
EECS192 Lecture 2

Jan. 28, 2020

• Checkoff 2/1: Hello World/LED Blink/Switch

• Checkoff 2/8:  Benchtop motor and steering (using provided PCB)

• Project proposal (due 2/11 before class)
– Documentation

– Block Diagram/Software Model

• Cloud 9 quick demo

• LED/Port Information

• PWM Intro

• Motor Model

Notes: 

Check off- Hello World+LED blink+switch

``look don’t touch’’

Github repo



Eagle: File → export → image (300 dpi png)

Black: tNames, tValues, tPlace

White or off: tOrigins, Unrouted 

Eagle parts layout- no copper

Project Proposal: Documentation

KiCad EDA

https://kicad-pcb.org/



Project Proposal: Documentation



Project Proposal: 
Motor Drive with UCC21222 gate driver
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Details On board….

Checklist:

1) Emergency stop

2) Reset Protection

3) Snubbing



UCC21222 pin functions- E-stop



Project Proposal: Input/Output

https://www.sparkfun.com/tutorials/283

Line camera: 128 pixels, 200 Hz USB Camera: 

320x240 (30 Hz?)



CPU IO Port Information



Beagle Bone Blue Pins

http://inst.eecs.berkeley.edu/~ee192/sp20/files/BeagleBone_Blue_Pin_Table.xlsx

Robot Control Library

C interface for the Sitara PWM driver. 

<rc/pwm.h>

These functions provide a general interface to all 3 PWM 

subsystems, each of which have two available channels A and B. 

PWM subsystems 1 and 2 are used for controlling the 4 motor drivers 

on the Robotics Cape, however they may be controlled by the user 

directly instead of using the motor API. 

PWM subsystem 0 channels A and B can be accessed on 

the GPS or SPI  header if set up with the Pinmux API to do 

so. The user may have exclusive use of that subsystem.

http://www.strawsondesign.com/docs/librobotcontrol/pwm_8h.html


Thrun et al 

Stanley 2005

Project Proposal: Block Diagram/Software Model



Project Proposal: Timing and priority of processes
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LED & CPU Port Information



https://www.electronicshub.org/light-

emitting-diode-basics/

Connecting LED & CPU Port Information



3.3V

3.3V

LED & CPU Port Information- typical

LATCHUP!



LED & CPU Port Information- Am3359
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Project Proposal: 
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PWM and Timer Intro: PWM Generation



Beagle Bone Blue Pins

http://inst.eecs.berkeley.edu/~ee192/sp20/files/BeagleBone_Blue_Pin_Table.xlsx

Robot Control Library

C interface for the Sitara PWM driver. 

<rc/pwm.h>

These functions provide a general interface to all 3 PWM 

subsystems, each of which have two available channels A and B. 

PWM subsystems 1 and 2 are used for controlling the 4 motor drivers 

on the Robotics Cape, however they may be controlled by the user 

directly instead of using the motor API. 

PWM subsystem 0 channels A and B can be accessed on 

the GPS or SPI  header if set up with the Pinmux API to do 

so. The user may have exclusive use of that subsystem.

http://www.strawsondesign.com/docs/librobotcontrol/pwm_8h.html


PWM and Timer Intro: Code

http://strawsondesign.com/docs/librobotcontrol/group

PWM subsystem 0 channels A and B can be accessed on the GPS or 

SPI header if set up with the Pinmux API to do so. The user may 

have exclusive use of that subsystem.

#define RC_MOTOR_DEFAULT_PWM_FREQ   25000

int rc_pwm_set_duty ( int ss,

char  ch,

double  duty ) 

Sets the duty cycle of a specific pwm channel.

Parameters

[in] ss subsystem 0,1,2

[in] ch channel 'A' or 'B'

[in] duty between 0.0 (off) and 1.0(full on)

Direction???



PWM: 200 Hz for servo motor

Note only on Debian, uses PRU1.
int rc_servo_send_pulse_normalized ( int ch, double input ) 

Like rc_send_pulse_us but translates a desired servo position from -1.5 to 1.5 to a 

corresponding pulse width from 600 to 2400us.

We cannot gurantee all servos will operate over the full range from -1.5 to 1.5 as 

that is normally considered the extended range. -1.0 to 1.0 is a more typical safe 

range but may not utilize the full range of all servos.

Example PRU code:

; Beginning of loop, should always take 48 instructions to complete

CH1: QBEQ CLR1, r0, 0 ; If timer is 0, jump to clear channel

SET r30, CH1BIT ; If non-zero turn on the corresponding 

channel

SUB r0, r0, 1 ; Subtract one from timer

CLR r9, r9.t1 ; waste a cycle for timing

SBCO &r9, CONST_PRUSHAREDRAM, 0, 4 ; write 0 to shared memory



rc_motor

int rc_motor_set ( int ch,

double  duty ) 

Sets the bidirectional duty cycle (power) to a single motor or all motors if 0 is 

provided as a channel.

Parameters

[in] ch The motor channel (1-4) or 0 for all channels.

[in] duty Duty cycle, -1.0 for full reverse, 1.0 for full forward

Note: this uses connectors M1…M4 which are 1 amp H Bridge output.

Not intended for car motor drive!
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Motor Model

On board….

http://inst.eecs.berkeley.edu/~ee192/sp18/files/NiseAppendixI.pdf

http://inst.eecs.berkeley.edu/~ee192/sp13/pdf/motor_modeling.pdf

http://inst.eecs.berkeley.edu/~ee192/sp18/files/NiseAppendixI.pdf
http://inst.eecs.berkeley.edu/~ee192/sp13/pdf/motor_modeling.pdf


Extra Slides



test_thread1

test_thread1

RealTime

RealTime1

Main() idle

Project Proposal: RTOS timer and threads example



PWM and Timer Intro: PWM (edge)



PWM and Timer Intro



PWM and Timer Intro: Dead Time Insertion


