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Trong nhitng nam gan ddy, cac nghién ciru khoa hoc tdp trung
phat trién cdc hé théng diéu khién robot nham cdi thién hiéu quad lam
viéc trong méi truong nong nghiép, dién hinh la ky thudt diéu khién
robot bam theo nguoi. Nghién ciru ndy tdp trung vao phat trién hé
théng robot d@é ho tro viéc di chuyén chdu cdy bonsai mini. Robot
khéng chi ddm nhdn nhiém vy cho chdu cdy ma con duoc thiét ké dé
bdam theo chuyén dong cia nguoi dwa trén khung xwong, tir d6 cdi
thién tinh linh hoat va tién loi trong cdc hoat dong cham soc cdy cdnh.
Phuong phap nghién ciu: sw dung cong ngh¢ Human Pose Estimation
dé theo déi khung xwong ciia ngiroi. Phiwrong phap nay tich hop cong
nghé xir li anh, gidi thudt PID va sir dung nén tang phdt trién robot tir
Robot Operating System (ROS). Két qud nghién ciru: dd thiét ké thanh
céng robot ché chdu cdy bonsai mini va dwoc diéu khién bang cong
nghé Human Pose Estimation két hop xir Iy anh va ROS. Két qud sau
khi chay thuc nghiém robot bam theo nguoi voi khoang cach 100 cm

va sai léch khoang cach £5% so voi thuc 6.

1. PAT VAN PE

Trong bdi canh nong nghiép hién dai,
viée t6i wu hoa quy trinh chdm soc cdy trong
va quan ly trang trai ngay cang tré nén quan
trong. Véi su phat trién ciia cong nghé robot
va thi gidc may tinh da md ra nhiing co hoi
moi dé cai thién hiéu qua lao dong va giam
thiéu khoi lugng coéng viéc thi cong cho
cong nhan.

Cay bonsai mini khong chi doi hoi su
cham soc ti mi ma con can duge dat dung vi
tri dé phat trién tt. Viéc di chuyén va chim
soc cac chdu bonsai mini thuong gap kho
khén do kich thuéc nho gon va yéu cau ky
thuét cao (Lan, 2005). Dé giai quyét van dé
nay, chung ta can xay dung robot bam muc
ti€u mot cach linh dong va chinh xac. Tu do,
ching toi thiét ké robot sir dung thuat toan
nhan dién tu thé co thé Human Pose
Estimation (HPE) két hop véi giai thuat PID

va su dupg mat nén tang pqanh mé cho viéc
phat trién va diéu khién robot la ROS
(Trinh, 2023).

Trong nghién ctru nay, nhém di thiét ké
mot robot di dong véi két cdu khung hai tang,
bdn banh mecanum va duoc trang bi thém
camera gin phia trén khung xe. Vi muc tiéu
chinh 13 bam theo ngudi diéu khién va dam
bao khoang cach nhat dinh.

Qua do, bai bao nay s€ dong gop vao viéc
phat trién thém cac giai phap cong nghé tién
tién, dong thoi nang cao chit luong cong viée
va giam thiéu ganh ning lao dong cho cong
nhén trong moi truong nong nghiép hién dai.

2. PHUONG PHAP NGHIEN CUU
2.1. Téng quan md hinh nghién ciru

Theo so d6 quy trinh nghién ctru dugc thé
hién ¢ Hinh 1, v6i cac thanh phan chinh cua
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hé thdng bao gdbm: mot may tinh sé& la phan xir
ly trung tdm cho robot, dugc tich hop sin
chuong trinh xir li 4nh va diéu khién robot
trén phin mém Visual Studio Code, két hop
v6i viée st dung camera @& thu nhén hinh anh

Muc tién: Bigu khien
robot mang chiu ciy

bon sai miai bim theo 1
cong ohin Xiy dymg phin diéu
¢ khién co céu chip inh
bing ESP32 vi Driver
Ny dimg b i I trung BIS-T960
tim dicu khidn robot l’

Xiy dima b phin co
ciu chap han sit dung
motor JBGI2-$45

my tinh

Hinh 1. So d6 quy trinh nghién ciru
Nguén: Cong b6 ciia tac gid, (2024).

