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Individual Progress 

I contributed to the motor lab by writing the majority of the firmware on the arduino. I 
implemented control of the servo, stepper, and dc motor using the sensor input we developed 
in the sensors lab. The completed hardware system can be seen in figure 1. I primarily used 
the Arduino libraries out of convenience, including the servo library, pid library, and the PJRC 
encoder library. Our firmware implements 4 modes of operation defining which motors are 
controlled by which inputs. The modes can be found in table 1. 

 

Figure 1: Motor Lab System at Demo Time. 

Control of our servo is implemented using the Arduino servo library. The servo library uses 
the ATmega’s 16 bit timer 1 to generate a 20ms period PWM signal. We filter the bend sensor 
input and directly write the value out to the servo. The stepper is controlled by assuming 0 
position (in ticks) at startup and moving the motor (+) or (­) the desired number of ticks by 
pulsing into the provided A4988 stepper controllers. The setpoint is either the moving­average 
smoothed IR sensor value (or a computer interface value). DC motor control combines the 
readings from the encoder (hall effects) on the back of the motor with the L298N driver board 
provided. Position and velocity control use the Arduino PID library to convert the feedback 
and setpoint to a PWM output to the motor driver inputs. See the control firmware in Appendix 
A. 

 

 



Table 1: Firmware Modes 

  Servo  Stepper  DC Motor 

Sensor Input, Motor 
Position 

bend sensor ­> 
position 

IR sensor ­> position  potentiometer ­> 
motor position 

Sensor Input, Motor 
Velocity 

bend sensor ­> 
position 

IR sensor ­> position  potentiometer ­> 
motor velocity 

Computer Input, 
Motor Position 

computer input ­> 
position 

computer input ­> 
position 

computer input ­> 
position 

Computer Input, 
Motor Velocity 

computer input ­> 
position 

computer input ­> 
position 

computer input ­> 
velocity 

Teamwork 

Ian Rosado and Stephanie Chen did much of the electronics assembly for this lab. Ian 
populated the motor controller board, and Stephanie wired up the breadboard and sensors. 
They have also been working on the mechanical designed for the telescopic arm and gripper, 
respectively. For this lab, Trevor primarily took on the MATLAB gui programming, as he is 
proficient in that area. He built a gui that supports live data streaming in any firmware mode 
and allows computer control of the sensors when the system is in the right mode as well as a 
serial protocol to send and read control values. 

Challenges 

We are still investigating the best way to configure motors, and power transfer in our design. 
We need to lock these down before we can make major progress in construction. The major 
roadblocks are mechanisms to rotate the entire robot and a claw strong enough to clamp on 
to the window and a claw that is strong enough. We plan to take these challenges head on. 
See plans. 

Plans 

We would like to test out 2 experimental solutions to the challenges above next week. For the 
arm, we are investigating a high reduction, but heavy, gearbox driving both pivot joints. This 
would involved having a gear that can move down a shaft while transferring power 
rotationally. We would like to build a prototype of this to make sure we can design the rest of 
the robot around it. 

Stephanie is also planning on building a model of the claw out of laser cut materials to 
prototype the linkages. We need to do this to ensure that the claw can enact the close force 
we require. 



Appendix A 

Our firmware on the Arduino microcontroller. 

  1 ​#include <PID_v1.h> 
  2  

  3 ​#include <Encoder.h> 
  4  

  5 ​#include <Servo.h> 
  6  

  7 ​// hardware configuration 
  8 ​#define INPUT_POT A0 
  9 ​#define INPUT_RANGE A4 
 10 ​#define INPUT_BEND A1 
 11 ​#define INPUT_LIMIT 4 
 12 ​#define OUTPUT_DEBUG 13 
 13 ​#define OUTPUT_SERVO 9 
 14 ​#define OUTPUT_MOTOR_FORWARD 5 
 15 ​#define OUTPUT_MOTOR_BACKWARD 6 
 16 ​#define OUTPUT_STEPPER_STEP 7 
 17 ​#define OUTPUT_STEPPER_DIR 8 
 18 ​#define OUTPUT_STEPPER_EN 13 
 19 ​#define INPUT_ENCODER_A 2  ​//should be on an interrupt pin  
 20 ​#define INPUT_ENCODER_B 3  ​//should be on an interrupt pin  
 21 ​#define KDPP 0.9 
 22 ​#define KDPI 0.2 
 23 ​#define KDPD 0 
 24 ​#define KDVP 1 
 25 ​#define KDVI 0 
 26 ​#define KDVD 0 
 27  

