muc dich cha
déng trong qua trinh xay dung ban db sb, bai bao d trinh bay mot
phwong phap xay dung ban d6 dam may diém st dung thuat toan
Normal Distribution Transform (NDT) v&i di¥ liéu thye thu dwoc tir
Velodyne. Két qua trong bai bao déng vai tro trong co s& nghién
ctru, phat trién va tich hop véi hé théng xe tw hanh tai Viét Nam.

Tir khéa - Xe tw hanh; ban db sé; ban dd dam may diém

1. Pat vin dé

Xe tu hanh vé co ban 1a phuong tién thong minh c6 su
két hop cua cac phan ctng, phin mém ma khi dwoc kich
hoat c6 kha nang thyc hién cac hanh dong nhu di chuyén,
dinh hudng, nhan dién vat thé, tranh va cham, ding khén
cép, ... mot cach ty dong, tirc 1a c6 kha nang cam nhén va
phan mg véi mdi truong xung quanh phuong tién. Hién
nay, c6 rat nhiéu cac hing dang tham gia nghién ctru va thir
nghiém vé xe tu hanh nhu: Uber [1], Apple [2], BMW [3],
Tesla [4], ... Xe tu hanh hién nay c6 thé chia ra lam 5 cap
d6 tu hanh [5]: Tir don gian chi hd trg ngudi 14i xe cho téi
tu lai hoan toan trong moi diéu kién, khong can su c6 mit
ctia nguoi diéu khién xe.

Khi xe tw hanh duoc hoan thién va img dung pho bién,
gia tri n6 dem lai sé tac dong tich cuc dén doi séng con
nguoi [6]. Trudc tién, xe ty hanh s€ dong vai tro quan trong
trong viéc lam giam tinh trang tai nan giao thong do sy bat
can cua nguoi dleu khién phuong tién. Pdng thoi, n6 ciing
gitip giam un tic giao thong khi tat ca cac xe tu hanh tham
gia giao thong s€ co thé phdi hop thong tin dir liéu v6i nhau
nham tao nén mot co s¢ dir liéu hd trg trong qua trinh diéu
tiét va phan ph01 giao thong. Vi sy phat trién cia xe tu
hanh, viéc diéu khién phuwong tién tham gia giao thong s&
tré nén dé dang, thoai mai hon cho nguoi 1ai xe. Ngoai ra,
xe ty hanh dugc trang bi rat nhiéu loai cam bién khac nhau
nén ngoai chirc nang danh cho véan chuyén ching con c6
thé giai quyét cac van dé vé giam sat, 1ap ban dd va phat
hién sy thay ddi cia moi trudng.

Trong qua trinh nghién ctru xe ty hanh, vi tri dia phuong
clia xe va moi trudng xung quanh yéu cdu do chinh xac cao
chinh 14 thach thirc dat ra cho cac hé théng xe tu l4i [7].
Mic du, thong tin vi tri dia phuong tir GPS ciia xe c6 thé
dam bao hd trg di cho nguoi diéu khién phuong tién,
nhung d¢ chinh xéc ciia n6 khong du dé diéu hudng xe tu
1ai. Thay vao do, do chinh xac ctia xe nén dugc tinh toan

Abstract - An autonomous vehicle is a vehicle with the ability to
operate without direct human control or intervention. This is the
future direction, a trend in the car industry that is increasingly
modern and developing today, so the formation of the concepts of
autonomous vehicles as well as the initial construction of digital
maps for vehicles plays a very important role in creating good
baseline data for autonomous vehicle operation. With the purpose
of actively building a digital map, the paper presents a method of
building a point cloud map using the Normal Distribution Transform
(NDT) algorithm with real data obtained from Velodyne. The results
in the paper play a role in the basis of research, development, and
integration with autonomous vehicle systems in Vietnam.
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va thyc hién bang cac phép do tir cac cam bién va hinh anh
tich hop trén ban do s6. Pay chinh 14 cach dé xe tuy hanh c6
thé tu dinh vi duoc vi tri cua no trong moi trudng cu thé
mot cach chinh xac nhét.

