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ABSTRACT

This paper presents a method for building a controller of a 3-axis robotic
arm model from Fischertechnik. Autodesk Inventor software was used to
draw the 3D model of the arm which was then converted to the model in
Matlab (for controller design and simulation) via SimMechanics link
toolbox. Feedback control as well as forward and inverse kinematics were
applied to control positions of joints and gripper respectively. The arm
has been integrated camera to perform color classification based on
LabVIEW's image processing library. A Human Machine Interface (HMI)
was also designed using LabVIEW that allows operators to control and
supervise the model in operation. The experimental results show that the
robotic arm model can move to desired positions with low error (<8%)
and high stability (standard deviation in percentage < 3%). Therefore,
the model meets basic requirements of a robotic arm applied for product
classification in warehouse. Moreover, it can serve for studying, learning
about robotic arms and control algorithms such as ON-OFF, PID, etc.
TOM TAT

Bai bdo trinh bay phirong phdp xdy dung bg diéu khién cho mé hinh canh
tay robot 3 bdc tir do cia Fischertechnik. Ung dung phan mém Inventor
thiét ké mé hinh 3D cho cdanh tay, sau dé sir dung cong cu SimMechanics
hé tro lién két tir Matlab véi Cad 3D Inventor dé mé hinh héa, mé phong.
Nguyén Iy diéu khién héi tiép va bai todn déng hoc thudn, déng hoc nghich
da duoe ap dung vao canh tay robot 3 bdc tu do dé diéu khién vi tri cdc
khép ciing nhwe khdu chdp hanh. Canh tay dwoc tich hop thém camera dé
thuc hién qud trinh xir Iy anh phdn logi mau dwa trén thu vién xu Iy anh
cua LabVIEW. Mét giao dién duroc thiét ké (sir dung LabVIEW), ¢é chirc
nang cho phép ngiweoi diéu khién quan sat truc tuyén cdc ché dg cia mé
hinh dang hoat dong. Két qua thyc nghiém cho thdy canh tay gap vét dén
Vi tri mong muon Véi sai léch twong doi thap (<8%) va én dinh cao véi dg
léch ChUan thap (<3%). Nhue vy, mé hinh da xdy dung dap ung dugc cac
yéu cau co ban ciia mét mé hinh canh tay trong ung dung xép kho hing
phan logi san phdam. Hon thé nita, né con co thé phuc vu cho viéc hoc tdp,
tim hiéu vé canh tay robot va mét 6 gidi thudr diéu khién nhur ON-OFF,
PID, ...

Trich dan: Pham Thé Thinh va D& Vinh Quang, 2020. Diéu khién va phén loai vat thé dya trén mau sic su
dung canh tay robot 3 bac tu do cua Fischertechnik. Tap chi Khoa hoc Truong Pai hoc Can Tho.

56(1A): 11-20.
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1 GIOI THIEU

'Ngay nay, tay may cong ng hiép (canh tay robot)
xuét hién nhiéu trong cac nha may, xi nghiép & Viét
Nam véi cac nhiém vu: Iap rap, béc d& hang hoa,
son, han,...Do vy, nhu cau thyc té vé nguon lao
déng co the thao tac, 1ap trinh, diéu khién tay may la
rat can thiét. Nhiéu truong dai hoc trén ca nuée da
dua mén hoc robot céng nghiép vao giang day va
tham chi ¢ cac nudc tién tién con dua ra mot nganh
hoc nghién citu vé robot (robotics). Tuy nhién, viéc
thyc hanh vé6i tay may cong nghiép & nude ta con
han ché do chi phi dau tu cao. Viéc tim hiéu, nghién
clrtu mot mo hinh canh tay robot gia ré dé co ban
hiéu duogc cach thirc hoat dong ciing nhu diéu khién
mot tay may cong nghiép 1a can thiét.