 28 ​#define ENCODER_DT_MIN_MS 50 
 29 ​#define STEPPER_DELAY_US 2000 
 30 ​#define FILTER_SIZE 32 
 31  

 32 ​struct​ FilterData { 
 33   ​unsigned​ ​int​ total; 
 34   ​unsigned​ ​int​ index; 
 35   ​unsigned​ ​int​ data[FILTER_SIZE]; 
 36 }; 

 37  

 38 ​// zero out all the filter parameters and data 
 39 ​void​ filter_init(​struct​ FilterData ​*​filter_data) { 
 40   filter_data​->​total ​=​ ​0​; 
 41   filter_data​->​index ​=​ ​0​; 
 42   ​for​(​unsigned​ ​int​ i ​=​ ​0​; i ​<​ FILTER_SIZE; i​++​) { 
 43     (filter_data​->​data)[i] ​=​ ​0​; 



 44   } 

 45 } 

 46  

 47 ​// add  
 48 ​unsigned​ ​int​ filter_add(​struct​ FilterData ​*​filter_data, ​unsigned​ ​int​ new_value) { 
 49   filter_data​->​total ​-=​ filter_data​->​data[filter_data​->​index]; 
 50   (filter_data​->​data)[filter_data​->​index] ​=​ new_value; 
 51   filter_data​->​total ​+=​ new_value; 
 52  

 53   filter_data​->​index​++​; 
 54   ​if​(filter_data​->​index ​>=​ FILTER_SIZE) { 
 55     filter_data​->​index ​=​ ​0​; 
 56   } 

 57  

 58   ​return​ (filter_data​->​total)​/​FILTER_SIZE; 
 59 } 

 60  

 61 ​// global data 
 62 ​// sensor readings 
 63 ​int​ encoder_position ​=​ ​0​; 
 64 ​int​ encoder_position_old ​=​ ​0​; 
 65 ​double​ encoder_velocity ​=​ ​0​; 
 66 ​unsigned​ ​int​ pot_value ​=​ ​0​; 
 67 ​unsigned​ ​int​ range_value ​=​ ​0​; 
 68 ​unsigned​ ​int​ bend_value ​=​ ​0​; 
 69 uint8_t limit_value_old ​=​ ​0​; 
 70 uint8_t limit_value ​=​ ​0​; 
 71 ​//gui commands 
 72 ​unsigned​ ​int​ gui_servo_setPoint ​=​ ​0​; 
 73 ​int​ gui_dc_position ​=​ ​0​; 
 74 ​int​ gui_dc_velocity ​=​ ​0​; 
 75 ​int​ gui_stpper_position ​=0​; 
 76 ​// setpoints 
 77 ​unsigned​ ​int​ stepper_position ​=​ ​0​; ​//TODO should this be an unsigned int 
 78 ​unsigned​ ​int​ stepper_setpoint ​=​ ​0​; 
 79 uint8_t servo_setpoint ​=​ ​0​; 
 80 ​double​ motor_setpoint; 
 81 uint8_t motor_pwm_setpoint ​=​ ​0​; 
 82 uint8_t motor_pwm_direction ​=​ ​0​; ​// 0 = forwards 
 83 ​// program mode 0 = sensor, 1 = gui, velocity, 2 = gui, position, 3 = sensor, 
position 

 84 uint8_t program_mode ​=​ ​0​; 
 85 ​// other 
 86 ​char​ mode ​=​ ​0​; 
 87 byte index ​=​ ​0​; 
 88 ​char​ read_value[​5​]; 
 89 ​unsigned​ ​int​ data_timer ​=​ ​0​; 
 90 uint8_t incomingByte ​=​ ​0​; ​// for incoming serial data 



 91 ​unsigned​ ​long​ time_old ​=​ ​0​; 
 92 ​unsigned​ ​long​ time_now ​=​ ​0​; 
 93 ​unsigned​ ​long​ time_dt ​=​ ​0​; ​// time between encoder updates 
 94 ​// PID 
 95 ​double​ pid_position_input; 
 96 ​double​ pid_position_output; 
 97 ​double​ pid_position_setpoint; 
 98 ​double​ pid_velocity_input; 
 99 ​double​ pid_velocity_output; 
100 ​double​ pid_velocity_setpoint; 
101  

102 PID dc_position_PID(​&​pid_position_input, 
103                     ​&​pid_position_output, 
104                     ​&​pid_position_setpoint, 
105                     KDPP,KDPI,KDPD,DIRECT); 

