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TOM TAT

Canh tay robot m6 phong hoat dong canh tay cta con nguoi da va dang dwoc st
dung rdng rai trong day chuyén san xuét cong nghiép va doi song cua con nguoi.
Bén canh d6, cong nghé truyén dan vo tuyén Bluetooth cho phép céc thiét bi dién
tee duoc két ndi trong mot khoang cach nhat dinh hoan toan phu hop véi muc dich
diéu khién c4c thiét bi tir xa. Bai bao nay dé cap dén viéc nghién ctru, thiét ké va
tht nghiém mot md hinh canh tay robot diéu khién tir xa st dung cong nghé
Bluetooth. Vi xtr ly ARM cortex M4 trén nén tang Kit phat trién TivaC TM4C123G
duoc st dung dé€ diéu khién chuyén dong quay cta cac khép canh tay — chuyén
ddng cua cac dong co servo- sau khi nhan 1énh diéu khién tir thiét bi théng minh
tng dung hé diéu hanh Android. Két qua thuwc nghiém cho thdy canh tay robot do
chting t6i thiét k& c6 dap ting véi thoi gian tré thap, c thé thuc hién cic thao tac
gép/tha cac vat c6 khdi lwong va kich thude nhat dinh. Mic du van con mot s&
diém han ché€, nhung mo hinh nay sé la nén tang can thiét d€ phat trién canh tay

robot hoan thién trong thoi gian toi.

Tt khoa: ARM cortex, cong nghé Bluetooth, canh tay robot,...

1. MO PAU

Hién nay robot la thiét bi dwgc st dung rong rai trong moi linh vuc cta doi
sOng va san xudt. Trong san xudt cong nghiép, robot déng vai tro quan trong trong day
chuyén san xuat hang loat hay ra pha bom trong linh vuc quan su [1]. Pdc diém ndi bat
cta robot dé la d6 chinh xdc cao va c6 thé thay thé con nguoi trong mot s6 truong hop
nhét dinh. Cu thé, canh tay robot mo6 phong canh tay cta con nguoi da va dang duoc
tng dung rong rai trong day chuyeén san xuat cong nghiép khi can lua chon hay loai bo
cac san pham trén bang chuyén la mot minh chtng rd rang cho su phat trién cta viéc
tng dung robot. Su phat trién ctia cong nghé truyén thong cho phép cac thiét bi dién tw
c6 thé dugc diéu khién tir xa voi khoang cach tir vai mét cho dén hang tram nghin

51



Nghién citu, thiét ké'thir nghiém mé hinh cinh tay robot diéu khién tir xa sir dung céng nghé bluetooh

kilomet tuy thudc vao cong nghé duwoc st dung. Trong d6, cong nghé Bluetooth ndi 1én
nhu mot chuan truyén thong vo tuyén véi dic diém cu ly truyén dan dudi 100m
nhung chi phi thap va it tiéu thu ndng luwong, ddc diém nay thich hgp cho cac muc dich
truyén tin cy ly ngan véi do tin cay cao [7].

M6 hinh canh tay robot do chung t6i thiét k& la mo6 hinh gom nam béc tw do
duoc diéu khién tir xa thong qua cong nghé Bluetooth. Cac khép ctia canh tay robot
nay st dung cac dong co servo ddu noi vdi cac thanh nhua plastic va dugc dat trén
mot gia do c6 dinh. Chuyén dong quay cua cac khép chinh la chuyén dong quay cta
cac dong co diéu khién boi 16i vi diéu khién ARM cortex M4 thong qua phuwong phap
diéu ché€ do rong xung PWM (Pulse — Width - Modulation).

Phan mém diéu khién dwgc phat trién trén nén tang hé diéu hanh Android dua
trén ma nguén mo MIT App Inventer. Giao dién diéu khién don gian dwoc thiét lap
nham kiém chiing kha ning van hanh cta cénh tay robot: cac thao tdc don gian nhu
gép/tha hay quay trai/phai. Két ndi giita dién thoai thong minh va 16i vi diéu khién
ARM duogc thiec hién thong qua module Blutooth HC - 05.

