CH. 4: Project Practice

CH. 4: Project Practice

[1] How to use Arduino Mega 2560

[2] Input/output interface program
(1) ON/OFF-type sensors and devices
(2) Analog-type sensors
(3) DC Motor and Servo Motor interface

[3] PID position control of DC motors (AX-12W)

[4] 2-DOF robot arm control project (AX-12A)

[5] Walking robot project using Arduino Mega 2560
(1) Controller design with Arduino Mega 2560
(2) Design of two-type of walking robot mechanisms
(3) Prototypes

[6] 2-DOF haptic device project
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CH. 4: Project Practice

[1] How to use Arduino Mega 2560

(1) Introduction

- Microcontroller: ATmega2560 (16MHz, 256KB Flash Memory), 54 DIO pins, 14 PWM
Outputs, 16 Analog Inputs, 4 UARTSs, USB connector

- Supported 1/O: Digital Input and Output, Analog Input, Serial Receive and Transmit,
Servo Read and Write

- Supported from MATLAB R2012a version.

- Related MathWorks website:

http://www.mathworks.co.kr/hardware-support/arduino-simulink.html
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[Arduino Mega 2560]
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[Pin Assignment of ATmega2560]

(2) Installation
- Arduino Board software

http://arduino.cc/en/Main/Software

Arduino-1.0.4-windows.zip

- MATLAB Command: targetinstaller

-

W Target Installer

Install or update target

Where do you want to install or update from?

@ Internet {recommended)
() Folder

CHRMATLAEWTargets ¥R 201 Za¥tdownloads
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CH. 4: Project Practice

W Target Installer

Select a target

Select a target to install or update,

& == ]x]

I I e

Inztall Arduino Mega 2560 ! 1,00 Windows (B4-bit),Windows (32-bit)
|:| Inztall Arduino Uno 1,0/ Wwindows (B4-bit), Windows (32-bit)
| Inztall BeagleBoard 1,0/ Windows (B4-bit)Windows {32-bit)
I In=tall ELEGO MINDSTORMS NXT 1.0/ Windows (E4-bithWindows {32-bit)

Installation folder:

CottATLABWTarge tsWR201 24

Browse.,,

- Once packages are installed, Arduino library can be found in Simulink library.

(3) I/O Drivers

-

E *PC Target

E! Target for Use with Ardu...

E Vehicle Network Toolbox

W Library: arduinolib [Sif=r= represents the voltage as a digital value (0-1023, minimum to
File Edit View Format - Help ). The i voltage is by the Analog input
reference voltage
Arduine Enter the number of the analog input pin (0-5 for Arduino Uno, 0-15
for Arduino Mega 2560). Do not assign the same pin number to
ARDUING ARDUING ARDUING multipke b vathin 2 model.
Iri i FAYAN P Parameters
Fin § Fing Find Pin numbar:
Digital Input Digital Qutput Analog Input =
ARDUING ARDU ARDUING
et Bt . Sarike e
Pins e e Portd .
PWM Serial Receive Serial Transmit
ARDUING ARDUING ARDUING
o r [ ok ][ cancel |[ Help Apply
Pin 2 Ping Fin 2

W Source Block Parameters: Analog Input 23
Arduino Analog Input (mask)
Measure the voltage of a specified analog input pin. The block

Standard Servo Resd

Standard Servo Write

Click io Opan Documaentaticn

Copyright 2012 The MathWeds, Ine

Continuous Servo Write

Modeli
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CH. 4: Project Practice

(4) Related demo and examples:

Getting Started with Arduino Mega 2560 Hardware (&) Wodel
= A = Communicating with Arduino Mega 2560 Hardware %] model
. e  SemoControl &) Model

Drive with PID Contral & Model

Y fnk_challenge =le]

File Edit View Simulation Format Tasls Help
DISE& LB (&= 4|2y it oma 7 DEbEs REE®