Velodyne gin trén noc xe chinh 1a phwong 4n hiéu qua
dam bao tinh dinh vi cla xe ty hanh. Qua trinh quét cta
velodyne s& cung cép dit liéu ddm may diém chinh x4c voi
pham vi rong theo thoi gian thuc nhung lai kha thua thét
va khong dong nhat. Cac dam may diém thu duogc tir
Velodyne ban dau thu duoc trong hé théng toa d0 cuc bo,
¢6 thé dich chuyén theo toa d6 cua gps thuc té do duoc. Tur
d6 xe tu hanh c6 thé tu dinh vi vi tri coa nd trong moi
truong mot cach chu dong dya trén ban dd tao nén tr dix
liéu quét cia Lidar Velodyne. Cé rat nhidu thuat toan co
thé str dung trong qua trinh xdy dyng ban dd s6 hoa nay
nhu: Generalized- Iterative Closest Point (GICP) [8],
Iterative Closest Point (ICP) [9], Normal Distribution
Transform (NDT) [10], ... Tuy nhién, trong pham vi bai bao
nay, voi viéc dugc nhiéu héng 16n st dung, bai bao da lya
chon va st dung thuat toan NDT dé xay dung duoc ban dd
dam may diém chi tiét va moi trudng xung quanh cho xe
tu hanh.

2. Phuong phap va cach thuc hién
2.1. Phuwong phép nghién ciru
2.1.1. NDT Scan matching

Phuong phép st dung NDT da dugc sir dung tir dau
nhimg ndm 2000 va dugc Biber phat trién nam 2003 [11].
Sau d6, Akai cung cac ddng nghiép phat trién thuat toan
1én bang cach thém cac thong tin vé dudng sa thong qua
cuong d6 va mat do cua anh sang Pén nam 2019, Sobreira
so sanh vé viéc sir dung ba thuét toan perfect match (PM),
ICP va NDT dé tim kiém cac diém gidng nhau dé xem tinh
dap umg cua cac phuong phap [13]. Nam 2020, Veli va
Charles kiém tra viéc tao ban d6 bang cach st dung thém
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con quay chuyén hoi (IMU) va hé théng dinh vi toan cau
(GNSS) va cho két qua v6i do chinh xac cm khi s dung
NDT [14]. Cling trong nam 2020, nhém céc nha nghién ctru
tir Pai hoc Nagoya ciing sir dung thuat toan NDT dé thur
nghiém véi 10 loai velodyne khac nhau dé xem anh hudng
clia cac sensor dén viéc tao ban d6 [15]. Nguyén tac co ban
clia viéc xay dung ban d 1a viéc chia cac diém anh trong
khong gian vao trong cac ludi 3D sau d6 lay gia tri trung
binh cua cac sub-pointcloud dugc gan vao.
My

1
Pr = M_kz Xki

i=1
1 oM
Yk = M_k2i=k1(xki — pi) Cei = pi)” @
Trong d6, x; = (x;,¥;,z;)" voii= 1:M; M 1a vector M

dlém Xi.

Viéc chuyén d6i giira vector X sang vector M duoc thuc
hién boi x; = Rx; + t' trong d6 R 1a ma trén quay va t’ la
vector chuyén doi.

Hé s6 dé danh gi4 (E — ham muc tiéu) giita thong sé dau
vao X va dau ra M s€ duoc tinh toan thong qua cong thir
(2) duoi day. He sO E cang cao dong nghia véi viéc thong
sO dau vao ciia dam may la ban d6 cang dugc cin chinh
chinh xac.

=T Y7 (! —p;
E(X,t) = Bl exp P02 (100 @
Sau dér, vjéc chuyén ddi duoc tiép tuc st dung dé tim
kiém h¢ so t0i uu t thdng qua cong thirc Newton, qua dé
vector t s€ dugc cap nhat lai (3).
thew =t — H_lg (3)

Trong do, g va H 1a vi phan bac mot va bac 2 cua ham
f(t) = - E(XY).

