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OVERVIEW




Motivation

m Motor skill mastery is critical for numerous recreational and professional activities.
Often gaining a level of proficiency without adequate clear and specific feedback is
difficult. To this end, the motivation of our project is to design and implement a system
which helps fulfill this role, providing feedback to the learner of motor skills. A suit
which tracks attempts at specific motions and gives feedback can help both teachers

and students.




Goals and Objectives

e Proof of Concept for a Suit used for Motor Skills Instruction
e System Provides Analytical Capabilities for Real Time Motion Evaluation
e System Provides Accurate, Meaningful Feedback Assisting the Learning of Motor Skills

e System Developed to Be Marketed at Competitive Cost




Project Design Overview

e Prototype of Arm Wearables Used to Learn Motions Consisting of:

o [nertial Measurement Units (IMUs) for motion tracking
o Embedded Processors for Interface and Analysis

o Interfaces Necessary for Connecting All Components

o Wirelessly Connected to Computer for Feedback

e Software Designed for Expandability of Both Scale and Functionality.

e Minimal Power Consumption of System




Constraints and Requirements

e Mobility

e Size

e Weight

e Heat Dissipation

e Battery Life




Engineering Specifications

ID Description Unit Value

1 Weight kg <20

3 Shock Resistant g >10

4 Acceleration Resistant g > 3 (continuous)
5 Thermal Resistant Deg C 0-40

6 Thermal Dissipation Deg C < 10 above ambient
7 Power Consumption W <5

8 Data Latency sec <15

9 Data Communication Mbps >1

10 Startup Time min <5

11 Calibration Retention min >15




COMPONENT
CHOICES




MCU Comparison

e Primarily for Low Level Interface

e |12C interface required. Other
interfaces helpful

e Minimal Mathematical Operations
Required

MCU ATmega32 MSP430FR MSP432P40 STM32 F7
u4 2155 11
Clock 16 MHz 24 MHz 48 MHz 216 MHz
Frequency
Memory/ 2.5 kB 4 kB SRAM | 256 kB 32 kB
Storage SRAM 32 kB SRAM Cache
32 kB Flash | FRAM 1 MB Flash | 320 kB RAM
1 MB Flash
Supported | 12C, SPI, 12C, SPI, 12C, SPI, 12C, SPI,
Interface UART UART, IrDA | UART, IrDA | UART, USB
2.0, HDMI,
10/100
Ethernet
Current 28 ~3.4 mA ~5 mA 200 mA
Consumed
Cost $2.89 $1.80 $6.21 $14.95







IMU Sensor Comparison

9 - axis vs 6 - axis

Power Consumption vs
Performance/Features

Cost Efficiency

Size

IMU BNOO080 ICM-20948
Power Consumption 45.45 mW 5.5 mW
Communication 12C, SPI, UART 12C, SPI, UART

Size 3.8mm x 5.2mmx |3 mm x 3 mm x
1.1mm 1 mm

Pins 28 24

Axis 9 9

Cost 9.46 5.09




ICM-20948

e Verylow power

e Frame sync capability

e |2C, SPI communication
e Different Power Moding
e \Wake up Capability







Wireless Technology Comparison /

Tradeoffs

® WiFi-Direct
o High Power Consumption
O Most Range
O Fastest Data Throughput
o Large Network Size

® /igbee

o Very Low Power
o Slow Data Rate

® Bluetooth Classic

O Moderately Low Power
O Feasible Data Throughput

® Bluetooth Low Energy

o Very Low Energy
o Slow Data Rate

Label Bluetooth Bluetooth 4.0 Low ZigBee WiFi
Classic Energy (BLE)
IEEE Standard 802.15.1 802.15.1 802.15.4 802.11 (a,
b, g, n)
Frequency (GHz) 2.4 2.4 0.87,0.92, |24 and 5
2.4
Maximum bit rate | 1-3 1 0.25 11 (b), 54
(Mbps) (9), 600 (n)
Data throughput | 0.7-2.1 0.27 0.2 7 (b), 25
(Mbps) (9), 150 (n)
Power Medium Very low Very low High
Consumption
Example Battery | Days Months to years Months to | Hours
Life years
Network Size 7 Undefined 64,000+ 255