Troe “plisk_shallange” @ Sesanbed i the Las part of the Lacyads Asduing tutonal, hug v lacpada nesloam sduing and it consists in cetagning o ol (and sfogramntang the seasd)
2 that th restiing devios haa § LEDs [sonnested 33 the diginal sutputs B1012) 300 & meden (3o uagr San switth mede wiing 3 Sultsn seanected 1o diginl inpen 03]

Made 1 Al LEDs O

Mode 2: All LESs On

Moo+ 3: LEDs Bliniing WiIN v oy regulated by B 0 Al imput B2}
Mode &: LECs Bliniing ene after the sihar (wave liie) with varnsble speed regulated by the patantiomate:

T P

:

Compare  Buica e Pin g

To[10]  Relgsses tam! Capital Cutgat
TR

‘Evert Counter 003 ik

r ) Pin 10
b w0 E zeren Crgital Cutpatt
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- i
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CH. 4: Project Practice

[2] Input/output interface program

(1) ON/OFF-type sensors and devices

[Sensors: IR (Infrared), Switch, MIC (Microphone), Tilt, CdS, Remote sensors from the left]
[Output devices: LED, Buzzer]
- Connection: From the left, GND, VCC(+5V), Output.

Input devices Arduino Output devices Arduino
GND (BLACK) Digital GND GND (BLACK) Digital GND
Vcc (RED) Digital 5V Vcc (RED) Digital 5V
Out (WHITE) Digital 22pin Out (WHITE) Digital 23pin

- Simulink Program: Digital Input’s sample time=0.01 sec

ARDUINO

Il

Pin 22
Digital Input

h 4

ARDUINO

Tt
€ Pin 23

Bigital Output

[ ]

h 4

Display

- Execution: Tools = Run on Target Hardware - Options (Enable External Mode) = Run

& Stop
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CH. 4: Project Practice

(2) Analog-type sensor

[IR sensor, Potentiometer, Analog-type Keypad]

- Connection:
IR Sensor Arduino POT Arduino Keypad Arduino
GND (BLACK) Digital GND | GND (BLACK) Digital GND | GND (BLACK)  AREF
Vcc (RED) Digital 5V Vcc (RED) Digital 5V Vcc (RED) GND
Out (GREEN) A0 Out (WHITE) Al Out (WHITE) A2

- IR Sensor: Sharp GP2D120, Range 4~30cm

My 2em

ANALOG VOLTAGE OUTPUT (V)

10
12em
tem
18om

fooon
5 em

0.08 (X 018 02 028 03 038

INVERSE NUMBER OF DISTANGE (1 + 0.42)
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CH. 4: Project Practice

- Simulink Program: Analog Input’s Sample time=0.01 sec
- Arduino Mega 2560 board’s ADC: 10bit (0~1023 output)

ARDUINO
SN TN S SN
} fen :
AnaFI‘cIJr; (I)nput SHARPIR %Cm]
Display [AD Digital]
ARDUINO
SN TN S SN
. fcn i
Ana:::;1 I1nput1 POT %Deg]
Display [AD Digital]
ARDUINO
VAVAN P S SN
) fen :
Ana::l; ipu’[z Ao Reyrad Display [Key Number]
»

Display [AD Digital]2

-  SHARPIR:

function y = fcn(u)
gain=5/1024; % 1024 for 5V %
v=gain*u;

y=0;

if v>=2.9, y=3.5; end

if v>=2.6 && v<2.9, y=4.0; end
if v>=2.2 && v<2.6, y=5.0; end
if v>=1.9 && v<2.2, y=6.0; end
if v>=1.7 && v<1.9, y=7.0; end
if v>=1.5 && v<1.7, y=8.0; end
if v>=1.35 && v<1.5, y=9.0; end
if v>=1.2 && v<1.35, y=10.0; end
if v>=1.0 && v<1.2, y=12.0; end
if v>=0.9 && v<1.0, y=14.0; end
if v>=0.8 && v<0.9, y=16.0; end
if v>=0.7 && v<0.8, y=20.0; end
if v>=0.6 && v<0.7, y=25.0; end
if v>=0.5 && v<0.6, y=30.0; end
if v<0.5, y=40.0; end
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CH. 4: Project Practice