Céc két qua thir nghiém cho thdy mé hinh canh tay robot do nhém ching t6i
thiét ké va ché tao hoat dong kha 6n dinh. M6 hinh nay sé 1a nén tang dé phat trién
canh tay robot hoan thién hon trong thoi gian tiép theo.

2. THIET KE CANH TAY ROBOT NAM BAC TU DO

Vi tiéu chi dat ra la thiét ké€ mo6 hinh mot canh tay robto ndm bac tw do tiéu thu
it nang lwong, c6 kha nang dap tng tic thoi va thao tac voi do chinh xac cao, ching
toi dua ra mo hinh thiét ké véi so d6 khoi duoc thé hién ¢ Hinh 1. D liéu duoc trao
ddi lién tuc gitra thiét bi thong minh va vi diéu khién Tiva C Series TM4C123G thong
qua modue Bluetooth HC - 05. Qua d6 co cdu chdp hanh canh tay sé thwc hién cac thao
tac teong tng voi lénh nhan duoc.

cocAu - . MODULE .
CHAP HANH ‘ VIDIEU KHIEN BLUETOOTH THONG M
CANH TAY HC- 05

Hinh 1. So d6 khdi cua thiét k&€ mo hinh canh tay robot

diéu khién tir xa sit dung cong nghé Bluetooth.
2.1. Thiét k& co cdu chdp hanh cho m6 hinh canh tay robot
2.1.1. Co so ly thuyét dong hoc tay may

Mo hinh canh tay robot nam bac ty do trong thiét ké la mo hinh canh tay kiéu
toa do goc. DBay la hé toa d¢ phong sinh hoc gitip mo phong canh tay ctia con nguoi
gom cac khép vai, khuyu tay, khdp co tay va ngédn tay. Cac chuyén dong dinh hudng
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la cac chuyén dong quay va vung lam viéc cua tay may gan giong mot phan khoi cau.
Uu diém ndi bat cta céc loai robot hoat ddng theo hé toa do goc 1a gon nhe va do linh
hoat cao. Phuong phap diéu khién duoc lwa chon d€ thiét ké la phuong phap diéu
khién vong ho - khong sit dung cac cam bién va mach phan hoi trong qua trinh diéu
khién [2, 3].

Hién nay, ly thuyét dong hoc tay may duwoc xdy dung dwa vao cac mé hinh
khac nhau, trong d6 mo6 hinh Denavit - Heternberg (D - H) da va dang duoc st dung
rong rai trong bai toan thiét k& co cau canh tay [3]. M6 hinh nay dua ra cac tham s6 dé
dién td md hinh dong hoc ctia canh tay. Day la co so d& xay dung ma tran truyén xac
dinh vung lam viéc ctia robot va giai bai toan dong hoc thuan ctia canh tay.

X4

Hinh 2. M6 hinh canh tay robot nam béac tir do

theo hé toa d phong sinh hoc va cac truc toa d¢ tng cac khép va khau cta canh tay.

Minh hoa cac khop dan dong cua canh tay robot duoc thé hién ¢ Hinh 2 nham
xay dung bo thong s6 D - H mo ta cau tric ctia canh tay. Trong d6 cac truc Ozi, Ozz va
Ozs vudng goc véi mit phang hinh vé, cac truc con lai ndm trong mit phang hinh vé,
truc Oy duoc xac dinh theo quy tic tam dién thuan dua trén hai truc Oz va Ox tuong
tng. Truc quay cta khép 0 (gia do ) va truc quay khép 4 (khép ngon tay) lan luot
vudng goc voi truc quay cua khép 1 (khép ba vai) va truc quay khép 3 (khdp co tay).
Trong khi d¢ truc quay cua cac khop 1, 2 va 3 vudng goc voi nhau titng d6i mot. Day la
co so dé xay dung bang gia tri cac thong s6 D - H ctia hé canh tay [4, 5] (Bang 1).

