Introduction and Design

Mobile Robotics
Anthony J. Clark



Today

* Administrivia

 Warm-up poll questions

* Defining robot requirements
e Designing the course robot

e Design your robot



Administrivia

* | am administering the course in a “flipped” style so that we can use class time
to build and code

 We’ll have
* Quizzes every class period
e Exercises every week
* You must pass all of them for an A
e See the course website for more details

e Exercises will build on each other


https://cs.pomona.edu/classes/cs181r/
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Robotics Stack

* We’ll cover most of the robotics stack
* Low level: motor control, sensor interfacing

* Mid level: motion profile, coordination

* High level: Al, navigation, mapping



Communications Channel?

* Email
* Slack
* Discord
* Canvas

e Other?



Polling ( )

* What robotics experience do you have (e.g., Vex, FIRST, etc.)?
e Have you taken CS 105 (or similar “low-level” course)?
* What is a robot?

* What role does artificial intelligence play in robotics?


https://docs.google.com/spreadsheets/d/1HJmlehaYhGWclDo1t0k6i1VHxN15zr8ZmJj7Rf_VEaI/edit?gid=1242365109

Requirements

 What would you do if | asked you to design a robot?
* What questions should we ask (and answer) to design a robot?



Requirements Engineering

. Requirements

. Requirements

. Verification and

. Requirements



Our Requirements

* Our robot should:
e Automatically halt when no longer connected via wireless communication
e Autonomously navigate around a course,
* Avoid obstacles (static and dynamic),
* Recognize and react to signs,



Requirements Engineering

* Functional and
* How fast does the robot need to move?
 How maneuverable does the robot need to be?
How small or large (footprint and mass) can the robot be?
Will the robot interact closely with people?
How costly is the robot to manufacture?
What is the robot’s environment?

* Nonfunctional requirements
* How easy is it to the robot?
 How easy is it to fix the robot?
* Can the robot be in future semesters?



Refining the Requirements

 What kind of is needed (MCU or SBCor ...)?

* How much are needed?

 What is the appropriate (motors, drive system, etc.)?
 What form of is needed (12C, SPI, UART, etc.)?
* What are needed?

* What (type, capacity, C-rating, voltage)?

 What form of is useful (wired, BLE, Wi-Fi)?

* How much is needed?

* What are your ?



A

My Process for This Course

Decide on a drive system ( ).

Decide roughly on a linear robot velocity ( ).
Roughly pick a wheel diameter ( ).

Compute the needed motor RPMs ( ).

Find motors (



Motor Search

Walking speed

1.34 m/s (3 mph)

Wheel radius 5cm
RPM 100 rpm
Angular velocity 10.47 rad/s
Linear velocity 0.52 m/s
Motor Manufacturer  Cost No Load RPM Ratio Voltage No-Load Current  Stall Current Torque oz-in Logic Notes
Sparkfun S 6.88 90 @ 4.5V 48:1 3-9Vv ? ? ? 3.3-5V
DFRobot S 7.40 160 @ 6V 120:1 3-7.5V 170mA 2.8A 2.784.5-7.5V L-Shape
DFRobot S 7.40 160 @ 6V 120:1 3-7.5V 170mA 2.8A 2.784.5-7.5V Same as above, but flat
DFRobot $11.90 310 @ 6V 50:1 3-12v 60mA 4.83.3-5V
Adafruit $12.50 200 @ 6V 50:1 100mA 200mA 2.78 120 RPM rated speed
ASLONG S 8.85 300 @ 6V 30:1 3-12v 3.3-5V  SHIPPING!!!
DFRobot $33.00 260 @ 6v 50:1 360mA 103.3-5V  Includes 2 motors (5.90), encoders (4.50) wheels (2.90), and mounts (3.50)
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https://www.digikey.com/en/products/detail/sparkfun-electronics/ROB-16413/12178435
https://www.digikey.com/en/products/detail/dfrobot/FIT0458/7087167
https://www.digikey.com/en/products/detail/dfrobot/FIT0450/7597205
https://www.dfrobot.com/product-1432.html
https://www.digikey.com/en/products/detail/adafruit-industries-llc/4638/13161951
https://www.robotshop.com/products/dc-6v-300rpm-3mm-shaft-mini-metal-gearwheel-gear-motor-n20-w-encoder-cable?_pos=4&_sid=9e528115c&_ss=r
https://www.dfrobot.com/product-827.html

My Process for This Course

Decide on a drive system ( ).

Decide roughly on a linear robot velocity ( ).
Roughly pick a wheel diameter ( ).

Compute the needed motor RPMs ( ).

Find motors (

Select motor driver ( ).
Decide on sensor modalities (

Decide on communication needs ( ).