-  POT:
function y = fcn(u)
gain=360/1024;
y=gain*u;

- AD Keypad:
function y = fcn(u)
y=-1;
if u>=0 && u<(64-32), y=0; end
if u>=(64-32) && u<(64+32), y=1; end
if u>=(128-32) && u<(128+32), y=2; end
if u>=(192-32) && u<(192+32), y=3; end
if u>=(256-32) && u<(256+32), y=4; end
if u>=(320-32) && u<(320+32), y=5; end
if u>=(384-32) && u<(384+32), y=6; end
if u>=(448-32) && u<(448+32), y=7; end
if u>=(512-32) && u<(512+32), y=8; end
if u>=(576-32) && u<(576+32), y=9; end
if u>=(640-32) && u<(640+32), y=10; end
if u>=(704-32) && u<(704+32), y=11; end
if u>=(768-32) && u<(768+32), y=12; end
if u>=(832-32) && u<(832+32), y=13; end
if u>=(896-32) && u<(896+32), y=14; end
if u>=(960-32) && u<(960+32), y=15; end
if u<0 || u>=(960+32), y=-1; end
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CH. 4: Project Practice

(3) DC Motor & Servo Motor interface

[DC Motor]

1) DC Motor and PWM Amplifier
- AX-12W and AX-12A: from www.robotis.com (59rpm, 1.5Nm, 9V~12V)

AX-12W AX-12A

Weight 529911860z 546q (16808

F2=50=40{mm) 3250400mmm)
Dimensiotimeml ey 125x1.97:1.57(nch}  1.25x1.97x1.57nch)
Gear Ratio (material) 32:1 [enpla) 2541 [anpla)
Metwork Interface TIL TIL
Position Sensor Potentiometer Potentiometer
(Resalution) (30071024 (300°/1024)
Maotor Cored Mator Cored Motor
Operation Voltage (V) 80 111 120 90~120
Stall Torgue (hm) MR 1.5at120v
Stall Curmant (A . 13. | 14 1.5
Mo Load Speed (RPAV) 360 | 430 | 470 59

1a0°

[ Goal Position =512 (0x2001]

Cow

300°  300~360° 0"
[Goal Position =1024  Invalid Angle  [Goal Position =10
[0x3f71 ] [(0x0001 1
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CH. 4: Project Practice

- PWM Amplifier: MAI-2MT-DC, 2ch, 2A, 5~46V

MAX 2ADHX] RS &8 + gl= el
Ciol2= ol 88 Al Fast Recovery Dicde2
w3 Jksalch. (2woeSE 24 )

LAl =S y
LR » ) EL[IEEE]

HES 8IS S pAsk=
BOX H4E

B— 1 2 ED EE E_]
3 4
+BV ___PWM-1 5] s PWM-2
— DIR=2 7] 8 ENABLE-2
vee g 10_GND
. [PWM AMP]
[Arduino Mega 2560] Motorl] Motor2]
ENZ DIR2 PWM2 PWMI1 ENI1 DIR1 M- M-
| 7] 6] 5] 4] 3] 2] sv]sv]||M) o 1 [2 [ M
[PWM] 3[4
[U5B] PWMI 5 | 6 [PWM2
- DIR2| 7 | 8 [EN2
= svf 9 | 10 [Gnd
-
[9V DC g 9V ‘Gndl
POWER] - Gnd | A0 |5V
HPOWERH [Power] [Analog) [Potl]
- [ 5V][Gnd[Gnd] 9V] [A0]A1] Gnd[ A1 [5V |
[Pot2]

[Connection of Arduino Mega 2560 and PWM amp]
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CH. 4: Project Practice

- Simulink program (2ch):

