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TOM TAT

Bai b&o nay trinh bay v& xay dwng quy dao cuc bd nham tranh céc vat can tinh va déng s dung thuat toan TEB
(Timed Elastic Bands) dwa trén ban db, dinh vi ddng thdi SLAM (Simultaneous Localization and Mapping) cho robot
tw hanh hoat dong trong cac nha lwéi tréng cay néng nghiép. Trén co' s& robot Omni 4 banh véi nén tang hé diéu
hanh Iap trinh cho robot ROS (Robot Operating System) va nén tang may tinh nhing hiéu suét cao Jetson-TX2 xt ly
tac vu trung tam, camera 3D va mét cdm bién Lidar dé thu thap dir liéu tr méi trwéng nha lwéi ndng nghiép. Cac két
qua chay mé phéng robot st dung phan mém Gazebo va th&» nghiém trén phan mém Rviz cho thay sy hiéu qua cla
viéc s dung hé didu hanh ROS, thuat toan TEB vao viéc didu khién, giam séat robot tw hanh di chuyén linh hoat c6
thé tranh dwoc vat can trong nha lwdi va la hwéng nghién ciru c6 nhidu tiém nang trong cac tng dung ndng nghiép
cong nghé cao.

Tr khda: Robot ndng nghiép, ROS, TEB, robot Omni...

Constructing Local Orbit for Self-Operating Robot
in Agricultural Greenhouse Based on ROS

ABSTRACT

This paper proposed a local path planner coping with the collision-free navigation problem which considers both
static and dynamic obstacles based on Timed Elastic Bands (TEB) aggregated with Simultaneously Localization and
Mapping (SLAM) for self-operating/mobile robots working in the greenhouse environment. Moreover, the proposed
system is a four-wheel Omni robot constructed using Robot Operating System (ROS) platform and implemented in a
high-performance embedded computer Jetson-TX2 connected with a 3D camera and lidar to collect environmental
data. The simulation results based on Gazebo and Rviz software show the effectiveness of using the ROS operating
system, with the TEB algorithm in controlling and monitoring autonomous moving robots, avoiding obstacles in the
greenhouse This is a research direction with great potential in high-tech agricultural applications.

Keywords: Agricultural Robot, ROS, Timed Elastic Bands, Omni robot.

y ” R tAm cla cac t6 chic trén toan cAu dén viéc phat
1. DAT VAN DE P

trién tu dong hoéa nong nghiép va robot néng

Trong nhiing nim gin day, bién déi khi
hau, gia tang dan s& va thidu hut lao dong la
nhiing méi de doa cdp bach dén tinh bén viing
ctia noéng nghiép toan cau. Lo ngai vé an ninh
luong thuc da lam tang su quan tdm dén tu
dong héa néng nghiép, dén chi phi toan cau cho
robot néng nghiép dang ting 1én theo cip sb
nhan (Bechar & Vigneault, 2016) va su quan
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nghiép ngay cang tang.

Canh tac k§ thuat s6 1a thuc hién cac céng
nghé hién dai nhu cadm bién, robot va phan tich
dii litu dé chuyén tit cac hoat déng cd gidi sang
cac quy trinh tu dong lién tuc (Redmond, 2018;
Bechar & Vigneault, 2016). Linh vyc robot néng
nghiép da git hai dudec mot s6 thanh tyu, dic
biét 1a vé do tim, kiém soat cb dai tu dong va sau