Mo hinh Fischertechnik dugc phat minh tir mét
nha sang ché ngudi Dirc (Dr. Artur Fischer.1964) da
duogc st dung trong cac phong thi nghiém dién tu,
co dién tir & mot sé truong Cao dang va Pai hoc trén
thé gidi (Peng and Huang, 2013; Huang et al.,
2018). Nhiéu cong ty 16n, noi tiéng trén thé gidi nhu
Siemen, BMW da su dung cic md hinh cua
Fischertechnik dé trinh din cac day chuyén san xuét
(Huang et al., 2018). Ngoai ra, cic trudng cao ding
va dai hoc & Buac va Hoa Ky da sir dung robot
Fischer dé thuc hién viéc giang day va thuc hanh &
mot s mon (Freuend and Matysczok, 2002). Vi
nhiéu quéc gia va cac trudng di tng dung cic mod
hinh robot Fischertechnik nhu da tim hiéu, ching
hoan toan c6 thé dap tmg duoc cac yéu cau trong
viéc giang day va nghién cau ¢ Viét Nam. Tuy
nhién, chi phi ndi riéng cho bd diéu khién chinh
hang (gan 400 USD) van la kha dit. Dé giai quyét
van dé nay, dong thoi gitip van dung duoc nhiing
kién thirc dd hoc, board Arduino Mega cing véi
LabVIEW da duoc sir dung dé didu khién mé hinh.

Viéc ing dung LabVIEW va Arduino trong diéu
khién va ty dong hoa 1a rat phé bién hién nay. Aizat
et al. (2018) d tng dung xur Iy anh mau dé xéac dinh
dbi twong tir d6 dua ra quyét dinh cho canh tay. O
nghién cru cia Ramesh et al. (2015) canh tay dugc
gan mot camera dé tién hanh phan loai vat thé dva
va0 mau siC VGi board diéu khién trung tim la
Arduino UNO két hop véi phan mém LabVIEW.
Két qua cho thay su 6n dinh khi thyc hién xir Iy anh
trén LabVIEW. Obinna and Szemes (2017) da dung

12

Tdp 56, S6 1A (2020): 11-20

ky thuat xu Iy anh ma thu vién trong LabVIEW ho
tro dé cai thién chat lugng mau.

Nhin chung, cac bai bao chi di sdu vao viéc
nghién cttu tng dung Xt 1y anh trén LabVIEW ma
chua dua ra cac phuong phap diéu khién canh tay
robot. Vi vdy, bai bao nay ngoai viéc ké thira cac ky
thuat xir 1y anh con dua ra cach xay dung bo diéu
khién, mé phong cu thé cho mét canh tay robot. Cu
thé hon, mot bo diéu khién (board Arduino Mega)
cho md hinh cénh tay robot gap vat tir bang tai (md
hinh ctia hang Fischertechnik) két hop véi xir Iy anh
(phan mém LabVIEW) dé phan loai san pham da
dugc xay dung. Trong d6, bai toan dong hoc thuan,
dong hoc nghich va nguyén ly diéu khién hoi tiép da
duogc 4p dung dé didu khién vi tri gip va nha vat.
Thém vao do, hoat dong va didu khién cua canh tay
cing dwgc moé phong dua trén cong cu
SimMechanics lién két véi Inventor.

2 PHUONG PHAP THUC HIEN
2.1 Téng quan vé mé hinh

Mb hinh hé thdng sip xép hang héa dugc xay
dyng nhu Hinh 1. Hé ¢6 cac thanh phan chinh bao
gém: mot mo hinh canh tay robot cua Fischertechnik
tén ROBOTICS TXT Automation Robots (canh tay
¢6 ba bac tu do, trong robot cong nghiép dugc goi 1a
robot toa d¢ tru va c6 pham vi lam viéc 1a dang hinh
toa do tru trong khong gian); mgt mo hinh bang tai
va mot khai chira vat déu duoc lap ghép tir cac khoi
co ban cua Fischertechnik; mét camera (Webcam
Hxsj $20); mot cam bién vat can (E18-D80); va mot
mach diéu khién Arduino Mega.