Bang 1. Céc thong s6 Danevit - Hetternberg ctia canh tay robot mé hinh nam béc tw do

TT Khép a di 6 «
0 0 do ©0 90°
aa 0 e’ 0
a 0 e
0 ds e
as 0 e 900

U W RN R
B W N =
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Trong do:
ai: do dai phap tuyén chung (chiéu dai cua khau).
ai: goc gitta cac truc trong mit phang vudng goc ai (goc xoan ctia khau).

di: khoang cach gitta cac phap tuyén do doc theo truc khdp i (khoang cach gitta
cac khau).

i goc gitta cac phap tuyén do trong mit phang vuong goc véi truc (goc gitta
cac khau).

Dua trén bang thong s6 D - H, ta hoan toan xac dinh duoc toa d¢ cua khai chap
hanh - ngén tay dwa vao ma tran chuyén ddi thuan nhat. Mdi ma tran chuyén dai
thuan nhat Ai tng véi khau i dwge bidu dién theo cac thong s6 D - H nhu chi ra & biéu
thiee (1) [3].

cosé —sing cose; sinésing, @ cosé,
sing, cos@ cose; —cosésing, @ sing,

= 1
A 0 sing, Cos ¢, d, W

0 0 0 1

Ma tran chuyén vi T4 cia hé m6 ta hudng va vi tri ctia canh tay duoc xac dinh
dua vao cdc ma tran chuyén vi khong thuan nhat. Ngoai ra, ma tran nay cho phép xac
dinh dwgc ba vector don vi moé ta hudng cta ngon tay 1aa,0 VéB [3, 4] nhu O biéu
thiee (2).

nX OX aX pX
n, o, a, p
T =| ¥y v % y | = 2
“=ln o n p AARAA, (2)
0O 0 0 1

Hinh 3. Vi tri cac véc to @,0 va p tng véi khau cudi cudi cing ctia tay may.
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Trong do:

- Px Py, p-la cac thanh phan vector B theo cac truc toa do biéu dién quan hé toa
dod vi tri cua goc hé toa do OsX4YsZs gén trén khau chdp hanh cudi cung d6i véi hé toa
dd gdc OoXoYoZo.

- 0x, Oy, 0- 1a cac thanh phan vector O trén hé truc toa dd OsXsYsZs ma theo d6
cac ngon tay nam vao nhau khi cam - nam d6i tuong.

- ax, ay, azla cac thanh phan vectora trén hé truc toa 40 O«XaYsZsma theo d6 cac
ngon tay sé tiép can dén doi tuong.

- Ny, Ny, Nz 1a cac thanh phan vector phap tuyén trén hé truc toa d¢ OsXsYsZs

duoc xac dinh ttt tich c6 hudng cta hai vector Ovaa:n= [6 , 5} .

2.1.2. Thiét ké phan cting cho canh tay robot

Céanh tay robot duwgc diéu khién tir xa thong qua cong nghé Bluetooth, cong
nghé dua trén co so két ndi vo tuyén gitta cac thiét bi dién ti trong cw ly ngén cho
phép cac thiét bi di ddng va cd dinh ¢ thé duoc két ndi voi nhau tao nén mang ca
nhan khong day véi téc do truyén ly tudng tdi da 1én dén hang Mbps. Module HC - 05
duoc st dung trong thiét k& 1a module chuén giao ti€p dong bd SPP (Serial - Port -
Protocol) theo tiéu chuan Bluetooth V2.0 + EDR (Enhanced Data Rate) véi tdc do
truyén d liéu t6i da la 3 Mbps trén bang tan 2,4 GHz [7]. Céc thong s ddc trung cua
module HC - 05 duoc cho ¢ Bang 2.

At
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(a) (b)
Hinh 4. Module Bluetooth HC - 05 vé6i thanh phén chinh la vi mach CSR BC417143 (a)
va Kit phat trién Tiva C series TM4C123G (b).

