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TOM TAT

Hién nay, rong xu huong tw dong hoa cac quy trinh trong San xudt cong nghiép dang ngay
cang tré nén phé bién va quan trong do nhu cdu tang cuong hiéu sudt, do chinh xdac va gzam thiéu
tai nan cho céng nhan tai nhitng méi treong chdt hep, nguy hiém, c6 nguy co anh hieong dén sirc
khoe. Trong boi canh nay, xe tw hanh AGVs (Automated Guided Vehicles) dong vai tro quan trong
va hiéu qua, gép phan to 1om vao qud trinh tw dong héa toan dién trong cdc nha may va kho hang,
tham chi tai cac bénh vién, trung tam thwong mai hodc san bay. Cong nghé quan trong nhat ciia xe
AGVs nam ¢ bé diéu khién c¢6 chire nang dinh vi dwoc vi tri va diéu huong AGVs di chuyén trong
méi tricong. Trén thé gidi, hién nay cong nghé diéu hwéng cé dwong dan hodc khong c6 dwong dan
da dwoc phat trién va tham chi ung dung rong rai vao cdc hé théng thuce té. Co thé thcfy duwoc cac
gidi phap xe AGVs tai thi truong trong nuwée con khd han ché, chii yéu cdc cong nghé dwoc nhép
tir nuwdc ngoai voi chi phi cao va dat do, dac biét véi cdc logi xe tw hanh khong swr dung dwong
dan cé san, tirc la diéu hwéng tie nhién bang cdc cam bién nhw LiDAR. Pé gidi quyét nhitng théch
thure nay, viéc phat trién va cdi tién cdc thudt toan diéu khién cho AGVs la rat can thiét. Mot trong
nhitng phwong phép néi bét trong linh vuee nay la thudt todn SLAM (Simultaneous Localization and
Mapping), cho phép robot vira dinh vi chinh xdc vi tri ciia minh, vira tao ra ban dé méi triong xung
quanh.

Tw khoa: AGVs; Xe tuw hanh; LiDAR; Tu dong hoa.
ABSTRACT

Currently, the trend of automating processes in industrial production is becoming
increasingly popular and important due to the demand for enhanced efficiency, accuracy, and
the reduction of accidents for workers in narrow and hazardous environments that may affect
their health. In this context, Automated Guided Vehicles (AGVs) play a crucial and effective role,
significantly contributing to the comprehensive automation process in factories and warehouses, as
well as in hospitals, shopping centers, and airports. The most important technology for AGVs lies
in the control system, which is responsible for accurately locating and directing the movement of
AGVs within the environment. Currently, guidance technology with or without navigation has been
developed and even widely applied in real-world systems. It is evident that AGV solutions in the
domestic market are still quite limited, primarily relying on imported technologies that come with &
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high costs, especially for self-driving vehicles that do not use existing guiding paths, meaning they

navigate naturally using sensors like LIDAR. To address these challenges, it is essential to develop
and improve control algorithms for AGVs. One of the prominent methods in this field is the SLAM
(Simultaneous Localization and Mapping) algorithm, which allows robots to accurately determine

their position while simultaneously creating a map of their surrounding environment.

Keywords: AGVs; Autonomous vehicles;, LiDAR; Automation.

1. GIOI THIEU

Trong qua trinh nghién ciru va phat trién
doi séng con ngudi, nhiéu cong co thé dugc
thuce hién b1 robot, bao gém van chuyén, cham
soc stre khoe, ctru ho va nhiéu hon nira. Robot
ctia thé gidi hién tai chi c6 thé hoat dong hiéu
qua trong nhimg diéu kién rat han ché. Bé giai
quyét cac van dé nay trong twong lai, ching ta
can cac thuat toan nhanh va dang tin cdy cho
robot AGVs.

Van dé dit ra trong linh vuc nay 1a lam
thé nao dé dinh vi hiéu qua mot robot va tao
ban db chinh x4c nhét c6 thé, mot trong nhiing
phuong phap phd bién hién nay dé 13 dinh vi
va lap ban d6 dong thoi SLAM (Simultaneous
Localization and Mapping).

