
Designing a Low-Cost Location Tracker for Use in IoT 

Applications

Prof. Ivan GANCHEV @ XXXIII URSI General Assembly and Scientific Symposium 
(URSI GASS 2020). Rome, Italy. 29 August – 5 September 2020.

Designing a Low-Cost Location Tracker 
for Use in IoT Applications

Ivan Ganchev1,2,3, Zhanlin Ji3,4, Máirtín O’Droma3

1 Department of Computer Systems, University of Plovdiv “Paisii Hilendarski”, Bulgaria
2 Institute of Mathematics and Informatics, Bulgarian Academy of Sciences, Sofia, Bulgaria
3 Telecommunications Research Centre (TRC), University of Limerick, Limerick, Ireland 
4  North China University of Science and Technology, Tangshan, China



Designing a Low-Cost Location Tracker for Use in IoT 

Applications

Prof. Ivan GANCHEV @ XXXIII URSI General Assembly and Scientific Symposium 
(URSI GASS 2020). Rome, Italy. 29 August – 5 September 2020.

Introduction

Hardware Components

Software Components

Results

Conclusions

Presentation Outline



Designing a Low-Cost Location Tracker for Use in IoT 

Applications

Prof. Ivan GANCHEV @ XXXIII URSI General Assembly and Scientific Symposium 
(URSI GASS 2020). Rome, Italy. 29 August – 5 September 2020.

• Many commercially available tracking solutions, e.g. based
on satellite navigation (GPS, GLONASS, GALILEO, BeiDou)
with supplementary cellular communication (2G/3G/4G/5G),
facilitating the provision of location-based services (LBS).

• Present day prices start from 20 Euro.
• This paper reports on a new low-cost location tracker design,

utilizing GPS/BeiDou and 2G rather than the relatively costly,
and with much more limited coverage, 4G cellular solution.

• The target retail cost is 7 Euro or less.
• The target market is in IoT asset tracking applications.
• The tracker has been successfully demonstrated in a pilot

test in China for tracking 50,000 auto parts boxes.

Introduction
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• ARMv7-based chip MT2503 (for the 2G modem/microcontroller)

• RDA6625 chip (for the power amplifier) 

• GSM RF and GPS RF antennas
• Antenna switch
• Battery power management chip, LTC4054, and a voltage-

regulator diode, PZ5D4V2H
• Auto power on circuit, opto-sensor, LED, USB connector,

and nano-SIM card
• SGM2031 3.3V LDO
• XTAL S3225 26-MHz crystal oscillator (for the microcontroller)

• Rakon TCXO IT2205me 16.368-MHz crystal oscillator (for the GPS)

• Passives (capacitors, resistors, inductances)
• External sensor circuit, including a temperature and humidity

sensor AHT10, digital ambient light sensor AP3216A, and X-, Y-,
and Z-axis angular rate sensors (gyroscopes) ICM-20608-G

Tracker: Hardware Components
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Tracker: Sensor Circuit
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Tracker: 4-layer PCB Layout
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Ready-to-Go Tracker
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• Mediatek’s Nucleus real-time operating system

(RTOS)
– 2K memory footprint,

– APIs for MMU, power management, connectivity

(CAN, I2C, SPI, USB, UART), file system, data and

networking.

• With the source code of the kernel, drivers, and

libraries provided, intelligent power-saving

algorithms of the tracker were successfully

developed, tested, and used.

Tracker: Software Components
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• The tracker can work in three modes:
– Timing mode

– Continuous mode

– Intelligentmode

• After powering on, it first establishes a socket

connection with the corresponding server via 2G

• Then it sends an IMEI-based heart-beat packet to it,

followed by another packet, containing the ICCID and

IMSI for registration.

• After that, the tracker follows the defined protocols to

provide location and/or alarm information to the server.

Tracker: Modes of Operation
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Tracking Algorithm: Processing Sequence
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Data Packet: Example
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Web Application: Screenshot
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• The developed tracker has been successfully

demonstrated in a pilot test in China for

tracking 50,000 auto parts boxes.

• In sleep mode, it consumes 13μA only.

• With a 4.2V/5000mAh battery, at one profile

update daily, whether located indoor or

outdoor, a minimum 3 year life span of the

tracker is expected.

Conclusions
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Thank you for attention!

Questions & comments?
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