Nhom tac gia thuc hién qua trinh nghién
ctru mdt cach tudn tw qua cac budc sau:

Budc 1: Xay dung bo xir li trung tim diéu
khién robot bang mdy tinh.

Budc 2: Xay dung chwong trinh diéu khién
robot trén phan mém Visual Studio Code.

Bude 3: Xur I anh bang cach dung camera
dé thu nhan anh ddi tuong dé robot bam theo.

Bude 4: Giai thuat PID dé diéu chinh toc
d6 robot bam theo ddi tuong.

Buéc 5: Xay dung chuong trinh cho

ESP32 dé didu khién co cdu chép, driver
BTS-7960 va motor JBG37-545.

Budc 6: BO phan di chuyén 1a sir dung
banh Mecanum.

Budc 7: Hién thi va giam sat thong qua
Webcam trén man hinh may tinh.
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dbi tugng dé robot bam theo, vi diéu khién
ESP32 duoc tich hgp vao mo hinh phéan cimg
dé nhén cac thong sb can thiét rdi gui cac tin
hiéu xung PWM téi Driver BTS-7960 dé diéu
khién motor JBR37-545.

Thu nhin anh
s dung Webcam
Rapoo 3XW180

1

May tinh cai hé

didu hanh ROS

Wisual Studio Code

!

Piéu khién co

cdu chip hanh

Co cau chiap hanh

!

Giam sat bang

man hinh may tinh

Hinh 2. So' db tong quat ciia h¢ thong
Nguon: Céng bé ciia tac gid, (2024).

Céc thanh phan chinh két ndi v6i nhau nhu
Hinh 2, nhém nghién ctru d két ndi mé hinh
phan ctmg va thiét ké phan mém kém theo dé
c6 thé xdy dung dugc robot bam theo cong
nhan dugc t6i vu nhit.

2.2. Thiét ké phan cing

So db két nbi phan cing duoc thé hién qua
Hinh 3. Trong d6, h¢ thong s& bao gom:

Khdi xtr Iy trung tim: Chay céc thuat toan
xt 1y anh tir c4c hinh anh thu vé tir khéi thu
anh. O day, nhom tac gia st dung thuat toan
HPE nhan dién tu thé co thé dé xac dinh duoc
vi tri khung xuong, tir d6 xac dinh hudng va
goéc ma robot phai di chuyén dé bam theo
khung xuong dugc thé hién & Hinh 4. Bén
canh d9, viéc xac dinh khoang cach tir camera
ctia robot dén muc tiéu ciing vo cing quan
trong va dugc tinh toan dua trén mo hinh thé
hién ¢ Hinh 5. Viéc diéu khién tdc do va goc
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quay cua robot tmg dung giai thuat PID nham
dam bao robot luén bdm theo muc tiéu va
khoang cach da tinh toan dwoc. Tién hanh xir
1y tinh toan dua ra cac thong s6 nhu toc do,
gbc va truyén tin hidu vé khéi vi diéu khién dé
xuat tin hiéu diéu khién ra cac thiét bi chip
hanh dé van hanh robot.

HPE su dung nhiéu thuat todn va mo hinh
khac nhau. Trong nghién clru nay, chung toi
st dung Mediapipe Pose la mot giai phap
trong thu vién Mediapipe. MediaPipe 1a mot
b cong cu Machine Learning do Google phat
trién, voi cac g1a1 phap da nén tang, dé dang
can thiép va rat nhe. Mot sd wu diém chinh
ciia MediaPipe: Hiéu suét cao, d& dang trién
khai va ma nguoén mé (Quang, 2021).

Khoi thu nhan anh

Khoi hién thi
két qua

Khoi xit Iy

Khoi ngudn trung tAm

Khoi diéukhién
thiét bi chap hanh

Khoi thiét bj
chap hanh

Hinh 3. So' @6 két ndi phén cimg
Nguon: Cong bé ciia tac gid, (2024).

Banh phm phia trude

L Banh phm phia sau

Hanh trai plna sau ‘ E:nh trai phia trrge

Hinh 4. Robot mang chiu cay bonsai mini

Khéi thu anh: thu hinh anh vé dé cho khi

xur 1y trung tam lam viéc.

Khoi vi dieéu khién: ¢6 nhiém vu nhan Iénh
tr khoi xu 1y trung tam, diéu khién cac thiét bi

Nguon: Céng bé cua tac gia, (2024).
chdp hanh va phan hdi dit lidu tir cac thiét bi
chap hanh veé khoi xur 1y trung tam.

