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Tém tit

Su két hop robot di chuyén voi hé théng tw dinh vi
bang ban do s6 da dwoc nghién ciru va iing dung
rong rdi trong thuc e mang lai loi ich cho con
ngwoi trong nhieu linh vwec khic nhau. Chdt
lwong, dg chinh xdc cia cic hé thong nay phu
thudc rdt nhiéu vao cac cam bién laser trong qud
trinh xdy dwng ban doé s6. Nham ndng cao chit
lwong cho hé théng, cdc gidi phdp kj thudt va
cong nghé da dwoc ap dung. Song, voi cac gidi
phdp phan cimg, chi phi cho hé thong la khong
nho. Khi dé, viéc nang cao chdt heong hé thong
bang phan mém dwgce xem la mot gidi phdp hiéu
qud bdi tinh linh hoat, mém déo va tiét kiém chi
phi. Trong bai bdo nay, nhém tac gia dé xudt mét
gidi phdp tang cuong dir liéu dau vao ciia ciia cam
bién laser nham ndng cao chat lwong ban dé so.
Tién hanh thir nghiém trén mé hinh robot di dong,
qua dé khang dinh tinh hiéu qua cia giai phdp
trong viéc xdy dung ban do so.

Tir khéa: Robot, ban dé sé, cam bién laser: thudt
toan tang cuwong dir liéu.

Abstract

The combination of mobile robot with localization
and mapping system has been widely applied and
studied in different fields. The quality and the
accuracy of those systems depend highly on laser
sensors of digital map construction. Technical and
technological solutions have been applied in ovder
to improve the quality of those systems. On the side
of hardware solutions, the cost of systems is
expensive. In contrast, software solutions are
considered as an effective approach because of the
Aflexibility and the acceptable cost. In this paper, the
authors propose a solution to enhance the input
data of the laser sensor to improve the quality of
digital maps. Experiments on a mobile robot model
are performed to confirm the effectiveness of the
solution in digital map construction.

Keywords: Robot, digital map, laser sensor, data

enhancement algorithm.

1. M& dau

Sy két hop robot di chuyén véi hé théng ty dinh vi
bang ban d6 s6 da dugc nghién ciru va tmg dung rong
rii trong thuc té, ddc biét cac linh vuc thiét bi tyr 1ai,
hd trg ngudi tan tat, xe van chuyén trong kho hang, y
té va qudc phong [1]. Hé théng dinh vi robot dira trén
nguyén 1y thuc hién qua trinh thiét 1ap su twong ng
gitra hé toa do clia ban dd s va hé toa d6 cuc bd cua
robot [2]. Ban d6 sb 1a su tai 1ap lai moi truong dya
trén thong sd dudng bién bé mat cia cac vat thé trong
mdi trudng xung quanh. Cac dudng bién duoc biéu
dién duéi dang hinh anh db hoa s6. Ban dd s co thé
dugc trinh bay dudi dang “sd liéu” hodc “cAu tric lién
két”, mo hinh s hoa cac vi tri vat thé, ddi tugng trong
pham vi khu vuc di quy dinh. Ban do sb co thé thiét
lap bé“mg cach st dung nhiéu loai thiét bi khac nhau
nhu 13 camera, cam bién siéu Am, cam bién do khoang
cach laser,... Trong d6, loai cam bién Lidar (Light
Detection and Ranging) 14 loai cam bién laser nhé gon,
don gian, gia thanh thap, phu hop lip dat vai robot di
chuyén. Pi c¢6 nhidu nghién ciru ap dung Lidar trong
viéc xay dung ban dd s6 va dinh vi [3-6]. Diém chung
trong cac nghién ciru nay la cac giai phap nang cao
chét lugng cua ban dd s6 2D, vi chét lugng ban dd sb
anh hudng truc tiép dén cac thuat toan dinh vi robot.
Nguon dit liéu thu nhan tir cam bién Lidar 1a ddu vao
quan trong dé 1ap ban do sb, tuy nhién nhing han ché
vé mit k¥ thuat hoat dong cua cam bién Lidar 1a rao
can rat 16n trong viéc dam bao chat lugng ban do sb.
Do d6 can c6 phuwong phap xu 1y dir liéu phi hop dé
giai quyét van dé nay.