106 PID dc_velocity_PID(​&​pid_velocity_input, 
107                     ​&​pid_velocity_output, 
108                     ​&​pid_velocity_setpoint, 
109                     KDVP,KDVI,KDVD,DIRECT); 

110 Servo servo; 

111 Encoder kencoder(INPUT_ENCODER_A,INPUT_ENCODER_B); 

112 ​struct​ FilterData bend_filter; 
113 ​struct​ FilterData range_filter; 
114  

115  

116  

117 ​/*-------------------------------------------*/ 
118 ​/* Initializization code (run once via call from Arduino framework) */ 
119 ​void​ setup() { 
120   ​// establish direction of pins we are using to drive LEDs  
121   pinMode(INPUT_POT, INPUT);  

122   ​//pinMode(BendBefore, OUTPUT);  
123   pinMode(INPUT_RANGE, INPUT); 

124   pinMode(INPUT_BEND, INPUT); 

125   pinMode(INPUT_LIMIT, INPUT_PULLUP); 

126   pinMode(OUTPUT_DEBUG, OUTPUT); 

127  

128   ​// output setup 
129   servo.attach(OUTPUT_SERVO); ​// servo 
130   pinMode(OUTPUT_MOTOR_FORWARD, OUTPUT); 

131   analogWrite(OUTPUT_MOTOR_FORWARD, ​0​); 
132   pinMode(OUTPUT_MOTOR_BACKWARD, OUTPUT); 

133   digitalWrite(OUTPUT_MOTOR_BACKWARD, ​0​); 
134   pinMode(OUTPUT_STEPPER_STEP, OUTPUT); 

135   digitalWrite(OUTPUT_STEPPER_STEP, ​0​); 
136   pinMode(OUTPUT_STEPPER_DIR, OUTPUT); 

137   digitalWrite(OUTPUT_STEPPER_DIR, ​0​); 
138   pinMode(OUTPUT_STEPPER_EN, OUTPUT); 



139   digitalWrite(OUTPUT_STEPPER_EN, ​1​); 
140  

141   ​// filter setup 
142   filter_init(​&​range_filter); 
143   filter_init(​&​bend_filter); 
144  

145   ​// PID setup 
146   dc_position_PID.SetOutputLimits(​-255​,​255​); 
147  

148   Serial.begin(​9600​); 
149 } 

150  

151  

152 ​void​ step() { 
153   ​// enable controller 
154   digitalWrite(OUTPUT_STEPPER_EN, ​0​); 
155   delayMicroseconds(STEPPER_DELAY_US​/2​); 
156   ​// pulse up 
157   digitalWrite(OUTPUT_STEPPER_STEP, HIGH); 

158   delayMicroseconds(​10​); 
159   ​// pulse down 
160   digitalWrite(OUTPUT_STEPPER_STEP, LOW); 

161   delayMicroseconds(STEPPER_DELAY_US​/2​); 
162   ​// disable controller 
163   digitalWrite(OUTPUT_STEPPER_EN, ​1​); 
164 } 

165  

166 ​void​ output_serial_data() { 
167   Serial.print(pot_value); 

168   Serial.print(​" "​); 
169   Serial.print(range_value); 

170   Serial.print(​" "​); 
171   Serial.print(bend_value); 

172   Serial.print(​" "​); 
173   Serial.print(program_mode); 

174   Serial.print(​" "​); 
175   Serial.print(encoder_position); 

176   Serial.print(​" "​); 
177   Serial.print(encoder_velocity); 

178   Serial.print(​" "​); 
179   Serial.print(time_dt); 

180   Serial.print(​" "​); 
181   Serial.print(pid_position_input); 

182   Serial.print(​" "​); 
183   Serial.print(pid_position_output); 

184   Serial.print(​" "​); 
185   Serial.print(pid_position_setpoint); 

186   Serial.println(); 



187 } 

188  

189  

190 uint8_t bend_value_shift(​unsigned​ ​int​ value_in) { 
191   ​if​(value_in ​<​ ​600​) { 
192     ​return​ ​0​; 
193   } ​else​ ​if​ (value_in ​>​ ​780​) { 
194     ​return​ ​180​; 
195   } ​else​ { 
196     ​return​ value_in​-600​; 
197   } 

198 } 

199  

200  

201  

202 ​/* Main routine (called repeated by from the Arduino framework) */ 
203 ​void​ loop() { 
204   data_timer​++​; 
205  

