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OO0 1 case ’t’:

\

1. Radian 0O O0D0OO0D0OODDOODOOODO
void Discrete2Rad(const int Q[], double q[l);
00000o0o0o0oo 11,2000 qlil, (4=0,1) 00000, #/3,—7/3(rad) 0000000
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2. 0000000 RadianO O OO OOODO
void Rad2Discrete(const double q[l, int Q[1);
00000ooo0.00D00000000o0Doooo000 qdll, ql O0oOoooooon
Joo0oDdoo0ooDoUooooOooooog
void SerialPrintDataDouble(double x[])
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void SerialPrintDataDouble(double x[], char ch[]);
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void InverseKinematics(const double x[], dobule q[]);
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void DirectKinematics(const double q[], dobule x[]);
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O000Db0o0o0o0Dbo0bodDmain() UDOOODDOODOOODOODOOODOODOODOODOvoid setup()
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1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35

#include <DynamixelSDK.h>
#include <Dynamixel_def.h>

#define DOF 2//0 0 0 (Degrees 0f Freedom)
//00000Radian 0000000ODOO0O
#define Q1MIN O

#define QIMAX O

#define Q2MIN O

#define Q2MAX O

// Initialize PortHandler & PacketHandler instance
dynamixel: :PortHandler *portHandler;

dynamixel: :PacketHandler *packetHandler;

//extern 00

void Discrete2Rad(int Q[], double ql[]);

void Rad2Discrete(double q[], int Q[1);

void DirectKinematics(double q[], double x[]);

void InverseKinematics(double x[], double q[]);

// global variables

int working mode; //00000O0O0O0O0OODOOON or OFF

/3K 3k sk sk ok sk sk sk ok ok sk ok sk ok sk ok sk ok sk ok s ok ok ok sk ok ok sk ok sk ok sk k s ok ok sk sk sk ok sk ok sk ok sk ok sk sk ok ok ok ook sk ok ok ok ko ok

Initial setup

ook ok ok ok sk ok ok ook ok ok ok sk ok ok ok sk sk ok ook sk ok ok sk sk ok sk sk sk ok ok sk sk ok ok sk sk ok ok sk sk ok ok sk ko ok sk sk ok kok ok /

void setup() {
portHandler = dynamixel: :PortHandler: :getPortHandler (DEVICENAME) ;
packetHandler = dynamixel: :PacketHandler: :getPacketHandler (PROTOCOL_VERSION) ;
Initialization(portHandler, packetHandler);//ON if it is normal.

working_mode = ON;
pinMode ((int) BOARD_LED_PIN_LEFT,QUTPUT) ;
digitalWrite((int) BOARD_LED_PIN_LEFT,LED_ON);
delay(500);

}

/***********************************************************************
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64
65

67
68
69
70
71
72
73
74
75
76
s
78
79
80
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82
83
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loop OO

K3k ok ok K ok ok K K ok ok oK K ok ok ok K ok ok K K ok ok oK K 3k ok ok 3 ok ok sk K ok ok ok K 3 ok ok 3 ok ok ok K sk ok ok ok ok kK ok ok ok Kok kK ok ok ko /
void loop() {
int i,ch=0;
int Q[DOF]={2048},Qd[DOF] ;
double q[DOF]={0.0}, qd[DOF];
double gset[10] [DOF]={{}};//joint trajectory
double xset[10] [DOF]={{}};//endpoint trajectory

if (working_mode != OFF){

/ /MENU

Serial.

Serial.

Serial

Serial.

Serial.

Serial

print ("kkkxkkokkkkkokk Command k¥kkkkkkkkkkkxkx \n'") ;

print("t: Test\n");

.print ("w: Workspace Drawing\n");

print ("d: Drawing\n");

print("z: Zero Position\n");

.print("q: Quit\n");

while(Serial.available()==0);

ch=Serial.read();

//Motion Selection

switch

(ch){

/**%x*x*x Workspace Drawing *¥***x/

case

)tJ:

/00000000000

break;

/**x*x**xx Workspace Drawing ****xx*/

case

’W’:

//00000000000

break;

/**x*x*x**xx Workspace Drawing *****x/

case

’q’://Drawing

//00000000000

break;

/*%x%kx*kx* Zero Position ***x*x/

case

’z?:[0 //Go To Zero Position within 1500 ms.

GoToZeroPosition (1500, portHandler, packetHandler);
break;

/**xkxkx*k End motion **k%*%xkx/

case

) )

q’:

GoToZeroPosition (1500, portHandler, packetHandler) ;
ClosePacketAndPort (portHandler, packetHandler) ;
digitalWrite((int)BOARD_LED_PIN_LEFT,LED_OFF);
working_mode = OFF;

break;

otherwise:

break;
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88 }//end of switch()
89  }//end of if (working_mode)
9 }

91 /***********************************************************************
92 (000000 -> Rad)

93 **********************************************************************/
94 void Discrete2Rad(int Q[], double q[]){

95 int i;
9¢ //0000000COOOO
97 }

08/ kkakokkokokokokokok ok ok ook ok ok ok ok sk ok ok sk ok sk ok ok sk ok ok ok sk sk ok ok sk ok sk ok sk sk ko sk sk sk sk ok sk ok sk k sk sk ok sk sk sk ok ok sk ok ok sk ok ok
99 (Radian -> 0 O0OOO0O)

100 skokokokokokokokok sk ok ok ok ook ok sk sk ok sk ok sk ok ok ok ok ok sk ok sk ok sk ok ook sk ok sk ok sk ok ok ok sk ok ok sk ok ok sk ok ok ok ok ok kok sk ok kok /
101 void Rad2Discrete(double q[], int Q[1){

102 int i;

