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Junior Researcher

Highlights Mentoring Programme

Project Code : JRMP2026 _09
Research Topic: Smart School Rooms: Using Sensors and MQTT to Track Classroom Environment and
Student Movement

Supporting Unit(s): % Department of Computing Research Team Me.ml:.»er(s): .
BrNEBREER Dr MOHAMMED Aquil Mirza, Senior Lecturer

Metric JRMP 2026_ Group 09 Achievements

) Lectures 25+ Core & Guest Lectures

Short Description of the Research Project :
This project aims to explore how sensors—such as motion detectors, temperature sensors, and light sensors
‘«7 : : —can be used to create a "smart’ classroom environment. As a mentee, you will use AloT (artificial
% OI'kShOpS 4+ PraCtlcal AIOT SeSSIOHS Intelligence of Things) and MQTT (a messaging protocol) to collect data on classroom conditions and
student movement. You will then analyze this data to make the classroom more comfortable, energy-
efficient, and safe.

[ Assignments 12+ Continuous Assessments

This project is particularly interesting and accessible because:

@ Conferences 1 International Conference (With NObel Laureate) 1.It connects to real-world applications in schools and buildings.
2.1t involves simple sensor data collection and basic programming.
3.1t introduces key concepts such as 10T communication protocols (MQTT).

2 Competi‘tions 1 National Competition 4.Itis hands-on and can be completed using beginner-friendly tools like Arduino or Raspberry Pi.

Through this project, you will gain practical experience in sensor technology, data analysis, and 10T systems,
while contributing to the development of smarter and more sustainable learning environments.

[3) Publications 2 Research Publications
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Lecture Topics
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JRMP2026_ 09 Lectures Attendance Records

CMS

Week Lecture Day Date Topic
1 Wed Apr-o1  Prootocls
1 2 Fri Apr-03  Functional Programming
3 Sat Apr-o4  Python Programming
4 Tue Apr-o7 Sensors & MQTT
5 5 Wed Apr-o8 Demos of Sensors & MQTT
6 Th Apr-09  Data Types and Assignment 1 Discussion
7 Fri Apr-10  Embessed Systems Environment Setup
8 Mon Apr-13  How to do research?
3 9 Tue Apr-14  Programming using Microcontrollers
10 Fri Apr-17  Assignment 2 Discussion
11 Mon Apr-21  Propositional Logic I
4 12 Tue Apr-22  Microcontroller Programming I
13 Mon Apr-28  Microcontroller Programming IT
5 14 Tue Apr-29  Propositional Logic IT
15 Sat May-02 Type Theory I & Assignment 5 Explain
6 16 Mon May-05 Dashboard I
17 Tue May-06 Programming - Logic
18 Mon May-18 Dashboard IT & Assignment 6
4 19 Tue May-19  Programming - Natural Numbers
8 20 Mon May-25 Setting up Rust Environment
21 Tue May-26 Programming - Tuples & Recursion
22 Wed Jun-03 Introduction to Hotaru Framework Research
g 22 Sun Jun-o7  Trouble shoot for Dashboard & Rust
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ISBDAI Conference with Nobel Laureate
Prof. Ferenc Krausz, Germany

JRMP2026 09 Orientation Day
with Associate Director Mr. Frank Chow
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PolyU Library Tour and Resources Hands-on- Robotics & AloT Plenary Workshop by
Workshop by Ms. Wendy Hoi Yan (Senior AL) Sinovated Technology Limited, Hong Kong

ISITY PAQ YUE-KONG LIBRARY

Discovering Library Resources for
Junior Research Mentoring Programme (Computing)
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First AloT workshop at Industrial Centre with

Mentee Luncheon with JRMP_ (09
Mr. Henry Chan, Engineering Manager

PolyU Student Communal Canteen
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Building a Smart Railway: Enhance Safety and Reliability in
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. Why in normal maths circumstance we use extensional definition of fu

Student Assignment Submissions

JRMP2026 Worksheet 1: Introduction to Programming Languages
Mentor - Prof. Dr. Mohammed Aquil Mirza, COMP
Student Mentors - Mr. Ruan Haozhe, Mr. Jiang Suvu
The Hong Kong Polytechnic University (PolyU), Hong Kong

Name: _JiWan Chak School: _FRCSS

. Write your understanding of the following terms in layman terms:

* Sensor:
* Actuator:
* Processor:

Search on the web, tell the difference between HTTP and MQTT protocols. Which
one is more suitable for loT applications? Why?