bénh, phun thudc c6 muc tiéu (Gonzalez-de-Soto
& cs., 2016), cat tia la cay, xac dinh hinh thai cay
trong (Zhang & cs., 2016) va thu hoach. Xac dinh
d61 tugng, thuat toan 1ap k& hoach nhiém vu, s6
héa va téi vu héa cam bién dugc nhan manh 1a
nhiing thach thtic phai d6i mat trong bdi canh
canh tac k§ thuat s6. Véi nhiing tién bd trong ly
thuyét diéu khién, tng dung cta nhiing robot
nay trong canh tac k§ thuat s6 ngay cang ting
mtc d6 tu dong hoéa, thay déi cac cach thiic, cong
nghé truyén thong sang tng dung cong nghiép
cong nghé cao dang thu hit cac nha dau tu, ky
su, nha khoa hoc va doanh nghiép. Cac robot rat
khé khan dé c6 thé tu déng hoéa hoan toan trong
moi truong ndng nghiép. Mot robot hoat dong
trong mdi truong noéng nghiép phai rat da dang,
phi c&u tric, véi nhiéu yé&u t6 bat dinh nhung lai
¢6 cac yéu cau thao tac, cAm nhéan va diéu khién
yéu t6 moéi trudng xung quanh mot cach chinh
x4c, diéu nay 1a thach thic 16n véi cac nha
nghién ctu ché tao (De Baerdemaeker & cs.,
2001). Pién hinh la tdng dung robot trén canh
dong khép kin nhu trong nha ludi dé canh tac cay
rau va hoa qua trai vu theo nghién ctiu cua
Shamshiri & cs. (2018).

Véi robot nong nghiép, viéc tng dung cac
giai phap cam bién truyén thong la rat khé kha
thi va xu huéng 1a robot dugc trang bi cac loai
cam bién tién tién nhu camera 3D, laser scan dé
thu thap di liéu, ban do héa va hoat dong tu
dong hoan toan. Durmus & cs. (2016) da thuc
hién du an robot tu hanh va thi nghiém trong
moi trudng nha luéi bing cach st dung nén tang
ROS, robot di dong st dung mét camera 3D dé
lap ban d6 méi trudng nha luéi va diéu huéng
trong nha luéi bing cach st dung ban d6 da tao.
Habibie & cs. (2018) da st dung céng cu md
phéng ROS dé diéu huéng mdét UGV trén canh
doéng cady an qua. Cac danh gia déu cho rang
robot hoat déng hiéu qua véi do6 chinh xéc cao
trong qua trinh canh tac.

Bén canh d6, trong nghién cttu cia Habibie
& cs. (2018) va trong nghién citiu cua Park &
Lee (2017) da st dung phuong phap dinh vi va
lap ban d6 déng thoi (Simultaneous Localization
and Mapping - SLAM - 1a tao ra ban d6 va phat
hién cac chuéng ngai vat xung quanh trong méi
truong khéong xac dinh) 14 budc tién trong dinh
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vi, phat hién cic chuéng ngai vat dé tao ra ban
do. Bang cach thu thap dii liéu qua laser scan,
IMU hoéc encoder théng qua ROS (Da Silva,
2019), vi tri cta robot c6 thé duge ude tinh va
tao ra ban d6 mdi truong da tich hgp trong ROS.
Tit cac théng tin SLAM, cu thé 1a ban d6 thu
dugc, thiét 1ap cic thuat toan xay dung quy dao
t61 uu cho robot, hay 14 diéu huéng cho robot,
trén nén ROS c6 thé x4y dung cac thuat toan
diéu huéng cho robot (Chen & cs., 2017;
Priyandoko & cs., 2017; Zhi & Xuesong, 2018;
Flavio & cs., 2018). Trong viéc phat trién va
diéu khién robot tu hanh tng dung trong nha
luéi néng nghiép, lap quy dao chuyén dong
thong minh cho robot bao gom xay dung quy dao
toan cuc va quy dao cuc bd, ma trong do6 viéc xac
dinh quy dao cuc bd cho robot, 14 co s6 dé dam
bao robot c6 thé di chuyén téi vi tri dich ddng
thoi dé hoan thién bai toan diéu huéng robot. T
nhiing phén tich ti trén, bai bao tap trung trinh
bay vé xay dung quy dao cuc bd cho robot tu
hanh trong nha luéi néng nghiép trén nén tang
hé diéu hanh ROS.

