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Improving urban mobility for developing
countries

Connectivity as the core technology for
smart city applications

loT-Al based bus tracking: deployment
experience and insights

Network performance results

Collaboration with network operators and
providers




in developing countries

Johor Baru on track to leading smart city status
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METRO NEWS

Source: The Star Metro News, 14 Jul 2025 Taman Johor, Johor (Malaysia)
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myBusz 2.0 architecture

3G connectivity

Bus stop location

Data Analytic & Prediction
of Bus Arrival Time

Raspberry Pi 3

. Pekan Senai Johor Bahru Sentral
Pekan Kulai

Bluetooth Low Energy (BLE)
proximity detection
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S. Gunady and S. L. Keoh, "A Non-GPS based Location Tracking of Public Buses using Bluetooth Proximity Beacons,"
IEEE 5th World Forum on Internet of Things (WF-loT), Limerick, Ireland, 2019

Bluetooth detection
Estimote iBeacon

myBusz

connecting the dots




data flow architecture

BLE LAYER CELLULAR CLOUD / WAN myBusz BACKEND

(1) Fleet Location Update

BLE ADV TLS Cellular WAN
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BLE Sensors RPI Gateway Cell Tower API Gateway ETA Engine
Bus Fleet BLE - 4G/5G 4G/5G Telemetry ingest

(2) ETA Display

TLS Cellular WAN
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Passenger Information Cell Tower API Gateway ETA Service

System Display Uplink/Downlink

Bus Stops




network design consideration

e Low network latency

BLE detection (RPI and Beacon).

Sendin
via 3G

location data to the cloud (RPI to the cloud
G/5G).

ETA prediction / calculation.

e Packet loss

No packet loss must be guaranteed because location
data is important.

RPI is configured to perform re-transmission if not
successful.

¢ Reliability of network connectivity

Very crucial, as the location data are sent to the cloud
via 3G/4G/5G network.

RPI restarts itself everyday and performs some forms
of self-diagnostic to check Internet connectivity.

In Europe, it uses roaming SIM to ensure availability in
case one of the network operators is down. But this is
expensive.




BLE Layer

On-bus sensors &
passenger devices

role of network operators

Network Layer

Operator cellular
4G/5G / Wi-Fi bridge

Platform Layer

myBusz cloud
fleet backend

@ Connectivity backbone

Layered role separation

SIM & data provisioning

@ Integration partner

Redundancy & roaming




network performance

e BLE detection accuracy is e Network latency (RPI to
approximately 90% and Cloud via 3G)
above for all buses when [Note: approximate
the distance between the measurement for 1 day, 2 Bluetooth Beacon Detection Accuracy
RPI to the bus stop is RPIs] R S .
(<5m) and between 5 g e ST
to10m. e Average: 0.592s 60 il
° gus ID 2 recorded a . * Min:0.01s 5
etection accuracy o . 0
67%. The reason for the © Max: 145 e
outlier could be due to the e Packet loss = 0% as all
fast speed of the bus/did detection were recorded

not stop at the bus stop. in the DB.




field trial

Opp Kulai Hospital

eeni

19 mins

Installation of power supply
$550 \ L8
Info Panel on Bus D
Arrival Time

............

Installation of Rapberry Pi
¢ ) for detection of bus

)

Internet Connectivity

myBusz Mobile App

Bus Stop Opposite Kulai Hospital

e Accuracy up to = 3 minutes in non-congested time, as the ETA was derived
based on historical data.
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ASEAN ivo project (2022-2025)

BAS PERCUMA KHAS UNTUK
WARGANEGARA MALAYSIA SAHAJA

FREE BUS FORMALAYSIAN
CITIZENS ONLY

(2022) Expansion of
i routes with PAJ /

s BMJ, funded by
S ASEAN IVO

(2016) FIRST Trial &

‘‘‘‘‘ Deployment for

Kulai = JB Sentral &=
ey B

SKUDAI
TMN JOHOR o Eniversi
i University )
PARADIGM MALL .H’_I_‘M of Glasgow E_H_-_l___
KIP MART
PLAZA ANGSANA
o
D N
&
o GHRD) e
o __0_
; B S m 1 sacivbushoutes
Image source: Businterchange.net W @ businterchange.netjohorbus

SnS 7 route




deployment in Johor

e Raspberry Pi Zero and its battery charging
system are deloloyed on 21 bus
stops/terminals across three city councils
(Johor Bahru, Iskandar Puteri and Kulai)

e Bus routes include:
e BMJ (PAJ): P211, P411
e BAS.MY (myBas/Causeway Link): J30, J31
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installation (rpi zero + battery)

Skudai Shell Petro Station

SJK Pu Sze
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training dataset

Bus stop | Duration
01-02 352

02-03 128

14

03-04 26

17

Historical data from PAJ

05-06 36

17

06-07 95

18

.Q 07-08 96

19

08-09 78

data cleansing
data processing
calculation of distance/speed
data transformation

Bus location data collected from deployment
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deploy

first installation of passenger information display system in johor




larkin sentral bus terminal (nov’24)




opp hospital kulai bus stop (dec’24)




bus stops (dec’24)

Sendl




senai bus stops (dec’24)




open data

gtfs-static, gtfs-rt, cellular network, cloud-based deployment




myBusz 2.5 architecture
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myBusz

connecting the dots

:

* Next version of myBusz 3.0 will move to microservice architecture




e Heroku serverisin the US

region.

e ETA data is refreshed every
30 seconds.

e Network latency statistics:

Min: 1.839s
Max: 4.715s
Avg: 2.335s
P95: 2.764s
P99: 3.072s

network performance

* Improvement to be done:

* Move the web service to
be closer to Malaysia.

e Further test on the
scalability to support
multiple PIDS. Currently
< 10 PIDS deployed.

e Improve latency with
minimal cost.

e Service redundancy using

Kubernetes.

