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Tom tit

Céanh tay Robot dirgc ldp trinh dé thuwe hién mét s6 nhiém vu bcfng cach di chuyén
bé phdn cuéi khép tir noi nay sang noi khdc nhw néng, ddat xuong, thao hodc han mét
phan hodc toan bg phéi, tiy theo théng sé kj thudt va nhu cau ciia nha san xudt véi dé
chinh xdc va hiéu sudt cao. Canh tay Robot con duwoc sir dung khi thay thé thao tac nguoi
lam nhitng cong viéc nguy hiém, rii ro nham dam bdo an toan. Trong bai bdo nay, ching
16i dé xudt mot thiét ké hé théng diéu khién canh tay robot 4 bdc tw do. Hé théng canh
tay robot dwoc diéu khién tir xa theo thiét ké bang cdach giit, tha va di chuyén canh tay
robot 1én xuong, cing c&c thao tac kha. Trong thiét ké bao gom mét hé thong nhing voi
phirong phdp dwa trén Internet van vit ciing dwoc dé xudt VA mét phan mém g dung
diege thiét ké trén website véi 4 bang diéu khién twong vmg cho diéu khién 4 dong co
servo co bién do dao dong tir 0 dén 180 ds theo ca chiéu kim d&ng hé va nguoc chiéu kim
dong ho. Nhiéu thir nghiém dwoc tién hanh dwa trén nhiéu kich ban dwoc thiét ké da
chitng minh tinh kha thi va én dinh cia hé thong diéu khién khong day bang phan mém
duwoc thiét ké cai dat trén cdc thiét bi di dong nhw dién thoai, may tinh bang hodc may
tinh nhw laptop, may tinh ca nhan.

Tar khoa: cong nghé 10T, hé thong diéu khién, robot
Abstract

DESIGN OF REMOTE CONTROL SYSTEM ROBOT ARM WITH 10T
TECHNOLOGY

A robot arm that is programmed to perform various tasks by moving its end joint
from one place to another, such as lifting, placing, removing, or welding a part or an
entire workpiece, depending on the technical specifications and needs of the
manufacturer with high precision and efficiency. The robot arm is also used to replace
human operations in dangerous and risky jobs to ensure safety. In this article, we propose
a design for a 4-degree-of-freedom robot arm control system. The robot arm system is
remotely controlled by holding, releasing, and moving the robot arm up and down, along
with some other operations. The design includes an embedded system with an Internet of
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Things-based approach and an application software designed on a website with 4
corresponding control panels for controlling 4 servo motors with oscillation amplitudes
ranging from O to 180 degrees in both clockwise and counterclockwise directions. Many
experiments have been conducted based on various designed scenarios that have
demonstrated the feasibility and stability of the wireless control system using software
installed on mobile devices such as phones, tablets or computers like laptops or desktops.

1. Giéi thi¢u

Trén thé gidi hién nay, cac may cong cu thay thé sirc lao dong cta con ngudi nhu
Canh tay robot cong nghiép (Alessandro Massaro, 2022; Shuai Li va cs., 2019) duogc hiéu
1a hé théng may mo phong hoat dong cua con ngudi nham muc dich hoan thién day
chuyén san xuét voi ning suét cao trong van hanh nhd co ché wu viét. Canh tay robot
cong nghi¢p chuyén thuc hién cac cong viéc lap di 1ap lai, nham chén, 1am gidm sy tap
trung ciia nguoi lao dong nhu lép rap cac bo phan hodac linh kién lai véi nhau dé tao ra
san pham cudi ciing, dong gbi va sap xép giao hang, thao tac cac chi tiét nhé nhu linh
kién dién tr doi hoi d6 chinh x4c va nhat quan cuc cao. Chinh vi nhitng uu diém néu trén
nén nhiéu nghién ctru Gng dung lién quan dén phuong phéap diéu khién canh tay robot
trong nhiéu linh vuc da duoc dé xuat va cong bb.

