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Introduction

-> Context Awareness
=> Challenges
& Difficulties in Training
€ Variety of User Behaviors

€ Multiple Devices
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Implementation

=> Sample Collection
=> Training

-=> Prediction
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Sample Collection

- NoSQL Database on AWS EC2

= RESTful Server in Node.js

POST /save save resource NoSQL

Database

]
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Sample Collection

= Sampling Rate of 500ms.
-> Position Labels: “InHand”, “SidePocket”, “Idle”, “Handbag”.

—> Experimental Noise

{"t":1440867810092,"v0":1013.56, "n":"pressure","p":"InHand","e":0},

{"t":1440867810113,"v0":-0.17266846,"v1":-0.0725708,"v2" :9.80484

,'n":"gravity","p":"InHand","e":0},

{"t":1440867810114,"v0" :0.064941406,"v1":0.09411621,"v2":-0.1418457,n"

:"linacc","p":"InHand","e":0},
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Training

Query

Sensor Fusion
Exporting
Training Model

HTTP

REST
API
Server

Preprocessing,
Sensor data
fusion

get resources GET /list

NoSQL
Database

|
Export

Y

Training
Data
(ARFF)
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Training: Query

- RESTful API

HTTP

get resources REST GET /list Preprocessing,

- Query on Specific Timeframe pistab o AP Sensor data

Server fusion

- JSON Format Export

Training
Data
(ARFF)
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Training: Sensor Fusion

sample data (revisited):

Raw

"t
"t
"t
"t
e

-=> Remove experimental noise
-> Fuse sensor data
-> Add mathematical features

Sample Pool:
496654 raw sensor readings

29464 training instances

:1440867810092, "v0" :1013.56, "n": "pressure”,"p":"InHand","e":0},

:1440867810113,"v0":-0.17266846, "v1":-0.0725708,"v2":9.80484 ,"n":"gravity","p":"InHand","e":0},
:1440867810114,"v0" :0.064941406, "v1":0.09411621,"v2":-0.1418457,n":"1inacc","p": "InHand", "e":0},
:1440796909166, "v0" :-0.11802673,"v1":0.48486328, "v2":-0.20988464,"n" :"rotation"”, "p":"SidePocket","e":0},
:1440796909202,"v0" :19,"n": "light","p":"SidePocket","e":0},

HTTP

REST | geTist | Preprocessing,
API Sensor data
Database Serder bk

NOSQL get resources

Export

Training
Data
(ARFF)
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Training: Conversion and Exporting

@relation 1441901290 _complex_features

@attribute linaccX numeric
@attribute linaccY numeric
@attribute linaccZ numeric .
@attribute linaccMag numeric NOSQL get resources R/.I\E;T GET /list Pg;%r;):szgg,
@attribute rotationX numeric Database Server HiEiGn
@attribute rotationY numeric
@attribute rotationZ numeric
@attribute pressure numeric Export
@attribute light numeric

@attribute proximity numeric

@attribute gravityX numeric

@attribute gravityY numeric

@attribute gravityZ numeric

@attribute position {SidePocket,Idle,InHand,Handbag}

HTTP

Training
Data
(ARFF)

@data
0.0261 0.0170 0.0154 0.0294 0.4287 0.8387 -0.1052 1010.6511 11.6 © -4.1589 -0.1735 -8.8652 SidePocket
0.0228 0.0761 0.0212 0.1441 0.4263 0.8775 -0.1043 1010.6517 11.6 © -4.1935 -0.1815 -8.8630 SidePocket

* For the sake of this presentation, all values are truncated to four floating digits
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Training: Model

— ARFF
Training Data Weka 3.7

J—D(Training Model (

Multilayer Perceptron —
Nodes: 13-8-8-4 | \v

:nac I:. \\\ /// \\ & SidePUEkBtl
INSECE RN Ao 7 e = £ B
29464 instances - \\&Wﬂ// \\,“ //
SidePocket: 5350 ' NSO e X RS
idePocket: . NS S,
idle: 11348 . AR XK e
rotation’ AW Vav e Vo Vi AW ’ —
InHand: 7270 BRSNS
Handbag: 5496 = g ST, N\
S L AR ; —
% S aprasyve SO
procimiky f ’%’@’,‘é‘_}?‘\\"’ ‘ \
Learning rate: 0.3 S 7 NN
. . U. g’ra %""“““§ / a8 7@@
lterations: 500 ,,p& > \
gra‘;aigy'z

Mobile Sensing Systems Lab | F. Tavakolizadeh and O. Al-Safi | SS15

10



universitétbonnl

Training: Model

10-folds cross validation

99.8% accuracy over training data

SidePocket | Idle InHand | Handbag

SidePocket 5326 0 2 22
Idle 1 11347 0 0
InHand 0 0 7270 0
Handbag 13 0 0 5483
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Prediction

-=>» Real-time sensor data transmission

=> Pre-processing

€ Sensor data fusion
€ Mathematical features

—> Classification

Pub /data MQTT Broker

Sub /data
—————————— P

Prediction

SOCKET

i

> Weka Remote

test data

Predictor

Prediction Output

prediction
Weka 3.7

(Training Model (
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24774 raw sensor readings

1266 training instances

Evaluation

SidePocket | Idle

SidePocket
Idle
InHand
Handbag

SidePocket

Precision 96%
Recall 87%
Accuracy 86%

Idle
79%
100%
79%

267
0

1
10

InHand
100%
91%
92%

InHand Handbag

288
21
53

Handbag
90%
85%
80%

0 38
0 0
238 2
0 347
Average
91% precision
91% recall

84% accuracy
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Demo

i © 12:38

i © ¥4 N 1238 i © W 4 W 12:39 IO W 01244

Sensor Logger 3 Sensor Logger - Sensor Logger 3
Sampling period: 500 ms Sampling period: 500 ms Sampling period: 500 ms
OFF OFF OFF
Mode: EOGGING: Mode: LOGGING ) Mode: PREMBTION
Position: InHand Y Position: InHand X - Select One - v
Pending entries: 25052 SYNC Pending entries: 0 SYNC SYNC
Please wait ...
Debugging Log: Debugging Log: Debugging Log:
Set DATABASE_ADDR to http:// Set DATABASE_ADDR to http:/ Switched to prediction mode.
46.101.133.187:8529/sensors-data-collector/save 10000/25052 46.101.133.187:8529/sensors-data-collector/save Set MQTT_ADDR to tcp://iot.eclipse.org:1883
Service started. Service started. Service started.
Retrieved 1844 entries.

Retrieved 1844 entries.
Service stopped.
Service started.
Retrieved 23208 entries.
Service stopped.

_ Retrieved O entries.
Service stopped. Service stopped.
Service started.

Retrieved 23208 entries.

Service stopped.

Posting 25052 entries in 5000 blocks ...
HTTP/1.1 200 OK

HTTP/1.1 200 OK

HTTP/1.1 200 OK

HTTP/1.1 200 OK

HTTP/1.1 200 OK

HTTP/1.1 200 OK

Pendina entries: 0
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Q&A
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