Nguyén ly diéu khién ciia hé théng mé hinh dugc
thuc hién nhu Hinh 2. Bang tai van chuyén vat dén
vi tri cam bién vat can E18-D80, cam bién phat hién
vat thé dua tin hiéu vé bo diéu khién trung tam
Arduino Mega 2560 lam dirng hoat dong cia bang
tai qua relay. Sau do, bo diéu khién trung tm ra 1énh
diéu khién canh tay dén vi tri ctia vat trén bang tai
va thyc hién gip vat qua mach cong suit L293D,
dong thoi qua trinh xir Iy anh phan loai mau ciing
duoc thuc hién dé dua tin hiéu quyét dinh vi tri tha
vat cho canh tay (toa d6 mong mudn cho tirng vat
duoc nhap trén giao dién). Viéc thuc hién nguyén ly
diéu khién trén dwoc chia lam hai huéng: (1) Diéu
khién vi tri canh tay va (2) Xay dung xu Iy phan loai
mau trén LabVIEW.
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Hinh 1: M6 hinh thi nghiém

:| Bddy tinh |

i ) Eu:-ng oo
I Relay | | bangtii
Mach digu khign | it
E13-DEDK Arduino kMega
2560 .. o,
44 DEp Pngvitri
ME:h cing | Béng v DC |
sUSt LZOSD “|  cackhop
T v
Cam bien -

Hinh 2: So d6 diéu khién hé thong

2.2 Xay dung diéu khién vi tri canh tay 3
bac tw do

Bai toan diu khién canh tay robot 1a dwa khau
chap hanh dén vi tri lam viéc mong mudn. Dé co thé
diéu khién vi tri canh tay robot truéc hét phai tim
duoc hai phuong trinh déng hoc thuan va déng hoc
nguoc. Xay dung giai thuat diéu khién dya trén
phuong trinh dong huc hoc. Nguyén 1y diéu khién
Vi tri canh tay dugc trinh bay nhu Hinh 3. Tir toa d6

Toad§ X, Y, Z |
dat
Dong hoc + N Bo d}'éu
nghlch / khien

o })ong hoc
Cic khop thuan

mong muén (X, Y, Z) caa khau chap hanh, cac thong
s6 khop dugce tim thong qua phuong trinh dong hoc
nguoc. Sau do6, chung dugc so sanh véi cac gia tri
thong khép hién tai dwoc cam bién encoder phan hoi
vé, sai léch s& qua bo diéu khién tac dong dén cac
dong co cua canh tay. Tir cac thong s6 khép hién tai
dugc l4y lién tuc tir encoder, qua phuong trinh dong
hoc thuan, vi tri hién tai cua khau chép hanh sé& tinh
duoc theo thoi gian thuc.

XY, Z

‘ Cam bién ‘ '

Hinh 3: So' @b diéu khién vi tri canh tay
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bong hoc thuan ciia moé hinh

Mb hinh canh tay duoc thiét ké theo hinh dang
Ccua robot cong nghiép loai toa do tru ¢ 3 bac ty do.

Bang 1: Loai khép va pham vi lam viéc tieng khép
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Tén cac khép va pham vi lam viéc cua ching dugc
trinh bai trong Bang 1. Cac thong sd k¥ thuat cua
dong co dugc trinh bay trong Bang 2
(Fischertechnik ROBO TX, 2013).

Khép Loai khép Pham vi lam viéc

1 Khép quay Quay nguoc chiéu kim déng hd, 0°dén 360°
2 Khép tinh tién Tinh tién theo chiéu cao tir Ocm dén 15cm

3 Khép tinh tién Tinh tién theo phuong ngang tir Ocm dén 9cm

Véi md hinh di c6, tién hanh tim dong hoc thuan
dugc trinh bay trong sach “Ky thuat robot” (bBao
Van Hiép, 2004). Thuc hién theo quy tac Denavit

Bang 2: Théng s6 ky thuat

Hartenberg (Pao Van Hiép, 2004) nhan dugc cac hé
truc toa do robot nhu Hinh 4.

Pong co Nguén cap (V) Cong suit (W) V4n toc (vong/phut)
DC tich hop encoder 9V 12W 105 vong/phut
XS motor DC oV 1W 6000 vong/phut
a, O, =0,
o’ \ = 23
f“ .v’
@ W= &,
* 20 "
d: ~< v 2 i
yY2 s
o R )
g = .".“_;_ ¥ V' =Y

0, =0,

Hinh 4: Cac hé toa dd dwoc gén trén robot

Béng 3: Thong sé bang DH

Khau 0; a; d; a;
1 0, 0 0 0
2 -90 -90 d; a,
3 0 0 d;+18 0

cos(6) —cos(e;)*sin(6;)

sin(&;) *sin(¢;)

T cac hé toa do, lap bang DH (Denavit
Hartenberg) nhu Bang 3.