Khdi thiét bi chip hanh: hoat dong va
phan hoéi dir li€u dua trén sy diéu khién cua
khoi vi dieu khién.
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Khéi ngudn cho thié} bi chip hanh: cip
nguon cho cac thict bi chap hanh.

Tiép theo, dé thiét ké robot mang chau ciy
bonsai mini, nhom tac gia sir dung phin mém
SolidWorks dé v& mo hinh robot 3D véi kich
thudée 600 x 400 x 670 mm nhu Hinh 4a.
Ching t61 st dung nhom dinh hinh 20 x 20
mm va tdm alu dé tao nén robot nhu Hinh 4b,
4c va 4d.

2.3. Xir li 4nh

CAMERA
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2.3.1. Tinh khodng cdch tir camera dén
khung xuong

Dé giai quyét bai toan robot co thé biét
dugc khi nao cin bam theo muc tiéu, hay
dung lai, cling nhu gitt khoang céach an toan
v6i ngudi dimg, cin c6 mot thuat toan co thé
tinh toan duoc khoang cach tir camera cuia
robot dén diém trén khung xuong. Viéc xac
dinh khoang cach s€ dugc thyc hién dya trén
mé hinh thé hién ¢ Hinh 5. Trong do, chiéu
cao vi tri cua diém toa do trén khung xuong
bang vai chiéu cao dung dng kinh camera.

KHUNG

XUONG

e P =

Hinh 5. M6 hinh biéu dién qua trinh thu anh cia camera

Nguon: Céng bé cua tac gid, (2024).

Bang 1. Tham s6 ciia mé hinh tinh khoéng cach

Ki hi¢u Mo ta Pon vi
w Chiéu rong cua khung xuwong thu dugc trén camera pixel
w Chiéu rong thyc ciia ctia khung xwong cm
Tiéu cy (Khoang cach tur khung xuong thu duoc .
S trén khung anh camera dén dng kinh ctia camera) pixel
d Khoang cach tir khung xuong thuc dén ong kinh camera cm

Bén canh d6, mot dic diém rat quan trong,
do6 1a du thay doi khoang cach nhu thé nao thi
tiéu cu f van giit nguyén gia tri. Dong thoi,
kich thudc that cua khung xuong ciing la

4 f@dw fWed=—— f (D)
W w

Tuy nhién, ti€u cu flic nay van chua duoc
xac dinh nén chua thé xac dinh duogc khoang
cach ngay. Thay vao do, ¢ thé suy nguoc lai

Nguon: Céng bé ciia tac gia, (2024).

khong ddi. Dya vao cac dic diém trén, co thé
1ap dugc cong thie (1), tr d6 suy ra khoang
cach tr khung xwong dén éng kinh camera
nhu sau:

tir cong thic (1) dé xac dinh tiéu cy bang
cong thirc (2) nhu sau:

dw
f—V (2)
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Béang 2. Khoang cach qui dinh hoat dong ciia robot

Khodng cach

Hanh vi cua robot

Lén hon 140 cm
Béng 140 cm

Nho hon 140 cm

Robot bat diu bam theo

Robot dung lai

Robot 1t lai dé gitt khoang cach

Béang 3. Thue nghiém thuit toan tinh khodng cach

Khoing cich thye té  Khoang cich tinh bing thuit toan Sai léch
140 cm 140,24 cm 0,24 cm
150 cm 151,52 cm 1,52 cm
120 cm 116,22 cm -3,78 cm
155 cm 156,69 cm 1,69 cm
130 cm 128,65 cm -1,35cm
160 cm 158,34 cm -1,66 cm
170 cm 167,76 cm -2,24 cm
175 cm 173,65 cm -1,35cm
180 cm 184,77 cm 4,77 cm
200 cm 204,85 cm 4,85 cm

Nguoén Bang 2 va Bang 3: Céng bé cua tdc gid, (2024).

Dua trén khoang cach da tinh ra, nhom tac
gia tién hanh lap bang qui dinh khoang cach
hoat dong ctia robot (Bang 2).