Module Bluetooth HC - 05 c6 thé duoc thiét 1dp o hai ché do riéng biét gom
Data Mode hodc Command Mode. Khi module duoc ddt & ché d0 Command Mode,
nguoi dung c6 thé thay doi cac tham sd quan trong nhu tén dai dién module hay mat
khau truy cap mot cach tuy y. Trong khi d6, ché€ do Data Mode la ché& d6 cho phép
module nay trao doi di liéu vdi cac thiét bi khéac theo chuan truyén thong Bluetooth.
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Luc nay module c6 thé chu dong két n6i voi cac thiét bi theo nhw cai dat tir trudc (ché
dd Master Mode) hay ¢ trang thai cho két ndi thu dong (ché do Slave Mode). Trong
pham vi nghién ctu, ché @6 Data mode - Slave Mode duoc lya chon cho module HC -
05 cho phép truyén dix liéu theo chuan giao ti€p dong bo ndi ti€p UART (Universal
Asynchronous...) véi tdc dd méac dinh la 9600 baud. Cu ly t6i da ly twong gitta module
nay va cac thiét bi dién tir khac d€ co thé lién lac 1én dén 15m.

Bang 2. Cac thong s6 ddc trung ciia module HC - 05

TT Thong s0 dac trung Chi tiét
1  Dién 4p / dong dién dinh mtkc +3,3 VDC /50 mA
2 Bang tan hoat dong 2,4GHz
3  TG6c do truyén dix liéu Bat dong bo: 2,1 Mbps / 160 Kbps
boéng bd: 1 Mbps / 1 Mbps
4  DPinh dang bao mat Ma hoéa va xac minh dia chi
5  Dainhiét d§ hoat dong On dinh -20°C dén 75°C

Kit phat trién Tiva C Series TM4C123G dwoc tich hop sdn vi xtt Iy ARM cortex
M4 duoc st dung trong thiét ké dong vai tro nhu mot bo diéu khién hoat dong ctia mo
hinh canh tay cing nhu nhan di liéu diéu khién tr thiét bi thdng minh thong qua
chuén truyén thong Bluetooth. Vi xt ly ARM la loai vi xt ly 32 bit hoat ddng ¢ tan s6
80 MHz thda man cac tiéu chi dat ra ban dau cua thiét ké. Kit phat trién nay duoc dong
g6i nho gon cling nhu tiéu thu it nang lwong mac du da dwoc tich hop thém cac thanh
phan ngoai vi khac nhue bo nhé hay cac khoi ADC...[6].

Thiét k€ canh tay nay st dung cac ddng co servo cd ddc di€ém ndi bat la quay o
murc gidi han nhét dinh so véi qua trinh quay lién tuc cing nhu kich thudc nhoé gon so
véi dong co mdt chieu hay dong co budc. Cu thé, cau tao bén trong dong co gom chudi
cac banh rang va mot cam bién vi tri dwgc két néi véi mach diéu khién tao thanh mach
hoi tiép vong kin. Hé thong hoi tiép vong kin nay cho phép truc dong co dat mét vi tri
chinh xac theo gia tri PWM duwgc goi téi mach diéu khién bén trong dong co. Do do,
dodng co nay duoc st dung rong rai trong cac ting dung doi hoi diéu khién tuong doi
chinh xac va kich thudc nho gon va tié€t kiém nang lwong. Trong gidi han nghién cutu,
dong co servo SG90 va MG995 thda man tiéu chi ban dau cua thiét k€ duoc lya chon dé
lam cac khép ctia canh tay.

2.2. Xay dung giai thuat phan mém diéu khién hoat dong canh tay robot

Giai thuat phan mém nham diéu khién cénh tay robot duwoc phat trién song
hanh cting qua trinh thiét k& phan cting nham t3i wu hoa thiét ké khi han ché t&i da cac
gidi han ctia phuwong phap diéu khién vong ho. Luu d6 thuat toan hoat dong cua toan
bd hé thong duoc thé hién ¢ Hinh 5. Ban dau, dién thoai thong minh sé xac lap két noi
v6i module HC - 05. Két ndi thanh cong sau khi nhap dung mat khau duoc cai dat cho
phép ngudi sit dung truyén cac lénh diéu khién bang thao tic nhan phim twong ting
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trén man hinh dién thoai. Cac d@ liéu nhan duoc tit qua trinh nay duwoc vi diéu khién
giai ma sang cac yéu cau cu thé nhu quay phai/trdi hay tha/gép cac vat nho.... dudi
dang tin hiéu PWM truyén dén cac dong co servo. Trong truong hop cu ly gitta canh
tay va nguoi dung vuot qua khoang cach cho phép tdi da (theo ly thuyét la 15m) thi
nguoi dung phai tai thiét 1ap két ndi nhu ban dau, qua trinh két n6i nay chiém khoang
thoi gian tir 2s dén 3s.