Trong d6: a = 3 cm, d 2= dp, d3 = d"3 + 18, 0y,
d*z, d*3 l1a cac bién khép.

T cac thong 5O trong bang DH, tim cac ma tran
bién doi tur ma tran tong quat (1):

a; *cos(é})

i1 sin(¢y) cos(é)*cos(a;) —cos(@)*sin(e;) g *sin(6;) 1
| o sin(e;) cos(cz;) d; M
0 0 0 1

Tir ma tran (1) thay céc thong s6 tir bang DH,
nhan dugc:
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_cel—seloo
o_selceloo
A 0 0 10
0 0 01
[0 01 o
L |71 0 0 —a
Ay = *
0 -10 d,
0 0 0 1
(1 00 o0
, 010 0
Ag = *
0 0 1 dy+18
000 1

Nhén cac ma tran (2), (3), (4) véi nhau:
0_ A0, alin2_
Ag = A Ay Ay =H
B *
s¢p 0 cf a,se+ (d3 +18)ce,
*
-6 0 sg -—aych + (d3 +18)s6;
*
0 -1 0 doy
0 0 O 1

Trong d6: 561 = sin(el) : cel = cos(el)

O]

®)

(4)

()

(6)
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Phuong trinh (6) 1a ma tran bié:n d(‘)i’ thuan nhét
cua robot. Tir ma tran bién doi thuan nhat (6), rit ra
hé phuong trinh nhu sau:

*

X =a,s0 + (d3 +18)cq)
*
*

H¢ phuong trinh (7) la hé phwong trinh miéu ta
dong hoc thuan dé xac dinh vi tri cia m6 hinh canh

tay robot Fischertechnik khi biét truée gid tri cac
thong s6 khop.

Pong hoc ngwec ciia mé hinh

Pong hoc nguoc ciia md hinh dugc tim bang
phuong phap hinh hoc va dugc thyc hién nhu sau:
Chiéu m6 hinh canh tay xudng mat phang Oxy nhu
Hinh 5 va theo phuong dang.

Cé toa do: O =03
V6i Oe (Xg, Ye, Ze) 1a toa d0 tAm vat. Thu dugc
hé phuong trinh mo6 ta déng hoc nguoc:

6 =atan 2(Xg,Yg)+atan2(r, a2)
*

* [ 2 2 2
Trong d6: r:,/Xé +YE2

O

ds

XE

0\/ x’

Hinh 5: M hinh chiéu trén mit phang Oxy
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2.3 Xily anh trén LabVIEW

LabVIEW hd trg day du cac chirc ning cua mot
qua trinh xtr Iy anh va qua trinh xir Iy dugc thuc hién
nhu sau: Hinh anh nhan tir camera duoc dwa vao mot
ving nhd dé tién hanh xir Iy anh. Anh thu dugc 1a hé
mau RGB (Red, Green, Blue) duoc chuyén doi
thanh hé mau HSL (Hue, Saturation, Lightness), sau
d6 duge phan tich mau twong ung vai hé mau HSL.
Tiép theo, ham IMAQ Color Learn (thudc thu vién
mau tién ich) dwoc sir dung dé thuc hién chirc ning
hoc mau va dua ra cac ké 6 mau theo ty 1€ kha ning
¢6 thé 12 mau cua vat tai ting ké mau (voi sé ké 6
phu thudc vao sy chon lya d6 nhay mau). Trong bai
bao nay, phan loai hai mau xanh va tréng, d6 nhay
mau duoc chon 1a LOW, nén chia lam 16 ké tir 0 dén

Bit déu
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15 (mau xanh ¢ ké 6 va trang ¢ 15). Ham phan loai
mau thuc hién chirc nang phan loai tra gia tri dung
v6i mau cia 6 twong Gng. O déy, dé co thé chinh xac
mau, chon ngudng tham chiéu gi4 tri tai hai 6 can
phan loai 16n hon 0,4. Néu gia tri tra vé tai ké 6 1a
I6n hon 0,4, két luan 1a mau xanh, con & ké 15, két
luan 12 mau tring. Gia tri ngudng nay dugc chon tir
thyc nghiém khi quan sat gia tri tai 6 ké mau xanh
(mau tring) d6i v6i cac mau sac khac nhau. Sau khi
dugc két qua phan loai mau, khdi “chuong trinh
chinh” ¢6 nhiém vu hién thi s6 lugng, dén bao mau
dugc phéan loai. Dong thoi dua cac toa do mong
muén cia mau d6 duoc ngudi ding dit sin truyén
xudng chwong trinh Arduino thyc hién vige diéu
khién canh tay dén vi tri mong muén. Luu d6 giai
thuat tong quat nhu Hinh 6.

