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Augmentation of Workout Machines oCi

More effective workout with visual Feedback

Synchronous Workout Machine Leg extension / flexion exercise

Stop @

Sensor device for measuring the
lever angle with an acceleration
sensor

Visual Feedback during exercise
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Development Process oCi

Redesign of the sensor device to meet the hardware requirements

SR

Phase I:

* Rapid Prototyping on the * PIC 18F2550 and ADXL203
Particle Platform « improving of performance and
« algorithm development to reliability

transform acceleration into . Opt|m|z|ng sensor accuracy
Joule min. 1°

* Data transmission by RF - optimizing and increasing

» limitation to only a few devices sampling rate > 50 Hz

because of small RF bandwith - wired data transmission to get
» feasibility analysis small jitter <= 1ms

* high measurement resolution
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Synchronous Workout System Architecture ¢cj

Prototype Il (sensor device redesign)

-

B

Sensor &
communication
augmented
sports equipment

Run time exercise
visualization
and feedback tool

Flash GUI

/

FTDI Converter

N

Serial-to-USB Serial-to-USB
« «
= Server Server =
TCP/IP TCP/IP
'\/ Data exchange by a / ’ v

simple XML Protocol

-

Sensor &
communication
augmented
sports equipment

Run time exercise
visualization
and feedback tool

Flash GUI
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Joule, not repetitions!

Workout progress

StopQ

722 /3000 Joule

Synchronous Workout Machine

Slide 5



o Cl

Thank You!
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Synchronous Workout System Architecture ¢cj

Prototype | (vertical functional prototype)

Sensor & 1.n
communication
augmented

sports equipment radio frequency AwareCon

jRun time exercise | 1.n  1cpp Tcenp 1
visualization Server RDB
and feedback tool
r serial
User TCP/IP TCP/IP
authentification
component 1.n
- 1 1
Exercise editor Analysing Tool
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e Ci

Backup
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Sensor Device Architecture 3”ei

Optimized for high accuracy and small structural shape

USB connector Sensor device
with FTDI USB-to-
Serial converter

- PIC18F2550 ADXL203
USB-Cable

0060080050 - o

ADXL203 PIC 182550
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Converting Acceleration into Joule

o Ci

Counting Joule, not repetitions, for measuring workout success

A simple Algorithm

working lever

o = tan(a,/a,) Y

p=f(a)

f: transmission function

current height

weight lever

lever length

delta height

extrema height

currentHeight = leverLength * sin(p)-!
extremaHeight = leverLength * sin(f°)!
deltaHeight = abs(extremaHeight — currentHeight)
work = weight * 9,81 * deltaHeight

power = work / (currentTime — extremaTime)
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Software Architecture

e Ci

State Pattern avoids inconsistent program states

MultiServerRunning

MultiServerStopped

Sensor

vy

e i SanrarStata

MultiServer

Connection

ConnectionCleaner

SerialCommunication

i

PaketForwarder

ICommunication

o CoinactionState -

&

T

ClientUnregistered

SetWeight

Training

ConnectionfAborted

TrainingClientListener —={java.lang.Thread

LY

LY
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Partitioning of the acceleration vectors °Ci

a

\dynamic tangential

Mounting the
sensor at the axis
to zero out the
dynamic
acceleration

measured radial
dynamic radial

static radial

Qmeasured tangential
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Comparison of Acceleration Sensors o Ci

ADXL203 is much more accurate Backup

measured value distribution
(population ca. 60000 measurements)

| —x axis 3D sensor
— (LIS3L02AS4)

y axis 3D sensor
(LIS3L02AS4)
—x axis 2D sensor
(ADXL311JE)

—— —y axis 2D sensor
(ADXL311JE)

—x axis 2D sensor
(ADXL203)

y axis 2D sensor
(ADXL203)

value occurence

-0,075 -0,05 -0,025 0 0,025 0,05 0,075

acceleration value deviation in [g]
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