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Abstract — The Cellular Tracker signifies an advancement in 

embedded systems used within industrial settings for supply 

chain management. It integrates three fundamental 

technologies—QR Code Decoding, Global Positioning 

System (GPS), and Cellular Network capabilities—into a 

unified system. Traditional devices often face cost and 

reliance challenges, especially concerning GPS and cellular 

functionalities. In this system, a scanned QR code promptly 

links with current GPS coordinates and transmits data via an 

LTE module to a remote cloud. This transmitted data 

provides real-time supply chain status on a web platform, 

ensuring operational transparency. In scenarios with poor 

network connectivity, data is stored locally and sent once 

connectivity is restored. The device enters a low-power mode 

after a defined period of inactivity. This integration, termed 

the Cellular Tracker—a QR Code Scanner with GPS and LTE 

capabilities—represents a practical, cost-effective, and 

energy-efficient solution compared to previous approaches in 

this domain. 
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I. INTRODUCTION 

A supply chain is a connected system of organizations, 

activities, information and resources [1] designed to source, 

produce and move goods from origination to a final 

destination—typically from a supplier to an end customer. 

Modern supply chains are often very complex, spanning 

multiple countries and involving many steps. The key steps 

in a Supply Chain are:-  

 Original sourcing or extraction of raw materials;  

 Refining or manufacturing materials into basic parts;  

 Assembling basic parts into finished products;  

 Selling finished products to end-users;  

 Delivering finished products to end-users or consumers 

 
Fig. 1: 

 Between each of these steps, several activities need 

to take place, including Documentation, contracts and other 

information that define expectations throughout the supply 

chain; Physical movement of goods from one location or 

organization to another storage of goods until they are 

needed; Stock and inventory tracking and management; 

Demand and supply management; Tracking and 

authentication of goods; Onward logistics and distribution of 

goods to the end customer. 

 The act of creating, managing, tracking and 

optimizing a supply chain is known as supply chain 

management (SCM). SCM activities are carried out by a team 

of specialist supply chain managers. Effective supply chain 

management relies on everyone involved in the supply chain 

network providing timely, accurate and consistent 

information to identify issues and streamline the process. 

Supply chain activities cover everything from product 

development, sourcing, production, and logistics, as well as 

the information systems needed to coordinate these activities. 

The organizations that make up the supply chain are “linked” 

together through physical flows and information flows. 

Physical flows involve the transformation, movement, and 

storage of goods and materials. The Information flows allow 

the various supply chain partners to coordinate their long-

term plans, and to control the day-to-day flow of goods and 

materials up and down the supply chain. Some common 

challenges in Supply Chain include Lack of Transparency; 

Goods That Are Lost or Delayed; Increased Waste and 

Insufficient Planning; Poor Relationships and Unhappy 

Consumers. 

II. PROBLEM STATEMENT 

Most embedded systems used in the domain of supply chain 

management rely heavily on external peripherals for GPS and 

cellular capabilities which drives up their cost of operation. 

Due to unavailability of compact, economical and energy-

efficient alternatives, many companies are forced to opt for 

such devices and pay the heavy price. 

III. GENERAL APPROACH 

In India, most companies use a QR code scanner module 

(imported from China) which connects to a smartphone 

through Bluetooth. An app then compiles the data from the 

scanner with GPS coordinates (retrieved from the 

smartphones inbuilt GPS) and sends it to a remote server via 

the cellular network. 

IV. DRAWBACKS 

The major drawbacks of the approach adopted today is the 

necessity to buy a smartphone for the proper functioning of 

the scanner. The imported scanner module already cost about 

five thousand ruppees per piece and with the added cost of a 

smartphone, the cost of the solution becomes unnecessarily 

high. Additionally smartphones are power devices which can 

be misused or broken by the employees if handled 

uprofessionally which can incur extra cost. 

V. OUR APPROACH 

By considering all the problems, we came up with the idea of 

putting together QR code decoder alongside GPS and cellular 
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network module. When the scan button is pressed, the QR 

code data is compiled with the GPS coordinates and sent 

directly to the server through the LTE module or JioFi (we 

chose JioFi over LTE Module in this project because even 

though they cost almost the same but the former portrayed 

better performance over the latter). Thus, enabling this 

project to achieve its aim without using any external 

peripherals as expensive as a smartphone.  

VI. IDEOLOGY 

In this project, the team has taken the case of waste collection. 

