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Problem Statement

++.-|I__-|:-{. = [ 600 —
& Looker T3 T m r
R hers i | +ableau »
csearehers Jugg e No unified platform for live
disconnected tools and archived data
i ORACLE O | i’ k
Power Bl

Bl tools cater to business, not academia.

High-cost, vendor-locked

analytics solutions Limited configurability for

academic needs
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SARA: Smart Analysis & Research Assistant

1.Data Ingestion

Sensors
* Datasets .q‘rg j/ A5|
| E manages Publishes

o— J) —0 (((Q)))

Data Sources

aa

Researcher

v

SARA
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Data Sources

1. Sensor Networks

Sensor Data Description

Temperature | Ambient temperature (°C)

Humidity Air humidity (%)

Luminance | Light intensity (lux)

Noise Sound pressure (dB)

Presence Bounding box coordinates, person count (YOLOvS)
Motion Occupancy probability

Thermalmap | 24 x 32 temperature grid

Radio

e Device count: Number of detected Bluetooth Low En-
ergy (BLE) devices

e Per-device records: Temporal Media Access Control
(MAC) address (rotated for privacy), Received Signal
Strength Indicator (RSSI) (dBm)

2.User Uploaded Datasets (JSON/CSV)

Unit: mm

Desktop from floor: 700
Chair seat from floor: 400

The position of a sensor
node Distances «—

T

2107
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SARA: Smart Analysis & Research Assistant

2. Data Visualization

Sensors
Datasets -ﬂ‘rg m I
y ) manages Publishes
; , NIPIFa (@)
34 Data Sources Polls Data
Researcher J
Historical _’ ‘— |
Other Plugins

\ 4

Server Sent )
Events Real-time
SARA ) Visualization
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SARA: Smart Analysis & Research Assistant

2. Data Visualization

L Datasets =>11==

(}5 | Sensors
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o— J> —o ¢ (((.)))

Data Sources

~ E manages

>

Polls Data

Researcher J

Historical :
Other Plugins
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Server Sent )
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SARA: Smart Analysis & Research Assistant

3. Extensibility

Datasets -ﬂ‘rg I Sensors
y manages Publishes
N > Oo— J; —O (((.)))
1 ﬁ
19 Data Sources Polls Data
Researcher
4
Historical _’ ‘— |
Other Plugins

\ 4

Server Sent )
Events Real-time
SARA ) Visualization
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Functional Requirements

e« OSEMN : A framework for data science and analytics platforms,
outlining five key stages:
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Non Functional Requirements:
il
« Scalability &

r—l'n_l—\

i e Modularity

O
O
0

e Performance  Usability
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Use Case Diagram
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Component Diagram
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Component Diagram
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Component Diagram
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Component Diagram
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Component Diagram
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Visualize Historical Data

e The workflow diverges based on the data source choice.

1.Custom Dataset as Data Source 2. Sensor Network as Data Source

Simple flow Complex flow

‘B VR V {:f Invoke Historical-Processing
IRl

| | =20 | Microservice
select dataset filter attributes  return JSON time series
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Challenges in Visualizing Sensor-Network Data

33.00 27.00

26.00
30.00

24.00

25.00 2300

K \ " 2000

18.00

20.00

ﬁbﬁm&e"“' &hd?fu < o ' @@@ ' 5 @@’5" ’éﬁv“"' | f@'ﬁ @"3’\\}'
Figure A: minute by minute ,year span of temperature Figure B: monthly aggregations of a year span temperature readings
1 raw reading/minute » 525 600 data 1 aggregate/month » 12 data points per
points per sensor per year sensor per year

x Trend-obscure \/Trend-Eprorable
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Design Solutions: Temporal Aggregation &
Caching

1 .Adaptive Caching Strategy

e Faster Roll-up from cache

/Number of Cached aggregates \4 Latency /Performance

2 . Hierarchical Temporal Aggregation

e Minute — Hourly . Daily __, Monthly — Yearly

e Aggregation metrics include: Min, Max, Sum, Median, Mean, Skewness.
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Historical Processing Workflow (1/3)