Trong bai bao nay, nhom tac gia dé xuat mot giai
phap nang cao chat lwong dir liéu thu nhan tir Lidar,
tao tién dé ting chat lwong cua ban d6 sé 2D. Tién
hanh thtr nghi€m trén mo hinh robot di dong, qua do
khing dinh tinh hiéu qua cta giai phap trong viéc xay
dung ban do sd.

SO 68 (11-2021)



TAP CHi ISSN: 1859-316X

KHOA HOC CONG NGHE HANG HAI

KHOA HOC - CONG NGHE

Truyén thong khong day

L_JOURNAL OF MARINE SCIENCE AND TECHNOLOGY-

Trung tdm xu ly

Hinh 1. M6 hinh kién tritc hé théng

Khot dong co

Khéi didu khién
Robot (MCU)

Khé1 nguon

Khéi cam bién

Lidar

Khoi truven thong

Kétnbi Khéixie 1y die
truyén »  lidu va xdy
théng dung ban 46

a. Robot

b. Khéi trung tdm xir Iy

Hinh 2. Céu tricc ciia Robot va Khéi trung tém xir Iy

2. Mo hinh kién tric hé thong cam bién
RPLidar

2.1. M6 hinh kién triic hé thong

Hé thong téng quan cua robot phuc vu xay dung
ban d6 s6 2D trong khong gian trong nha dugc chi ra
trong Hinh 1, v6i cac khéi chinh:

Khdi Robot: Véi tim diém 1a mot Vi diéu khién
(MCU - Microcontroller Unit) duoc sir dung dé diéu
khién céc hoat dong chuyén dong cta Robot ciing nhur
thu nhan dit liéu tir khdi cam bién Lidar. Robot nay
ddng thoi dugce tich hop mé dun truyén théng khong
day, cho phép trao doi thong tin, dit liéu véi trung tim
xu ly (Hinh 2a).

Khéi trung tam xir Iy: Giam sat, diéu khién hoat
dong cua Robot. Thu nhén dir liéu, xir Iy va xay dung
ban dd s6 2D (Hinh 2b).

V6i mé hinh kién tric nhu trén, hé théng dam bao
tai cac vi tri robot di chuyén, dir liéu thu tir cam bién
RPLidar gén trén robot s& duoc khdi MCU dong gbi
va truyén toi khéi trung tim xtr 1y phuc vu viée xdy
dung, tai tao ban dd sb 2D xung quanh vi tri robot.
Viéc trao d6i dir lidu giita robot va trung tam xir 1y
dugc thyc hién théng qua moi truong truyén thong
khong day song wifi véi giao thiac TCP/IP [7].

2.2. Cam bién laser RPLidar

Cam bién RPLidar 14 thiét bi do khoang cach bang
tia laser, c6 khéa nang ty quay va phéng chum tia laser

360°[8]. Pay la thiét bi cam bién c6 kha nang thu nhan
tin hiéu duong bién ciia cac vat thé trong méi trudng
xung quanh, tién d& quan trong cho viéc xay dung ban
d6 s6 2D.

RPLidar c6 thé thyc hién quét 360° trong pham vi
6m. Tan s quét 5.5Hz cho phép RPLidar thu duoc tbi
da 360 mau dit liéu trén mot vong quét. RPLidar do
khoang cach dya trén nguyén ly str dung phong chum
xung laser va sau d6 do cac xung phan xa anh sang
ctia cac ddi twong xung quanh bang cam bién. Sy sai
léch vé thoi gian truyén va bude song laser duoc ding
dé tinh toan ra khoang cach ddi tugng khién tia laser
bi phan xa.

Két qua sau mot 1an quay 360°, RPLidar cung cap
mot khéi dit liéu bao gdm céc bo dir lidu (i) thé hién
bang ba tham sb quan trong, d6 1a goc, khoang cach
va chat luong twong tmg (Hinh 3). Gi4 trj d thé hién
khoang cach gitta mot vi tri vat thé va RPLidar tai
80C Oueg, don vi 1a mm. Tham sb chat lugng (Quality)
c6 gia tri cao thé hién d va Bdeg €O d0 tin cay, chinh
xac lon.

