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ABSTRACT

This study presents a method of design and implementation of a
position control model, which can be used to test different control
algorithms. The system was built based on the Arduino Mega2560 kit and
MATLAB/Simulink. Experimental results on the PID controller shows that
the response of the model has suitable rise-time, settling time, and small
steady-state error. The model satisfies the requirements for setting up an
experimental device for laboratory experiments of control system.

TOM TAT

Nghién ciru nay trinh bay phuong phdp thiét ké va thi cong mé hinh diéu
khién vi tri c¢é thé ding dé kiém nghiém cdc gidi thudt diéu khién khdc
nhau. Hé thong dwoc xdy dung dwa trén mé-dun Arduino Mega2560 va
MATLAB/Simulink. Két qua kiém nghiém trén b diéu khién PID cho thdy
ddp tng ciia mé hinh c6 thoi gian tang va thoi gian xdc ldp hop Iy, sai s6
xac ldp nho, hoan toan dat yéu cau thiét Idp hoc cu phuc vu thuc hanh, thi
nghiém vé diéu khién hé thong.

1 GIOI THIEU

Phuong phéap diéu khién vi tri dugc st dung
rong rii trong doi sdng nhét 1a trong cac linh vuc
ky thuat. Chiing ta c6 thé bét gap phuong phéap nay
trong rat nhiéu may cong cu chinh xac nhu: may
phay, may tién CNC, cac may cit lazer (Vi Thi
Hanh, 2007). Vi vay, viéc xay dung cac mo hinh
thi nghiém diéu khién vi tri phuc vu giang day
duoc nhiéu co s¢ dao tao k¥ thuat quan tam. Cac
mo hinh thi nghiém diéu khién vi tri dugc thuong
mai trén thi truong kha da dang. Tuy nhién, gia
thanh ctia mdi mé hinh con cao, mot trong sb do 1a
bo diéu khién vi tri RT060 cua hing Gunt —
Hamburg, CHLB Dirc, duoc ban véi gia gan
30.000 Euro (G.U.N.T. Geratebau GmbH, 2004).
Tuy vay, phan 16n cac phin mém diéu khién nay
déu duoc dong goi, 1am han ché kha niang mo rong

cac kiéu diéu khién khac.

Tt thuc té néu trén, nghién cliru nay nhim
thiét ké va ché tao mot mo hinh thi nghiém diéu
khién vi tri v6i gia thanh thap, vat tu, linh kién d&
tim dé phuc vu cho viéc dao tao k¥ thuat. Mo hinh
thi nghiém nay c6 kha ning giao tiép truc tiép véi
MATLAB/Simulink, cho phép nguoi dung ap
dung, kiém nghiém nhidu ky thuat diéu khién
khac nhau.

2 PHUONG PHAP THUC HIEN
2.1 Téng quan vé md hinh

Nguyén 1y diéu khién vi tri duoc thyc hién nhu
Hinh 1, nhim kiém soat vi tri cua con trugt bé“lng
dong co DC. (3 do, bo dléu khién trung tdm nhén
tin hiéu hoi tiép tra vé& tir cam bién hdng ‘ngoai
GP2D12, xac dinh dwoc vi tri con truot dé dleu
xung PWM, kiém soat dong co DC. Khdi cong suat
s& nhan tin hiéu diéu xung PWM tir bo diéu khién
trung tam, ciing nhu hudng chuyén dong dé tao gia
tri dién ap tuwong ung, ap 1én dong co DC.
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Pap ing
(v tri)

Tin hi¢u héi tiép

Hinh 1: So d6 diéu Khién vi tri

2.2 Phin cirng ciia hé thong

Phan cting ciia hé théng bao gom hai khdi chirc
ning quan trong: (i) B diéu khién va (i) Bo cam
bién vi tri. Ca hai khéi nay dugc xdy dung trén kit
Arduino Mega 2560, vé6i thong s ky thuat duogc
hing cung cip trong Bang 1 (Arduino, 2015).