2.1.2. Tiéu chi danh gia két qua NDT

Thong thuong NDT s& dugc danh gia thong qua 3 tiéu
chi co ban: Tinh lap lai, h¢ so muc tiéu, va xac suat chuyén
dbi. Tinh l3p lai chinh 14 s6 1an tinh 13p lai cta cong thirc
Newton sao cho ket qua t dugc gan nhat so voi ket qua thue
té. Hé s6 muc tiéu‘ thé hién su chéph léch gitra hai diém
quét dugc quan 2 1an quét, khi h¢ s6 nay nho tirc 1a su sau
khac gitra hai diém trong khong gian 1a 16n va nguoc lai.
Cudi cung la xdc suat chuyén doi chinh la ma trén cua hé
s0 muc tiéu tai mgt dieém N nhat dinh cta thong so dau vao
tur scan.

2.2. Cach thuc hié¢n

2.2.1. Xdy dung phan cirmg dé thu thdp sé liéu

Camera 3D
(tuy chon)

Hinh 1. So d6 két néi hé thong

bé thue hién duoc viéc tao ban dd hé théng can it nhat
01 lidar va 01 IMU cgng véi may tinh nhung thyc hién viée
diéu khién va ghi lai cac thong s6 ciia 2 thiét bi sau khi thu
thap duoc cac so lidu. Trong thi nghiém nay Velodyne
VLP-16 dugc chon st dung, vi day la loai thong dung va
dang duoc nhidu hing xe ty hanh trén thé gidi st dung.

Hinh 2. Hé thong thu thip ban do thiee té

Toan bd thong tin cua hé théng duogc cap nhat va st
dung hé diéu hanh robot (ROS) dé dong b hoa ciing nhu
thuc hién viéc thu thdp dir licu. Cac ban tin thu dugc tr
VPL-16, IMU, ciing nhu camera duoc tong hop va xir Iy
trong khi hé théng di chuyén doc khu vuc thu thap dir lidu.
Hé théng duoc di chuyén tao thanh mot vong kin dé co thé
lién két cac dit liéu va dong bd hoa dit liéu khi tao ban dd.

Thuat toan NDT cling dugc 1ap trinh trén ROS va thuc
hién vi€c xtr 1y trén may tinh nhung Jetson-TX2 sau khi
thuc hién xong qua trinh ghi lai & thyuc dia.

/home/phannam/autoware.aifsrc/autowarefcore_perception/lidar_localizer/launch/approxi...

6749 points.
n points: 2542 points.
ransformed_scan_ptr: 16749 points.

» -0.8592365,

-0.0635941, 1.84087)

- 3 -0.0401296
5 02 -0. 2r2713 -0.0769355
635512 -0.0590821 0.996228
0

Hinh 3. Quad trinh xir Iy NDT trén mdy tinh nhing

2.2.2. Luu do thudt todn

Tin hiéu cua cac diém trong khong gian thong qua
Velodyne ¢ lan quét thir nhat dwoc dua vao nhu 1a ban db
s6 dAu tién. Xong d6 1an quét thir 2 s& duoc thuc hién, thong
qua sy hi€u chinh ctia con quay chuyen hoi (de giam thiéu
anh huéng cua rung dong khi di chuyén). Két qua sau khi
hiéu chinh 1an quét thir 2 s& thong qua thuat toan NDT dé
tim cac diém chung. Sau khi x4c dinh dugc cac diém chung
giita lan quét thir 2 va lan quét thi nhét, cac diém méi cia
lan quét thir 2 s& dwoc cap nhat 1én ban db cua lan quét thir
nhit dé tao ra ban d6 hoan chinh hon. Qua n 1an quét, chung
ta s& tao ra dugc 1 ban dd hoan chinh théng qua phwong
phap NDT. Hién tai véi thiét bi trong thi nghiém nay,
Velodyne s& thuc hién 10 1an quét trén mot gidy.
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Céc diém quét
duoc trong
khéng gian