1 » O

PWM1 Slider Gain
In1

1 »{ O PWMs

PWM2 Slider Gainl

L |

outl > double u 4 vy
fcn

Data Type Conversion

Pot Sensors Dynamixel POT  Display [Deg]

[ ]

-
>

Display [ADC Value]

- Pot Sensors:

ARDUINO <Potentiometer>
Pot1 -> A0
VAVAN Pot2 -> A1
Pin 0
Analog Input
Out1
ARDUINO
JAVAN
Pin 1

Analog Input1

[Dynamixel POT MATLAB Function]

function y = fcn(u)

MAX_CH=2;

y=zeros(MAX_CH,1);

for ch=1:MAX_CH
y(ch,1)=(300/1024)*(u(ch,1)-204.8);

end

Modeling, Design, and Control of Robotic Mechanisms (MathWorks/Kyungnam Univ.) -12-

© 00




CH. 4: Project Practice

- PWMs Subsystem:

ARDUINO
pwm1] "" I I
4 Pin 4

ul PWM
ARDUINO

dirl I I I I
@ Pin 2

ik Digital Output
fen ARDUINO

pwm2 "" I I
@ Pin5

u2 PWM2
ARDUINO

dir2 I I I I
@ Pin 6

Digital Output3

PWM
MATLAB Function

ARDUINO
[Pin Assignments]
! It <DC Motor Driver>
EN1 4 Pin 3 DIR1 (1) -> Pin2
Digital Outputl EN1(2) -> Pin3
PWMZ1(5) -> Pin4
ARDUINO PWM2(6) -> Pin5
DIR2 (7) -> Pin6
! Il EN2(8) -> Pin7
EN2 &€ Pin 7

Digital Output2

[PWM MATLAB Function]

function [pwm1, dirl, pwm2, dir2] = fcn(ul, u2)
if ul>=0,dirl=1;

else dir1=0; end

if u2>=0,dir2=1;

else dir2=0; end

pwml=abs(ul);

pwm2=abs(u2);

% Saturation %

if pwm1>=255, pwm1=255; end

if pwm2>=255, pwm2=255; end
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2) Servo Motor

- Simulink program:

ARDUINO ARDUINO
NN TR TR S R Y > @
fcn fcn
Pin 1 @ Pin 9
AD K ANGLE
Analog Input2 eypad G Standard Servo Write
S I S I
Displayl Display

- ANGLE MATLAB Function:

function y = fcn(u)
persistent ang

dth=1;

if isempty(ang), ang=90; end
if u==0, ang=ang-dth; end

if u==4, ang=ang+dth; end
if ang<0, ang=0; end

if ang>180, ang=180; end
y=ang;

- Operation by keypad: KO - + direction up to 180 deg, K4 - - direction upto 0 deg

- Connection:
Servo Motor Arduino Keypad Arduino
GND (BLACK) Digital GND | GND (BLACK)  AREF
Vcc (RED) Digital 5V Vcc (RED) GND
Data (YELLOW)  PWM 9Pin | Out (WHITE) A2

Modeling, Design, and Control of Robotic Mechanisms (MathWorks/Kyungnam Univ.) -14-
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[3] PID position control of DC motors (AX-12W)
- In this experiment, AX-12A(32:1 gear ratio) is used instead of AX-12W/(254:1 gear ratio.

[Test bed]

- Simulink Program:

N L——>»
+_ In Out In1
Constant [——P© y
Manual Switch D2R PID Subsystem PWMs
0
Constantl Outl
Pot Sensors
> L 1
R2D
Display [Deg]
simout

To Workspace
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Out

Add

-y
— ]+

Kd

@._

Kp

=

400

».
»

20

K (z-1)
Tsz
KTs
— >
z-1
Discrete-Time
Integrator

Discrete Derivative

400, Kd

Kp

Experiment results (blue line: desired value, green line: actual value)