206   ​// read sensor data 
207   ​if​(millis() ​-​ time_now ​>​ ENCODER_DT_MIN_MS) { 
208     ​// time 
209     time_old ​=​ time_now; 
210     time_now ​=​ millis(); 
211     time_dt ​=​ time_now ​-​ time_old; 
212     ​// encoder update on slow cycle 
213     encoder_position_old ​=​ encoder_position; 
214     encoder_position ​=​ kencoder.read(); 
215     encoder_velocity ​=​ ((​double​)(encoder_position ​- 
encoder_position_old))​/​((​double​)time_dt); 
216   } 

217   ​// analog sensors 
218   pot_value ​=​ analogRead(INPUT_POT); 
219   range_value ​=​ filter_add(​&​range_filter, analogRead(INPUT_RANGE)); 
220   bend_value ​=​ filter_add(​&​bend_filter, analogRead(INPUT_BEND)); 
221   limit_value_old ​=​ limit_value; 
222   limit_value ​=​ digitalRead(INPUT_LIMIT); 
223  

224   ​//checks to see if data has been sent  
225   ​if​ (Serial.available() ​>​ ​0​){ 
226        ​//read the incoming byte: 
227       incomingByte ​=​ Serial.read(); 
228       ​switch​ (incomingByte){ 
229        ​case​ ​'S'​:  
230          ​//servo mode 
231          index ​=​ ​0​; 
232          mode ​=​ ​0​; 
233          ​break​; 



234        ​case​ ​'R'​: 
235          ​//reset 
236          index ​=​ ​0​; 
237          mode ​=​ ​1​; 
238          gui_servo_setPoint ​=​ ​0​; 
239          gui_dc_position ​=​ ​0​; 
240          gui_dc_velocity ​=​ ​0​; 
241          gui_stpper_position ​=​ ​0​; 
242          ​break​; 
243        ​case​ ​'P'​: 
244          ​//Position DC 
245          index ​=​ ​0​; 
246          mode ​=​ ​2​; 
247          ​break​;  
248        ​case​ ​'V'​: 
249          ​//Velocity DC 
250          index ​=​ ​0​; 
251          mode ​=​ ​3​; 
252          ​break​; 
253        ​case​ ​'A'​: 
254         ​//Stepper position 
255          index ​=​ ​0​; 
256          mode ​=​ ​4​; 
257         ​break​; 
258        ​default​: 
259         read_value[index] ​=​ incomingByte; 
260         index ​++​; 
261          ​int​ sum; 
262         ​if​(index ​>​ ​3​){ 
263           sum ​=​ atoi(read_value); 
264           index ​=​ ​0​; 
265           ​switch​ (mode){ 
266             ​case​ ​0: 
267               gui_servo_setPoint ​=​ sum; 
268               ​break​; 
269             ​case​ ​2: 
270               gui_dc_position ​=​ sum; 
271               ​break​; 
272             ​case​ ​3: 
273               gui_dc_velocity ​=​ sum; 
274               ​break​; 
275             ​case​  ​4: 
276               gui_stpper_position ​=​ sum; 
277               ​break​; 
278           }  

279         } 

280      } 

281   } 



282  

283  

284  

285   ​// change program mode, if necessary 
286   ​if​(limit_value_old ​==​ ​0​ ​&&​ limit_value ​==​ ​1​) { 
287     ​if​(program_mode ​<​ ​3​) { 
288       program_mode​++​; 
289     } ​else​ { 
290       program_mode ​=​ ​0​; 
291     } 

292   } 

293  

294  

295  

296   ​// determine proper control settings 
297   ​if​(program_mode ​==​ ​1​) { 
298     ​// gui control velocity 
299     servo_setpoint ​=​ gui_servo_setPoint;  

300     pid_velocity_input ​=​ encoder_velocity ​*​ ​512​; 
301     pid_velocity_setpoint ​=​ (​double​)(gui_dc_velocity); 
302     ​if​(dc_velocity_PID.GetMode() ​==​ MANUAL) { 
303       dc_position_PID.SetMode(MANUAL); 

304       dc_velocity_PID.SetMode(AUTOMATIC); 

305     } 

306     dc_velocity_PID.Compute(); 

307     motor_setpoint ​=​ pid_velocity_output; 
308  

309     stepper_setpoint ​=​ gui_stpper_position; ​// 0-1024 
310   } ​else​ ​if​ (program_mode ​==​ ​2​) { 
311     ​// gui control position 
312    pid_position_input ​=​ encoder_position; 
313    pid_position_setpoint ​=​ (​double​)(gui_dc_position); 
314    dc_position_PID.Compute(); 