Nguyén Pang Quang va Vin Vi Thanh (2023) da dé cip dén mot robot canh tay
dugc ap dung trong cac hé théng phan loai cac san pham c6 mau sic khac nhau da dugc
biét dén. Phan ctg hé thdng duoc thiét ké trong bao gdm Arduino Uno, cam bién mau
TCS3200 va 5 dong co servo. Nguyén 1y hoat dong duoc xay dung dya trén vi tri cia san
phém. Khi c6 vat thé di qua, cam bién mau sé& dugc kich hoat dé gui tin hi¢u dén Arduino
Uno dé diéu khién céc servo trong cac khép ctia canh tay va di chuyén mang theo vt thé
c¢6 mau dén cac diém cd dinh theo mau tuong tmg. Do chi sir dung Arduino Uno dé xir Iy
nén robot canh tay hé théng duoc thiét ké & ché dd gidi han thyc hién mdt cong viée cu
thé va khong thé giao tiép véi cac thiét bi khac duoc.

Nhiéu nghién ctru cong bd trong (Sabya Bharat va Patil Ashish, 2015; Emad va cs.,
2017; Dalgic va cs., 2019; Naveen va cs., 2023) da dé xuat cac phuong phap diéu khién
canh tay robot khong day thong qua cac giao thic va cong nghé bluetooth, radio, song
hong ngoai. Nghién ctru trong (Sathyamoorthy va cs., 2022) da thiét ké mot hé théng phan
cirng bao gém B¢ kit cong cu phat trién TM4C123G Tiva C Series hoat dong nhu mot bo
diéu khién, Mo-dun Bluetooth HC-05 va dong co servo SG90 va MG995. Cénh tay robot
duoc diéu khién thi cong thong qua Gmg dung trén thiét bi thong minh sir dung cong nghé
Bluetooth. Nhuoc diém cua nghién ciru nay 1a Bluetooth 1a cong nghé cii truyén tin hiéu
& gan, d& gay nhidu va do bao mat thap hon.

Trong bai béo nay, mot thiét ké méi cua hé théng canh tay robot dugce dé xuat. Cac
thiét bi di dong thong minh dugc sir dung dé diéu khién chuyén dong ctia canh tay robot.
Trong thiét ké, canh tay robot va thiét bi di dong thong minh dugc két ndi (giri/nhan dix
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liéu tin hiéu) qua Wi-Fi bang cach sir dung bd Arduino co tén ESP8266. ESP8266 c6
nhiém vu két ndi Wi-Fi va truyén tai thong tin giita phan mém ung dung duoc cai dat
trong thiét bi di dong théng minh va bd vi diéu khién nhiing trén bo mach Arduino dugc
str dung dé xir Iy va diéu khién cac thiét bi ngoai vi bao gdm trinh diéu khién dong co
servo, thiét bi hién thi. Trinh diéu khién dong co servo diéu khién cac dong co servo dugc
dit ¢ dinh trén cac khdp canh tay robot.

Phan con lai cta bai viét nay dugc td chtrc nhu sau. Thiét ké cta hé théng dé xuét
dugc mo ta & phan 2. O phan 3, mot s6 két qua thuc nghiém ciing dugc trinh bay. Phan 4
két luan bai viét va nhimg dinh hudng trong twong lai.

2. Thiét ké hé thong

Hé thdng canh tay robot bao gdm hai phan: phan cting va phin mém. M&i bd phan
duoc thiét ké riéng biét trén co s¢ ddm bdo tinh d@)ng bd, tuong thich v4i nhau. Hé théng
dé xuat duoc thiét ké dé diéu khién tir xa canh tay robot bang cac thiét bi di dong thong
minh nhu dién thoai, may tinh x4ch tay, may tinh ca nhén, v.v. thong qua IoT Cloud dya
trén Wi-Fi. N6 duoc mo ta nhu trong hinh 1. Phan bén trai ctia hinh 1 1a phan cling ctia
khung canh tay robot trong khi phan bén phai 1 phan mém dua trén giao thic IoT Cloud.

‘ =R o |
&@

Hinh 1. So dé khoi hé théng canh tay Robot dwgc dé xudt.
2.1. Thiét ké cdnh tay Robot

Canh tay Robot dugc thiét ké vai 4 bac tu do (DOF). Mdi bac tu do 1a 1 khdp xoay
¢ goc quay gidi han twong tng véi 1 vi tri dit mo to servo. Chung duoc dat tén 1a cb tay
(Wrist), khuyu tay (Elbow), vai (Shoulder) va dé (Base) nhu mé ta trong hinh 2.

