1. Learning (implement APIs to OpenCM9.04)
@ Digital I/O (input/output)
A. Digital output on pin 16.

Set pinMode(16, OUTPUT) in setup(); this sets pin-16 to OUTPUT.

Declare digitalWrite() to HIGH/LOW.

(o)}

digitalWrite(16, HIGH); /16 Tl HIGHZ Z&{3tL|C}.

I}

digitalWrite(16,LOW); //16H 0| LOWE Z&grL|Ct.

Pin-16 reads STATUS LED; when HIGH the LED is off; when LOW the LED is

on.

void setup(){

pinMode(16, OUTPUT);

}
void loop(){

digitalWrite(16, HIGH);
delay(100); //0.1 z= X|HH
digitalWrite(16, LOW);
delay(100); //0.1 = X| ¢

}

Blinks in 0.1sec intervals

B. Digital input on pin 1.

Set pinMode(1, INPUT) in setup(); this sets pin-1 to INPUT.

If external pull-up needed set pinMode(1, INPUT_PULLUP); for pull-down set



pinMode(1, INPUT_PULLDOWN).

digitalRead() gets HIGH/LOW value. If pin is not connected then value could be
random.

int value = digitalRead(1); // read #1, value assigned

The code.

void setup(){
pinMode(1, INPUT);
SerialUSB.begin();

}

void loop(){
int value = digitalRead(1);

if (value == HIGH)

SerialUSB.printIn(“HIGH Detected!”);
else

SerialUSB.printIn(“LOW Detected!");

delay(100);

C. Toggle pin 1.
Switch pin 1 from high-to-low then low-to-high.

digitalWrite(1, HIGH); // set pin 1 to HIGH.



togglePin(1); // switches pin 1 from HIGH to LOW.
@ Analog I/O (input/output)
Analog input pins are labeled ANALOG IN on the OpenCM9.04 silk screen..

A. Analog input pin O.

Set pinMode(0, INPUT_ANALOG) in setup(); this sets pin-0 to
INPUT_ANALOG

int value = analogRead(0);
// pin-0gets analog input, value assigned.
The assigned value gets converted in a 12-bit ADC value (0~ 4095).
void setup(){
pinMode(0, INPUT_ANALOG);

SerialUSB.begin();

void loop(){
int value = analogRead(0);

SerialUSB.printin(value);  // output of value.

B. Analog output (PWM) on pin 6
Set pin-6 to pinMode(6, OUTPUT) or pinMode(6, PWM).

analogWrite(6, 10000);

Analog output as PWM. PWM'’s duty cycle is set on the second value (10000).



Range is 0~ 65535.
The code.
void setup(){

pinMode(6, OUTPUT); // or pinMode(6, PWM);

void loop(){

analogWrite(6, 10000);

In analogWrite() the second value is PWM’s implementation as duty cycle.

Duty cycle = 0
Duty cycle = 512
Duty cycle = 10000
Duty cycle = 30000

Duty cycle = 65535

(3 Serial communicatrions

The OpenCM9.04 has a total of 3 serial devices. These are USART seriall, serial2,
and serial3. Seriall is assigned to Dynamixel comm port. Serial2 for 4-pin BT-210,
BT-110 devices. To see the serial pins see reverse side of OpenCM9.04. Seriall has

TX1 and RX1. Serial2 has TX2 and RX2. Serial3 has TX3 and RX3.
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Serial USB device download is USB communications.

Serial USB devices are controlled via Serial USB method.
A. Data transmission via serial device

Initialize device in and run in loop().
void setup(){
Serial3.begin(57600);
}
void loop(){
// place code here

}

Data transmission can be outputted with print() and printin(). print() has no line
brakes while printin() does.

Serial2.print("Hello World This is OpenCM?9.04");

“Hello World” is outputted via Serial2(TX2, RX2) device.



Serial2.print("OpenCM9.04 is the first product of OpenCM Series”);
Serial2.printin("  printIn() ends this line");

Seirla2.printIn(“This is new line");

printIn() outputs in a new line.