Mot trong nhiing thuat toan phd bién
va quan trong trong SLAM la ICP (Iterative
Closest Point), dugc str dung dé can chinh
hinh hoc cac dam may diém 2D ciing nhu 3D
va dang ky dam may diém bang cach tinh toan
phép bién d6i t6i wu gitta cac tap hop diém.
Nhiéu cong trinh nghién ctru di tap trung vao
viéc cai tién ICP dé nang cao hiéu suit SLAM.

Chéng han, cic nghién ctru nhu [1] da
dé xuat cac giai phap toi uvu hoa giai doan chon
diém, ghép diém twong tmg va thém trong sb
dé tang tde d06 hoi tu va do chinh xac cua ICP.
Trong khi d6 [2] nhin manh viéc duy tri tinh

nhit quéan toan cuc khi cin chinh nhiéu khung
dir liéu quét.

Ngoai ra, [3] gidi thi¢u phuong phép
ICP-SLAM cuyc bd nham giam chi phi tinh toan
trong moi truong 16m. Cac cai tién nay da gop
phan quan trong vao viéc ning cao hiéu qua
ctia ICP, song van con tiém nang dé tdi uu hon
nira. Trong bai bao nay, chiing t61 tap trung vao
viéc cai thi€én mot thong sb trong thuat toan
ICP, nham nang cao do chinh xéac cua no trong
cac img dung SLAM don gian, co chi phi thap,
tir 46 dé xuat mot giai phap hiéu qua hon cho
robot AGVs trong mdi truong phuc tap.

Trong phén tiép theo, chung t6i s& di sau
vao viéc trinh bay cac khai niém 1y thuyét can
thiét dé hiéu rd hon vé thuat toan ICP (Iterative
Closest Point), mgt trong nhitng phuong phap
cbt 151 trong linh vuc SLAM, mdt yéu tb quan
trong trong viéc dinh vi va 1ap ban dd d@)ng thoi
cho xe tr hanh AGVs.

2.CO SO LY THUYET
2.1. M6 hinh toan cho thuat toan ICP

Y tudng cia thuat toan ICP 1a néu c6
su tuong tmg giita 2 tip hop ddm may diém
(correspondence), nghia 1a biét duoc nhitng cip
diém C = {(i, ) : m, <> s,} trong 2 tap diém ung
v6i nhau theo mot tiéu chi nao do, trong pham
vi thuat toan 1a diém c6 khoang cach gan nhat,
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ta luon tim dugc chinh xdc phép bién doi tir tap
diém mau dén tap diém nguon. Nhung trong
thuc té, chung ta khong biét duoc sy tuong tng
nay, do d6 ching ta can thyc hién Idp lai cac
budc du doan chuyén d6i dé sai 1éch giita tap
ngudn va tap mau nho dan dén ngudng hoi tu.

Cho S va M lan luot 1a tap diém nguf)n
(source point cloud) v&i N diém va tap diém
mau (model point cloud) voi N, diém. Muc
dich cua thuat toan la tim mot phep bién doi
ctimg T gdm mot ma tran xoay R va vector dich
chuyén t dé can chinh tip M khép véi tap S,
nghia 1a 1am cho biéu thtrc sau nhé nhat:

E(R,t) N%Z”mi—(RSE-th"z (1)

V6i N 1a s6 lugng cap diém twong tng.

Pé tim ma tran xoay R va vector dich
chuyén t, sir dung phuong phap SVD (Singular
Value Decomposition). Trudc tién tinh trong
tam cua 2 tap diém.

GoiC={(i,j):m <>s } la tap hop céc cap
diém twong tmg. Ma trin hlep phu:ong sai chéo:

H= Z (m:' - C.M‘) (55 - Cajr (3)
fi.jlec
Phén tich SVD:
SVD(H) = UzvT 4)

Ma tran xoay dugc tinh boi:

R=VU' (5)

Vector dich chuyén dugc tinh bai:
t=C,-RC,, (6)
2.2. Lwu d0 thuét toan ICP

Thuat toan ICP dugc thuc hién qua céc
budc nhu sau:

Thirnhat, tim tap hop cac cap diém twong
ung glua 2 tap dir liéu diém bang cach tim diém
gan nhit trong tap S cho moi diém trong tap M.
Str dung cong thirc khoang cach Euclidean:

—_—
d, =min{ ||mf—5}.2},j= 1,..,Ng (7)

Hoac su dung phuong phap kd-tree dé
thyc hién tim diém gan nhét. Xay du:ng kd-tree
cho tap S lic khdi tao, sau d6 véi mdi diém m,
trong tap M, sir dung kd-tree dé tim diém s gan
voim, nhét trong S. Két qua thu duoc 1a tap hop
cac cap diém tuong img C = {(i, ) : m; & s}

Thu hai, tinh toan ma tran hi¢p phuong
sai H, sau d6 thuc hién phép phan tich SVD d¢
tim ra ma tran xoay R va vector dich chuyén t.

Thu ba, tinh toan tap S sau khi 4p dung
phép bién doi:

-Rs,+1 (8)
Thuc hién lap dén khi sai s E(R,t) nho
hon ngudng nhat dinh hodc dat duoc do chinh
xac yéu cau cua thuat toan.
2.3. Tao ban do toan cuc véi thuat toan ICP
Khdi tao vi tri robot trong toa do toan

cuc P(x,y, 0) =P, = (0,0,0) va khoi tao lan quét
dau tién vao ban do M.
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Khoi tao phép bién d6i ban dau.

Di chuyén robot dén vi tri mai P., doc
di li¢u lidar ¢ vi tri nay, gan khung dir li¢u
S.. Dtt li¢u lidar ¢ vi tri truéc do S_| dugc gan
thanh khung dir liéu mau.

Tinh toan phép bién doi gitra khung S,
vas, bang thuat toan ICP.

T =(R,t)=ICP(S,_,S) (9)

Tinh toan ma tran bién doi toan cuc cho
khung dir li¢u S..
T=TT,... T

Bién doi khung dir li¢u S, v€ toa do toan
cuc va thém vao ban d6 M..

M, =TS,

Quay tré lai budc 2 va lap lai dén khi
tao duoc ban d6 hoan chinh.

3. PHUONG PHAP NGHIEN CUU

Outliers (ngoai lai) 1a nhiing diém
khong c6 sy tuong ting chinh xac gitra hai tap
diém, thuong do nhiéu, do dac sai, do cac diém
khong chong lap giira hai tap dir liéu hodc do
khoang céch gitra 2 diém 16n hon mot ngudng.
Trong ICP, outliers c6 thé din dén sai 1éch phép
bién doi, vi vy viéc loai bo hodc giam anh
hudng cua chung 13 rat quan trong.

Véi 2 tap hop diém S = {84 Sps +ens sn'}

vaM={m,m, .. m} tim diém gﬁn nhat
trong tap S cho moi diém trong tap M.

iy =5, —my | (10)

Thu dugc t@p khoang cach d = {d,, d,,
wnd }va tép ch,i s0 twong k = {k, k,, o k }.
Thyc hién sap xép "d" theo thir tu tang dan d’
={d,, dyp ... d)}, v6id <d, <..<d.
Phép hoan vi n(1) dugc dinh nghia: dn(i) = d(i).
Trong d6 n(i) 13 4nh xa chi s6 ban du cua d,
sang vi tri cua nod trong d’.

Luya chon ty 1€ cac cdp diém inliers r (dé
loai bd cac outliers):

Ninliers = |_T ' ?’l]

Tap chi s6 cac cap diém inliers duogc
xac dinh béi:

K= {n(1),n(2),...,n(n . )}

Céc phép tinh dé tim ra phép bién ddi
giita 2 tap dit liéu duoc trinh bay & phan trudc
s€ duoc thuc hién trén tap inliers.

4. KET QUA VA THAO LUAN
4.1. Moi truong mé phong
Thuat toan dugc ap dung xu 1y dir liéu

thuc té lay tir lidar cling nhu dit liéu mo phong
trén moi truong PyGame.