. Translate the following lambda expressions into Python code and evaluate them:

o (Az.x +1)5 _5+156
o (Axdyr+ )34 _3:4-7
o (ArAy.ay)(Az.2)d 4

. Explain, in layman language, what is extensional and intensional definition of func-

tions,

ional function i a

“tions, how-
ever in programming languages we use intensional definition of functions?

p it £ i s i

In ing-it usualy deals with-a large orinfinite-dataset,so-we use formula to compute-the result

. In our Lamp Example before, the type for each message is Typle (Boolean /Tuple)

- Define Atiribute Error. it occurs when access a atiribute or function that doesn't exist

. How ty |:m klgll:\hll‘!‘ can help us to avoid \ttl ibute Error?
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JRMP2026 Worksheet 2: MQTT, Sensors, Microcontrollers, and
MicroPython
Mentor - Prof. Dr. Mohammed Aquil Mirza, COMP
Student Mentors - Mr. Ruan Haozhe, Mr. Jiang Suyu
The Hong Kong Polytechnic University (PolyU), Hong Kong

Name: LuZhengxuan ___ School: Shun Tak Fraternal Assaciation

. Write your understanding of the following terms 1115%“’“41"““? College

« Broker: A central message hub for receiving and send messages
» Publisher: A sensor that sends messages

« Subscriber: A device that get messages from the broker

« Topic: A shared type of a specific group of data

. Why is MQTT better than direct point-to-point communication when many devices

are connected?

Itis a specialist for receiving from different publishers and disturbing to
different subscribers, so it will not cause the disorder of transition.

. Search on the web, then compare HTTP and MQTT. Which one is more suitable for

IoT applications? Why?
MQTT. It is more lightweight, energy-efficient, stable for those
situations that need a long-time connection. Besides, HTTP is for

. In the phone and air-conditioner example from class, fill in the blanks:

# The phone publishes commands to __the broker

# The air conditioner publis status updates to the broker
# The phone is a _publisher and also a _subscriber

# The air conditioner is a _publisher and also a _gyhscriber

. What is sampling? Why do computers need sampling to understand the physical

world?
To capture numerous snapshots or records of an object in the real
world. Because they are Iimited to the their data from the sensors.

. Match each sensor with its main signal style and what it measures:

o LDR: _@nalog  gjgnal, measures the brightness

« DHTI11: _digital signal. measures _the temperature and the humidity
+ HC-5R04: digital based reading, measures __the distance

. Explain the jobs of these wires:

« VCC: _to provide electricity as power
« GND: to complete the return path of the current
* Data | Signal: _to send out the data or signals
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JRMP2026-09 Assignment 5: Proof Methods

Mentor - Prof. Dr. Mohammed .l\qml \!utn COMP

Student Mentors - Mr. Ruan Haozhe, Mr. Jiang Suyu
Hu Ilum Kong Polytechnic Unive [Pn]\[] Hong Kong
26:50, 3 May 2026 (5:59 AM, 4 May 2026)

Name _41 he A School _Q!EL,

owing proof methods in layman language, and gl

ive an example for
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3. Prove the following propositions using the listed axioms @
O let bds-n3=(#=2) b (O +(~A—-B) (4 B)
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3. Eomp->(h =e)

o (nA— =B) = (A= B) = A)
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Then, fill in proposition A, B and €' with some concrete propositions. Use {A —
B,B = C} A= € to prove something in real life.
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Smart Classroom Implementation