Wrist

S1

T

S3 End Effector

44— Shoulder

S4

Base
—

Hinh 2. Hé théng phan cimg cdanh tay Robot.
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Hé thong phan cimg canh tay Robot nhu trén dugc két ndi véi trinh diéu khién dong
co, noi nhan 1énh tir IoT Cloud thong qua b vi diéu khién va mo-dun Wi-Fi 8266 trén bo
mach Arduino ESP8266. Chi tiét thiét ké hé thdng phan ctng canh tay Robot bao gdm
khung kim loai, bon dong co servo SG90, mét trinh diéu khién dong co va mot bo mach
Arduino ESP8266. Cac thiét bi va linh kién duoc st dung theo thiét ké phén cing nhu so
d6 khdi & hinh 3.

|Servc:_3| |Servo_2| ‘Servo_[)l |Servo_1|

[ Motor servo driver ]

{

[ ESP&266 ]

Hinh 3. Cdc thiét bi va linh kién sir dung cho hé thé’ng phcfn cung.
He¢ thong phan cimg bao gdm 3 phan chinh:

. Egp8266f Chiu trach nhiém xu 1y va diéu khién cac bo phan cua canh tay (thong
qua bg dieu khién dong co servo).
q « BO diéu khién dong co servo: Chiu trach nhiém diéu khién dong co servo va gitp
on dinh dién ap.

* Bong co servo: Giup cu dong cac khdp cta canh tay (4 bac tu do).

Chung duoc 1ap rap thuc té dé trién khai thuc nghiém nhu trong hinh 4.

/ /ﬂ} 74 : T ‘
Hinh 4. Hé thong phan citng canh tay Robot thuc té.
2.2. Thiét ké phan mém diéu khién

Phan mém duoc thiét ké gdm 2 phan: mot phan trén trang web dudi dang nit diéu khién
trong kién trac IoT va mot phan trong b kit phat trién Arduino ESP8266. Thiét ké phan mém
cho nut ESP8266 duoc tom tit bang so d6 thuat toan nhu dugc mo ta trong hinh 5.
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—Commands recieved Nnap 1€nh diéu knién é
servo 0,1,2.3 /

A

Controll servo_0 ++
or -

Controll servo_1 ++
or -

Controll serve_2 ++
or —- ~

Controll servo_3 ++ |
or -

Hinh 5. So d6 thudt todn phan mém.

PAu tién, mot giao thue két ndi duoc sir dung dé thiét lap két ndi gitra nat ESP8266
va ToT Cloud dua trén cac ché do hoat dong sau:

« Access Point (Wi-Fi_AP): (Access Point — AP) cung cap kha nang truy cip mang
Wi-Fi cho céc thiét bi khac (Station — STA) va két ndi chiing v6i mang c6 day. ESP8266
c6 thé 1a mot AP nhung nd khong két ndi c6 day véi mang. Ché do hoat dong nhu vay
duoc goi 1a soft-AP. S6 lugng tram tdi da duoc két ndi voi soft-AP 13 5.

« Tram (Wi-Fi_STA): Thiét bi duoc két ndi v6i mang Wi-Fi dugc goi 14 tram. Viéc
két ndi véi mang Wi-Fi duoc hd tro boi diém truy cap (AP), mot AP ¢ chiic ning nhu mot
trung tAm nhung danh cho nhiéu tram. Mdi diém truy cap dugc xac dinh bdi mot SSID
(Service Set IDentifier), SSID ciing chinh 1a tén mang hién thi khi chiing ta két ndi Wi-Fi.

« Access Point — Station (Wi-Fi_AP_STA): O ché d6 nay, ESP8266 vira két ndi Wi-
Fi vira phat tin hiéu Wi-Fi.

= Thu vién hd trg: “ESP8266Wi-Fi.h” va hé théng duogc dé xuit st dung ché do

Wi-Fi_STA.

