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The topic of mobile robot is still interested by many researchers
because of the flexible on moving and searching unknown
environment. In recent years, Slam with robot operating system (ROS)
is one of the main research topics. However, many researchers simulate
by software or use an industrial mobile robot. This paper aims to
introduce a design method of a Slam mobile robot with four wheels
drive. Overall system includes: i) a low-level-control system and ii) a
high-level-control system. The low-level-control system controls and
sends robot’s velocity to the high-level-control while the high-level-
control gathers environment information from Lidar sensor, maps and
calculates the mobile robot kinematics. Testing includes mapping an
indoor room and mapping a maze. Results show that Slam works well
with high accuracy. Besides, controller can control robot moving to any
position in the map.
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Xay dung ban do

Linh vuc robot di dong van la chu dé duoc nhiéu nha khoa hoc quan
tam do kha ning di chuyén, kham pha va tim hiéu nhiing dia diém ma
con nguoi khong téi dugc. Trong do, Slam véi hé diéu hanh robot
(robot operating system - ROS) dang 13 xu huéng phat trién chinh. Tuy
nhién, cac nghién ctru da sé tap trung vao mé phong thuat toan hoic
dua vao cac mé hinh robot hai banh da ban trén thi trudng. Nghién ciru
nay dé xuit thiét ké mot mé hinh robot bon banh chu dong co thé hoat
dong nhu mot Slam dwa vao ROS. Toan bo hé thong bao gém: i) bo
diéu khlen Cap thap va ii) bo diéu khién cip cao. Trong d6 bo diéu
khién cap thap diéu khién va giri thong tin van téc vé bo cap cao. Bo
diéu khién cap cao thu thap dir liéu méi truong tir cam bién Lidar, xay
dung ban do va thiét lap bai toan dong hoc tir dir liéu nhan vé. Két qua
thir nghiém tai phong thi nghiém va mét mé cung nhén tao cho thay
robot hoat dong tdt, khi co thé xay dung duoc ban d6 va dién tich ving
quan sat dugc ¢6 dién tich chinh xac cao. Bén canh do, robot ciing cé
thé di chuyén trong ban d6 theo yéu cu cua ngudi didu Khién,
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1. Gigi thigu

Ngay nay, nhiéu ung dung thuc té cua Robot di dong dd duoc ap dung trén toan thé gidi.
Robot di dong c6 thé dugc tim thay trong hé thong logistic dé mang va cat hang hoa, dan duong,
giam sat va kiém soat chat lugng. Trong nghién ciru, bai toan Slam (The Simultaneous
Localisation and Mapping) 1a mét linh vic chinh tuy nhién van con kha méi mé cua robot hoc.
Céc nghién ctru tién phong vé hé robot thong minh do Leonard [1] trinh by vao nam 1990. Tiép
theo d6 2 nghién cttu vé SLAM robot duoc gisi thiéu bai Durrant-Whyte va Bailey [2], [3] tro
thanh nén mong co ban cho cic nghién ctitu vé SLAM trén toan thé gidi. Hién nay, xu hudng
nghién ctru robot di dong tap trung vao cac str dung ROS [4] — [7]. Cac nghién ctru nay tap trung
vao mo6 phong thuat toan hoac sir dung cac robot di dong co san trén thi truong nhu Pioneer hoac
Turtlebot, diéu nay that su khong pht hop véi méi trudong Viét Nam khi kinh phi nghién ctru con
han hep.

Tai Viét Nam, cac nghién ciru vé Robot di dong van 1a chu d& duoc tap trung nghién ciru. Thiét
ké bo diéu khién cho robot di dong dugc nghién citu boi nhom tac gia [8], [9]. Cac nghién ctru nay
tap trung thiét ke bo diéu khién md cho robot di dong hoidc bo didu khién dinh vi vi tri tir mot hé
may anh trén tran nha. Pic diém cac nghién ctru ndy 13 mdi truong biét trude duoc, khong xuat
hién nhiéu chuéng ngai vat. Bén canh d6, cac nghién ctiu vé SLAM ciing dugc tién hanh tai Viét
Nam [10], [11]. C4c nghién ctru nay tap trung xdy dung cc giai thuat phat trién dya trén mé hinh
robot di dong co6 san, da sd cac mo hinh nay déu 1a mé hinh xe 2 banh, v6i mé hinh dong hoc la
khong d6i. Do d6, cac giai phap diéu khién di chuyén, tinh toan van tbc 1a twong dbi gidng nhau.