Chon Camera

Thu anh

Chuyén anh

Téch mau

Phin ¢ mau

i= 0 mau

g=tilé 6 maui

1=6 =15
No No
20,4 g>0.4
Yes Yes
. Chwong trinh -
Mau xanh chinh Mau trang
Két thiic

Hinh 6: Lwu dd xir Iy anh trén LabVIEW

2.4 Giao di¢n phan mém

Giao dién mo hinh dugc thiét ké qua phan mém
LabVIEW va c6 thé tuong tic véi ngudi dung qua
hai ché do diéu khién gom: (1) Diéu khién bang tay
va (2) biéu khién ty dong. Ca hai ché d¢ déu dugc
kich hoat trén giao dién d thiét ké. LabVIEW giao
tiép voi mach Arduino théng qua giao tiép Serial
(giao thire UART). Chuong trinh viét cho b diéu
khién nay duoc chia lam nhiéu chuong trinh con dé
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thuc hién cac chlrc nang khic nhau nhu thuc hién
ché do diéu khién theo yéu cau, diéu khién bang tai,
doc tin hiéu cam bién, diéu khién cac dong co cua
canh tay,.... Luu do giai thuat tong quét ctia chwong
trinh diéu khién duoc trinh bai nhu Hinh 7. Giao
dién diéu khién cua toan bo hé thong duoc thé hien
& Hinh 8. Ngoai cac chirc ning didu khién da dugc
tom lugc, giao dién con cho phép giam sat truc tuyén
va ghi nhan sb lwong vat da gip, cho phép ngudi
dung can thiép cac 1énh didu khién trong hé thdng.
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Nhén dit licu tte
labview
A b
Biéu khién Diéu khién ty
biing tay déng

|
A A A

Chay Ngimg Vi tri Kep || Vitritha Thivé
Lo - . iooa . N A vit
bing tai || bing tai | | glp vit vt vit

Home

Hinh 7: Luu d6 giai thuat diéu khién gap vat

TRUGNG DAL HOC KY THUAT-CONG NGHE CAN THO

KHUA KY IHUAT CU KH

CANH TAY ROBOT PHAN LOAI SAN PHAM

TRUGNG PATHOC KY THUAT CONG NGHE CAN THG
KHOA K ]

4 K¥ THUAT CO KHI

CANH TAY ROBOT PHAN LOAI SAN PHAM

5
-
o [ e - [CHAY BANG [SGUNG BANG
T;‘O T’”. \ b

AU MANUAL

NGUNG BANG briay nanG TAfvL el ake vAT] kDR vAT

‘@ ®|®|®

12 I:‘.:'T 12 !_ mn_‘-(
“"“E'-I;" () CTN - e 1 N‘:'EE:T £ =
o ww wm w me Rm pm m am Em o fm me Rm n m | s
(a) Pidu khién bing tay (b) Piéu khién tw dong

Hinh 8: Giao dién ngwoi dung
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2.5 Mo hinh mé phéng

Sim-mechanics 1a mdt cong cu trong Matlab cho
phép chuyén d6i mo hinh Autodesk Inventor tir moi
truong Inventor sang moi truong Simulink dudi
dang cac kh01 duogc két ndi boi cac khép. Cong cu
con cung cap cho ngudi dung cac chire nang vé xac
dinh cac vat thé va tinh chét khdi luong ciia ching;
mo phong chuyén dong cia vat, cac rang bude dong
hoc, hé toa d6; do dugc chuyén dong; hay hd tro viéc
tim phuong trinh dong hoc. Piéu nay lam cho viéc

Tdp 56, S6 1A (2020): 11-20

mo hinh héa va phan tich dé dang hon vi nguoi ding
khong can trai qua qua trinh mo hinh héa phuc tap
(Gaber et al., 2016). Con ddi voi canh tay robot khi
ma viéc tim phwong trinh dong lyc hoc 1a trong ddi
kho khan, viéc lya chon tng dung trén dé thiét ké bo
diéu khién s& mang lai nhiéu thuan lgi. M6 hinh
dugc xuat sang Matlab nhu Hinh 9 va so d¢6 mo
phong sir dung bo diéu khién PID dugc trinh bay &
Hinh 10 ma s& duoc trinh bai k§ hon & phan tiép
theo.