Endpoint Response Time




cloud server performance
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end-to-end performance

End-to-end latency was measured through:
GPS location update [timestamp recorded]
— MQTT Server — Heroku MQTT Subscriber
— Heroku Web — ETA Computation.

ETA is calculated every 30s.

Performance:

Average: 30.55s
Minimum: 10s

Maximum: 265s
P95: 46s

Essentially this means that the ETA is
updated and refreshed around every 30s.
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bus stops in johor bahru (mar’26)

Kipmall Tampoi Taman Johor Skudai Kiri




bus stops in skudai (apr’26)




discussion

security, network connectivity, resilience, availability




challenges & lesson learnt

e Unavailability of power supply for RPI:

Tapping on street lighting’s power supply, only
from 7pm-7am. Power cut may last for weeks.

Required a battery to power the RPI during the
day.

Battery level drops below 6V, insufficient to
power 4G connectivity.

e Reliability of RPI:

Not industry grade devices.

Restart RPI daily and a cronjob to send heart-beat
to report ‘alive’.

Remote access to RPI to remote diagnostic
(provided that connectivity is available).

* Internet connectivity:

Network coverage along Jalan Skudai is good.

Mostly reliable, unless there is a hardware failure
or power cut.

There were instances where the Internet was
down due to the wrong APN setting.

e Coordination with stakeholders

Engagement with city councils, bus operators,
land transport agency.

City council to get permission to install RPI, and
to provide power supply.

Safety of the devices to be ensured, hence
requiring a locked metal box to be used.




collaboration with network operators

e Having a smart device like RPI at the bus e QoS for real-time passenger apps is ideally
stop to perform “sensing”, we will need 5-10s for an accurate arrival. Tﬁis means a
reliable cellular connectivity. MQTT model might be suitable:

e What are the back-up options available if * More frequent location data updates (currently 30s -
cellular service is disrupted? Inter-operator L)
roaming is possible? . ch-|high|er vc<|)|ume of data to be sent from fleet/RPI to

€ Cilou

e Network operators to help manage loT

devices ? e Push ETA updates to PIDS more frequently as well,

e.%., whenever the ETA is updated, push down to
e Commissioning: device is to be connected PIDS.

e Update ETA whenever new bus location data is

e Monitoring: self-diagnostic and self-recover if ‘
received.

network is down

* De-commissioning: disabling the connectivity




operational & architectural readiness

loT APN / Network Slicing Low-Latency Data Pipeline

Dedicated APN or network slice for fleet traffic — isolates bus telemetry from Near-real-time packet delivery for event-driven BLE triggers, location updates,
consumer traffic and guarantees QoS for real-time data and in the future (door open/close, passenger count, alerts)

Device Management Readiness API & Integration Layer

Remote SIM provisioning (eUICC/eSIM), OTA firmware updates, and remote REST/MQTT APIs compatible with myBusz backend for automated SIM activation,
diagnostics for gateway devices on the fleet or Raspberry Pi at bus stops usage monitoring, and fault alerting — no manual provisioning at scale
Coverage SLA & Route Mapping Security & Compliance

Verified coverage across all bus routes with uptime SLAs. Gaps must be flagged TLS/DTLS encrypted transport, DDoS protection, compliance with local data
upfront sovereignty regulations




collaboration with network operators

JTEEE

Protection of keying materials

Security Management, device lifecycle
management

Lightweight / post-PQC crypto for loT
devices

loT Platform-Cloud Security

{TEEE

{TEE}

5G New Radio Sidelink for Device to
Device /V2X/ Autonomous Vehicle
communication

Combination of cloud, D2D protocols for
securing loT ecosystem

Secure D2D Communication

L,

Video streaming for object / bus service detection

Al Inference, LLM and RAG

Real-time detection of car plate / bus
service number for fleet tracking

video, spatial, image (multimodal data)
to be used for Al-baed decision making

Robust connectivity for smart city
applications




key takeaways

e Reliable network connectivity is key to e Dedicated loT 5G network slicing to be
the success of this sort of smart city separated from consumer network
application. would improve the bandwidth.

e Too many parties and components e Move the cloud server to be closer to
involved and they all may use different home to reduce latency. Operators
network infrastructure and the inter- could consider deploying MEC nodes.

connectivity resulted in higher end-to-

end latency. e QCIl prioritization for smart city

applications as the data packet is small

e Deployment of sensors are not and should be pushed to the front of the
sufficiently dense enough to create a queue.
highly reliable mesh network.
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