Nghién ciru nay trinh bay mot giai phap thiét ké mé hinh Slam robot bang hé diéu hanh ROS.
Robot di dong duoc thiét ké bang phan mém v& chuyén dung va in 3D dé lap dit cac mach diéu
khién va co cau chap hanh. Bo diéu khién cap thap bao gom 1 vi diéu khién STM32F4 diéu khién
4 d6ng co chu dong théng qua cac mach cong sudt L298. B diéu khién cao cap bao gom mot
laptop va mét may tinh nhing Raspberry pi 4, déu duoc cai dat hé diéu hanh ROS. Robot di dong
c6 kha nang ty dinh vi, ty lap ban dd va tu di Chuyen dé cap nhat ban do. Sau khi quéa trinh dung
ban d6 két thiic, nguoi dleu khién co thé diéu khién robot di Chuyen dén vi tri mong mudn.

Céu tric bai bao bao gdm: phan 1 trinh bay cac nghién ctu qudc té ndi bat clng nhu cac xu
hudng nghién ctru chinh tai Viét Nam. Phan 2 trinh bay phuong phép thiét ké phan cung, bo dleu
khién cap thip bao gom PID va van tdc cho cac banh chuyén dong. Tiép do, bo diéu khién Cap
cao trinh bay phuong phap dinh vi va xay dung ban d6 duoc hd trg boi hé diéu hanh ROS. Phan
3 trinh bay két qua thyc nghlem tai phong thi nghiém va mé hinh mé cung nhén tao do nhom xay
dung nén. Tir d6, cac wu khuyét diém cua nghién ctiru dugce trinh bay tai phan 4.
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2. Phwong phap thiét ké

So db téng quan caa hé thong duoc trinh bay tai hinh 1. Ngudi dung st dung may tinh dé diéu
khién, quan sat két qua tao ban dd va ra 1énh cho robot di chuyén dén vi tri thong qua may tinh
nhiing Raspberry pi 4. Ca hai thiét bi dugc cai dat hé diéu hanh ROS trén Ubuntu 20. 04 va két
ndi chung trong mét hé théng wifi, glao tiép qua chuan SSH, trong d6 Raspberry dugc Cau hinh
IP tinh. May tinh nhing nhén tin hi¢u vé tir cam bién Lidar dé xay dung ban dd va giao tiép Vi
vi diéu khién STM32F4 thong qua chuan USB. Vi diéu khién nhan tin hiéu tir IMU va guri vé
mdy tinh nhang, dong thoi diéu khién co cAu chdp hanh gém 4 dong co DC dya trén b diéu
khién PID.

2.1. Thiét ké co khi

Toan bo khung xe dugc in 3D, ¢6 kich thudc lan luot 1a 280 X 200 x 100 mm, va truc dong
co ¢6 ¢ = 36mm (hinh 2a). Do muc tiéu cua xe chi di chuyén trong phong thi nghiém noi c6 dia
hinh bang phing véi d6 trugt banh thap, banh xe dwoc sir dung 14 dang banh da hudng mecanum
Vv6i ban kinh r = 48mm. Khung robot duoc tinh toan va thiét ké voi phan nap xe bao gom mot
cam bién Lidar RPLidar A1, phan than xe bao gdm mot may tinh nhiing Raspberry Pi 4, mot
mach vi diéu khién MTS32F4, hai mach cong suat L298 va bén dong co DC GA-25 cb gin
encoder hai kénh A, B (hinh 2b) v&i cac thong sé ky thuat nhu sau:

e Dién ap hoat dong 12 (V).

e Dong khong tai 0,15 (A).

e Dong chiu dung téi da khi c6 tai 0,75 (A).
e Tbc d6 khong tai 130 vong@m

\

(@) (b)
Hinh 2. M6 hinh Robot (a) bén ngoai, (b) bén trong

2.2. Qua trinh SLAM ciia Robot di dong

Dbi voi SLAM robot, qua trinh xdy dung ban dd trong mot méi trudong khong xac dinh 1a yéu
t6 quan trong nhét. Qua trinh SLAM bao gdm nhiéu budc: xac dinh mbc, thu thap di liéu khoang
cach trong méi trudng, wdc tinh cac gia tri trang thai, lién két dix liéu lai, di chuyén va cap nhat vi
tri va trang thai méi cho robot. Téng hop SLAM 1a mot qua trinh trong d6 mdi phan don cua qua
trinh d6 duoc thyuc hién bang nhidu thuat toan khac nhau. Toan bd qua trinh SLAM trong nghién
clru nay gom cac budc sau:

- Thiét 1ap mot hé truc toa do ¢b dinh d6i vi méi trudng quan sat.