Khi ¢6 tin hiéu diéu khién tir ung dung qua Wi-Fi, Esp8266 s& kiém tra dir liéu nhan
duoc va diéu khién servo phu hop roi tra vé ung dung dir li¢u vi tri servo hién tai. Pong
co servo duoc phan bd cho cac khdp nhu sau:

« servo_3 dugc gan cho khép cd tay S1: hanh dong nha nim. Luu ¥y rang pham vi
mo to servo nay chi nam trong khoang [0o — 1100].

« servo_2 gan cho khép khuyu tay S2 va servo_1 gan cho khép vai S3: dong tac day
Ién - xubng. Luu ¥ rang pham vi mé to servo nay chi nam trong khoang [00 — 1600].
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« servo_0 dugc gan cho khop dé S4: tac dong xoay Yaw theo chiéu kim dong hé-
nguoc chiéu kim dong ho (trai-phai).

Qua trinh truyén dir liéu qua Wi-Fi (st dung ddm may IoT ciia Arduino):

« Khdi tao 4 bién tuong tng voi 4 dong co servo va quan 1y 4 bién d6 dé diéu khién
goc quay.

« Sau khi két ndi Esp8266 v6i dam may IoT va theo ddi 4 bién sb do.

« Bing cach diéu chinh cac gia tri 6, chung ta c6 thé diéu khién dong co servo.

Béng diéu khién duoc tao trén trang web nhu trong hinh 6.

Vo V1 V2 V3

12 0 180 110

° L] N © G ©

0 180 o 160 70 180 0 110

Hinh 6. Bang diéu khién cho dong co servo.

3. Két qua thwe nghiém

3.1. Két noi thanh céng véi Pam may IoT

Canh tay robot két n6i thanh céng voi dam may IoT nho thiét ké phan mém duoc dé xuat
& phan trude voi viée thiét 1ap cac thong s6 phu hop. Két quéa thir nghiém cho thiy két
nbi thanh céng duge mo ta nhu trén hinh 7.

Hinh 7. Théng tin vé viéc két néi thanh cong canh tay robot véi Bam mdy IoT.
3.2. Phan mém diéu khién trén nén web

Giao dién nguoi ding phan mém tng dung quan 1y trén trang web thong qua dam
may 10T duoc trinh bay nhu Hinh 8 cho thdy bo mach Arduino ESP8266 da dugc két ndi
loT Cloud qua Wi-Fi va chung to sin sang trao doi thong tin trong van hanh, quan 1y,
giam sat, va diéu khién canh tay robot tir xa bang cong nghé IoT.
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Hinh 8. IoT Cloud dd cdp nhdt trang thai ciia ESP8266 (phdn trén) va giao dién nguoi
ding diéu khién géc quay cia 4 dong co servo (phan duéi).

3.3. Diéu khién cdnh tay robot

Thur nghiém duogc 1ap lai nhiéu 14n, thao tac diéu khién tir xa cua tung mo to servo
cho két qua muot ma, dap tng ding chidu quay, goc quay mong mudn nhu sb do hién thi
trén bang diéu khién. Hoat dong thir nghiém nhit va tha db vat ciing cho két qua kha quan.

Két qua thye nghiém dugc do bang cach diéu khién timg mo to servo va ghi lai goc
quay cua servo d6 sau khi nhan nat dimg. Cac goc do dugc ghi lai bang thudc do goc
(thudc do goc) dé do lai sd goc twong ddi ma moé to servo di quay. Tat ca cac két qua thi
nghiém dugc tom tit trong bang 1.

Bing 1. Két qua diéu khién cdc déng co servo tai khdp cdnh tay Robot.

Servos  Gia tri can [°] Pap tng thuc té [°]

1st 2nd 3rd Ath 5th 6th 7th 8th gth 10th

Servo0 90 90 | 88 | 90 | 90 | 90 | 88 | 90 | 88 | 92 | 90
60 60 | 58 | 58 | 60 | 62 | 60 | 60 | 60 | 60 | 60

45 46 | 46 | 46 | 46 | 46 | 46 | 46 | 48 | 48 | 44

30 30 | 30 | 30 | 32 | 30 | 30 | 30 | 30 | 30 | 30

Servol 180 180 | 180 | 180 | 180 | 180 | 180 | 178 | 178 | 176 | 176
160 156 | 160 | 160 | 158 | 162 | 160 | 160 | 160 | 160 | 160