Bang 1: Mgt s6 thong s6 ky thuat kit Arduino

Mega 2560
Vi diéu khién ATMEGA 2560
Dién &p lam viéc 5VDC
LA . 54 (tich hop bo diéu xung
SO chan vao/ra so PWM)

S6 chan vao tuong tu 16

Dong dién trén cac

A 40 mA
chén vao/ra i
B0 nho Flash lzglslgllfi];n(gg)KB ding ¢
B6 nhé SRAM 8 KB
B nhé EEPROM 4 KB
Tbc do xung nhip 16MHz

bé xac dinh vi tri d6i tuong diéu khién, cam

Bang 2: Gia tri do tir 10 cm dén 80 cm

bién hdong ngoai GP2D12 duoc st dung. Pay la
mo-dun do khoang cach bang anh sang hong ngoai
thong dung trén thi truong (Sharp Corporation,
2005). Viéc giao tiép giira kit Arduino Mega 2560
v6i GP2D12 kha don gian, nhung tin hiéu déu ra
tuong tw cia cam bién khong tuyén tinh (L& Vin
Doanh, 2006), nén can tuyén tinh hoa dit liéu timg
doan dé dat duoc do chinh xac cao hon. Cong thire
xac dinh khoang cach can do duoc dinh nghia nhu
(1):
Y =aX-b
1

KC=—-K
Y

(1)

voi, KC 1ﬁ khoang cach can do; X la dién ap ra
cua cam bien Vout; K=0.42 (Sharp Corporation,
2005); avabla?2 hé so can tim.

Dé xac dinh cac hé s6 a va b trong (1), cac thuc
hién do dac véi khoang cach tir 10 cm dén 80 cm
duoc thiét lap, v6i 4 doan dir licu (KC, X, Y),
(KC1, X1, Y1), (KC2, X2, Y2) va (KC3, X3, Y3),
cho trén Bang 2.

KC X Y KC1 X1 Yl KC2 X2 Y2 KC3 X3 Y3
10 24 0,096 20 1,38 0,049 30 098 0,033 40 0,77 0,025
11 2,2 0,088 21 1,32 0,047 31 095 0,032 41 0,75 0,024
12 2,06 0,081 22 1,28 0,045 32093 0,031 45 0,7 0,022
13 1,93 0,075 23 1,22 0,043 33 091 0,03 50 0,66 0,02
14 1,81 0,069 24 1,18 0,041 34 089 0,029 60 0,61 0,017
15 1,72 0,065 25 1,14 0,039 35 0,87 0,028 60 0,57 0,017
16 1,65 0,061 26 1,11 0,038 36 0,85 0,027 65 053 0,015
17 1,57 0,057 27 1,07 0,036 37 0,83 0,027 70 0,49 0,014
18 1,51 0,054 28 1,04 0,035 38 0,81 0,026 75 045 0,013
19 1,43 0,051 29 1,01 0,034 39 0,79 0,025 80 0,4 0,012
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Hinh 2: Do thi khoing cich cam bién GP2D12 tir 10 cm — 80 cm

Tir mdi doan dit liéu trén Bang 2, st dung
phuong phap binh phuong t6i thiéu bang cong cu
polyfit cia MATLAB (Nguyén Hoang Hai va
Nguyén Viét Anh, 2006; Nguyén Phung Quang,
2006), ta dé dang xac dinh duoc a va b. Chéng han,
v6i doan dir licu (KC, X, Y), ta xac dinh dugc a=
0.0476, b=0.0173. Tu do, thay vao phuong trinh
(1) ta duogc:

! -0.42
(0.0476X)-0.0173

(2)

bé kiém ching d6 tin cdy cia cadm bién, nghién

ctru nay da tién hanh nhiéu thuc nghiém. Mai thuc
nghiém khoang cach can do dugc doc bang cam
bién dé so sanh vai két qua do thu cong. Két qua so
sanh cho thdy cong thirc tinh khoang cach tir dir
liéu do cam bién GP2D12 cung cip la tin ciy
dwoc, vdi sai s6 tdi dala 0.4 cm.

2.3 Phin diéu khién

Dé kiém nghiém mo hinh diéu khién vi tri, bd
didu khién PID truyén théng duoc thiét lap trén
Simulink (Hinh 3c) twong tac truc tiép véi mo hinh
thuc nghiém (Hinh 3a), theo nguyén ly diéu khién
vong kin Hinh 3b.

SENSOR
: l"r IL !