Historical Processing Workflow

Processing Microservice

Cache

Data API

1.Request initiation

Time range [t1,12], Aggregation level L,
Metric m

Buckets B = { Bk }Z: I

2. Time-buckets generation
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Historical Processing Workflow (2/3)

Historical Processing Workflow

Mo

|

-

ir.-
/\[Cache hit ?]
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Processing Microservice Cache Data API
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if Cache Lookup then
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else
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else
rawList <— B
end if
end if
end for
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Historical Processing Workflow (2/3)

Historical Processing Workflow

Processing Microservice Cache Data API 3 . Pe r b u c kEt p rocess i ng
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Historical Processing Workflow (2/3)

Historical Processing Workflow
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for each B in B do
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else
if roll-up from cache then
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else
rawList < B
end if
end if
end for
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Historical Processing Workflow (2/3)

Historical Processing Workflow
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Historical Processing Workflow (2/3)

Historical Processing Workflow
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Historical Processing Workflow (3/3)

Historical Processing Workflow

Processing Microservice Cache Data API
Y .
Q T e nacketen: o Fetch raw sensor data

for cache-miss buckets

Compute aggregates for | |  Cleanand J
cache-miss buckets validate data

l

= Cache new
aggregates

Append to .  Returnfinal | .__fiw]
results ' results N/

4. Raw Data Fallback 5. Results Compliation
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Visualize Real-Time Data

1.Challenges

e Minute-by-minute sensor feeds — continual updates

2. Goal

e Low-latency, scalable streaming + per-sensor configurability

3. Approach

e Design pattern: Event Driven Architecture
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Event Driven Architecture Implementation

Event = new Sensor reading

EDA Role | SARA Component Responsability

Droducers External API &
Scheduler
Broker EventBus
SSE endpoint
Consumers | Aggregator

Ul dashboards

Feed EventBus (Broker) with up-to-date

readings.

In-memory pub/sub, topic registry

Forward raw events from the EventBus into

a per-client stream

Enforce user-configured modifiers (pause,

frequency, aggregation window)

Page 40



User Controls as Event Modifiers

Subscription Parameters Stream Behavior Controls
e Facility e Update frequency
e Sensor box e Aggregation window
e Sensor type e Pause / Resume
Motion 04% @ ¢
Q@  istic > AD06 > e45f01fe3b3d v @® | 1min v & Max v X Sminutes v | = 2 4 =
0.6
0.5
0.4
0.3
0.2
0.1
0

18:11 1813 1815 1817 1819 1821 1823 1825 1827 1829 1830 1832 1833 1835 1837
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Software Environment

)

J L

Visual Studio Code i

Docker GitHub:

Redlts

RedisInsight

4/,

monday..

Monday.com
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Frameworks and Technologies

O FastAPI

& redis

Redis Cache

FastAPI Spring Boot

QO =crHarTS

Apache ECharts

Angular
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Desmonstration
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Presentation Roadmap

1 Conclusion & perspective
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Conclusion

1.Unified Research Assitant Platform

e Live and historical sensor streams, plus custom datasets, all in one web Ul

2. Modular, Microservice Architecture
3. Scalability & Performance

4. Usability & Security
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Perspectives

1.Integrate Advanced Al/ML Plugins

e Meddeb, S. (2024). Smart Campus Analytics: Data Analysis and Knowledge Discovery for
Student Behavior Estimation [Master's thesis, University of Carthage]. Higher Institute of
Information and Communication Technologies.

2. Expand Analytics & Visualization
3. Experiment Reproducibility

4. Deployement
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“1F WE STUDY LEARNING AS A DATA SCIENCE, WE CAN REVERSE
ENGINEER THE HUMAN BRAIN AND TAILOR LEARNING TECHNIQUES
TO MAXIMIZE THE CHANCES OF STUDENT SUCCESS ”

Sebastian Thrun Computer Scientist
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