PID Subsystem:
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Tek iy Trig’d M Pos: 0.000s Trig’d M Pos: 0.000s CH1
+ 4
HE
| CHeyEE
| I 200MHz

JL T L LT deess
' EEEE

TN
el g I R
Voltage £ R i _Voltage
W g A 1 A
OFF]

CH1 500V fim CHi 7 2560v CH1 500V ™ 10.0ms TCHT 7 280V
13-5%-13 21:03  49.9623Hz 13-58-13 21:03  38.1710Hz

[No external mode] [External mode]

- When serial communication is used (external mode), there is some delay and loop timing
is not exact. However, loop timing (for 10 msec) is fairly exact with no serial

communication.
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[4] 2-DOF robot arm control project (AX-12A)

M Pag

B

[Testbed]
- Key assignment and operation:
Forward kinematics mode: KO—>+th1, K4->-thl, K1->+th2, K5->-th2

Inverse kinematics mode: K2->+x, K62>-Xx, K3=>+y, K7->-y

- Simulink program:

ARDUINO
FAVAN plu Ay plkey i thd »(+ In1 Outt » In
fen fen =
Pin 2 PID Subsyst PWM:
Al ubsystem s
Analog Input2 D Keypad

— Keypad Control
Out1

[ Pot Sensors

Display1

v

Gain

Display

Modeling, Design, and Control of Robotic Mechanisms (MathWorks/Kyungnam Univ.) -18-
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- Keypad Control MATLAB Function:

function thd = fcn(key)

persistent x_p th_p

D2R=pi/180;

dpos=0.5; dth=0.5*D2R;

al=70; a2=70;

param=[0,a1,0; 0,a2,0];

if isempty(x_p), x_p=[al,a2]’; end

if isempty(th_p), th_p=[0,90*D2R]’; end

th=th_p; x=x_p;

switch key
case 0, th(1,1)=th_p(1,1)+dth; index=1,; % +th1 Movement %
case 4, th(1,1)=th_p(1,1)-dth; index=1; % -thl Movement %
case 1, th(2,1)=th_p(2,1)+dth; index=1,; % +th2 Movement %
case 5, th(2,1)=th_p(2,1)-dth; index=1; % -th2 Movement %
case 2, X(1,1)=x_p(1,1)+dpos; index=2; % +X Movement %
case 6, X(1,1)=x_p(1,1)-dpos; index=2; % -X Movement %
case 3, X(2,1)=x_p(2,1)+dpos; index=2; % +Y Movement %
case 7, X(2,1)=x_p(2,1)-dpos; index=2; % -Y Movement %

case 15, x=[al,a2]’; th=[0,90*D2R]’; index=1; % Original Pos & Orien %
otherwise
th=th_p; index=1,;
end

switch index
case 1, % Forward Kinematics %
if (th(1,1)<-30*D2R || th(1,1)>=D2R*210) || (th(2,1)<-30*D2R || th(2,1)>=D2R*210),
th=th_p;
end
T02=forward_kinematics(th, param);
X=T02(1:2,4);
case 2, % Inverse Kinematics %
if (x(1,1)<-(al+a2) || x(1,1)>+(al+a2)) || (x(2,1)<-0.5*al || x(2,1)>+(al+a2))
X=X_P;
end
[th_c, w_index]=inverse_kinematics(x, param);
if w_index==1, th=th_c; end
end
thd=th;
% Back substitution %
th_p=th; x_p=x;
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[5] Walking robot project using Arduino Mega 2560
(1) Arduino board controller
- One 2-ch PWM amplifier, three IR sensors
- DC Motor Amplifier (AM-DC2-2D):
2ch, Max. current: 2A, Operation voltage: 5~45V

Control
signals

Motorl Motor2

[Control Connector Pin Number]

/Enable !
¥

-
Dit ' : | ; :

: : ] ] :

PWM | ! | i i

s ; i : :

. ]

‘ Disable | Enable

|
Forward Reverse

‘ Disable | Fast | Slow ‘ Slow | Fast |

[Control Logic]
- IR Sensor: (GND (Black), RED (Vcc), WHITE (Out))