This supply chain requires that waste from all houses in 

designated localities is collected without fail and also that 

people develop a habit to segregate their waste into different 

categories. To enable transparency of working in waste 

collection, every household is given 6 QR codes. The first 

three are for Wet, Reject and Dry waste respectively. The 

fourth QR code is to indicate that no bins have been provided 

for segregating waste. The fifth QR Code indicates that the 

house is locked. And finally, the sixth QR code indicates 

miscellaneous reasons for not being able to collect waste. The 

GPS coordinates of the device play a key role in this system 

since it makes sure that the employee is at the location of the 

QR code and is not being dishonest during his job. To fulfil 

such requirements, this project presents a hand-held 

embedded system which can successfully scan the above QR 

codes, retrieve GPS coordinates and send them together as a 

package to a remote server all the while being compact, 

economically feasible and robust. The information collected 

from such devices is used to monitor the entire waste 

collection process in real-time. The collected information is 

also utilised for analytics purposes. A chief requirement for 

these appliances is power conservation since they will be 

continuously used for at least 8 hours every day. To address 

this, the team has included certain power-saving features like 

deep sleep mode and light sleep mode which will 

automatically run after some minutes of inactivity. 

 
Fig. 2.1: Flow of Control 

 
Fig. 2.2: Flow of Control 

VII. COMPONENTS AND HARDWARE SELECTION 

Below are the hardware components we used in our project:- 

1) ESP32:  

This device can be widely used in various IoT applications. It 

is suitable for Industrial Wireless Control, Wireless 

Positioning System and other IoT applications. The ESP32 

has SPIFFS (Serial Peripheral Interface Flash File System) 

which is a lightweight file system that can store data 

permanently and a deep sleep current of up to 6mA [2][3]. In 

our project, ESP32 is responsible for receiving of decoded 

QR code data from the GM65 scanner module. It also 

retrieves GPS coordinates from GPS Module and stores all of 

them together in its flash memory (SPIFFS). This stored data 

is then sent to a cloud server, whenever network is available, 

through JioFi. 

2) MH-ET Live Scanner (GM65): 

This device is a barcode and two-dimensional code scanning 

recognition module. It adopts a professional image 

processing chip for Barcode/QR code recognition, which can 

quickly and accurately read under complex lighting 

environments. The product features low power consumption 

and low heat [4]. In our project, it is responsible for taking 

pictures of QR code and decoding them. The decoded data is 

sent to ESP32 for further processing through UART interface. 

3) GPS Module: 

This is a complete GPS module that is based on the Ublox 

NEO-6M. This unit uses the latest technology from Ublox to 

give the best possible positioning information and includes a 

larger built-in 25 x 25mm active GPS antenna with a UART 

TTL socket. This GPS module gives the best possible 

position information, allowing better performance even for 

indoor applications. In our project, it is responsible for 

providing accurate GPS coordinates to the ESP32. 

4) JioFi Router: 

This device provides true 4G speed, Video and HD Voice 

calls to its connections. It can provide 4G Data and HD Voice 

even on 2G / 3G smartphones. The device can support up to 

10 connections. In our project, it is responsible for providing 

4G LTE connectivity to the ESP32 to send data to the remote 

server. 
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5) Buzzer: 

It is made of oscillator, electromagnetic coils, magnets, 

diaphragm & housing and other components. After being 

powered ON, the audio signal is generated by the oscillator 

current through the solenoid coil and the electromagnetic coil 

generates a magnetic field. In this project, it used to signal the 

user of a successful scan, data transfer and deep sleep. 

6) Li-Po Rechargeable Battery: 

It is a 7.4V, flat, thin, light and powerful battery with a 

capacity of 8000mAh. These batteries are widely used in 

Tablet PC, Power Bank, Bluetooth Speaker, IoT and other 

industrial applications. It has a built-in circuit to prevent over-

charging and over-discharging. In our project, it is used to 

provide power to the device. 

7) LM7805 Voltage Regular IC: 

Voltage sources in a circuit may have fluctuations resulting 

in not providing fixed voltage outputs. 7805 IC, a member of 

78xx series of fixed linear voltage regulators used to maintain 

such fluctuations, is a popular voltage regulator integrated 

circuit (IC) [5]. The xx in 78xx indicates the output voltage it 

provides. 7805 IC provides +5 volts regulated power supply 

with provisions to add a heat sink. In our project, it provides 

a constant +5 volts supply to the device from the battery. 

8) TP4056 Lithium Battery Charger and Protection 

Module: 

This module uses both the TP4056 and the DW01A Li-Ion 

battery protection IC, which together in combination provide 

optimum protection [6]. In our project, it provides an USB 

interface to charge the Li-Po Battery. 

9) BC547 Transistor: 

BC547 is a NPN transistor hence the collector and emitter 

will be left open (Reverse biased) when the base pin is held 

at ground and will be closed (Forward biased) when a signal 

is provided to base pin [7]. In our project, it is used as a switch 

to turn the GM65 scanner module ON and OFF. 

10) Other Components: 

These include components like resistors, capacitors, wires 

(both jumper and single-core) and push button switches. It is 

used in a variety of applications which include power supply 

circuit, battery percentage circuit and scan button. 

VIII. CONSTRUCTION AND WORKING 

In the previous section the requirements for the project, 

definitions and the reason we are using those components in 

the project is described. In this section, the construction of 

these parts and working is explained. We sectionalize the 

construction into two parts: A) Hand-held Scanner B) Wrist-

strapped Box 

A. Hand-held Scanner: 

This part consists of the GM65 Scanner Module with a scan 

button on the side which the users will wear on their index 

finger. Such a configuration will spell ease of scanning and 

operating due to light-weight and mobility provided by this 

structure. 