Hinh 1. M6 phong moi truong va lidar
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Céc thong sd ddc tinh cua lidar trong
moi truong mo phong nhu sau:

Tam quét 450 (pixel)
Goc quét 360°
Do phan giai goc quét 0.72°
Nhiu Gaussion vé goc 0.02
Nhiu Gaussion vé khoang cach 0.004

Phuong phéap dugc st dung dé danh gia
sai I¢ch trong thuat toan 1a RMSE (Root Mean
Square Error), so sanh dit li¢u vi tri thu dugc
thong qua thyc hién thuat toan voi dir li€u vi
tri thuc té cta robot trén ban d6 (ground truth),
duoc xac dinh qua phuong trinh sau:

N
%)+ (v, — F)2
RMSE — Z(x; ) N(y; ) (an
=1

Voi:

- X, y; la toa do vi tri thuc té cua xe.

- X,,¥, 1a toa do cua xe thu dugc boi
thuat toan.

-Nlasd lugng vi tri dugce xét toi.

4.2. Két qua dat dwoc

Két qua ban do khi thay d6i chi sé inlier
ratio:

Inlier ratio

Map
T --F \
0.70 ‘. P

RMSE = 15.0382

0.80 .

RMSE = 11.5834

F 1 _1.

0.85

IL_ 1
RMSE =12.1637
0.95 L_l\__ ,

RMSE = 19.5066

Hinh 2. Ban do thu dwoc va sai s6 RMSE twong
wng voi cdc gia tri inlier ratio

1 J DE2 o
Inker Ralis

Hinh 3. Sai s6 RMSE theo gid tri Inlier Ratio

Nhaén thay khi inlier ratio ting gia tri tir
0.7 1én 0.8, sai s6 RMSE giam manh, két qua
ban dd thu duoc chinh xac hon, cho théy duoc
nhiéu diém twong ng phu hop dugc 1iy hon,
tang chinh x4c ctia ma tran bién ddi tur thuat
todn. Nhung khi inlier ratio tang 1én 0.85, va
sau d6 tang dén 0.95, sai s6 RMSE ting lén,
nghia 13 nhiéu diém nhidu dugc 1iy hon trong
qud trinh tinh todn, lam gidam d¢ chinh xac cua
thuat toan. Tom lai, khi inlier ratio qua thap
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(0.7) hodc qua cao (0.95), s diém thuat toan
ldy dé tinh toan qua it (b6 qua cac diém quan
trong) hodc qua nhiéu (nhiéu), 1am anh hudng
dang ké dén két qua. Nhan xét trén phi hop véi
Iy thuyét, cho thay thuat toan ICP nhay cam véi
nhidu, va can ti 1& inlier phu hop dé dat duoc
két qua tot.

5. KET LUAN

Trong nghién clru nay, chung toéi da
trinh bay mot cai nhin tong quan vé thuit toan
ICP (Iterative Closest Point) trong bdi canh
dinh vi va 1ap ban dd dong thoi (SLAM) cho xe
tu hanh AGVs. Qua céc thi nghiém mo phong,
chung to61da chira rﬁng viéc lya chon ty 1€ inlier
cho cac cip diém tuong Gmg c6 anh huong dang
ké dén do chinh xac ctia phép bién doi va két
qua ban do.

Két qua cho thdy, khi inlier ratio ting
tir 0.7 1én 0.8, sai s6 RMSE giam manh, cho
thdy rang nhiéu diém tuong tmg phu hop hon
da duoc léy, tor d6 nang cao do chinh xac cua
ma tran bién doi. Tuy nhién, khi inlier ratio tiép
tuc tang 1én 0.85 va 0.95, sai s6 RMSE lai ting,
cho thay sy nhay cam cua thuat toan véi nhidu
va sy can thiét phai c6 mot ty 18 inlier t6i uu.

Dua trén nhirng phat hi¢n nay, chiing t61
nhan thay rang moi h¢ thong SLAM c6 nhitng
dac diém riéng biét vé phan cling va cam bién,

do d6 viéc diéu chinh inlier ratio can phai dugc
thuc hién mot cach can than dé dat duoc két qua
t6t nhat. Chung t6i ciing dé& xudt viéc nghién
ctru thém cac phuong phap tu dong toi wu inlier
ratio trong tuong lai, bao gébm khir nhidu va
ung dung cdc mo hinh hoc may.
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