Trong qué trinh hoat dong, tai mdi vi tri di chuyén
cuarobot, khéi dix liéu sau mot quay 360° cia RPLidar
dugc gan trén robot s& dugc chuyén vé trung tim xir
ly nham tai tao, xay dung ban do s6 2D méi trudong
xung quanh robot.
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[ |
Tht Goc Khoang cach | Chat lugng
tu (Bieg) (d-mm) (Quality)
i 21.3922 6337 9
i+1 | 24.5245 6328 12
i+2 | 25.3948 3043 15

Hinh 3. Cim bién RPLidar va vi du di¥ liéu thu nhin

3. Giai thuat xir ly dir li€u RPLidar
Khéi dir liéu thu tir RPLidar dugc MCU giri vé

trung tim xir 1y bang truyén thong day. Mot chuong
trinh duoc sir dung dé phén tich va mé hinh hoa thanh
mot ban dd s6 2D. Toa d6 mdi diém trén ban dd tuong
g voi mot bd dit liéu (Quee d, Quality). Tham sd
Quality thé hién do tin cdy cua bd dit liéu. Nhom tac
gia da thir nghiém do dac thuc té va xac dinh tham sb
Quality can dat gia tri 16n hon 10 thi cap thong s6 Oeq
va d s€ dat dugc d6 chinh xac cao. Nhu vay, chuong
trinh can loc bo cac bo dir lidu c6 Quality < 10. Béi
véi tung cap tham $6 Odeg Va d, toa d0 X-Y ciia mot
diém chdm trén ban dd hé truc toa do 2 chiéu XOY
tuong tng sé duoc tinh toan bang cong thirc dudi day:

i. Chuyén goc sang hé radian:

T
Orad :Hdeg 180 M
ii. Tinhxvay:
x=dxsin(6,,)
()

y=dxcos(f,,)

Tép hop cac diém chdm trén ban dd s 2D thé hién
cac duong bién cua cac vat thé xung quanh robot. Néu
robot di chuyén trong mot cin phong, cac vat thé 1a
nhitng d6 vat trong phong hodc cac buc tuong. Chat
lugng duong bién thé hién & su lién mach cua cac
diém cham, ciing nhu khong c6 nhimng diém chim bt
thuong (nhidu). Didu nay phu thudc va kha ning phan
tich, xir Iy ning cao chét luong cac khdi dir liéu tho
thu dugc tir cac lan quay 360° ciia RPLidar. Toc do
md to quay va toc do phong /thu cac chum tia laser
khong dong bo, dan dén cac khéi dit lidu thé thu duge
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a. M6 hinh héa ban dé sé 2D tir b div liéu thé

b. Khodng cdch vét can anh huéng dén chit hrong diém

chdm trén ban do
Hinh 4. Dir li¢u thé thu tir RPLidar

tir RPLidar sau khi quay 360° c6 xu huéng roi rac, sai

50 16n, d6 hoi tu kém. Néu sir dung dir liéu tho nay dé

xdy dung ban d6 sb 2D s& khong dam bao do lién

mach cua duong bién. Trong Hinh 4a thé hién sau mot
vong quay 360° cia RPLidar, tién hanh loai bé cac bd
dit liéu c6 Quality < 10 thi két qua chi x4c dinh dugc

33 diém chim trén ban d6. Bén canh do, can phai tinh

toan dén truong hop néu khoang cach vat thé cang xa

RPLidar thi goc phan xa laser cang 16n, dan dén vi tri

cac diém cham trén ban d6 s6 2D s& cang cach xa nhau

(Hinh 4b).

Nham khic phuc nhitng han ché cua khéi dit lidu
tho da néu trén, giai phap ting cudng chit luong dit
liéu ddu vao duoc dé xuét theo cac giai doan tai mdi
vi tri dirng ctia Robot:

a. RPLidar thyc hién n quay 360°. Cac khdi dir liéu
thd tuong ung ting vong quay duoc luu trir.

b. Tong hop cac khdi dit liéu tho da thu dugc thanh
mot khdi dir liéu duy nhat bang phuong phéap ting
d6 phu di ligu.