Robot ¢6 chitc ning van chuyén chau ciy
tranh tinh trang hu hai, yéu ciu vé tinh chac
chin va an toan khi van chuyén, tranh tinh
trang roi v&, va cham do tdc do cta robot thay
dbi qua dot ngdt. B giam thiéu tinh trang
nay, nhom sé diéu khién tdc d6 cua robot dua

trén khoang cach tir khung xuong dén robot
da tinh toan & trén. Khi d6, van tdc cua robot
s& thay doi nhu sau:

- Khi khoang cach cang tang, robot co
xu huéng ting téc nhanh dé bit kip muc
tiéu véi gia téc nho (van toc khong thay doi
qua nhanh).

- Khi cang dén gan muc ti€u, toc do cua
robot cang giam cho dén khi dén ngudng an
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toan (khodng cach an toan gitta muc tiéu va
robot) thi téc d¢ s& bang 0, robot ding hin.

Pé kiém tra tinh chinh xé4c cua thuit toan,
nhom nghién ctru da tién hanh thuc nghiém
thudt toan tinh khoang cach va thu dugc két
qua dugc trinh bay ¢ bang 3.

Qua thyc nghiém cho théy duoc thuat toan
tim twong d6i chinh xac ddi voi cac yéu cau
cho robot thuc hién hanh vi cla robot dugc
trinh bay trudce do.

2.3.2. Xac dinh huong di cho robot

Sau khi x4c dinh duoc toa do hai diém trén
vai cua khung xuwong, ap dung cong thuc (3)
va (4) dé tinh duoc toa trung diém O(x,,y,)
cta hai diém trén vai.

) Xy 42X

Xo == 3)
.‘—J+.‘—:

Yo = 2 4)

Sau khi xac dinh dugc toa d6 trung diém,
dung mot hé truc toa do Oxy 1én khung anh
thu dugc, trong d6 Ox sé€ chay tur -1 dén 1 va
Oy ciing s& chay tir -1 d&én 1. Tuy nhién, toa
d6 trung diém lac nay chwa phu hop dé dua
vao hé toa d0 khung anh, can su dung cac
phép bién doi (5) va (6) dé bién ddi toa do
trung diém O(x,,y,) cia mi sang O’(Xy’,V,)
thudc hé toa do khung anh.
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5= G- )
wi
1 (%,
ye=1-() (©)

Sau khi xac dinh duogc vi tri khung xuong,
can xac dinh hudng di cho robot dé robot c6
thé bam theo khung xuong. Viéc xac dinh
hudng di cho robot s€ dugc mo ta qua Hinh 6.
Hinh 6 1a m6 ta hudng di cho robot tir toa do
trung diém cua hai diém trén vai, chiéu xudng
truc toa d6 cua khung anh s thu duoc vi tri
cua ma trén truc Ox 1a x, va truc Oy 1a y,-.
Khoang céach tir x,  dén vi tri bat dau cua goc
camera Afov tao thanh mot goc 6, géc 6 nay
chinh 14 géc ma robot phai di chuyén dé bam
theo khung xuong. Goéc 0 s€ dugc tinh theo
cong thic (7) nhu sau:

0= xo,.@ @)
2

Trong do:

x,: 1a toa do tm cua khung xuwong khi
chiéu 1én truc Ox cua khung anh

v, la toa do tam cua khung xuong khi
chiéu 1én truc Oy cua khung anh

hfov : 1a gbc camera

0 : 1a goc robot phai di chuyén

Bang 4. Goc 6 sang trai, sang phai ciia robot

Goc 0 Hanh vi cia robot
Nho hon 0 Robot sang trai

Bing 0 Robot dung lai
Lénhon 0 Robot sang phai
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Toa 46 wrung didm cua hai didm weén vai
thu diree rén khung anh

Hinh 6. M6 hinh mo ta huwéng di cho robot

2.4. Giai thuat PID

Trong qué trinh di chuyén cia robot dé
dam bao dung khoang cach bam theo muyc tiéu
doi hdi kha nang ty dong diéu chinh toc do dé
dam bao khoang cach cua dbi twong dung véi
yéu cau xur 1y anh, tién hanh 4p dung giai
thuat tinh toan bd diéu khién PID cho viéc
diéu khién téc do dong co.