L 0 N UL kA WDhE

Find compute devices ( ).
10. Design power system (



Parts Search

Part Source Cost # Total Note Options B C D E F
Chassis Cardboard S - 1s - Makerspace
Caster Wheel RobotsShop/Pololu S 2.29 1$ 229 Could go without, but cheap Pololu Ball Caster with 1/2" Plastic Ball
Wheels (x2) Cardboard S - 2S - Makerspace
MiniQ Motor
Wheel Set with
Motor w/ Encoder (x2) DigiKey/SparkFun S 6.88 2S 13.76 Probably want faster than 1st option ROB-16413 FITO458 FITO450 4638 RM-ASMO-01B Encoder
Motor Mount (x2) 3D Print S - 2S - Makerspace
Motor Driver S 15.00 1$ 15.00 Dual H-bridge matching motors; provide power for MCU?
Grove - Vision Al

Grove - Vision Al Module with
Microcontroller Seeed Studio S 30.88 1S 30.88 Maybe the Seeed Xiao ESP32S3 Sense Module V2 Himax Grove module + camera + esp32 ? Includes imu, cam, mic
IMU Inc 13 -
Camera Inc 18 - Gravity: Huskylens
Microphone Inc 1S -

VL53L0X Time-of-

Flight Distance
Distance Sensor S 10.00 1S 10.00 ToF Sensor Skip to the beginning of the images gallery Grove - IR Distance Interrupter v1.2
Power Switch S 3.00 1$ 3.00 Rated for all parts
Power Fuse S 2.00 1$ 2.00 Rated for all parts
Voltage Regulator S - Maybe use motor driver?
Battery S 5.00 1$ 5.00
Battery Monitor 1S - Similar to Duckiebot
SD Card 1$ -
MoCap Marker 1S -
USB Cable S 2.00 1$ 2.00 USB-C for programming and charging?
Charger 18 - Built-in?
OLED Display S 7.00 S -

$ 83.93
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https://www.pololu.com/product/952
https://www.pololu.com/product/952
https://www.digikey.com/en/products/detail/sparkfun-electronics/ROB-16413/12178435
https://www.digikey.com/en/products/detail/sparkfun-electronics/ROB-16413/12178435
https://www.digikey.com/en/products/detail/dfrobot/FIT0458/7087167
https://www.digikey.com/en/products/detail/dfrobot/FIT0450/7597205
https://www.digikey.com/en/products/detail/adafruit-industries-llc/4638/13161951
https://www.robotshop.com/products/dc-6v-300rpm-3mm-shaft-mini-metal-gearwheel-gear-motor-n20-w-encoder-cable?_pos=4&_sid=9e528115c&_ss=r
https://www.dfrobot.com/product-827.html
https://www.dfrobot.com/product-827.html
https://www.dfrobot.com/product-827.html
https://www.seeedstudio.com/XIAO-ESP32S3-Sense-p-5639.html
https://www.seeedstudio.com/Grove-Vision-AI-Module-V2-p-5851.html
https://www.seeedstudio.com/Grove-Vision-AI-Module-V2-p-5851.html
https://www.seeedstudio.com/Grove-Vision-AI-Module-p-5457.html?queryID=29d269caa600391b569426e6498e4efa&objectID=5457&indexName=bazaar_retailer_products
https://www.seeedstudio.com/Grove-Vision-AI-Module-p-5457.html?queryID=29d269caa600391b569426e6498e4efa&objectID=5457&indexName=bazaar_retailer_products
https://www.seeedstudio.com/Grove-Vision-AI-Module-p-5457.html?queryID=29d269caa600391b569426e6498e4efa&objectID=5457&indexName=bazaar_retailer_products
https://www.dfrobot.com/product-1922.html?tracking=5ea50418b14a0
https://www.pololu.com/product/2490
https://www.pololu.com/product/2490
https://www.pololu.com/product/2490
https://www.seeedstudio.com/Grove-IR-Distance-Interrupter-v1-2.html?queryID=7f0b5e3b07aff276b586ec67be7c011c&objectID=406&indexName=bazaar_retailer_products

Category
Robot Kit
Robot Kit
Robot Kit
Robot Kit
Robot Kit
Robot Kit
Robot Kit
Robot Kit
Robot Kit
Robot Kit
Robot Kit
Robot Kit
Robot Kit
Robot Kit
Robot Kit
Robot Kit
Robot Kit Total
Course Parts
Course Parts
Course Parts
Course Parts
Course Parts
Course Parts
Course Parts
Course Parts
Course Parts
Course Parts
Course Parts
Course Parts
Course Parts
Course Parts
Course Parts
Course Parts
Course Parts