Modeling, Design, and Control of Robotic Mechanisms (MathWorks/Kyungnam Univ.) -20-
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CH. 4: Project Practice

[Arduino Mega 2560]

\ 4

[USB]

[V DC
POWER]

Vv —e <Q> [POWER] [Power]

GND ® 5V | Gnd Gnd|Gnd

[DIGITAL]

[PWM AM P] [IRSensor 1]

Gnd | Vcc | Out
[IR Sensor 2]

10 [IR Sensor 3]

O oA~ DN

OINTglw| B~

V- [Motorl] [Motor2]
V+ ‘M+‘M- ‘NH‘M-

[Arduino controller connection]

- Control program:

& Source Block Parameters: Digital Inputl (B W Sink Block Parameters: PWM1 ==

Arduino Digital Input (mask] (link) Arduing PYM (mask) (link)

Getthe logical value of & specified digital input pin. Generate sguare waveform on the specified analog output pin,
The block input controls the duty cycle of the square waveform.
Aninput walue of 0 produces a 0 percent duty cycle, and an
input value of 255 produces a 100 percent duty cycle. The
frequency of the waveform is constant at approximately 490 Hz.

Enter the number of the digital input pin (0-13 for Arduino Una,
(0-53 for Arduino Meaga 2560), Do not a=sign the same pin
number to multiple blocks within a model.

P Enter the number of the analog output pin (3, 5, 6, 9, 10, and 11

Pin number: far &rduino Uno, 2-13 for Arduino Mega 2560). Do not assign the
same pin number to multiple blocks within a model,

2
Sample tims: Parameters
ctd Pin number:
2
[ Ot ][ Cancel ” bisln I Apply [ Ok H Cancel ” Help I Apply

Modeling, Design, and Control of Robotic Mechanisms (MathWorks/Kyungnam Univ.) -21-
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CH. 4: Project Practice

W Sink Block Parameters: Digital Output @
Arduino Digital Output (rask) (link)

Set the logical value of a specified digital output pin.

Entar the number of the digital output pin (0-13 far Arduing Uno,
0-53 for Arduino Mega 2560), Do not assign the same pin
number to multiple blocks within a2 model,

Parameters

Fin nurmber:
24

[ Ok l[ Cancel ” Help I Apply

[Arduino 1/0 setting]

Control of 2 DC motors by 3 IR sensors

If IR3=ON, Enable

If IR1=OFF& IR2=0FF, then move forward
If IR1=ON & IR2=0FF, then turn left

If IR1=OFF & IR2=0N, then turn right

If IR1=ON & IR2=ON, then move backward

ARDUINO

I'ai

Pin 26 outl

ul

\4

Digital Inputl

Inl

\ 4

ARDUINO

rri >l
fen

Pin 27
Digital Input2

In2

\ 4

ARDUINO out2 PWM Amplifier

Iri

Pin 28
Digital Input3

u3

\4

Control Logic

[Main control program]
<Control Logic>

function [outl, out2] = fcn(ul, u2, u3)

% When IR sensor is blocked (or reflected), u=0
% When IR sensor is not blocked (or not reflected), u=1
out1=0; out2=0;
%spl=250; sp2=-250;
sp1=-190; sp2=170; % 0~255 %
if u3==0,
if ul==1 && u2==1, outl=spl; out2=sp2; end % Forward %
if ul==0 && u2==1, outl=0; out2=sp2; end % Left %
if ul==1 && u2==0, outl=spl; out2=0; end % Right %
if ul==0 && u2==0, outl=-spl; out2=-sp2; end % Backward %
else
out1=0; out2=0;
end
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CH. 4: Project Practice

ARDUINO

Data Type Conversionl Pin 2

1 ul
ST ARDUINO

In1
dirl f——pp» uint8 P> J_I_I_I_
4\ Data Type Conversion2 Pin 24
fen ARDUINO Digital Output