120 120 | 122 | 120 | 120 | 120 | 120 | 120 | 118 | 120 | 120

100 104 | 100 | 100 | 100 | 100 | 100 | 98 | 98 | 96 | 96

Servo2 160 162 | 160 | 164 | 160 | 160 | 160 | 160 | 160 | 160 | 158
120 122 | 122 | 120 | 118 | 118 | 120 | 120 | 120 | 120 | 120

80 82 | 80 | 8 | 8 8 | 8 | 8 | 80 | 78 | 78

40 44 | 38 | 42 | 40 | 40 | 42 | 40 | 42 | 38 | 40
Servo3 140 138 | 140 | 142 | 138 | 138 | 136 | 136 | 138 | 134 | 134
90 92 | 88 | 92 | 90 | 90 | 90 | 90 | 88 | 88 | 88

45 48 | 46 | 46 | 48 | 46 | 46 | 46 | 44 | 44 | 42
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Hiéu suit cua canh tay robot duoc dé xuét duoc danh gid bang sai sb tuyét ddi trung
binh (MAE) va sai s6 chuén trung binh gbc ddi véi xac thuc chéo (RMSECV). MAE va
RMSECV thé hién su khac biét gitta gia tri duy doan va gia tri thyuc té (gia tri mong mudn
1a gia tri thuc). Cac phuong trinh dwogc trinh bay chi tiét trong. MAE va RMSECV duoc
tinh toan cho tirng goc quay mong mudn (duéi dang thuc té).

* Phuong trinh (1) tinh MAE nhu sau:

_ DL |Xi-vil

MAE
1)

* Phuong trinh (2) tinh RMSECV nhu sau:

T (Xi-Yi)?
" (2)

Sau do, gia tri trung binh ctia n6 dugc lay va cac gia tri toi thi€u va toi da cua nd

RMSECV =

cling dugc chon. Panh gia hi¢u suét cua canh tay robot dugc dé xuét duoc tom tat trong
bang 2.
Bing 2. Panh gid hiéu sudt canh tay robot.

. Max . Max
Min MAE Avg. MAE MAE Min RMSECV Avg. RMSECV RMSECV
0.200 0.7867 1.400 0.6325 1.34752 2.2804

4. Két luan

Mo hinh canh tay robot tu do 4 bac véi phan mém diéu khién, giam sat va quan 1y
tir xa thong qua dam may IoT vira dugc dé xuat trong bai bao nay. Cac tac gia da thanh
cong trong viée thiét ké phan cing va phin mém cho hé thong d& xuit voi két qua cua
nhiéu thir nghiém cho thiy sy dép tng tot ctia cac 1énh diéu khién dbi véi hoat dong ctia
hé thong co khi. Phan mém dugc xay dung trén ing dung dam may IoT rat d& trién khai
va hd trg hau hét moi thao tac nhu truyén dit liéu, x4c minh thiét bi, trinh diéu khién. Phan
cting cua Canh tay robot hoat dong trong khong gian vira du dé hoan tit qua trinh nhit,
di chuyén va tha.

Mo hinh ndy c6 thé nhit/tha cac vat thé nho co khdi luong va kich thudc xac dinh
cling nhu thao tac gan nhu tirc thoi voi do chinh xéac cao. Tuy nhién, model van con mot
s6 nhuoc diém nhu kha ning xoay cac khép bi han ché ciing nhu thiéu co ché két ndi tu
dong gitra cac thiét bi. Ngoai ra, chung t6i van chwa xéac dinh dugc truong tac dong chinh
xac cua canh tay do tinh phtc tap cia mo hinh cénh tay nim bac ty do. Tuy nhién, két
qua thu dugc trong bai bao nay 1a nén tang quan trong dé xay dung mot mé hinh canh tay
robot hoan thién hon trong tuong lai. Trong twong lai, viéc két hop canh tay robot véi
phuong phap hoc may s& mé ra nhiéu hudng nghién ciru ciing nhu giai quyét duoc nhidu
véan dé phirc tap khac nhau.
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