CRELLITIILRE TR
CLTCIEN)

4w

st

Hinh 9: M6 hinh trong méi trweong simulink Matlab

2.6 Xay dwng thuat toan diéu khién

Bo diéu khién PID dugc thiét ké cho tirng khop
dé kiém tra kha nang diéu khién, dap tng tirng khép
cia mo hinh khi str dung b diéu khién nay (Hinh
10). Khi nhan dwgc mé hinh tir Inventor lién két
Matlab, thuat toan diéu khién PID dwogc xay dung
nhu sau: (1) sir dung khéi Joint Actuator dé cé thé
tao lyc, momen lam di chuyén ddi véi khép truot,
lam quay ddi voi khop quay; (2) st dung khoi
Sensor Joint dé phan hdi goc quay va d6 di chuyén

I e h
Weld

RootGround

5 Revolute
\.6}

cs2Mgoss

& cs2Mgos s b

khau1trobot:1

derobot:1

-,

Joint Sensor

6

Joint Actuator 1

cua khop; (3) sir dung bo PID trong thu vién, dau
vao bo diéu khién 1a sai sé gitra gia tri dat va gid tri
phan hdi vé tir khdi Sensor Joint, dau ra 14 tin hiéu
diéu khién ap 1én khdi Joint Actuator tac dung cho
tung khop, sau d6 tién hanh mé phong. Gié tri ngd
vao bo diéu khién 1a cac sai 1éch cua tirng khép dugc
trinh bay ¢ Hinh 3 (dé c6 duoc gia trj timg khép thi
phai qua chuyén dbi dong hoc nghich). Do d6 gié tri
dat o Hinh 10 1a gia tri tirng bién khop (¢ day don vi
clia gié tri dat 1a radian d6i vai khép quay, centimet
d6i vai khop tinh tién).

] I F———mosilpss B I F & coztly

khauZrobot:1 knop3:1
Prismatic Prismatic1

A
% °
&
Joint Sensor2
Joint Actuator2

Joint Sensor1

PID(s)

PID Coniroller1

PID(s)

=

Constant2 PID Controlier.

Hinh 10: B$ diéu khién PID dwgc dung dé diéu khién canh tay robot 3 bac tw do

3 KET QUA VA THAO LUAN

Viéc mo phong duoc tién hanh véi m, = 0,6 kg,
m,=0,3 kg, M;=
cuakhau 1, 2, 3 cua canh tay robot. Cac tham s6 PID

0,5 kg 1a khéi lugng tuong g
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duoc chon bang phwong phap thuc nghiém Ziegler

— Nichols (Huynh Thé Hién va ctv., 2018) 1a: K,

=120, T, =75, T, =20. Két qua mo phong cua ting
khép khong co nhidu duoc thé hién & Hinh 11 véi
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duong mau hong 1a cac gia tri dat (Khép 1 =1 rad,
khdp 2 =10 cm, khép 3 =5 cm) va duong mau vang
nét dut 1a gia tri dap tmg. Két qua cho thiy, cac khop
déu dén dwoc vi tri mong mudn. Trong d6, khép 3
¢6 d6 vot 16 cao nhat (10%) va thoi gian xac 1ap
cham nhat (3s). Cac chi tiéu chat lugng cho tung
Fid T dar |

1.2 T T T T T T T T
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khép duge trinh bay nhu Bang 4. Luu y rang, b
diéu khién trong thi nghiém nay dong vai tro kiém
nghiém hoat dong cuia mach diéu khién véi mé hinh.
Thuyc té trién khai, nguoi dung c6 thé thiét ké cac
giai thuat khac dé c6 chat luong tét hon.