CH-900 is the first product of CM-3 Series printin{) ends this line
This is new line

Serial2.print(12);

Output 12 in decimal (default).

int abc = 12§;

Seial2.print(abc);

Outputs abc as 128.
Serial2.print(abc, 16);

Outputs abc in hexadecimal (0x80).
Serial2.print(abc, 2);

Outputs abc in binary

Serial2.printIn(3.14);
Outputs a double data type and ends line; outputs 2 significant places

Can output declared double variables.

double var = 1.234;



Serial2.printin(var);

Input analog values to pin-0, pin-1, pin-2; in turn output via Serial2.
int sensorValue0=0;

int sensorValuel=0;

int sensorValue2=0;

sensorValueO = analogRead(0);

sensorValuel = analogRead(1);

sensorValue2 = analogRead(2);

Serial2.print("Sensor0 = “); Serial2.print(sensorValue0);
Serial2.print(” Sensorl = "); Serial2.print(sensorValuel);
Serial2.print(" Sensor2 = "); Serial2.printin(sensorValue2);

sensorValue2 outputs all 3 pins one line at a time with printin().

(&) com11

1926 Sensorg = 2hd4h
1931 Sensorg = 2661
1926 Sensor? = 2551
1964  Sensor? = 2638

sensorl = 1694 Sensord
Sensor0 = 1708 Sensaord
sensorl = 1704 Sensor
sensorl = 1736 Sensaord

Receive data from serial device

Echo feature can be implemented with serial devices.

Assign temp as char type and save data from Serial2 with read(); use print() to

output data for echo purposes.



char temp = 0;

loop(){

if ( Serial2.available() ){
temp = Serial2.read();

Serial2.print(temp);

The code
void setup(){

Serial2.begin(57600);
}
byte temp = 0;
void loop(){

if ( Serial2.available() ){

temp = Serial2.read();

Serial2.print(temp);

}
Interrupt implementation

Interrupts from serial devices do not return values. Incoming data can be echoed

with print(). This can be implemented without declaring separate prototypes.

void seriallnterrupt(byte buffer){



Serial2.print(buffer);

seriallnterrupt() can be implemented as a pointer in setup().
Serial2.attachInterrupt(seriallnterrupt);

Code with serial2 device.

void setup(){
Serial2.begin(57600);

Serial2.attachInterrupt(seriallnterrupt);

void seriallnterrupt(byte buffer){

Serial2.print(buffer);

void loop(){

//OK to leave empty here.

. Output data with serial USB device

initialize SerialUSB device in setup(); run code in loop(). There is no need to
declare baud rate value.

void setup(){

SerialUSB.begin();



void loop(){
//place code here
}

Use print() and printin() for control.

SerialUSB.print("CM-900 is the first product of CM-9 Series”);
SerialUSB.printIn(" printIn() ends this line”);
SeirlaUSB.printIn(“This is new line");

SerialUSB.print(12);

Outputs 12 in decimal (default).

int abc = 128§;

SerialUSB.print(abc);

Outputs abc as 128.

SerialUSB.print(abc, 16);

Outputs abc in hexadecimal.

SerialUSB.print(abc, 2);

Outputs abc in binary

SerialUSB.printin(3.14);

Output of double type; output is 3.14 (2decimal places by default).
double var = 1.234;

SerialUSB.printIn(var);

Outputs var as is (with 3 decimal figures)



D. Receive data with serial USB device

Implement echo to serial USB device.

Assign temp as char type and save data from serial USB device with read(); use
print() to output data for echo purposes

char temp = 0;

loop(){

if ( SerialUSB.available() ){
temp = SerialUSB.read();

SerialUSB.print(temp);

The code
void setup(){

SerialUSB.begin();
}
byte temp = 0;
void loop(){

if ( SerialUSB.available() ){

temp = SerialUSB.read();

SerialUSB.print(temp);



Interrupt implementation

Interrupts from serial USB do not return values byte and *byte types are
implemented. Incoming data can be echoed with print(). When data is written to
the USB COM port is done 1byte chunks (nCount). Only index O of transmitted

byte is necessary for echoing.
void usblInterrupt(byte nCount, byte* buffer){

SerialUSB.print(buffer[0]);

Implement usbinterrupt()pointer on setup() through attachinterrupt().
SerialUSB.attachInterrupt(usbInterrupt);
Its ok to keep loop() empty.

void loop(){

SerialUSB device’s interrupt code.

void setup(){
SerialUSB.begin();
SerialUSB.attachInterrupt(usblInterrupt);

}

void usblInterrupt (byte nCount, byte* buffer){
SerialUSB.print(buffer[0]);

}

void loop(){

//OK to leave empty here.