| Bat dau |

Khoi dong
thiét lap két ndi

Vi digu khién nhan
lénh va giai m3

l

Biéwu khién canh
tay robot

Nhap dang
mat khiu

MAt két ndi
Bluetooth

Che doi lénh tix
ngudl dung

Két thiic
qua trinh
diéu khién

Hinh 5. Luu d6 thuat todn biéu dién qua trinh diéu khién canh tay robot tir xa.

3. KET QUA THUC NGHIEM VA THAO LUAN

Trén co so ly thuyét dong hoc robot, ching t6i da ché tao thanh cong md hinh
canh tay robot gom nam dong co servo duoc ddu ndi béng cac tAm nhwa PVC tai cac vi
tri cd dinh trén nén cua tru d6. Qua trinh gia cong doi hoi can chinh chinh xac cac vi tri
dam bao canh tay khong mat thang bang trong qud trinh hoat dong. Vi diéu khién Tiva
C va module Bluetooth HC - 05 duoc bd tri bén canh bd phéan vai tay cua robot va giao
dién diéu khién duoc nhung trén dién thoai di dong stv dung hé diéu hanh Android
dwoc thé hién [an luot & Hinh 6a va Hinh 6b.

Trong qua trinh tht nghiém, nhém tac gia tién hanh cai dat cdu hinh cta
module HC - 05 véi cac 1énh co ban gom: AT + PSWD = #### cho phép cai dat mat khau
#### theo y mudn (méat khdu mdc dinh cta nha san xuat la 1234); AT+NAME = *** cho
phép dat tén module 1a *** d€ tién cho viéc st dung. Viéc cai dat module ¢ ché do
Slave Mode va yéu cau mat khau dang nhap da tang tinh bao mat ctia hé thong do do
han ché duoc viéc truy cap trai phép tir nguoi dung khac.
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4O e GEIE T =

HUSC - Robotic arm prototype
Két ndéi Ngdt kKét ndi

Gap vat (Qi)} Tha wvat

(a) (b)
Hinh 6. Canh tay robot da ché tao (a) va giao dién diéu khién
ctia ngwroi dung trén dién thoai (b).
Trong thiét ké nay, canh tay c6 thé xoay truc thang ding di qua giao diém giita
khép ba vai va tru d6. Twong tu, cdc khép con lai khac nhw ¢6 tay, khuyu tay va ngén
tay c6 thé quay xung quanh truc khép mot cach linh hoat. Bang 3 mo ta cac ddc diém

vat ly cing nhu néng luc thyce thi cta canh tay da thiét ké.

Bang 3 . M6 ta thong s6 ky thuat mo hinh canh tay robot

TT Dac diém Ky hiéu Tri sO
1 Khoiluong m 2500 g
2 Khoang cach tir khau s6 1 do 08 cm
dén khau goc
3  Khoang cach tir khau s6 4 ds 10 cm
dén khau s6 3
4  Chiéu dai khau sd 2 ai 12 cm
5 Chiéu dai khau s6 3 a 45 cm
6  Chiéu dai khau s6 5 (chiéu as 5cm
dai ngodn tay)
7  Gidi han bé ngang vat thé d 5cm
8  Sttc nang canh tay mo 250 g
9  Nguodn cung cap cho co cdu 5VDC-1A
chap hanh
10  Phan mém diéu khién Thong qua giao dién
diéu khién nguoi dung
11 SO bac ty do DOF 5
12 Goéc quay cua khép 0 ©o Tt 0° dén 180°
13 Goéc quay cua khép 1 ST Tt 0° dén 130°
14 Goéc quay cua khép 2 ©> Tt 0° dén 160°
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15  Goc quay cta khép 3 SE T 0° dén 150°
16  Goc quay cta khép 4 S T 0° dén 80°
17 Culy diéu khién Tt 0 dén 12 mét
18 Thoi gian dap tng T Dudi 1s