C6 nhiéu phuong phap khac nhau dé tim
ra cdc hé s6 P, 1 va D cho bo diéu khién PID
nhu: Phuong phap Ziegler-Nichols, phuong
phap Colhen-Coon, phuong phap thir va sai
(Trail and Error), phuong phéap thuc nghiém
ty dong,...Trong bai nghién clru nay, nhom
lwa chon phwong phap thir va sai dé tim duoc
cac hé s thich hop cho bd diéu khién PID. So
d6 khdi cua bo diéu khién dugc trinh bay
Hinh 7.

Quy trinh dé xac dinh tung hé s cua bod
diéu khién:

Nguon: Céng bé cua tdc gid, (2024).

1. Bat dau voi gia tri PID co ban.

2. Tang gia tri ciia hé sb Proportional (P)
dé giam sai sd.

3. Thém gia tri vao hé sé Integral (I) dé
loai bo sai s6 lau dai.

4. Tinh chinh hé sé Derivative (D) dé
giam dao dong.

5. Quan sat dap ung ctua hé thong va dicu
chinh cac hé s6 cho dén khi dat dugc hiéu suat
mong muon.

Tir d6, bd diéu khién PID dugc didu chinh
theo phuong phép thir va sai cho dén khi dat
duoc tdc do mong mudn, sau d6 tién hanh
thue nghiém.

Sau khi tién hanh thuc nghiém, nhom tac
gia da tim ra dugc cac thong so cho bd dicu
khién PID duoc mo ta & bang 5.

Bang 5. Thong s6 K p K K sau khi thir va sai lya chon tot nhit

STT Gia tri Thong sb
1 K, 0,3
2 K, 0,1
3 K, 0,0
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er(r)

i
—Setpoint Error -

I K,je(r)dr

Y

_.( ZD_- Output —

Y

A 4

D Kd de(1)

dt

Hinh 7. So' @ khdi ciia b diéu khién PID

40

Nguon: Céng bé cuia tdc gid, (2024).

PID THETA

20

L
—— theta
—— theta set

theta(rad)

2485.6 2485.8

2486.0
t(s)

2486.2 2486.4

PID DISTANCE

250

200

distance =
—— distance_set |

150

distance(cm)

100

50

2422.6 2422.8

2423.0
tis)

2423.2 2423.4

Hinh 8. Biéu db hé thong PID

Hinh 8a cho ta thiy thoi gian dép tung vé
goc cuia robot khoang hai gidy ké tir khi co sai
léch goc so v6i ngudi diéu khién. Tuong tu,
hinh 8b thoi gian dép tmg vé khoang cach cua
robot khoang hai gidy ké tir khi c¢6 sai léch
khoang cach voi ngudi diéu khién.

Tir nhitng sai 1éch vé goc va khoang cach
cua robot, phuong trinh dong hoc nghich
dao cho phép tinh toan van tdc banh xe
riéng biét khi mudn dat duge van tée co s6
tong the.

Nguon: Céng bé ciia tdc gid, (2024).

=[vev, - (L +)w,]

W ==[vetvy + (1))

@®)

Wy = %[vx_i_v:.' - (lx + 1;.} mz]
Wyp =§ [V:c-v:.- +( + 13. ) w:]
Trong do:

Wep, Wep, Wy, Wy, dai dién cho van toc
goc cho banh trudc bén trai, phia trudc bén
phai, phia sau bén trai va phia sau bén phai
tuong ung.
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v, va v, dai dién cho van tde tuyén tinh
co ban cta robot theo hudéng x va y tuong
ung. Hudng x & phia trude robot.

w, 12 van tdc goc cua dé robot xung quanh
truc z.

[, val, daidi¢n cho khoang céch tir tim
ctia robot dén cac banh xe dugce chiéu trén
truc x va y tuong ung.

3. KET QUA VA THAO LUAN

Két qua xay dung duoc robot nhu Hinh 9a,
9b va 9c.

Két qua thir nghiém dwoc nhom tic gia
thuc nghiém & hanh lang khoa Ty dong hoa,
truong Bach Khoa, Truong Pai hoc Can Tho.

Robot bam theo nguodi diéu khién va giir
khoang cach véi nguoi didu khién 1a 140 cm
nhu hinh 10a va 10b.