{} sftp.json state.rs X °

-[ title ]-  connecting @ Restricted Mode is intended for safe code browsing. Trust this window to enable all features. Manage ~ Learn More

C: > Users > ammoham > AppData > Local > Temp > f683f68c-241e-4fd3-84ef-9eec5fb8a574_smart_classroom_Eric.zip.574 s MQTT :-[ mate_port - -HTTP i-[ http port 1- - - source jabel - - S mainrs X | Release Notes: 1.12
//! shared in-memory state — ring buffer of readings + latest-per-kind map.
/1!
//! Every sensor publish funnels through “record_reading , which writes to
//! both HISTORY (for the chart) and LATEST (for real-time display).

TEMPERATURI

std::collections: :{HashMap, VecDeque}; e/ 3: Dashboard to display te t see * + “templates/dashboard. html”
std::sync::Arc; o //! Architecture:
std::time::{SystemTime, UNIX_EPOCH}; > //1 sensors.rs [ publish =] BROKER

Temperature & Humidity History

hotaru::value;
hotaru::object;
once_cell::sync::Lazy; 8 //! HTTP clients (browser) =] HTTP_aPP [} endpoint! [=s) handlers.rs [+ LATEST/HISTORY

tokio: :sync: :Mutex;
o

> ammoham > A t

crate::config: :HISTORY_CAP; ) async fn main() {

persistence: : load_from_disk().await;

Ring buffer of all historical readings (newest at back), capped at HISTORY_CAP. / 2. Print banner.

static HISTORY: Lazy<Arc<Mutex<VecDeque<Value>>>> = printint(fi) smart Classroon (Answer Submission) E
println! ("[[[ MQTT broker: {}", MQTT_BIND);

Lazy::new(|| Arc::new(Mutex::new(VecDeque::with_capacity(HISTORY_CAP)))); X ] println! ("[[| HTTP dashboard: http://{}/", HTTP_BIND);
println! ("[| Temperature API: http://{}/api/temperature”, HTTP_BIND);
println! (*[]| 3son API: /api/readings /api/history");

Latest value per kind — avoids scanning HISTORY for real-time display. 3 println! ("[| Flush every:  {}s", FLUSH_INTERVAL_SECS);

static LATEST: Lazy<Arc<Mutex<HashMap<String, Value>>>> = #lcfg(feature = "rpi-harduare”)] . )
println!( m Sensor: real DHT11 on BCM GPIO{}", crate::config::DHT11_GPIO_BCM);

Lazy::new(|| Arc::new(Mutex::new(HashMap::new()))); #[cfg(not(feature = "rpi-hardware"))]
pr‘intln!("w Sensor: SIMULATED (build with --features rpi-hardware for real DHT11)");

API Endpoints s println! ("] s

NNNN NN

Unix epoch seconds (best-effort; @ on clock failure).
fn now_secs() -> ued {

/ 3. Start the DHT11 sensor loop (real or simulated).

N

ing JSON: {"value": *24.5", "timestamp_secs™: .. sensors: : spawn_loop();

. Start background drivers.
awn(lcd: :start_session());

.duration_since(UNIX_EPOCH) or every sensor kind
.map(|d] d.as_secs()) ATty : :spawn(persistence: : flush_loop());
.unwrap_or(@) 4l efifes ( i e g =iy // 5. Run both servers until Ctrl:C.

.run >
>

Build a reading entry as a “Value::Dict . ) — = GElEaEaEi R :]

. X rosquitto_pub -h ~[ broker_host ]- -t *sensors/dhtil/temp’ -m '23.5° 7 println!(“\nshutting down.] flushing to disk");
tn make_entry(kind: &str, value: &str) -> value { mosquitto_pub -h -[ broker_host ]- -t 'sensors/dhtll/humidity’ -m '55.0" persistence: :flush_to_disk().await;
let ts = now_secs(); = ¥

object!(

mosquitto_sub -h ~[ broker_host ]- -t "sensors/#’ -v
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