- Thiét 1ap mdt hé truc toa do di dong nam trén robot.

- Thiét lap phuong trinh dong hoc cho Robot (vén toc diéu khién cic banh va quing duong

di chuyén duoc)

- Tinh toan vi tri ctia robot va vat thé dugc quan sat voi hé truc toa do ¢d dinh dua trén tinh

hiéu tir cam bién Lidar.

- Kétnbi dir liéu va xay dung ban d6 quan sat.

- Cap nhat vi tri, so sanh thay ddi va nang cip ban dd quan sat.
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Qua trinh di chuyén cua Robot trong ban dd dugc thyuc hién tir ca 2 bo diéu khién cip thép va
cip cao. Trong d6 b didu khién cap thip bao gom: diéu khién PID cho dong co va van téc cho
céc banh khi di chuyén va doc goc xoay tir IMU cua robot. Bo diéu khién cao Cép tinh toan su
thay d6i vi tri ciia robot theo thoi gian (Odometry) dua trén cac tin hiéu nhan vé tir vi diéu khién
va cam bién lidar théng qua thu vién dong géi robot_locolization tir ROS.

2.2.1. Thiét ldp bg diéu khién PID cho déng co

Dé diéu khién robot chuyén dong, bo diéu khién PID dugc thiét lap cho 4 dong co l4i banh xe.
Tin hiéu ngd vao 1a sb xung xdc lap (vong/phut), gia tri ngd ra la van toc dong co dudi dang do
rong xung, tin hiéu hoi tiép vé 1a sé xung do dac tir encoder (vong/phut).

Phuong trinh PID cho hé dong co:

RPM = Kp * Err + K, * integral + Kp.derivative (D)
Err = setppyy — RPM
prev_error = error
derivative = Err — prev_error )
integral = integral + error

Trong do:

- RPM: s6 vong trén phiit.

- Err, prev_error: chénh léch s vong trén phut cuia dong co trong khoang thoi gian t.

- Setgpy: s6 xung xac 1ap. ) .

Bang phuong phap thir va sai, hé s6 PID lan luot 1a K, = 0.6, K; = 0.3, K, = 0.5.

2.2.2. M6 hinh déng hoc

Mo hinh dong hoc cua robot di dong sur dung 4 banh xe chu dong trong hé toa do Descarte

dugc trinh bay tai hinh 3.
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Hinh 3. M6 hinh dong hoc cua robot di dong 4 banh chu déng

M06 hinh déng hoc cua SLAM robot trong nghién ctru nay dugc miéu ta nhu sau:
1- Thiét 1ap mot hé truc toa do cb dinh déi véi moi truong quan sat: vi didu khién gui toa do
0(X0, Y0, Z0) vé ROS.
2 — Thiét 1ap hé toa do cho Robot di dong (x, y, ¢).
3 — ROS guri van toc xudng cho Robot. Phuong trinh bién ddi van toc dai thanh van toc cua 4
banh xe dugc trinh bay nhu sau:
Van toc tiép tuyén:
Lx L}’) (3)
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S6 vong quay trén phut theo phuong (x, y, @) lan luot:
v

4
rpom, = vEx 4)
2y 5
o =3 (5)
rpm, = =7 (6)
S6 vong quay ciia timg motor la:
rpml = rpm, —rpm, —rpm, (7)
rpm2 = ®)
pmi = rpmy + rpm,, + rpmy,
rpm3 = rpm, +rpm, —rpm,, ©)
rpmé4 = rpm, — rpm,, + rpm, (20)
4 — Robot guri thong sb van téc vé ROS mdt cach lién tuc thong qua phuong trinh sau:
rpml + rpm2 + rpm3 + rpm4 (12)
Uy = ( - ) X d

—rpml + rpm2 + rpm3 — rpm4 12
v, = ( p p - p p ) % 1d (12)

—rpml + rpm2 — rpm3 + rpm4
avy = ( £ F P P ) x 1d (13)

T
av,
Q= T (pL (14)
=4 -y
22

Trong do :

- Vg, Uy, V) la céc gid tri van tdc nhan duoc tir ROS (m/s), tdi da 0,5 m/s.