gia tri dap|img T gia i dat
11 0 gid tri dap g
08 8
06 6k
rad cm
0.4 4l
02 r 2‘,
DI L L 0‘ L L
o 1 2 3 4 5 [ 7 8 9 10 1] 1 2 3 4 5 6 7 8 9 10
Time(s) Time(s)
Khép 1 (b) Khép 2
[ T T T T T [iERisRE
gid i ddp ung
5
4 4
cnd [ 7
5l _
1 r E
|
T e
(c) Khép 3
Hinh 11: Pap wng b diéu khién PID
Béng 4: So sanh cac chi tiéu chit lwong cia tirng khép véi bé diéu khién PID
Chi tiéu Khép 1 Khép 2 Khép 3
Do Vot 16 trén (%) 5 8 10
Do vot 16 dudi (%) 6 - 2
Thoi gian ting (s) 0,12 0,1 0,2
Thoi gian xac 1ap (s) 2,6 1,3 3

Sau khi thuc hién qua trinh md phong, tién hanh
thuc nghiém kha nang dieu khién vi tri canh tay cua
b6 diéu khién bang viéc cho canh tay di chuyén dén
Bang 5: Két qua kiém nghiém thuc té

mot toa do c6 dinh nhiéu lan (Vi du: X =5cm, Y =
20 cm, Z = 10 cm). Két qua thu dugc bang phuong
phap do thu cong va dugc trinh bay ¢ Bang 5.

Toa do mong Toa d0 mong muon

Toa d§ do dwgc

muon

X Y Z X Y 4

1 5 20 10 52 19,8 10,2

2 5 20 10 5 20,4 9,8

3 5 20 10 54 20 10

4 5 20 10 52 20,2 10

5 5 20 10 5 20,2 9,8

6 5 20 10 5,2 20 10,2

Gia tri trung binh 5,17 20,1 10
Do léch chuén 0,137 0,191 0,163
Do léch chuén (%) 2,66 0,95 1,63
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Két qua cho thdy, canh tay c¢6 thé di chuyén toi
toa d6 mong muén véi sai léch tuong doi thap
(<8%). Sai léch diéu khién nay 1a chap nhan duoc vi
sai s6 co khi ctia md hinh 1a twong ddi lon. Cac lan
I3p lai cho @6 léch chuan <3%, da chung to sy on
dinh cua b diéu khién. Cudi cung, kha ning thyc
hién gap va nha vat dua trén phan loai mau sic duoc
kiém nghiém. Viéc kiém tra duoc tién hanh 6 1an véi
hé théng hoat dong ¢ ché do tu dong. Két qua dugc
trinh bay & Bang 6.

Bang 6: Két qua sb lan canh tay gip vat thanh cong

Gap vat: Thanh cong/
Khong thanh cong
Thanh cong

Thanh cong

Thanh cong

Khong thanh cong
Thanh cong

Thanh cong

S6 lan thuc
hién

OO WN B

Qua kiém nghiém ty Ié thanh cong 1a cao hon
80%. Lan thyuc hién thir 4 khong thanh cong 1a do
anh sang thay ddi dot ngot, lam cho camera bi nhidu
sang nén khong phan biét rd mau cua vat.

4 KET LUAN VA PE XUAT

Mot bo diéu khién cho mé hinh canh tay robot
gap vat tir bang tai két hop vai xur 1y anh dé phan
loai san pham dd duoc hoan thanh. Bai toan dong
hoc thuan, dong hoc nghich va nguyén 1y diéu khién
héi tiép da dugc 4p dung vao canh tay robot 3 bac tu
do dé diéu khién vi tri gép va tha vat & moi vi tri
trong khong gian lam viéc cua noé. Viéc mo phong
hoat dong va diéu khién cua canh tay ciing dwoc
thuc hién dua trén phﬁn mém Matlab lién két véi
Inventor. Mic du sai 1éch vi tri con twong déi I6n do
sai léch co khi ciia m6 hinh va viéc phan loai mau
sic con bi anh huong boi nhidu sang, mo hinh hoan
thién nay co thé phuc vu cho viéc tim hiéu vé canh
tay robot va mot sb giai thuat diéu khién nhu ON-
OFF, PID, ... Hudng phat trién tiép theo ctia bai bao
s& 1a st dung cac b diéu khién nhu mang Noron
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ham co s& xuyén tdm, bo diéu khién truot, ... dé
nang cao hiéu suat.
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