2. PHUONG PHAP NGHIEN CUU

Tac gia da tién hanh tham khdo cac tai liéu,
cong trinh nghién ctu vé thuat toan diéu khién
robot da xuidt ban trong va ngoai nudc, déng
thoi ké thita cac k&t qua nghién ctu da c6 dé
tién hanh nghién ctu, lua chon thuat toan phu
hgp dé nghién ctu hé théng dinh vi, din dudng,
lap ban d6, tranh chudng ngai vat caa robot tu
hanh 4 banh hoan chinh di chuyén trong nha
luéi. Cudi cung, st dung may tinh c6 hé diéu
hanh ROS, phin mém mé phdéng Rviz (3D
Visualization Tool);
Gazebo dé tién hanh mé phéng xay dung qu§
dao cuc bo cho robot tu hanh trong nha ludi.

Hé diéu hanh Robot ROS (Robot Operating
System) 14 mét ma ngudén md, hé diéu hanh cho

phdn mém md phdng

robot cung cép cac dich vu, bao géom két noi téi
phéan cting, diéu khién thiét bi cdp thap va thuc
hién nhiing chiic ning ma robot thudng si
dung. N6 ciing cung cap cac cong cu va thu vién
dé 14y, xay dung, viét va chay ma trén nhiéu
may tinh. ROS tuong tu nhu hé diéu hanh. Tuy
nhién, khong giéng nhu cic hé diéu hanh thong
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thuong, né c6 thé duge st dung nhiéu két hgp
tac vu cho phéan cting. Hon niia, né 12 mot phan
mém Robot nén tang cung cip cac mdi trudng
phat trién khac nhau chuyén phat trién cac
chuong trinh cho Robot ting dung.

Phéan Rviz (3D
Visualization Tool) 1a cdng cu truc quan cua
ROS, hién thi cac théng bao thu dude & ché d6
3D, cho phép ngudi dung xac minh truc quan di
liéu. Rviz c6 thé hinh dung khoang céch tit cam
bién Laser Distance Sensor (LDS) dén vi tri ciia
vat can, Point Cloud Data (PCD) ctia cam bién
khodng cach 3D nhu RealSense, Kinect hoéc
Xtion, gia tri hinh dnh thu dudc ti camera ho#c
¢6 thé nhiéu hon ma khéng cin st dung dén
phan mém khac.

A A 2
mém moé phong

Phan mém mo phong Gazebo 14 mot cong cu
hé tr¢ khong thé thiéu duge trong qua trinh
thiét k& robot. Gazebo 1a mdt trinh gia lap 3D
cung cip robot, cam bién, mé hinh méi truong
dé mé phéng 3D can thiét cho su phat trién cta
robot va cung cdp mé phdng thuc t& véi dong co
vat 1y cia né. Gazebo 1a mot trong nhiing trinh
gia lap phé bién nhit c6 hiéu suét cao, mé
ngudén md trong nhiing nam gan day va da dugc
chon lam trinh gia lap chinh thiic cia DARPA
Robotics Challenge7 tai My. Hon thé niia,
Gazebo duge phat trién va phan phéi bdi Open
Robotics, phu trach béi cong déng ROS, vi vay
né c6 tinh tuong thich cao v6i ROS.

3. KET QUA VA THAO LUAN
3.1. M6 hinh robot t hanh Omni bén banh

Omni Robot tu hanh da huéng c6 kha ning
di chuyén theo bat ky huéng nao ma khong can
phai thay d6i vi tri va tu thé. Véi cdu tric banh
khac biét va uvu diém vé kha nang di chuyén
vugt troi trong cac diéu kién moi truong di
chuyén hep, khé thay ddi vi tri, mAu mobile
robot nay dang dudc ap dung mét cach rong rai
khong chi trong nghién ciu ma con trong cac
linh vuc san xuét va doi séng. Day chinh 1a 1y do
chinh ma bai bdo muén dé cap dén. Md hinh
dong hoc cho Robot Omni bén banh dudc xay
dung dua trén mé hinh banh xe Omni dugc bé
tri ddt cach nhau mot géc 90° nhu trong hinh 1.