03 //0000000000O0

104 }

105/ kskokokokokokokokok ko ok ok sk ok sk ok sk ok ok ok ok sk ok sk ok sk ok sk ok sk ok sk ok sk sk ok sk ok sk ok ok sk ok ok ok sk ok sk ok sk ok ok ok ok ok ok ok

106 Analytical Solution of the direct kinematics

107 kokokokokokokok sk ok skok sk ok sk ok ok ok sk sk ok sk ok sk ok ok ko ok ok ok sk sk ok sk ok s ok sk ok sk sk ok sk ok sk ok sk ok sk k ok sk sk k ok sk ok sk ok ok /

108 void DirectKinematics(double ql[], double x[]1){

19 //00000000000

110 }

111/ skskskokokokokoskokok ok ok ok ok sk ok sk ok sk ok sk ok ok ok s ok ok sk ok sk ok sk ok s ok ok ok sk sk ok sk ok s ok sk ok sk sk ok sk ok sk ok sk ok ok ok ko ok

112  Analytical Solution of the inverse kinematics

113 skskskokokokokokokokokokokok ko ok sk ok ok ok sk ok ok ok sk sk ok ok sk ok ok sk ok ok kosk sk ok ok sk ok ok sk sk ok kosk sk okokok sk okok ok /

114 void InverseKinematics(double X[], double q[]){

115 double gamma;

e //00000000000

17 }

working mode=ON O 0 0000000000000 O0DOOO0OOOO0O0O0OO0COO LEDOOOOODOOO
gboboboboobooooobobob0obOobOobbUDworkingmode=0FF DO DOOOOOOOOOO
Oo00oooooooooLeEepoOooOoooOo0oooooo0oooboobooooon
49-53000000000000000O000O000O0O0O0OO0O0OOOOOOO0O0ObOOODbOO0O0OOn
oboooboooboobOobooOobooboooboOob sosoobooooobooooooboooon
oooooooobooooooobb ecnbOooboooobobUoobOtooboobooobD490ooono
gbooobodbeo-620000000000DO00O0ODOODOOOOODLDOOOODOODOOODO

A.2 OO
A.2.1 Arduinod math.hOOOOO
googoog

delay(int t):
0000000000 t+(ms)JO00O00OOOOOOOOOOOOO
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Serial.print(a);//0000

Serial.println(a);//0000

OO000000D0 a000000C00D0D00a0000D0000D0000D0000O0println() O print()
0000 «00000000OC0O0O0DODOO0OO

oboooooboooogon

int Serial.read():
0000000000000 ooooooDon lbyteOOoooOO

pioggoopooogoono

pinMode(int pin, int mode):
pin O 0O DIO(digital Input Output) 00000000 mede DO OO OOINPUTO O OO QUTPUTO O OO
ooo

Dioooooogoon

digitalWrite(int pin, int value):
QUTPUTO 0000000 pin0000 valueOOOOOOOOO0O HIGH, OO0 LOowWOOOO

pDiogoooogd

digitalRead(int pin):
INPUTOOOOOOOOD pin00000000D0OOCOOOOOOOOHHIGH, OO0 LOWODODOO

A22 [0O0O0O0O

double sin(double x):
sine 000000

double cos(double x):
cosx OO OOO

double acos(double x):
f=cos"l20000000000000 0<6<m(rad).

atan2(double y, double x);

tan~'(y/z) 000000 tan #0000 —1/2<0<7/2 (rad) 0000000000 000D00O000DO
tanf 0000000 tan 120000 —7w/2<tan 'z <7/2(rad) 000000000000O0OOODO
O00O0O0atan2(y,x) 0000000000 O0DODOO0OOOy =asinf,x=acosf0000000CO0OOO
00 —x <atan2(y,x)<w(rad) D00O0O0O
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A23 0O0O0OOOODOO
gbooobooooboooon

void Initialization(PortHandler *port, PacketHandler *packet);
0000000000000 000D000OO0O PortHandler, PacketHandler, Serial 0 00000000

gboooboooaogoon

void getDiscreteAngle(int Qd[DOF], PortHandler *port, PacketHandler *packet);
0000000000000 000 QdborFjoooooOooooooooon

gooooobooog

void setDiscreteAngle(int Q[DOF], PortHandler *port, PacketHandler *packet);
0000000000000 000D0O0oUoO QDOFODOOOOD

gbooaboodan

void GoToZeroPosition(int Ts, PortHandler #*port, PacketHandler *packet);
oooooooon q:(0.0,0.0)(rad)D Ts(ms)l]IZIDDDDDDDDDDDTs(ms)DDDDDDDDD
Odo0o0ooOo0ooooooobooooobo0oboooo0oooooooooooobooooono

oooooooo

void SerialPrintDataDouble(double z[]);

z[DOF] O double 00 DOF(2) 0000000 1000000000000 0O0OOOOOOOOOO
x[0]=0.1340; x[1]=4.5643;
D00000d0x0dd0000d0ooodoooogoooon

void SerialPrintDataDouble2(double z[], char ch[]);

000 ch[lJODOOOODODOOOODOOOO
qd[01=0.1340; qd[1]=4.5643;

OO00000000DOcn[l="qa>’ 0000000

oooooooono

void SerialPrintDatalnt(int Z[]);

Z[DOF] O int 00O DOF(2) 00O OO00OO0 1000000000000 00O0O0OO0O0O zdlboFl OO 2
0dod0odDOo0odDOo0oU0o0oDOoU0oU0Do0DO00DoO0ODO00oOU0oDOoDOoOUOoOOoDOoDo
void SerialPrintDataInt2(int Z[], char ch[]);

oo0o0o0oooooogoo

gooan

void ClosePacketAndPort(PortHandler #*port, PacketHandler *packet);
Ofdo0ooo0oooooooooooooooooooooooooao
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