Data Type Conversion3 Pin 3

2 u2
COH——» =R ARDUINO

In2

dirzf——pp[ uint8 P> ILL
Data Type Conversion4 Pin 25
Embedded Digital Outputl
MATLAB Function
ARDUINO
L L e LY
EN1 Data Type Conversion5 Pin 22
Digital Output2
ARDUINO
I e e L
EN2 Data Type Conversion6 Pin 23

Digital Output3

[PWM Amplifier Subsystem]
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CH. 4: Project Practice

(2) Walking Robot Mechanism

1) Walking Robot with 6-bar Legs

[6-bar Mechanism]

- Optimal Link Lengths:

Z; Z, Z;3 Zy Zs Zg Z7 Zg
45 15 | 375 | 375 | 60 60 | 375 | 225

y-axis

o
T

|

|

|

|

|

|

|

|

|

|

|

|

|

|

|
l
B0 - S\ - S W
|
T

-150 1 1

[Kinematic Simulation]
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CH. 4: Project Practice

[Walking Robot with 6-bar legs]

2) Walking Robot with 8-bar Legs
Ca4




CH. 4: Project Practice

- Calculation of DOF (binary links (6), Ternary links (2), single joint (4), double joint (3)):

i
DOF=A(n-j-D+> f,

i=1
=3(8-10-1) +(4+2x3)
=1

- Optimal Link Lengths:

Z; Z, Z3 Zy Zs Zs Z; Zg Zyg Zyo Z1y Zyp

90 28 | 128 | 83 | 128 | 83 115 | 83 83 83 166 | 144

y-axis

-150! !
-150 -100 -50

1 |
50 100 150

[Walking Robot with 8-bar legs]
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CH. 4: Project Practice

(3) Prototypes

- Geared DC Motor (Eleparts, ES-311DC): 60 RPM, 3.5kgf.cm at DC 6V

m SPECIFICATION

Motor Type 3 Bole Ferrite
Bearing Type Nylon Bushing
Torque 4.8/6.0v| 3.0 / 3.5 kg.
Speed 4.8/6.0v | 0.19 / 0.15 second
Size 41 x 20 x 37mm
Weight 48.5 g.

Dimension

9.8

5
240.1
1

%

®13.2
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CH. 4: Project Practice

1) Walking Robot with 6-bar Legs:

3 IR Sensors

Arduino Mega 2560
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CH. 4: Project Practice

2) Walking Robot with 8-bar Legs:

3 IR Sensors

Arduino Mega 2560

Modeling, Design, and Control of Robotic Mechanisms (MathWorks/Kyungnam Univ.) -29-




CH. 4: Project Practice

[6] 2-DOF haptic device project

- The 5-bar (Type Il) robot is used for haptic interface.

- From the two encoder angles, the end-effector position of the 5-bar robot is calculated by
the forward kinematics.

- The ball in the virtual environment is moved by the input position.

- If the ball contacts the wall, then the reaction force is calculated by the program. The
force information is sent to the 5-bar robot and the 5-bar robot reflects the force to an

operator.

€ 2-DOF Parallel-type Haptic Device
v’ Forward kinematics module

v" Force-Reflecting module
v" VRML graphic module

M (==
File  Wiew Viewpoits Nesgation  Rendering  Simulstion  Recording  Help =l
[— = Fy A o dd N B & ME

position
-

<
force

[t o0 Fiy JFeato.00 120,00 .8 521 D (9.0 -1.20 0.00]

|Haptic Device| [Virtual Environment]|

=Tl = g -
Gotol From:
2 4
2 fen
Envirament Madzling DAC
ENC_OFFSET Fparam w_ind=x
. Terminater A
| 0.001[200,100,100,100,100,28] |~ e I [os 2 mleos
PARAMETERS ] Fram? 4 |2a
e - - fon
Goto2 param

Jacobian Matrix Poifigh

INIT HW
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