T
q :[x y OJ 1a vecto toa dd cua robot trong

hé toa d6 toan cuc Oxy, trong d6 x va y lan lugt
14 toa d6 cua robot theo phuong Ox va Oy, 0 1a
géc quay cua robot so véi chiéu duong cua truc

T .
Ox. v= |:VX v, m} 14 vectd van tdc ctia robot

trong hé truc toa d6 dong gin vao tam robot bao
gdm van téc tinh tién va van téc goc ctia robot.
Dé don gian trong viéc thiét k& bo diéu
khién robot, méi quan hé gitia van téc trong truc
clia robot va van t6c trong truc clia méi truong
duge mo ta bang mo hinh dong hoc ctia robot:

Hinh 1. Robot Omni da huéng 4 banh

1284



cos® —-sin® O
g=Hv=|sin® cos® O|v (1)
- 0 0 1
cos® —-sin® O
trong d6: H=|sin® cos® O |la ma tran
0 0 1

chuyén hé truc toa do.
Tu (1) ching ta sé c6 dude phuong trinh dé
lap trinh cho robot trong ROS:

X=v_ cosO—vy sin®
y=v, sin6+vy cos0 (2)
O=w

Sau khi tin hiéu duge chuyén d8i, vi tri caa
robot dude didu khién truc tiép bdi cac tin hiéu
nay thong qua bén banh ctia robot.

M6 hinh robot dugc xay dung véi 3 thanh
phan chinh: phan xt 1y trung tAm, phan cam
bién va phan diéu khién co cdu chdp hanh. C&u
tric bo phan di chuyén 1a Omni 4 banh da
hudéng gidp viée di chuyén linh hoat va dé dang
hon. May tinh nhing d6ng Jetson TX2 c6 vai
trd 1a bo xt 1y trung tAm dugc cai dat hé diéu
hanh ROS cung v6i cac node tinh toan thuéat
toan SLAM. Sau khi tinh toan xong, Jetson
TX2 gti lénh diéu khién cho bo phan diéu
khién co c&u chdp hanh la mach STMS32.
RPLidar quét laser 360° giip robot x4y dung
ban d6 va nhan dién vat can tdm cao véi
khoang cach xa. Camera 3D st dung Deep
Camera gitip nhan dién vat can tam trung va
tam th&p & phia trudc robot.
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3.2. Ban d6 héa méi trudng va dinh vi dong
thoi SLAM cho robot

Trong linh vuc robotics, van dé dinh vi dong
thoi xay dung ban d¢6 SLAM la mot trong nhiing
van dé quan trong nhit va déng vai trd then
chot trong diéu huéng robot. Vi vay day 1a van
dé da thu hut dude su quan tAm 16n ctia cac nha
khoa hoc. Van dé SLAM duge mo ta téng quat
trong qué trinh khi robot di chuyén dé lap ban
d6 nhiing noi con ngudi khéng thé hodc khong
mudn tiép can, dong thoi robot tu xac dinh duge
vi tri clia né so véi nhitng do6i tugng xung quanh.
Ky thuat SLAM cung cdp théng tin ban do vé
moi trudng dong thdi st dung ban do nay uéc
tinh tu thé riéng (vi tri v huéng) ctia robot dua
vao cac tin hiéu thu dudc ti cac cam bién tam
nhin bao gbm Rplidar va 3D camera.

DPé thuc hién SLAM, ching téi st dung géi
Gmapping cho omni robot. Bing viéc thu cac di
liéu tit RPLidar, Astra camera va chyén Deep to
Laser véi cdu tric cac phan nhu hinh 3.

Go6i Gmapping uéc tinh vi tri ctia robot va
xdy dung ban d6 dua trén di liéu thu duge va
cac phép do hinh hoc ctia né.

- Thu vién TF dudc thiét ké& va cung cap cac
tiéu chudn dé theo ddi cac khung toa do va
chuyén d6i dii liéu trong toan bd hé théng.

- RPLidar: node nay thuc hién chay cam
bién RPLidar va gui théng tin “scan” cin thiét
cho SLAM dén node Gmapping.