@ Math functions

Trigonometric functions can be implemented to ROBOTIS OpenCM without any

additional header files.
A. Basic math functions

Get analog input and receive a value less than 100.

sensorValue = min(sensorValue, 100);

min(a,b) only returns values lower than 100. Anything greater than 100
sensorValue does not get assigned.

Oppositely the following return values greater than 0.

sensorValue = max(sensorValue, 0);

max(a,b) only returns values greater than 0. Anything lesser than 0 there is no
return.

Receive an analog input and get values only between 0 to 100.

constrain(x,a,b) returns x (if x is between and and b).

sensorValue = constrain(sensorValue, 0, 100);

When receiving converter analog values (0~4096) these are mapped 1:1. This is
due to PWM having outputs (0~65535).

This can be done with map() function.

sensorValue = analogRead(0); // ORHEIO|A OfE =1 R =t

map(sensorValue, 0, 4095, 0, 65535);

sensorValue



analogWrite(8, sensorValue);

Calculate (nine cube).
Simply implement pow(double x, double y) function.

calc = pow(9, 3);
for squares there’s a macro sq(a).
with

calc = sq(3);

calc returns 9.

YUl square roots.

Simply implement sqrt(double x) function.

calc = sqrt(4); calculate //f'.

calc returns 2.

. Output Sin, Cos, Tan

Implement the following functions to obtain sin, cos, and tan.
double sin(double x)

double cos(double x)

double tan(double x)

where x is in radians.



Set a radian value of 3.14 and implement sin, cos, tan functions.
double result=0;

result = sin(3.14); //get sine of 180

result= cos(3.14);//get cosine of 180

result= tan(3.14); //get tangent of 180
® Time functions

Time unit is in milliseconds.

int time = millis();
The time variable returns millisecond values. Time increases until overflow.

Please refer to the millis() function type.

uint32 millis(void)

The following has time unit in microseconds.

time = micros();

time returns microsecond values. Value increases until overflow (about the 70 min
mark) then it resets to 0.

Time variable outputted by Serial USB device.

SerialUSB.print(“time : “); SerialUSB.printIn(time);

Adding delay() to a blinking LED.



The CPU does nothing (remains in standby) for 1 second.

With void delay(unsigned long ms) set a value of 1000 for a delay of 1 second.
delay(1000);
for reference

1 sec = 1,000 millisecond , 1 millisecond = 1,000 microsecond

a short 500us delay.

To implement microsecond delays to the CPU implement

void delayMicroseconds(unsigned int us) function.

delayMicroseconds(500);

However, accuracy of the OpenCM?9.04 CPU(STM32) is not guaranteed with
regards to microsecond-type precisions.

® Random numbers
Get 0~10 randomly.
long random(long max) or
long random(long min, long max).
int ranNum = random(0, 10);
there is no need to declared a minimum value; only maximum.

int ranNum = random(10);

@ External interrupt

2. Have the LED turn on/off when pin-0 gets input signals.

3. Declare global variables and toggle flags in interrupt routines.



4. Attach interrupts with attachInterrupt().
volatile int state = LOW;
attachInterrupt(0, exInterrupt, CHANGE); // blink when there is a signal change
Implement exInterrupt() as void exInterrupt(void) type.
void exInterrupt(){

if(state == HIGH)

state = LOW;
else
state= HIGH;
}
loop(){
digitalWrite(BOARD_LED_PIN, state);
}

In loop() STATUS LED turns on/off based on state.