- 1,d: ban kinh va duong kinh banh xe (mm).

- Ly, L,: khoang céch giira 2 banh xe theo phuong x va phuong y (mm).

- TPMyy, TPMyy, ! toc do va huéng quay theo phuong (x,y) cua dong co thu i. Gia tri
dwong 1a quay thuén chiéu, 4m quay nguoc chidu (vong/phut).

- rpm(i): sO vong quay cua tirng motor (vong/phut).

2.2.3. Binh Vi (navigation) va xdy dung ban do (mapping)

ROS hd trg da dang trong bai toan dinh vi: dinh vi cuc bo (Simultaneous localization) va dinh
vi toan cuc (Simultaneous globalization) dua trén cac géi ham thu vién dong goi (package).
Global_planner 12 ham thu vién hd tro giai quyét bai toan toan cyc. Phuong phap nay su dung
thuat toan A* dé tim duong [12]. Dwa_local_planner (Dynamic Window Approach - DWA) [13]
1a ham thu vién cung cap b diéu khién robot di chuyén trong mat phang. Bo diéu khién nay két
ndi két qua cia bai toan tim duong dén robot. Khi c6 ban dd, bo tim duong sé tao quy dao dong
hoc dé robot di tir vi tri dau dén dich. Trén dudng di, by tim dudng s& tao mot ban dd Iudi nho
xung quanh robot va diéu khién robot di chuyén theo cac 6 ludi nay. Cong viéc cua bo didu khién
1a x4c dinh van téc dai va van téc goc dé guri toi robot.

Sau khi tinh chinh céc théng sb cho hai ham thu vién toan cuc va cuc b, qua trinh SLAM cua
robot duoc bat ddu. Luc ndy robot s& vira di chuyén vira tinh toan cac bai toan van tdc, dinh vi va
xdy dung ban db. Qua trinh x4y dung ban d6 cua robot dugc thiét ké nhu Hinh 4. Quy trinh x4y
dung ban do tu dong dwoc thuc hién nhu sau: dau tién robot s& thu thap toan b modi truong chua
xac dinh théng qua cam bién Lidar. Cac toa d nay s& duoc s dung dé vé ban do hién tai bang
phuong phap Gmapping [14], tir day nhitng vi tri con thiéu sot trén ban do & 1a vi tri Robot can
di chuyén dén dé hoan thién ban d6 [15]. Robot s& tu dong di chuyén dén vi tri duoc xé4c dinh,
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trong sudt giai doan di chuyén, dit liéu duoc cap nhat thoi gian thuc vé& may tinh, tir d6 nguoi
quan st c6 thé kiém tra dugc tinh hinh Robot. Khi dén vi tri méi, qua trinh thu thap dir ligu mai
s€ duoc thuc hién. Qua trinh nay chi két thuc khi Lidar khong thé thu thap duoc dix lieu mai, hay
n6i cach khac ban d6 da duoc hoan thién. Liic nay, qua trinh SLAM da két thiic, nguoi diéu khién
c6 thé didu khién Robot dén bat ky vi tri nao trong ban db theo yéu cau.

Ac dinh vi . N Po van tdc
Lidar thu Gmapping Xac': Ci_m_h S Tim duong 2 goe di
thap dir liéu vébande [ ] Uicandi I génviwias [] VEEOCH
il . chuyén : chuyén

T Sai

L s Hién thi két
Luu ban db Kﬁlern tra da qua vé may
€ xong 2, tinh

Hinh 4. Quy trinh tir dong xdy dung ban do
3. Két qua dat dwogc

Pé danh gia kha ning van hanh ctia phin mém, Robot duoc thiét ké dé chay trong 2 thi
nghiém: moi truong trong nha va mé cung nhan tao.