Vij tri con quay
chuyén hoi

Thuat toan NDT dé
tim cac diém chung

v

Cap nhat cac diém
anh mai

Ban d6 d6 phan giai

cao

Hinh 4. Luu do thudt toan
2.2.3. Pia diém thu thap s6 liéu
Dia diém thu thap s6 liéu duoc chon 1a noi ¢o duong,
cay c0i, xe ¢, toa nha, ... Tat ca qua trinh thu thap dugc
thyc hién vao ban ngay va ngay trong truong Pai hoc
Phenikaa.
T8I

AT ‘ ¥
C{liI8D The Spagl'(s
‘ DuengiNGi
’ &

Hinh 5. Khu viee thu thdp s6 liéu

3. Két qua va Binh luin

V61 mot pham vi thyc nghiém cy thé tién hanh trong
diéu kién ban ngay, dir liéu file rosbag *.bag thu duoc qua
qué trinh quét Velodyne c6 dung lugng thu dugc 6Gb sur
dung thuét toan NDT tao ban dd khu vuc nay mat thoi gian
trung binh 20 phit. Két qua ban d6 dam may diém duogc s6
héa tir moi truong thuc té qua thuat toan NDT thu duoc
trong file *.pcd nhu dudi day:

Hinh 6. Ban do dam mdy diém

Ban d6 dugc tao boi thuat toan NDT ¢6 cac dic diém
rd nét, vé do twong phan mau sac cua cac vat thé trong moi
trudong vai Lidar Velodyne r6 rang.

WAl 157.159164
86145088
131.554062

CT7(§ Parkviewj Khu
dothi Dueng/Noi

Hinh 7. Khodng cdch do giita hai diém trén ban do

Dé danh gia d6 chinh xéc gitra ban dugc xay dung qua
thuat toan NDT va ban dd thuc, két qua do giira 2 diém A
va B cho thiy duogc su twong ddng vé mat kich thude gitra
ban d6 google map va ban d6 méi dugc khéi tao. Su chénh
l&ch gitra 2 ban dd c6 thé do viéc chon cac diém A va B tai
hai ban d6 khong dugc chudn xac.

Nhu vay, co thé théy, ban d6 duoc tao ra bai thuat toan
NDT 14 hoan toan c6 kha ning tmg dung dé tao ra dugc ban
dd 3D c6 d6 phan giai cao dé thuc hién phan sb hoa ban dd
va chuén bi cic nén tang co ban cho xe ty l4i sau nay.

4. Két luan

Bai bao dé cap dén phuong an st dung thuat toan NDT
cho qua trinh xay dung ban d6 s6 chat lugng cao cho xe tur
hanh véi Velodyne va thuc hién hoan toan boi cac chuyén gia
nguoi Viét Nam. Dy 1a mot trong nhiing cong trinh dau tién
tai Viét Nam thuc hién viéc nghién ctru va hoc hoi cong nghé
xdy dung ban dd do phan giai cao 3D tai Viét Nam dé tao co
s cho viéc dua xe tu hanh vao Viét Nam trong tuong lai.

Ung dung thuét todan NDT la mot trong nhiing phuong
phap phd bién duoc dé cap dén trong cac vin dé vé xdy
dung ban do s6. Nhom tac gia nhan thay qua qua trinh thuc
nghiém thi thuat toan NDT cho téc do xtir Iy diém kha
nhanh vé6i khéi lugng diém 16n, mang lai hidu qua tot va do
chinh xéc cao trong qua trinh tao ban do.

Nghién ctru bude dau xay dung duoc nén tang co ban
va hi vong sé& tiép tuc thuc hién dugc nhiéu nghién ctu
chuyén siu, dé tao ra mot nén tang ban d6 d6 chinh xac cao
cho Viét Nam. Lam co s& cho viéc phat trién vé khoa hoc
k¥ thuat sau nay.
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