Wireless Technology Decision and
Implementation Method

e The decision was made to use Bluetooth with Capable Bluetooth
Low Energy

o Low Power and Decent Data Throughput
e Laird BT900

o Easy to Follow Documentation and Support Software to
Facilitate Bluetooth Implementation
o Incompatible with FreeRTOS

e ESPRESSIF ESP32 - WROOM-32D

o Supports FreeRTOS and Allows for Easy Integration
o Lots of Documentation and Resources
o Implementation Through SPI




SOFTWARE DESIGN




Data Manipulation

e REPLACE




Evaluator

e Evaluator Structure Based on Filered Human Readable Data
e Provides Abstraction for Motion Teachers to Define New Motions

e Internally, Functions Validate Parameters, and Flag Timestamp of Violating Frames




User Feedback Design

e REPLACEALL THIS




HARDWARE DESIGN




Hardware Block Diagram
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PCB Schematics

e Distributed Design Requires Multiple PCBs in Design:
o IMU
o Power
o MSP430 (Includes Bluetooth

e Physical Wiring Connections, Connector Headers on Every Board
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PCB Schematics part 2
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Physical Design

® The mounting, the glove, the sleeve, the
cabling... the electronics.

® Rough schematic drawing of the model
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ADMINISTRATIVE
CONTENT
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Budget

Subsystem Cost ($)
Processor 200
Power 50
Cable/Assembly 40
Sensor 400
Total

690




Bill of Materials

Item # Item Qty. Cost ($) Vender Comments
1 Arty Z7-20 1 219.00 Amazon
2 MSP430FR2155TPTR 1 4.19 Mouser Sample Used for
Prototype
3 Wireless Module oft 19.05 Digikey
(BT900SA-ND)
4 Battery Pack 1 34.99 All-Battery.com
5 Charger 1 14.99 All-battery.com
6 TPS561208DDCR 1 0.85 Digikey Samples Used for

Prototype

7 Inductors various 64,000+ 255




Bill of Materials

Item # Item Qty. Cost ($) Vender Comments

8 Cable Wrap 4 ft 6.39 Amazon

9 22 AWG Cable 3 ft 2.00

10 26 AWG Cable 9 ft 2.00

11 D-sub 9 pin x3 5.00 Mouser Includes Contacts
12 Gloves X2 8.95 Amazon

13 Buckles/Straps X6 9.99 Amazon 1ft/strap

14 Cable Headers x4 5.00 Mouser




Bill of Materials

Item # Item Qty. Cost (9) Vender Comments

15 LEDs x3 1.00/ea = 3.00 Mouser

16 Sensors (ICM-20948) | x30 5.09/ea = 152.70 | Digikey

17 PCA9548ADBR X5 11.80 Tl Samples Used for Prototype

18 TPPMO110DWPR x3/type 16.38 Tl 1.8/3.3 used. Samples used for
prototyping

19 Flex PCB x1 125 OSH Park | Estimate

20 Traditional PCB x3 100 OSH Park | Estimate, low complexity

21 SN74LV1T34 1 0.47 Digikey Samples Used for Prototype

Total: 741.75




Issues

e Replace




Risks - Repalce with more Issues

Risk Impact Mitigation
Poor IMU Data Poor evaluator performance, |IMU quality evaluated, early IMU testing, filter options
Quality greater filtering requirements |investigated

|I2C bus capacitance

Schedule loss, redo cable
design or resistor network for
IMUs

Selection of cable with 12C capacitance as primary design
factor. Alternate Design Plan for Buffers

Processor Data Latency, reduced | Selection of multi-core processor, ability to offload to FPGA
Throughput evaluator frequency

capabilities
Stress Induced | Cost and schedule of broken | Avoid overtest, careful use of hardware, proper ESD

Hardware Failure

hardware

handling, rugged component choices

MSP430
Failure

Board

Schedule, Cost

Prototype testing on same MSP430 chip with MSP430EXP
Board, Design Based on Board




Demo Overview

System Startup
Calibration
Keyboard Posture
Solfege
Conducting




Questions?