3.1. Thuc nghiém trong phong thi nghi¢m

Thi nghiém duoc b tri tai phong thi nghiém Hé théng thong minh, bo mén Tu dong hoa,
Khoa Cong nghé¢, truong Dai hoc Can Tho. Phong thi nghiém c6 dién tich 8x38 m?, nén lat gach,
dia hinh di chuyén phu hop véi Robot da thiét ke Khi tién hanh thi nghiém, phong trong khong
¢6 sinh vién, robot di chuyén trong dia hinh tréng trai. Vi vay, qua trinh Slam cua robot dién ra
trong khoang 2 phat. Hinh 5a miéu ta phong thi nghiém, hinh 5b,c cho thdy qué trinh Slam va
hoan thanh ban d6. Ban do thu duoc tai hinh 5(c) 1a mét tap hop cac dam may diém (point cloud)
do cam bién Lidar quét va tao ra. Pay 1a tap hop Vi tri cac chuéng ngai vat (chim mau do) va
ving khong gian tréng trong khong gian 2D duoc biéu thi dudi dang toa do (x, y, @) so Véi toa
d6 goc 0(X0, Y0, Z0). Puong mau do thé hién cho duong bién (boundary) ciia phong thi
nghiém. Dién tich ving quan sat duoc do lai trén phan mém, két qua cho thiy toan bo dién tich
ving quan sat 1a 7,53x7,76 m®, ¢6 sai 1éch so véi dién tich thuc ciia phong. Nguyén nhan co thé
do cac tu duoc dat sat tuong, tir d6 1am nho di dién tich sat cua phong thi nghiém.

S ) l

(@) i (b) (©

Hinh 5. Qud trinh Slam ban do phong thi nghiém (2) Hién trieong phong thi nghiém
(b) bt dau qud trinh dung ban do (c) hoan thanh ban do

3.2. Thuc nghié¢m trong mé cung nhén tao

Mé cung nhén tao duoc xay dung nhu hinh 6a vé6i dién tich 4x4 m®. Mé cung c6 nhiéu vi tri
khuat doi hoi robot phai di chuyén dé tim vi tri méi. Robot dwoc b tri tai vi tri kin & goc mé
cung, mot may anh thuong mai duoc str dung dé ghi lai toan bo qua trinh Slam ciia robot. Do day
1a mé cung tuong ddi phirc tap, robot phai di chuyén téi 3 vi tri khac nhau dé hoan thanh ban d6
(Hinh 6b, ¢). Dién tich ban d6 sau khi hoan thanh 14 3,88x3,96 m?, két qua cho thay d6 chinh xac
cao hon so v6i thi nghiém 1. Sau khi hoan thanh ban dd, ngudi diéu khién co thé diéu khién vi tri
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robot di chuyén dén trong mé cung (hinh 6d), mili tén hong bién dién cho phan diu cia xe huong
t6i sau khi thuc hién qua trinh di chuyén. Sau khi xac dinh dugc diém dich trén ban d6, ROS sg tinh
toan quy dao di chuyén va hién thi 1én man hinh diéu khién bang duong xanh 14 cay (hinh 6€).

(€)
Hinh 6. Qua trinh Slam mé cung nhan tao (a) Hinh mé cung nhan tao thuc té (b), (c)qua trinh Slam va
hoadn thanh bdn do, (d) dinh vi vi tri cho robot di chuyén (e) quy dao di chuyén

4. Két luan va dé nghi

Nghién ctu nay thiét ké mot mé hinh SLAM robot 4 banh chu dong phuc vu cho nghién ctu
trong phong thi nghiém. Phan cing duoc thiét ké trén phan mém chuyén dung trudc khi dugc in
3D va lap dat. Phan mém bao gom 1 may tinh ¢ cai dat ROS cho ngudi dung quan st trang thai
robot va mot vi may tinh Raspberry Pi 4 ¢6 cai dat ROS. M6 hinh dong hoc cho Robot dugc dé
Xuit dé tinh toan van toc cho 4 banh xe, gui dir liéu vé ROS dé do dac quang dudng di dugc caa
Robot trong sudt qua trinh van hanh. Qua trinh dinh vi va xay dung ban db cua robot dugc tién
hanh thong qua cac goi dit liéu duoc hd tro bai ROS.
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Hai thi nghiém duoc tién hanh dé danh gia do hiéu qua cua phuong phap. Két qua cho thay
Robot ¢6 thé xiy dung duoc ban d6 vung quan sat, ¢6 thé danh dau duoc cac chudng ngai vat lén
ban d0. Ngoai ra, nguoi didu khién co thé ra Iénh cho Robot di Chuyen dén vi tri mong mudn.

Thoi gian t6i, nhom sé& nghién ctru tich hop vao hé diéu khién 1 may anh thuong mai, tir d6
robot SLAM s& thanh hé két hgp nhiéu cam bién, nang cao chat luong do tim va quan sat trong
moi truong chua xac dinh dugc.

Phu luc clip minh hea

https://www.youtube.com/watch?v=ypDIKEYNQ-0
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