C. Dt liéu sau khi tang d¢ phu dugc dung tai tao lai
ban d6 sb 2D.

Khéi dit lidu thé sau mdi mot vong quay 360° cia
RPLidar chi cung cap mot s luong it khoang cach d;
tuong g véi cac goc 6; khong déu nhau. Muc tiéu
thuat toan nham tang d¢ phu dir liéu bang cich chia
360° thanh 3600 goc nho 6; (i=1..3600) cach déu nhau
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t6i d6 chinh xac 0,1°, cho phép téng hop dugc tbi da
3600 gia tri d trong mdt vong quay 360°. Muc tiéu
nay duoc thuc hién bang cach tong hop cac khéi dir
liéu ctia nhiéu 1an quay 360°. Tai lan quay 360° thir
k (k=1..n), sau khi loai bo cac bd dir li¢u tho co
Quality < 10, c¢6 kha nang thu duoc gia tri dix cua
goc 6. Mit khéc, trong 1an quay tht & co thé s&
khong thu dugc gia tri djx cua goc 6 . Tuy nhién,
tai 1an quay khac, c6 thé xuat hién gia tri d; tai goc 6.
Xéc suét c6 thé xay ra truong hop sau nhiéu lan quay
360° nhung RPLidar khong thu dugc bo dir liéu
tuong tmg va&i goc 6;, hodc néu co thi Quality thap,
khong dii d6 tin cay dé sir dung.

Tap hop cac khéi dir liéu tho thu dugc sau n quay
360° s& t6 chirc nhu dudi day:
Scan = ([dgl"“’d63600]1 ' ”"[dgl’ ! ""d¢93600]n)

d;la gia tri khoang cach trong bd dir liu tuong tng
goc 0; voi Quality > 10 .

Tiép theo, 4p dung gia tri trung binh ciia cac gia tri
d; # 0 cua cung goc 0

Data, =[D,,],i=1...3600

Trong do:

Z dHi_k

D, = = m (3)

Véimlasoluongd,  #0.

Data,, 1a khéi dir liéu da duoc ting cudng chat
lwong, duge ding lam ngudn dir liéu dau vao cua
chuong trinh m6 hinh héa ban d6 s 2D. Trudng hop
n=1, Data,, twong duong véi khéi dit liéu tho.

Khi d6, Thuat toan ting cuong chit luong dit liéu
dau vao duoc cai dat:
1:  Khéi tao cac tham sé:
scan[],data[3600][2],Data_result{3600],n,count=0

2:  While (count<n)

3: scan[]=Lidar.scan()

4: for i in range(len(scan)) do

5: scan[il—Qualityi, 6, di

6: if Qualityi>10

7: index=10*round(6;,1)

8: if data[index][1] ==

9: datalindex][1]=d: ; data[index][2]+=1
10: else data[index][1]+=d;; datalindex][2]+=1
11: endif

12: Endfor

13: count+=1

14: Endwhile

15: return Data_result=Func_average(data)
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Hinh 5 chi ra mat d6 chim diém trén dudng bién
khi ap dung (5b) va khong ap dung (5a) thuat toan.
Céc chim diém trén ban d6 Hinh 5b da xudt hién day
hon, thé hién dudng bién chinh xac, c6 xu hudng khép
kin hon so véi ban d6 trong Hinh 5a.

Khéi dir ligu Data,, c6 s6 luong phan tir 1én dén
3600, tuy nhién chét lwong cua khéi Data,, phu thudc
vao sd lugng phan tir D, c6 ¥ nghia (gia tri khac 0).
S6 lugng phén tir c6 y nghia sé twong tmg véi sb lugng
diém cham trén ban d6 s6 2D. Néu s6 1an quay 360° n
cang tang thi sé lugng phan tir ¢6 ¥ nghia ciing ¢6 co
hoi dugc céi thién.
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a. Khong ap dung thudt toan tang cuwong dir liéu
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b. Ap dung thudt todn ting cwong dir liéu véi n=>5

Hinh 5. Puong bién vit thé trén béin dé so 2D

Hinh 6. Robot gd'n RPLidar dwoc ché tgo
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b. Ban dé s6 2D sir dung thudt todn ting curong dit liéu,
n=3
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¢. Bdan dé s6 2D sit dung thudt todn tang cwong dir liéu,
n=15
Hinh 7. Thwc nghiém tdi lgp bin do sé 2D