Hinh 10a va 10b 1a hinh anh robot bam
theo nguoi diéu khién véi miii tén mau xanh
duong la hudéng cta robot va mii tén mau
cam 1a huéng ciia nguoi diéu khién. Cac mau
mili tén dugc mo ta cling dugc st dung tuong
tur v&i cac Hinh 11a, 11b va 11c.

Khi ngudi didu khién di xa khoi robot,
robot ting tbc do 1én dé bam theo va nguoc
lai, khi ngudi diéu khién & gan robot thi robot
giam tbc do dan tiry theo khoang cach da cho.
Bén canh do, robot con di chuyén sang céac
hudng bén trai, phai theo huéng nguoi didu
khién nhu Hinh 11a, 11b va 11c.

Hinh 9. M& hinh thye té ciia robot

Nguon: Cong bé ciia tic gia, (2024).

Hinh 10. Robot bam theo nguoi diéu khién

Nguén: Céng bé cua tac gid, (2024).
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Hinh 11. Robot di chuyén sang cic hwéng cia nguwoi didu khién

Thiét ké duogc giao dién giam sat robot
hoat dong thong qua may tinh xach tay.
Thong qua giao dién giam sat, gia tri vé
khoang cach cua robot va nguoi diéu khién,
gbéc léch cia robot va khung anh hién thi
ngudi diéu khién co thé quan sat duoc.

Bén canh d6 robot van con can cai thién
thém mot s6 yéu td vé van hanh, phan cimg va
tich hop thém mot sd kha niang cho robot
nham ning cao kha ning va hiéu qua lam viéc
cho robot nhu:

- Thém kha ning tuwong tac véi ngudi diéu
khién théng qua cac ctr chi tay: sang phai,
sang trai,... giip viéc van hanh duoc tdi uu
hoa hon.

- Nén thay b¢ xur ly trung tam tur laptop ca
nhan sang moét mdy tinh nhing du manh dé
giam trong lugng cho robot, tor d6 tang hiéu
suat hoat dong cho robot.

- Nén str dung loai camera co tich hop gidi
thuat chong rung dé cai thién kha nang xu 1y
anh cho robot.

- Tich hop thém phuong phap xur ly anh
hoc sau d€ huan luyén cac cu chi tay giup
robot nhan dién chinh xac hon.

Két qua md phong hoat dong robot duge

dinh kem trong duong link:
https://youtu.be/djS8FgO_Kw4

Nguon: Cong bé ciia tac gida, (2024).
4. KET LUAN

Nghién ctru nay da thiét ké duoc robot
mang chiu cay bonsai mini bam theo ngudi
st dung thudt toan nhan dién tu thé co thé
Human Pose Estimation dé theo ddi khung
xuong cua nguodi, phuong phap nay tich hop
cong nghé xur 1i anh khung xuong va ROS.
Bén canh dé, robot con c¢6 thé di chuyén sang
trai, phai va tién vé phia trudc theo nguoi diéu
khién. Thyc nghiém da kiém tra kha ning
bam theo ngudi didu khién voi khoang cach
140 cm va sai 1éch khoang cach +5% so voi
thue té, hoat dong tdt va dam bao két ndi cua
nguoi didu khién va robot.

Loi cdm on

Nghién ctru nay duge hd trg béi truong Dai
hoc Can Tho, thudc dé tai ma sb T2024-83.
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CONTROL OF A ROBOT CARRYING MINI BONSAI POTS FOR
AGRICULTURAL APPLICATIONS

ABSTRACT

In recent years, scientific research has focused on developing robotic control systems to improve
work efficiency in agricultural settings, notably through techniques for human-tracking robot control.
This study focuses on developing a robotic system to assist in transporting mini bonsai pots. This robot is
not only responsible for carrying potted plants but is also designed to track human movement based on
skeletal tracking, thereby improving flexibility and convenience in bonsai care activities. The study
employs Human Pose Estimation technology to track the human skeletal structure. This method
integrates image processing technology, and the PID algorithm, and uses the robot development
platform from the Robot Operating System (ROS). The study successfully designed a robot capable of
carrying mini bonsai pots, controlled using Human Pose Estimation technology combined with image
processing and ROS. Experimental results show that the robot can track a person at a distance of 100
cm, with a deviation of approximately £5% from the actual distance.

Keywords: Human pose estimation, ROS, PID, mobile robot
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