@ Dynamixel

The following example is for ID=1 and baud rate set at 1Mbps
[Dxl.begin(1) = 1M bps].

A. Read the AX-12Afirmware version.

The following shows the e-manual’s AX-12A control table model number and
firmware addresses.



=4 (163 _ _
Area ~) 22 = 1| H2 | =AE (168 5)
0 (0300} Muodel Murnber(L) DY HES| 318 HHIE i 12 (0=0C)
1(mx0n todel MurnberiH) D% HEFE| A2 HIOE R 0 ¢O0=00m
20202 Yersion of Firmware M HE EH R -
Read ID1’s model number (address 0, LSBs portion) and firmware version
(address 2).

byte nModel = Dxl.readByte(1, 0); / 22 HZE Q1

byte vFirmware = Dxl.readByte(1, 2); // HO HE =S ASLICH

the following lines are for output.

SerialUSB.print("Model Number : “);SerialUSB.print(nModel);

SerialUSB.print(" Firmware Ver : “);SerialUSB.printIn(vFirmware);

-

[%] COM14

. A ng -

Mode! Mumber
Mode| Wumber
Mode! Mumber

Read ID 1

12 Firmware Yer: 24
12 Firmware Yer: 24
12 Firmware Yer: 24

<output>

's current temperature

The following shows the temperature address in the control table.

| 43(nx28)|

Present Temperature | HI 25 | R | -

Use readByte() to get data.

byte temp = Dxl.readByte(1, 43);

SerialUSB.print(“Current Temperature : “);SerialUSB.printIn(temp);



C. Set AX-12to ID 2
Use readWrite() to set address #3

sH25HL|C}

=20 -d

3 (0=03) o CHIILI= 1D R 1 (0013

void setup(){
Dxl.begin(1);
delay(1000); // add 1-sec delay.
Dxl.writeByte(1, 3, 2);
int CommStatus = Dxl.getResult();
if( CommStatus == COMM_RXSUCCESS){

SerialUSB.printIn(“Changed Successfully!”);

else{

SerialUSB.printIn(“Error");

Set ID change in setup(). Always check for communications success.

ID 1isnow ID 2.

D. Change baudrate to 57600 bps



To change ID change address 4 (baud rate) via readWrite().

Refer to the index listing the baud rates; 57600 bps has a value of 34.

4 (0X04) Baud Rate LY S8 &= AW 1(0X00)
void setup(){

Dxl.begin(1);

delay(1000); // add a 1-sec delay.

Dxl.writeByte(1, 4, 34); // 34 = 57600 bps

int CommStatus = Dxl.getResult();

if( CommStatus == COMM_RXSUCCESS){

else{

Once baud rate is changed initialize Dynamixel with DxI.begin(34).

E. Move (rotate) ID 1

SerialUSB.printIn("Changed Successfully!");

SerialUSB.printIn(“Error”);

Address 46 (0x2E) of the control table deals with moving aspect.

| 45 (0X2E) |

roving

[ 7]

0 €0=00)

byte bMoving = Dxl.readByte(1, 46);




When ID1 moves bMoving returns 1; when not 0.

F. Move AX-12A to the 150-degree position

For a goal position of 150 its respective address value must be called (Goal
Position L/H).

Goal position is expressed as a word (2 bytes). The table below shows both
addresses needed to comprise the Goal Position word. Goal Position (L) (address 30).

Use writeWord() to issue position command.

30 (0x1ED Goal Position(L) SE 23 2 o HINE R -
31 (O=1F) Goal Position(H) SE 2 2 & HOE Fit -

Please refer to the diagram below (also found in the e-manuals) with the position
with respect to angles.

1307
[ Goal Position =512 [0x2001 1

CCW CW

300°  300~360° 0"
[Goal Position=102a  Invalid Angle  [Goal Position=10
(0x3fil ] (0x00011

Dxl.writeWord(1, 30, 512);

Use Dxl.getResult() to verify communications.