 
Fig. 3: Schematic Diagram of Hand-held Scanner 

B. Wrist-strapped Box: 

This box contains 8000mAh battery, ESP32 microcontroller 

and GPS module along with battery percentage and power 

supply circuit. The box receives data from the Hand-held 

Scanner, processes it in the microcontroller, attaches the 

current GPS coordinates and sends the output to remote 

server for analytics and observation. It further contains a 

charging and protection circuit using TP4056 which prevents 

the battery from overcharging and causing damage. The box 

also contains a separate compartment to house the JioFi 

router. 

 
Fig. 4: Schematic Diagram of Wrist-Strapped Box 

Working of the Device under Different Situations: 

1) When Scan Button is pressed: 

The device will take a picture of the QR code and prepare the 

decoded output. A request will be sent to the GPS module for 

transferring the location coordinates back. The decoded 

output and GPS coordinates are then stored together into the 

flash memory. A buzzer will sound to mark the success of 

scan and storage function. 
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2) When Scan Button is not pressed, Data in Flash Memory 

is available & Network is available: 

The device will start sending data sequentially by a POST 

request through the JioFi router. This process will continue 

until all data is sent or Scan button is pressed. 

3) When Scan Button is not pressed, Data in Flash Memory 

is available & Network is unavailable: 

The device will wait for the network to be available before 

sending any data. The Scan Button is usable here. 

4) When the device is Inactive for a certain time: 

Inactivity here refers to the condition when the device has 

neither scanned QR codes nor sent data to the remote server. 

In such a condition, the device will put go into Light Sleep. 

Thus, reducing overall power consumption of the device. On 

pressing the Scan Button, the device will immediately wake 

up and scan the QR Code. 

 
Fig. 5: Circuit Diagram of Wrist-strapped Box 

C. Issue Handling: 

There are chances of a few problems arising in the system. 

They are addressed below: 

 Due to the lack of high-speed internet, the system may 

fail to upload data instantly. To solve this problem, we 

store the data in the internal flash memory for the time 

being. 

 The electronics are susceptible to high temperatures. In 

such a case, the system may encounter fatal flaws and 

might even stop uploading data altogether. This can be 

resolved by not using the device under direct sunlight for 

a long time. 

 The data can be intercepted midway by unauthorized 

personnel. This may result in invalid or malicious data 

being sent to the server. To solve this, the system may 

transmit data over SSL encryption as well. 

IX. APPLICATION 

Cellular Tracker concept encompass a wide range of 

technologies and applications: 

1) Invoices, Billing: It is a common practice today, to see 

invoices and bills with a QR code. This helps in logistics 

hubs and delivery agents to scan the details. What used 

to be simple barcode earlier, has slowly transformed into 

QR codes that carry more information than any regular 

barcode can have. 

2) Banking Account Statements, Trade Finance 

Documents: QR codes are now very commonly used in 

the financial services industry/banking. A QR Code 

embedded in bank documents helps capture the data for 

easy tracking and verification. 

3) Government and General ID Cards, Passports, Visas, 

Driving License, Aadhaar Card, Tax IDs: The adoption 

of QR code in Government IDs has seen some progress. 

However, the same has not been the case for visas and 

passports. In all cases, the level of security embedded in 

these is currently such that they can’t be checked easily 

by all concerned. Hence there is scope for misuse and 

tampering. Secure QR codes can help in this regard. 

4) Healthcare: Lab and medical reports can use QR codes 

to encrypt the data on the report so that they can be used 

with full trust and confidence and issues of bogus health 

insurance and fake reimbursements/claims can be 

avoided. 

5) Waste Management: QR codes attached to dust bins can 

be used to track how many of them were emptied and 

how many more to go. This can be used to check 

efficiency of work done in real time by workers. 

6) Inventory Management: This process requires assessing 

the details of hundreds of products which is difficult 

when done with pen and paper. Hence, to make the 

process easier, required details are stored in a QR code. 

These can be scanned whenever we need to get any 

information about any product in the warehouse 

X. CONCLUSION 

The proposed product serves as an integrated scanner, 

functioning independently without reliance on mobile 

phones. It ensures data integrity during network fluctuations 

and employs a 3-Mega Pixel camera, surpassing the 

capabilities of existing market-based camera scanners. This 

higher camera resolution contributes to enhanced accuracy in 

its operations. Unlike Bluetooth ring scanners susceptible to 

interference from nearby Bluetooth devices, this product 

remains unaffected by such environmental factors. 

Additionally, it features a power-saving mode that initiates a 

light sleep state after a specified idle period. This versatile 

scanner finds applicability across various business domains 

requiring QR Code scanning. Moreover, its cost-

effectiveness stems from eliminating the necessity for mobile 

phones and dedicated applications to transmit data to servers. 
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