4. Xay dung hé thong

Ap dung moé hinh kién tric d3 dé xuét, hé théng
thuc nghiém duoc xay dyng: Mot Robot di dong
(Hinh 6) str dung MCU Raspberry Pi 4 [9]; Khdi trung
tam xu ly su dung Laptop EliteBook 8470p (Intel
Core i5-3320M, 4Gb Ram) véi thuat toan diéu khién
robot di chuyén ciing nhu thuat toan nang cao dit liéu
dau vao dwoc cai dat bang ngdn ngit 1p trinh Python

Tién hanh thyc nghiém hé thong trong khong gian
hanh lang ting 3 toa nha A4 Truong Pai hoc Hang hai
Viét Nam. Hinh 7a thé hién ban dd sb 2D cac vat thé
xung quanh robot da duoc tai 1ap tir khéi dit lidu tho
cua RPLidar. Thuat toan ting cuong dir li¢u duogc ap
dung thé hién ¢ Hinh 7b va Hinh 7c tuong tng lan
luot v6i n=5 va n=15. C6 thé rd rang nhan thiy sau
khi 4p dung thuét toan ting cuong dit liéu, chat luong
ban d0 s6 2D da dugc nang cao chit lugng. SO lugng
va tinh lién tuc ciia cac diém cham trén ban dd duoc
cai thién theo viée tang gia tri #n. Khi gia tri n da 16n
(Hinh 7c), thuat toan thé hién sy hiéu qué théng qua
viéc ban dd s6 ¢ cac dudong bién duoc hién thi mot
cach 6 rang, day dén va khép kin.

Bén canh hiéu ung hinh anh cua ban dd sb 2D,
thudt toan tang cuong dir licu thé hién sy hiéu qua
thong qua sb luong phan tir D,; co6 y nghia tuong ung
v6i s6 lugng diém chdm trén ban dd s6 2D. Phan tich
két qua thuc nghiém, néu khong 4p dung thuat toan,
chi sir dung khéi dir liéu tho thi s6 luong diém chdm
trén ban dd chi dat 232 diém. Dt liéu thé hién trong
Béng 1 d chi ra thuat toan hoat dong véi s6 vong quay
n 1a 5,10, 15 va 20 s€ dat duogc ty 1¢ sb luong diém
chadm so véi viée khong ap dung thudt toan 1an luot
gip 4.3, 6.4, 8.1 va 15.1 1an. Téc do thuc hién thuat
toan thé hién thong thoi gian thuc hién. Thuat toan can
277 mili gidy dé hoan thanh khi 4p dung sé vong quay
n=15. Téc d6 nay hoan toan dap tng nhu ciu hoat
ddng cua mo hinh hé thdng da dé xuét. Khi n= 20, tuy
$6 luong diém chdm dat t&i 3598, tuy nhién thoi gian
thue hién cin 451 mili gidy, xudt hién do tré trong viée
dap tng thao tac diéu khién va truyén, nhan thong tin.
Nhiing dir liéu nay khéng dinh sy hiéu qua cua thuét
toan ting cuong dir lidu dat mirc tot nhat véi s6 vong

quay n=15.
Bdng 1. Danh gia hiéu qud ciia thudt toan.
S6 luong | Ty 1& so voi Thoi gian
diém khong ap dung thuc hién
n A A .
cham thuét toan (mili giay)
(phan tir) (lan)
5 999 4.3 148
10 1492 6.4 211
15 1890 8.1 277
20 3598 15.1 451

5. Két luan

Viéc nang cao chat lugng ban dd sé 2D dugc tai
tao tir cam bién RPLidar lép dat trén robot la can thiét,
didu nay nham hd trg va nang cao kha ning xac dinh
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vi tri trong quan ctia robot v&i cac vét thé xung quanh.
Trong bai bao nay, nhom tac gia dé xuit mot giai phap
cho phép ning cao chat lugng ban dd sé 2D véi ngudn
dir liéu dau vao tir cam bién laser RPLidar. Giai phap
hién mang tinh thir nghiém, song hoan toan c6 thé
nang cap, cai thién va ap dung thém k¥ thuét loc nhiéu
dé co thé 4p dung trong thyc té.
L1 cam on

Nghién ctru nay duogc tai trg bdi Truong Dai hoc
Hang hai Viét Nam trong dé tai ma s6: DT20-21.54.
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