Bang 3 cho thdy stic nang cénh tay va bé ngang vat thé c6 thé gap/tha con khé
khiém t6n. Thoi gian dap tmg dudi 1s chi ra rang thiét k& da dam bao tiéu chi dat ra
ban dau vé thoi gian thuee thi. Cac goc quay co gia tri kha 1on dam bao cé thé thao tac &
nhiéu vi tri khong gian khac nhau.

Chuyén dong cua cac khop la chuyén dong cua dong co servo nén vé mat
nguyén tac goc quay ctia cdc khép quay phai tir 0° d&n 180°. Tuy nhién, thuc nghiém
cho thdy rang goc quay cta cac khép 1,2, 3 va 4 dat mot ngudng nhat dinh, néu vuot
ngudng thi tinh can bang ctia toan hé thdng sé bi pha vo. Trén co sé nay, giai thuat
phan mém dwoc xay dung sao cho géc quay ciia mdi khép canh tay nam trong mot dai
gia tri nhat dinh nham dam bao tinh can bang ctia toan bo canh tay- day chinh 1a mot
han ché cua thiét k€. Ngoai ra, cdu hinh module HC - 05 & Slave Mode chua cho phép
két ndi tu dong gifra cac thiét bi trong treong hop két néi bi ngat.

4. KET LUAN

Trén co s& ly thuyét dong hoc vé canh tay robot va cong nghé Bluetooth, ching
toi da thiét ké thte nghiém thanh cong mo hinh canh tay robot nam bac tw do diéu
khién tir xa thong qua cong nghé Bluetooth st dung Kit phat trién Tiva C. M6 hinh nay
c6 thé gap/tha cac vat nhé c6 khdi lwong va kich thude xac dinh cling nhu thao tac gan
nhu tic thoi véi d6 chinh xac cao. Tuy nhién, mé hinh van con tén tai mot s6 nhuwoc
diém nhu goéc quay cac khép bi han ché cling nhu chua xay dung dwgc co ché tw dong
két noi gitra cac thiét bi. Ngoai ra chung toi van chua xac dinh dwoc chinh xac treong
cong tac cua canh tay do do phttc tap ctia m6 hinh canh tay nam bac ti do. Tuy vay,
cac két qua dat duoc thé hién trong bai bdo nay la nén tang quan trong dé€ xay dung
md hinh canh tay robot hoan thién hon trong twong lai.
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INVESTIGATION, DESIGN AND TESTING OF REMOTE CONTROLLED
ROBOTIC ARM VIA BLUETOOTH TECHNLOGOY

Hoang Le Ha", Nguyen Van An, Vo Hong Quy, Phan Van Dai
Faculty of Electronics - Telecommunications, University of Sciences, Hue University
“Email: hleha@hueuni.edu.vn

ABSTRACT

Nowadays, robotic arm with similar functions to human’s arm has been widely
implemented in industrial production and daily life. Bluetooth technology, which
is one of various wireless communication technology enables electronic devices to
be connected from a distance, is perfect for remote control application. This article
presents investigation and design of remote controlled robotic arm via Bluetooth
technology. The joints of such manipulator are made of RC servo motors which are
monitored by ARM cortex M4 — based TivaC TM4C123G microcontroller shortly
after the instructions are received from Android OS —based smart device. The
practical results show that this prototype could well operate, for instance grasping
or releasing certain objects, in a short period of delay time. Additionally, this could
be infered from these promising test results that this design could be probably a
perfect robotic arm in the close future despite the fact this robotic arm needs to be

further optimized.

Keywords: ARM cortex, Bluetooth technology, robotic arm...
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