- Teleop: node nay 1a thuat toan diéu khién
dé robot c6 thé di chuyén theo ¥ mudn cta ngudi
dung. Sau d6 tién hanh gtii van téc géc va van toc
di chuyén cho core dua trén tin hiéu thu dugc.

f
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Motor |

B 1 Wheel 1 |
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Motor
Encoder 3
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Motor

E o4 ) Wheel 4

Y, Motor Plannet Wheel Omni)

J

Hinh 2. M6 hinh thuc t& va cAu tric phan ciing ciia Omni robot
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Hinh 3. So d6 tin hiéu xAy dung ban do, dinh vi va diéu huéng robot

- Core: node nay nhan dudc van téc di
chuyén va van toc géc. Trong khi Publishes
“odom”, day la tu thé& dudc do va uéc tinh cua
robot. Bén canh d6 con publishes toa do cua
robot d& duge chuyén d8i theo thi tu:

Odom - Base_footprint = Base_link -
Base_scan. Sau d6 nhiing di liéu nay sé dugc
gtii dén topIC tf.

- Gmapping: node nay sé tao ra ban dé dua
trén thong tin do dac khoang cach tu tin hiéu
laser scan va thong tin tiu topIC tf, d6 14 tu thé
cua robot.

- Map_server: node nay tién hanh tao file
“map.gpm” va file “map.yaml”’, 2 file nay chta
cac thong tin ctia ban d6 thu dude.

3.3. Lap quy dao cuc b cho robot tu hanh
trén nén tang hé diéu hanh ROS

Khi robot da cé thong tin vé méi truong va
vi tri ctia n6 ti hé thong SLAM, cac vi tri dich ¢6
thé dude dat nhung chi trong ving méi trudng
da xac dinh. Can thiét lap quy dao toan cau
(Global planner) va thiét lap quy dao cuc bd
(Local planner) cho hé théng dan huéng diéu
khién (nhu thé hién trong Hinh 4) v6i muc tiéu
dat ra robot c6 thé di chuyén tu dong (theo quy
dao ti vi tri xuat phat dén vi tri muc tiéu) va an
toan (tranh dudc nhiing vat can tinh va vat can
dong ctia méi trudng thuc). Trude tién, robot can
xac dinh dugc vi tri clia né trong ban d6 tai thoi
diém hién tai. Khi d6 robot sé& c6 nhiing nhan
thtic vé moi truong xung quanh, dic biét 1a ban
d6 bao gdbm nhiing vat can tinh da xac dinh dugc
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4 hé thong SLAM. Tiép theo, vi tri dich duge xac
dinh va dat trong ving pham vi da x4c dinh ctaa
ban d6. Tu d6, cac thuat toan tinh toan quy dao
sé tinh toan dé dam bao robot c6 thé di chuyén
t6i vi tri dich v6i qu§ dao ngin nhét.

Phan lap quy dao toan cuc dugc thiét ké su
dung thuat toan A* (Chen & cs., 2017) dua trén
nén tang ROS. Thuat toan A* x4dy dung ting
dan t4t ca cac tuyén dudng tu diém xuét phat
cho t6i khi n6 tim thay mot duong di cham téi
dich. Thuat toan nay st dung mdot danh gia
“heuristic” vé khoang cach tit diém bat ki cho
trude téi dich dé biét duge nhiing dudng nao cb
kha ning din t6i dich, bén canh d6 thuat toan
nay con tinh dén khoang cach né da di qua.

Trong bai bdo nay, chiung toi sé di sdu vao
dé cap dén bai toan lap ké hoach dudng di cuc bod
(Local planner) st dung thuat toan TEB (Timed
Elastic Bands) (Résmann, 2017).

Hinh 5 chi ra vi tri cia robot trong cac thoi
diém khac nhau trén ban db. Ta dinh nghia

s, :[xi Y, BJ eR*xS' v6ii=1,2,.., Nla toa

d6 cta robot tai thoi diém i trong ban dé toan
cuc, trong dé x;, y; 1a toa dd ctia robot theo 2
phuong x, y va B; 1a hudng ctia robot (14 gbc xac
dinh bdi duong théng tao béi toa do (x;, y;) véi vi
tri dich vé6i phuong 0x).

Q{Si}izo .1 neN @)
= {Arrl }1:04.1—n (3)
Thuat toan TEB dugc dinh nghia la:

B:=(Q,7) (4)
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Hinh 5. Vi tri ctia robot tai cac th&i diém khac nhau trén ban do

Ham muc tiéu:

f(B) =) B.f,(B) )
B* = argminf(B) (6)

Trong d6 f(B) 14 ham muc tiéu toan cuc, B*
14 gi4 tri t61 uu cua thuat toan TEB.