Pl CONTROLLER !
i pe |

(b)

PID{s)

]

Hrefl PID Controller

Y
3

Scope

Position System

(c)

Hinh 3: M6 hinh thi nghiém diéu khién vi tri
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3 KET QUA VA THAO LUAN

Mo hinh thi nghiém diéu khién vi tri duoc xay
dung hoan thién nhu trén Hinh 3a. M6 hinh nay
giao tiép truc tiép voi MATLAB thong qua cong
USB, voi su tham gia cua kit Arduino Mega 2560.
Kit nay giit vai tro truyén thong giira bo diéu khién
trén may tinh va cic co cu chap hanh, cam bién
trén md hinh thyc. N6 truyén tin hiéu diéu khién
tao boi bo didu khién cho co chu chéip hanh va
nhan tin hiéu hoi tiép vi tri con truot dé tra vé cho

Bang 3: Thong s6 ky thuat méd hinh
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méy tinh. Bo didu khién c6 thé dugc xdy dung
bang nhiéu phuong phap khac nhau trén
MATLAB/Simulink, ¢6 thé kiém soat truc tiép
thiét bj bang cach giri tin hiéu diéu khién xudng kit
Arduino Mega 2560. Vi tri con chay dwoc cam
bién GP2D12 x4c dinh va dwoc truyén nguwoc vé
may tinh d€ so sanh v&i tin hiéu tham khao, tao
thanh mét vong diéu khién kin. Théng sb k¥
thuat ctia m6 hinh duogc cho trén Bang 3.

Mach diéu khién trung tdm Arduino Mega 2560
Mach cong suét Mach cau H (HB-300W)
Cam bién khoang cach GP2D12

Dong co DC 24V

Thanh trugt vudng 40x1.5x1 (cm)

Day dai 50x1x0.1 (cm)

Pham vi hanh trinh 0—30 (cm)

Kich thudce (dai x rong x cao) 60x35x28 (cm)

Trong luong 15.5 (kg)

So d6 thuc nghiém Hinh 3 cho Kkét qua diéu
khién nhu Hinh 4. O thuc nghiém nay, vi tri con
truot duoc diéu khién bam theo vi tri tham khao
Xeer. Trong 60 gidy dau tién tin hiéu tham khao
Xeei= 5 cm; & 60 gidy tiép theo Xe=17 cm va 60
gidy cudi ciing Xe= 10 cm. Pap tng vi tri trén
Hinh 4 cho thay con chay bam theo tin hiéu tham
khao rét tot. Khao sat va thong ké trén nhiéu thuc

Syslem response
T

nghiém cho thay chat lwong diéu khién vi tri voi bo
diéu khién PID duogc xac dinh trén Bang 4. Luu ¥
rang, bo didu khién PID dugc thiét ké trong thi
nghiém nay chi dong vai tro kiém chimg hoat dong
ctia md hinh. Thyc té trién khai, ngudi ding hoan
toan co6 thé thiét ké cac giai thuat didu khién khac,
¢6 chit lugng diéu khién t6t hon.

30 T T T
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T T

100 |-
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PID Controller (%)
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Hinh 4: Pap ving clia mé hinh thi nghiém diéu khién vi tri
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Bing 4: Két qua mé hinh thi nghiém diéu khién

vi tri
Thoi gian ting 0.346 £ 0.01(s)
Thoi gian xac lap 0.852 +0.01(s)
Sai s6 xac lap 0.358 + 0.05(cm)
Do vot 16 11.67 £0.1(%)
Sai s6 cam bién 0.3 +0.05(cm)

Két qua nay cho thiy mo hinh hoan toan dap
tmg dugc vai tro mot hoc cu hd trg cong tac dao
tao k¥ thuat. Mot s6 wu diém ndi bat cia md hinh
¢6 thé liét ké nhu sau:

— Thiét k& mo hinh co khi viing chic, c6 do
bén co hoc cao, phu hgp cho viéc bd tri thue hanh,
thyc tap.

Mé  hinh giao tiép truc tiép Véi
MATLAB/Simulink théng qua kit Arduino Mega
2560, cho phép ngudi dung cé thé kiém nghiém
nhiéu kiéu diéu khién khac ngoai PID.

4 KET LUAN VA PE XUAT

Bai bao mo ta phuong phép thiét ké mé hinh thi
nghiém diéu khién vi tri thong qua truyén thong
nbi tiép gira MATLAB va kit Arduino Mega
2560. Bo didu khién c6 thé dugc xay dung voi
nhiéu kiéu diéu khién khic nhau trén
MATLAB/Simulink dé kiém nghiém trén thiét bi,
bang cach g tin hiéu diéu khién xudng kit
Arduino Mega 2560. Vi tri con chay dugc cam
bién GP2D12 xé4c dinh va dwogc truyén nguoc vé
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may tinh dé so sanh véi tin hiéu tham khao, tao
thanh mot vong didu khién kin. Két qua kiém
nghiém bang phuong phap diéu khién PID truyén
théng cho théy md hinh hoat dong tbt, hoan toan co
thé dung 1am mot hoc cu thi nghiém diéu khién vi
tri.
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