Course Parts Total

Other
Other
Other Total

Per Unit
16.40
31.38
18.62

2.00
3.00
4,95
23.80
4,95
4.80
2.25
3.69
1.12
2.00
1.10
0.82
20.00
140.88
114.95
100.00
100.00
515.00
34.75
9.99
32.99
8.99
9.99
7.99
3.78
6.99
28.99
12.20
3.50
4.50
8.60
1,003.21
111.17
200.00
311.17
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Finalize

Note

Expansion Board Base for XIAO

Grove Vision Al v2 Kit (Al Module + Camera + Micro)
SATEL-VL53L7CX

QMC5883L Triple Axis Compass (x10)

MPU6050 6DOF IMU (x5)

BALL CASTER WITH 3/4" PLASTIC

Gearmotor with Encoder Pair

DRV8835 DUAL MTR DRIVER CARRIER

32GB Class 10 MicroSDHC Flash Memory Card
BREADBRD DBL STRIP 70TIE-PTS

Protected 2600mAh 10A 18650 Button Top Battery
BATT CONTACT CLIP 18650 1CELSMD

Voltage Tester

Extra-Long Break-Away 0.1" 16-pin Strip Male Header
N20 Micro Motor Mount Set

Cables, straps, brackets, connectors, fasteners, etc.

XRP ROBOTICS PLATFORM KIT

Adeept

Adeept

Crazyflie 2.1

XTAR VC8S Battery Charger

Anker USB C to USB C Cable

Anker USB C 715 (Nano 65W)

M3 Black Nylon Standoff Spacer With Screws Hex Nuts
M2 Black Nylon Standoff Spacer With Screws Hex Nuts
Reusable Multi-Purpose Wrap Fasteners

Rubber Bands Size #30

Double Sided Sticky Dot

6 Qt Clear Storage Box

JUMPER KIT VARIOUS 26AWG 65PCS

Grove - 4 pin Female Jumper to Grove
GROVE2DUPONT CONVERSION CABLE 20

GROVE 4PIN FEMALE JUMPERS 5PACK

Estimated
Estimated

d List

Status
Delivered
Delivered
Delivered
Delivered
Delivered
Delivered
Delivered
Delivered
Delivered
Delivered
Delivered
Delivered
Delivered
Delivered
Delivered
N/A

Delivered

Delivered
Delivered
Delivered
Delivered
Delivered
Delivered
Delivered
Delivered
Delivered
Delivered
Delivered
Delivered
Delivered

N/A
N/A

Source
Seeed Studio
Seeed Studio
Digikey
Amazon
Amazon
Pololu
Digikey
Pololu
Amazon
Digikey

Liion Wholesale
Digikey
Amazon
Amazon
Amazon

N/A

Digikey

Crazyflie?
Liion Wholesale
Amazon
Amazon
Amazon
Amazon
Amazon
Amazon
Amazon
Amazon
Digikey
Seeed Studio
Digikey
Digikey