Muc tiéu cta thuat toan TEB la tim ra gia
tri B* dé sinh ra dudng di t6i uu cho robot. Céc
ham muc tiéu f(B) dugc tinh toan nham gi6i
han dudc van toc va gia toc clia robot qua dé t6i

uu héa dude quing duong di chuyén dén dich
cia robot véi quing dudng di ngin nhat va
trong thoi gian ngin nhét, dong thoi khong va
cham v6i cac vat can trong moéi truong.

Ta dinh nghia ham muc tiéu f,(B) dya trén
ham mat mat er:

X—(x, —¢) n.
e (xx,e8n)=4" § |’ X>X —¢

0
()
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Trong d6 x, 14 gié tri gi6i han, S, n thé hién
d6 chia va bac caa da thiic, € 1a s6 duong nhé thé
hién sai léch x4p xi.

Cac ham muc tiéu dudc lya chon va tinh
toan dua trén trang thai va vi tri hién tai ctua
robot trén ban db toan cuc.

Hinh 6 minh hoa cac diém dit mong muén va
vat can trén quing dudng di chuyén cta robot,
dua vao viéc t6i uu cac ham muc tiéu thuat toan
TEB sinh ra dudng di t6t nhat cho robot bam
theo quy dao mong muén dong thoi tranh cac
vat can trén dudng di. Dé tim ra dude cac diém
dat mong mudn (WP) va tranh dugc cac vat can,
thuat toan Teb st dung hai ham muc tiéu la:

fpath =e.(d . , L & S, n) (8)
fob = er(_dmin’ _ramin’ ) S’ n) (9)
Trong d6 d,;, 1a khoang cach nhé nhat tu vi

tri clia robot d&n diém dit hodc vat can, Typmay 12
giéi han khoang cach 16n nhat cta robot so véi
diém dit, r,,;, 12 giéi han khoang cach an toan

ctia robot dén vat can.

Thuat toan TEB sinh ra quy dao tranh cac
vat can dong cling nhu vat can tinh trong qua
trinh di chuyén cua robot déng thdi tinh ra qu§y
dao ngdn nhat cho robot di chuyén dén dich. Ta
co (ATk )ki ) la tap hgp thoi gian robot di

=1,2,...n—
chuyén hét quang dudng, trong d6 AT, la
khoang thoi gian robot di chuyén tit vi tri s, dén
vi tri s, , ;. Thuat toAn TEB tinh ra dudng di
nhanh nhat cho robot théng qua viéc tinh toan

t61 wu cuc tiéu min(f, ) véi:
. B 1ime

ftime = (ZHZA'FIJ (10)

Viéc tinh toan van toc dai va van tdéc goc
ctia robot dua vao khoang cach gifia hai vi tri s,
va s, ,, trong khoang thoi gian di chuyén 1a AT,

- Gi6i han van téc va gia toc ctia robot:

Viéc tinh toan van toc dai va van tdéc goc
ctia robot dua vao khoang cach gitia hai vi tri s,
va s, ,, trong khoang thoi gian di chuyén 1a AT,

X =X
Vi :i ( 1+1 1) (11)
ATi Yin 7Y
o = u (12)
AT,
. Vm X ..
Ta cé |“)i| <o VO O =d—a. Gidi han

min

+v va +to  duge ap dung dé giéi han

max
T
Vk(sk+1’sk,ATk) = |:Vmax _‘Vk"wmax _‘(Dkﬂ .

Tuong tu ta cé gia toc cua robot dang:

2v. =V

a, = 21 V) (13)
' AT +AT

i i+1

Tuong tu ta tinh dudge gia téc géc cua robot
bing viéc thay thé van tdc dai v; bang van téc
géc o, Ta c6 méi quan hé gitia van téc dai v, véi
van toc géc o, cia cac banh xe.

v, =V, +Lo (14)
v, . =v.- Lo (15)

Wl,

trong d6 L 1a ban kinh banh xe.

atcan B
Wbi4

T Vit cah

Hinh 6. Thuat toan TEB
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- Ap dung thuat toan TEB cho robot Omni

Hinh 7 cho thdy ciu tric diéu khién cho
robot Omni st dung thuat toan TEB.