G. Set different speeds for several RX-64.

ID 0 2! RX-64 : 0x010 HXIZ &% 0x150 2 OIS
ID 121 RX-64 : 0x220 9IXIZ &% 0x360 22 0IS
ID 2 21 RX-64 : 0x030 HIXIZ &5 0x170 2 0l
ID 3 2! RX-64 : 0x220 HIXI= S5 0x3060 2= 0IS



To have several Dynamixels move simultaneously issue the
command syncWrite. sync\Write creates a packet then transmits it. Set

the packet with setTxPacketXXXX().

1D 0<FE

Length (L+1} ¥ M + 4 (L:R%-642 Data Length, MNi:R=-642] JH =)
Instruction [x23

Parameter] DataS # 07} &= 22 ME Address
Parameter2 #1072 §h= DataZ] 0] (L)

Parameter3 3 2§ Rx-542] ID

Parameterd 3 S Rx-642] & HJY Data

Parameter5 3 S Rx-642] = 2J) Data

Parameter L+3 & S Rx-642] LHT Data
Parameter L+4 = B Rx-542 |D
Parameter L+5 5 B Rx-642] & 17} Data
Parameter L+6 5 B RX-642 = B1J} Data

Parameter 2L+4 5 S} Rx-642 LT Data

G 2LEEH2Z SA HO ST COILEE S, 2] 22 20| H0IED 22 260 DHA JHSELIC
CHOILM 2] =N IH S2F0) 143byte 0I22 Packet2] 207 143byteE ZUGHA BEE TRYMZ,

Dxl.setTxPacketld(BROADCAST_ID);

Dxl.setTxPacketInstruction(INST_SYNC_WRITE);

Set Goal Position and Moving Speed. Dxl.getLowByte() and Dxl.getHighByte()
is explicit to high byte (MSBs).

30 (OX1ED Goal Position(L) =25 A 3o &2 HiolE RwW -
31 (OK1F) Goal Position(H) = F A 2rel 4% dHolE R -
32 (0x20) boving Speed(L) =H =T 3o 5% HolE R -
33 (0K21) bowving Speed(H) SH £ 3o A% HolE R -

Declare position and velocity values.

word GoalPos[4]={0x010, 0x220, 0x030, 0x220};



word MovingSpd[4]={0x150, 0x360, 0x170, 0x380};
Dxl.setTxPacketParameter(0, 30);
Dxl.setTxPacketParameter(1, 4); // 4-bytes (2-words) data length
for(i=0;i < 4 ;i++){ // # of Dynamixels = 4
Dxl.setTxPacketParameter(2+5%i, i);
Dxl.setTxPacketParameter(2+5*i+1, Dxl.getLowByte(GoalPos]i]));
Dxl.setTxPacketParameter(2+5*i+2, Dxl.getHighByte(GoalPoslil));
Dxl.setTxPacketParameter(2+5*i+3, Dxl.getLowByte(MovingSpd][i]));
Dxl.setTxPacketParameter(2+5*i+4, Dxl.getHighByte(MovingSpd][i]))
SerialUSB.print(“ID : “); SerialUSB.print(i); // output current ID
SerialUSB.print(" Goal Position : “); SerialUSB.print(GoalPos]i]);

SerialUSB.print(* Moving Speed : “); SerialUSB.printin(MovingSpd]i]);

Dxl.setTxPacketLength( (4+1)*4 + 4); // Packet length

Data length = 4, # of Dynamixels = 4

Dxl.txrxPacket(); // packet transmission command
int CommStatus = Dxl.getResult();

if( Dxl.getResult() == COMM_RXSUCCESS ){ // check for comm success

Instruction Packet : OXFF OXFF OXFE 0X18 0X83 OX1E 0X04 [0X00] 0X10 0X00

0x50 0X01[0X01] 0X20 0X02 0X60 0X03 [0x02] 0X30 0X00

0X70 0X01 [DX03]0X20 0X02 0X80 0X03 0X12



H. Limit range to 0~150degree range

Use CCW Angle Limit Ox3FF to set limit from 300 degrees to 150 degrees. Use
writeByte() to send command.