N/A
N/A

*Missing a few late additions


https://www.seeedstudio.com/Seeeduino-XIAO-Expansion-board-p-4746.html
https://www.seeedstudio.com/Grove-Vision-AI-V2-Kit-p-5852.html
https://www.digikey.com/en/products/detail/stmicroelectronics/SATEL-VL53L7CX/16736224
https://www.amazon.com/AITRIP-QMC5883L-Compass-Magnetometer-Raspberry/dp/B08ZHKDJHD/ref=sr_1_5?crid=2H1LTABHL7KNL&dib=eyJ2IjoiMSJ9.b09b8TFVuBCxSrHq50nMGUkaz1YGHufhnvhBlmgs5M3H_C62EGgAMHAH2Mn-3UNlMiPPAfqbuq6pFasuiGFaJLOzlhRqwu9bVc5Ajrs1lS4XKBh2DeKkxwCTaNXDjAPf9zB09fPVLMXuUxs2QqNOt9FaNnslljynwoQ8GbCWGwjukvo3Ka_YH6LxIjZ23Be3KaTLfS5RGPCL6Cg2OFOxfBBklEnqKeOMmwvHaBn55Ok.acIZ02xS_c5cR6NzqnkBKq31AslL4bxssrPpY1NCu1Q&dib_tag=se&keywords=arduino%2Bcompass&qid=1709790616&sprefix=%2Caps%2C156&sr=8-5&th=1
https://www.amazon.com/Stemedu-Accelerometer-Module%E4%B8%A8GY-521-Gyroscope-Acceleration%E4%B8%A816/dp/B07PY38BCB/ref=sr_1_6?crid=SX4838PJ9DHV&dib=eyJ2IjoiMSJ9.zut0si1EgNuAunnwh53jR0Ag71ssMqozZ42ua9KP4JQ8tw24g_mmxddtbCIt0IJlIi4BQkzQX4JgnhuO6l3tOXHcW3NUJ30ZF1b83fIkzu4lf-SRIIU77iX4sCPfGcXxxhVti6FVXrPrzb3KZ8E-wlNENIQyvAnlnYsHIGQ9nPUFWJGgmFLbS13-OvprKF7RuTFF8Ord8J2DbfPBmuHrXtMdmTsMcyQjlvoNJAAvxrE.uNZiy9CrCbtE2Do5B4bljL3WoabrzHPUKAtvi7ceFQ8&dib_tag=se&keywords=arduino+imu&qid=1709790632&sprefix=arduino+im%2Caps%2C166&sr=8-6
https://www.digikey.com/en/products/detail/pololu-corporation/954/10449799
https://www.digikey.com/en/products/detail/dfrobot/FIT0482/7087159
https://www.digikey.com/en/products/detail/pololu-corporation/2135/10450429
https://www.amazon.com/gp/product/B07K81Z6DF
https://www.digikey.com/en/products/detail/bud-industries/BB-32650-W/10518730
https://liionwholesale.com/collections/batteries/products/protected-2600mah-10a-18650-button-top-battery-wholesale-discount?variant=28408793923678
https://www.digikey.com/en/products/detail/keystone-electronics/254/9646025
https://www.amazon.com/gp/product/B07Q2RQYPJ?psc=1
https://www.amazon.com/gp/product/B09G5RF3H6?psc=1
https://www.amazon.com/simhoa-100pcs-Micro-Mounting-Bracket/dp/B092SPHYM2
https://www.digikey.com/en/products/detail/sparkfun-electronics/KIT-22296/19117674
https://store.bitcraze.io/collections/bundles/products/the-ai-bundle?variant=46516231504221
https://liionwholesale.com/products/xtar-vc8s-battery-charger-wholesale-discount?variant=40969345892421
https://www.amazon.com/gp/product/B088NRLMPV?psc=1
https://www.amazon.com/gp/product/B08T5QN2TR?psc=1
https://www.amazon.com/gp/product/B0BXT71WJK?psc=1
https://www.amazon.com/gp/product/B0BXT4FG1T?psc=1
https://www.amazon.com/gp/product/B0CH8K8VWC
https://www.amazon.com/gp/product/B008X09WWG
https://www.amazon.com/Stickers-Removable-Waterproof-Festival-Decoration/dp/B08NYDBXFX/ref=sr_1_8?dib=eyJ2IjoiMSJ9.JWMFFCoNR-9V_XE4Uq6ck_SrNR0ty63FA86oJNCUJVo4YIYqpxZOM_mZA0So8NrJKwfsIJFo7QgEG3P8jdmrGkAdJnNbYyszk5cBeNhNiCjR1iBaXFH1fGv8Lh3_6vVD7kUrisebduUFhDUL7upst01s6VAgrMMlWQxwUywDeR088uhxDKySWPbZwga3S9XPusoayFCIULnD34eI_TFggO61WEud-AWxdApQDzZP5aI8lFAo_SccKFbd1gNMDDBwLwNfu6H_LBlbisoekWWIiZkrxZ4mTbJVXDXRc3G95Tw.3d8GcNyJXRarhCW-bLTaPoYYkIibXVvinpUlCZEp39o&dib_tag=se&keywords=double%2Bsided%2Bclear%2Btape&qid=1709924002&sr=8-8&th=1
https://www.amazon.com/gp/product/B07DFBSTFR
https://www.digikey.com/en/products/detail/bud-industries/BC-32625/4156446
https://www.seeedstudio.com/Grove-4-pin-Female-Jumper-to-Grove-4-pin-Conversion-Cable-5-PCs-per-PAck.html
https://www.digikey.com/en/products/detail/m5stack-technology-co-ltd/A096/16679751
https://www.digikey.com/en/products/detail/seeed-technology-co-ltd/110990028/5482559

Things to Check

* Power levels: voltage in Volts (V) and current in amps (A)

 Logic levels: chips need to agree on what a logic “1” is in terms of voltage
* Power reset: actuators should typically be powered after compute

* Power monitor: don’t over discharge your batteries



N O U s W hE

Prototyping

Define goals

Brainstorm designs

Sketch your layout (I've given you all “component templates”)
Prototype with simple materials (cardboard, sticky dots, etc.)
Model with CAD and fabricate

Make notes on what works and what doesn’t

Refine (back to step 5)

19



First Quiz

* Complete the first quiz on gradescope.



Exercise 1

* Pair-up
* Multiple pairs can work together (no more than 6)
* “Design” your robot

* You’ll start with electronics on Thursday
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