Tai buéc khdéi tao, thuat toan Teb diéu
chinh d6 phan gidi vé khong gian va thoi gian
cho quy dao ctia robot thong qua cac trang thai
cta robot, sau d6 lién két cac diém dat trén quy
dao duong di cua robot va vat cin trong moi
truong vdéi tiing trang thai cua thuat toan TEB.
Dua vao viéc nhan thiic vé méi truong va duong
di ctia robot, cac ham muc tiéu dugc hinh thanh

qui’ dao dat

Pham Thij Lan Hwong, Nguyén Thi Duyén

va lién két v6i nhau, viéc t61 uu cac ham muc
tiéu sé hinh thanh nén quy dao duong di tét
nhat cho robot ddng thdi robot cé thé tranh cac
vat can tinh cfing nhu vat can dong trong su6t
qué trinh di chuyén. Dya vao mé hinh déng hoc
ctia robot, cac trang thai cia robot tai mdi thdoi
diém sé chuyén thanh cac tin hiéu diéu khién vé
van téc va gia téc cho robot. Sau mbi vong lip,
vi tri méi ctia robot va vat can trong ban doé toan
cuc dugc cap nhat lai dé thuat toan hinh thanh
duong di tiép theo cho robot.

muc tiéu

Xac nhan quy dao

Yes Vo

{Zi}
' ’ N
2 =
B(Q.1)

""""""" R e [ |
B(Q.» |
Thém /bot trang thai g : |
i Tef = Khaot tao lai !
B(Q.7) |
v !
P| L ien két cac didm dit ;
A va vat can .
dung ban @5 BQo E
Y_ v
Hinh thanh cdc ham 5
muc tiéu E
| Téi vu hoa cac ham| BIQ.D) f

Tinh todn cic bién
diéu khién

B'(Q.7)

Robot va mo1 truong

Odometry

Hinh 7. Cau trac diéu khién cho robot st dung TEB
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Xay dwng quy dao cuc bd cho robot tw hanh trong nha lwéi néng nghiép trén nén tang hé diéu hanh ROS

3.4. Két qua m6 phdng va thyc nghiém

Phan mém mé phdng Gazebo dudc tich hgp
dé c6 thé st dung trong ROS. Moéi trudng trong
Gazebo dugc t6i uu sao cho cac diéu kién vat 1y
giéng v6i moi trudng thuc t& nhat, nhom tac gia
da xay dung méi truong tai nha luéi nhim da
dang cac méi truong hoat déong trong nha ludi
v6i nhiing loai cdy tréong khac nhau. M6 hinh
robot tu hanh Omni nhu hinh 8, véi cac tham sé
mod phong va thuyc nghiém giéng nhau:

- Téc d6 16n nhat theo phuong x va y: 1,5 m/s

- Téc do6 goc 16n nhat: 0,5 rad/s

- Ban kinh than robot (D - Hinh 1): 0,25m

- Ban kinh banh xe: 0,07m

- Tham s6 cho cdm bién lidar: Pham vi quét
16n nhat: 0,2 + 10m, do phan giai: 1°, gbc quét: 360°

Viéc chay mé phong tht nghiém SLAM dudc
thuc hién trén Rviz, 12 cong cu truc quan cua
ROS. Muc dich chinh 14 hién thi cac thoéng bao
thu dugdc 6 ché& d6 3D, cho phép ngudi dung xac
minh tryc quan di liéu. Théng qua Rviz, ngudi
diung c6 thé giadm sat dudc médi trudng xung
quanh robot kham pha dudc theo thoi gian.
Hinh 9 1a 14 két qua thu dude khi bat khéi chay

k§ thuat SLAM trong hé théng nhan robot. Cac
viing mau trang la cac viing méi truong da dudc
nhan thtc. Cac dudsng mau den 12 cac vat can
(tudng, cac cAy trong) ma robot nhan dang dugc
va ban d6 hoa.