& (0X08) CCW Angle Limit(L) SEAIH 2FEF EHHl ZH= 2He| EhRI HHOIE A 255 (0XFF)

Dxl.writeByte(1, 8, 0x200);

if( Dxl.getResult() == COMM_RXSUCCESS ){ // check for comm success

I. Set input voltage between 10V ~ 17V

10V value is 100(0x64) and 17V is 170(0xAA). Use writeByte() to set
commandThe address value from the control table is 12(0x0C) LSBs and

13(0X0D) MSBs.

12 (0X0C) the Lowest Limit Yoltage EA B B R 60 (0X3C)
13 (0W00) the Highest Limit Yaoltage F 0 EH He R 140 (OXBEY

Dxl.writeByte(1, 12, 100);
Dxl.writeByte(1, 13, 170);

if( Dxl.getResult() == COMM_RXSUCCESS ){ // check for comm succes

J. Set torque to 50% of max

Set a max Torque (Ox3FF) to 50% (Ox1FF). Max Torque’s LSBs address is
14(0x0E). Use writeByte() to send command.

14 (OKO0E) tax Torauell) £3 5 2ol 8tF HholE R 255 (OXFF)
2 b

]
15 (OKOF) has Targue(H) £3 &Y | 442 HIOIE Rw 3 (0K03)

Dxl.writeByte(1, 14, Ox1FF);



if( Dxl.getResult() == COMM_RXSUCCESS ){ // check for comm sucess

Turn power off then turn it back on to have new torque take place.
. Set position of 180-degrees at 57RPM

Declare:

Moving Speed( Address 32(0x20) ) = 512(0x200)

Goal Position( Address 30(0x1E) ) = 512 (0x200)
Dxl.writeWord(1, 32, 512); // set velocity at 57 RPM
Dxl.writeWord(1, 30, 512);  // set position of 180-degrees

if( Dxl.getResult() == COMM_RXSUCCESS ){ // check for comm success

Set ID 0 position of 0 and ID 1 of 300 (both must operate
simultaneously)

Use Syncwrite and setTxPacketXXX() to create a packet with
INST_REG_WRITE and INST_ACTION. For reference 0 degrees is 0 (0x000)

and 300 degrees is 1023 (Ox3FF).

ID=0, Instruction = INST_REG_WRITE, Address = 30(0x1E), Data

I
o

ID=1, Instruction = INST_REG_WRITE, Address = 30(0x1E), Data = 1023
Dxl.setTxPacketId(0); // set explicit control of ID 0
Dxl.setTxPacketInstruction(INST_REG_WRITE);

Dxl.setTxPacketParameter(0, 30); // Goal Position Address

Dxl.setTxPacketParameter(1, Dxl.getLowByte(0)); // Low Byte



Dxl.setTxPacketParameter(2, Dxl.getHighByte(0)); // High Byte
Dxl.setTxPacketLength(5); //total data length = data length + 3
Dxl.txrxPacket();

if( Dxl.getResult() == COMM_RXSUCCESS ){ // check for comm success

Instruction Packet: FF FF 00 05 04 1E 00 00 D8

Second Dynamixel packet transmission

Dxl.setTxPacketld(1);
Dxl.setTxPacketInstruction(INST_REG_WRITE);
Dxl.setTxPacketParameter(0, 30); // Goal Position Address
Dxl.setTxPacketParameter(1,Dxl.getLowByte(1023)); //Low Byte
Dxl.setTxPacketParameter(2, Dxl.getHighByte(1023)); //High Byte
Dxl.setPacketLength(5);

Dxl.txrxPacket();

if( Dxl.getResult() == COMM_RXSUCCESS ){ // check for comm success

Instruction Packet: FF FF 01 05 04 1E FF 03 DS

While ID0 and ID1 are pending INST_ACTION packet is transmitted to run

instructions.

Dxl.setTxPacketld(BROADCAST_ID);



Dxl.setTxPacketInstruction(INST_ACTION);
Dxl.setTxPacketLength(2);
Dxl.txrxPacket();

if( Dxl.getResult() == COMM_RXSUCCESS ){ // check for comm success

Instruction Packet: FF FF FE 02 05 FA (LEN:006)

Check for communications success every time a packet is sent.



