Digisport — digital transformation in sports
a case study about HAR based on IMU and RNN
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digital transformation

the process of improving products, services and operations
using digital technologies

digital transformation in sports
the process of improving individual and collective athletic
performance using digital technologies
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HAR human activity recognition
IMU inertial measurement unit

RNN recurrent neural network
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Introduction



Neptunes de Nantes
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Needs and Requirements

- indicators about runs

- count
- duration
- speed

- distance
- type

- direction
- intensity

- indicators about jumps

- count
- height

- state-of-the-art
- low-cost

- custom-made



Hypothesis
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HAR based on IMU and RNN

1. develop IMU components
2. build HAR datasets
3. train RNN models

4. predict human activity

5. estimate activity features
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HAR based on IMU and RNN

1. develop IMU components
- low-cost: 400€ / athlete

2. build HAR datasets

- custom-made: proof of concept

3. train RNN models

- state-of-the-art: 0.99 accuracy
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Data Acquisition
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Use Cases
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Classes

(© measures
id : Integer
name : String
unit : String

Imeasure

@ ressuremens

uuid : UUID
value : Float

provider

(© providers
utid : UUID
name: String
component : String

© activities .
© recordings

uuid : UUID ecordin
label : String 9 5 uuid : UUID

confidence : Float started_at : Timestamp
started_at : Timestamp stopped_at : Timestamp
stopped_at : Timestamp h

activity

lgateway

(© gateways
id : Integer

name : String
topic : String

(© bodyparts

id : String
name : String

lbodypart

@ verns

| wearing | yuid : UUID
started_at : Timestamp

stopped_at : Timestamp

(device

(© devices
id: Integer
address : String
name : String

user

(® genders

male
female

lgender

© oo

uuid : UVID
username : String
password : String
firstname : String
lastname : String
birthday : Date

rolename
® roles

user
manager
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Sequences

p A o \ 4
device gateway platform / broker platform / analyser ~platform / modeler
scanning
loo [every 2]

scan available devices

publish devices
to platform/gateway/devices

register devices with gateway

o
7T
select gateway for device
alt [gateway is selected]
publish device to gateway/enable
e e
connect

enable notify on service

alt prediction]
publish on to platform/device

[—]
7

Mo
1

retrieve gateway for device

alt ) (gatewayis retrieved]
publish device to gateway/disable
o= O Fh

alt prediction]
publish off to platform/device

———

disable notify on service 12 /30
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Sequences

< < <
device gateway platform / broker platform / analyser platform / modeler
processing

i

[Hoop J

processing data

notify data on service
| noufy data on service )
publish data to device/data
- publish data to device/dara .}
alt Iprediction]
forward data to device/data
 forward duta to device/dotd >

store data

Tacquisition]
store data

prediction

loop /) fevery Sooms)

fetch last 2000ms data
predict activity of data

publish activity to device/data

P 0 SRR

forward activity to device/data

e R S

store activity

| B kit |

[Cevent ) (on demanar

fetch

data

train model 1 /3 0

deploy model




Devices

) data
float id : device identifier

float ax : x-axis acceleration

float ay : y-axis acceleration

float az : z-axis acceleration

float gx : x-axis angular velocity

float gy : y-axis angular velocity

float gz : z-axis angular velocity

float mx : x-axis magnetic flux density
float my : y-axis magnetic flux density
float mz : z-axis magnetic flux density
float t : device temperature

float v : battery voltage

loop data
setu,
2 [yes] [yes] | o
setup IMU BEE _Y__]—ys BLE notify enabled process IMU f notify BLE
setup BLE
start BLE
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cost(x) = 250z + 2400

equipment  cost (€) factor
device 80.00 T
gateway 30.00 10z
broker  2400.00
analyzer 140.00
modeler

B8 Bk




Dataset Construction
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Sitting Standing Walking Jogging

- 17 subjects

- 7women, 10 men

© 4 -9 subjects / session
+ 2 body-parts

- back, waist

- 3 sessions

- 5mn / activity / session
- all subjects at once
- 8h 45mn recordings
- 60Hz average frequency
- 1 human annotator

- 4 datasets
- 50Hz, 40Hz, 25Hz, 20Hz (20ms, 25ms, 40ms, 50ms)
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