315  

316     ​// process output 
317     motor_setpoint ​=​ pid_position_output; 
318  

319     stepper_setpoint ​=​ gui_stpper_position; ​// 0-1024 
320  

321     servo_setpoint ​=​ gui_servo_setPoint; 
322     ​if​(dc_position_PID.GetMode() ​==​ MANUAL) { 
323       dc_velocity_PID.SetMode(MANUAL); 

324       dc_position_PID.SetMode(AUTOMATIC); 

325     } 

326     ​// todo 
327   } ​else​ ​if​ (program_mode ​==​ ​3​) { 
328     ​// sensor control with motor position 
329     pid_position_input ​=​ encoder_position; 



330     pid_position_setpoint ​=​ (​double​)(pot_value); 
331     ​if​(dc_position_PID.GetMode() ​==​ MANUAL) { 
332       dc_velocity_PID.SetMode(MANUAL); 

333       dc_position_PID.SetMode(AUTOMATIC); 

334     } 

335     dc_position_PID.Compute(); 

336  

337     ​// process output 
338     motor_setpoint ​=​ pid_position_output; 
339  

340     stepper_setpoint ​=​ range_value; ​// 0-1024 
341     servo_setpoint ​=​ bend_value_shift(bend_value);; 
342   } ​else​ { 
343     ​// user motor velocity pid 
344     pid_velocity_input ​=​ encoder_velocity ​*​ ​512​; 
345     pid_velocity_setpoint ​=​ (​double​)(pot_value​/4​); 
346     ​if​(dc_velocity_PID.GetMode() ​==​ MANUAL) { 
347       dc_position_PID.SetMode(MANUAL); 

348       dc_velocity_PID.SetMode(AUTOMATIC); 

349     } 

350     dc_velocity_PID.Compute(); 

351     motor_setpoint ​=​ pid_velocity_output; 
352  

353     stepper_setpoint ​=​ range_value; ​// 0-1024 
354     servo_setpoint ​=​ bend_value_shift(bend_value); 
355   } 

356  

357   ​// output settings 
358   ​// set servo 
359   servo.write(servo_setpoint); 

360  

361   ​// set motor output based on pot value 
362   ​if​(motor_setpoint ​<​ ​0​) { 
363       motor_pwm_direction ​=​ ​1​; 
364       motor_pwm_setpoint ​=​ ​-​(uint8_t)motor_setpoint; 
365     } ​else​ { 
366       motor_pwm_direction ​=​ ​0​; 
367       motor_pwm_setpoint ​=​ (uint8_t)motor_setpoint; 
368     } 

369   ​if​ (motor_pwm_setpoint ​<​ ​16​) { 
370     ​// have a dead-band for low values 
371     analogWrite(OUTPUT_MOTOR_FORWARD, ​0​); 
372     analogWrite(OUTPUT_MOTOR_BACKWARD, ​0​); 
373   } ​else​ ​if​ (motor_pwm_direction ​==​ ​0​) { 
374     ​// move forwards 
375     analogWrite(OUTPUT_MOTOR_FORWARD, motor_pwm_setpoint); 

376     analogWrite(OUTPUT_MOTOR_BACKWARD, ​0​); 
377   } ​else​ { 



378     analogWrite(OUTPUT_MOTOR_FORWARD, ​0​); 
379     analogWrite(OUTPUT_MOTOR_BACKWARD, motor_pwm_setpoint); 

380   } 

381  

382  

383   ​// set stepper motor to position based on bend sensor 
384   ​int​ stepper_position_error ​=​ stepper_setpoint ​-​ stepper_position; 
385   ​if​ (stepper_position_error ​>​ ​8​) { 
386     ​// set direction 
387     digitalWrite(OUTPUT_STEPPER_DIR, HIGH); 

388     step(); 

389     stepper_position​++​; 
390   } ​else​ ​if​ (stepper_position_error ​<​ ​-8​) { 
391     digitalWrite(OUTPUT_STEPPER_DIR, LOW); 

392     step(); 

393     stepper_position​--​; 
394   } 

395  

396   ​// output relevant data 
397   ​if​ (data_timer ​==​ ​200​) { 
398     data_timer ​=​ ​0​; 
399     output_serial_data(); 

400   } 

401 } 

 