Hinh 10 cho thay hé théng diéu huéng hoan
toan tu dong, quy hoach ducng di va xac dinh
tuyén dudng cho robot Omni di chuyén theo dé
dat dudc vi tri mong muon. Hé thong diéu huéng
sé tinh toan hai loai quy dao. Quy dao toan cuc
cho robot (duéng mau xanh) 1la quy dao dudc
tinh toan sao cho né la quy dao ngin nhat tit vi
tri hién tai cta robot t6i dich. Quy dao cuc bd
(duong mau dd) 1a quy dao dit cho viéc diéu
khién hé théng robot. Quy dao nay sé diéu chinh
quy dao cta robot sao cho robot c6 thé di chuyén
an toan, tranh va cham véi vat can ma van dam
bao robot tién téi vi tri dich. Khi global planner
da duge tao ra thi local planer sé& chuyén con
duong nay thanh cac lénh van téc cho dong co
robot. Khi robot di t6i mot géc tudng, nhan thay
c6 kha ning robot s& va cham véi vat can nay,
phén lap quy dao cuc bd ngay 1ap tiic diéu chinh
lai quy dao cho robot. Quy dao nay khién robot
di chuyén vong xa géc tudng hon nhung van

dam bao bam sat téi qui dao toan cuc.
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Hinh 9. Qua trinh SLAM ctia robot va két qua ban d6 hoa méi trudng tai nha luéi
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Hinh 10. Robot di chuyén téi vi tri dich
va quy dao cuc b tranh cac vat can trén duong di trén Gazebo va Rviz

Banels ticlp

Hinh 12. Quang duong du kién robot sé di

Khi hoat ddéng, cac cdm bién cap nhat ban
d6 v6i cac vat can méi phat hién duge. Costmap
st dung thong tin tli cam bién tao ra ban dé cuc
bd xung quanh robot Omni. Khéi lap quy dao
cuc bd (Local planner) cin c vao vat can gép
phai va thuat toan TEB sé cho ra ké hoach di
chuyén véi khoang cach c6 thé thay déi, 6 day
khoang cach dugc chon 1a 0,5m. Nhu trong Hinh
11 thi sau khi tranh vat can thi robot sé c6 thé
lai di chuyén theo con dudng mong muén trong
thdi gian ngén va di téi muc tiéu.

Mot s6 hinh anh robot khi chay mé phdng
tranh vat can trong nha luéi thong qua cac kich
ban dat ra dugc trinh bay qua cic hinh 12 dén
hinh 16.

Quéng dudng du kién robot s& di chuyén
trong nha ludéi (Hinh 12).

Trong qué trinh di chuyén, robot gip viing
nuée (Hinh 13, 14).

Khi gip md dat cao (Hinh 15).

QuA trinh diéu chinh khi gidp mé dat cao
(Hinh 16).
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Xay dung quy dao cuc bd cho robot tw hanh trong nha lwéi ndng nghiép trén nén tang hé didu hanh ROS

Hinh 14. Robot diéu chinh quy dao tranh viing nuéc

Hinh 16. Quy dao ctia robot khi giip mé dat cao

1292



4. KET LUAN

Cac két qua cho thay hiéu qua cta thuat
toan TEB trong viéc 1ap quy dao chuyén dong
cuc bo dua trén trén ban d6 2D thu dudc tit qua
trinh SLAM st dung ham Gmapping. Cac két
qua nay la nén tang cho cac buéc diéu huéng,
lap qu§ dao chuyén d6éng théng minh cho robot
phuc vu cac bai toan cu thé trong nha luéi, nhu
ting dung trong cong viéc chiam séc cdy tréng
(gidm sat qua trinh sinh trudng, tuéi nuée, cung
cdp dinh dudng hodc phun thudc sau) va thu
hoach trong nha luéi. Két qua ctia nghién ctu sé
duge tGng dung cu thé trong viéc cham séc cay
hoa lan dugc trong trong nha luéi tai Hoc vién
Néng nghiép Viét Nam.
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