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Abstract: The postal system, which has been a cornerstone of global communication for many years, has been subject to persistent 

difficulties due to its reliance on manual processes and the limited payment options available. This research paper proposes a 

revolutionary solution to address these issues by incorporating the Internet of Things into the process of processing postal envelopes. 

The proposed system consists of three main elements: IoT - enabled envelope collection and sorting, automation of envelope addressing, 

and integration of payment processing. By utilizing IoT sensors and devices to collect and sort envelopes, the process becomes a smooth 

and efficient process. Automated addressing, which may involve robotic arms, eliminates labor - intensive manual processes. Payment 

processing is further simplified by the inclusion of various payment methods such as credit cards and debit cards, as well as mobile 

wallets. This innovative strategy seeks to make the postal process more convenient and user - friendly, thus better responding to the 

needs of the modern world.  
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1. Introduction 
 

1.1 Literature Review  

 

This section explores the various technology - based 

solutions that have been proposed to address the challenges 

facing the postal industry. The article "Designing and 

optimizing a mail distribution center using a network model" 

[1] This article explains the main roles and how mail 

distribution centers work. It also looks at how automation 

affects how quickly and accurately packages are processed. 

Postal centers are divided into different parts based on how 

they receive, open, distribute, pack, and send packages. Each 

part has its own network model, which is evaluated based on 

certain criteria and indexes. Each component has its own 

usage and availability metrics, so you don't have to worry 

about any system issues. All in all, it's a web - based model 

that can help designers make smarter decisions and set up 

parameters to see if decisions are feasible.  

 

 "The Internet of Mail" [2] is another article outlines how the 

use of sensor and wireless technologies can be leveraged to 

revolutionise the postal sector. The Internet of Things (IoT) 

is expected to revolutionise the infrastructure of the US 

Postal Service, from vehicles and mailboxes to machines 

and transportation equipment, in order to facilitate data 

management. It is anticipated that the IoT platform will be 

secure, expandable and compatible with existing 

infrastructure. The construction of the IoT platform involves 

five key components: technological infrastructure for 

capturing and securely transmitting real - time information 

from a large number of objects; data architecture; cloud 

storage; multidimensional connectivity; application 

programming interface (API); and policy to manage access 

to the IoT network.  

 

The return of first - class mail sent by the USPS is discussed 

in the white paper by Pitney Bowes [3]. This paper goes into 

detail about statistics and the consequences of government 

regulations, plus a solution. It talks about sensors that use 

silicon for development, like piezoelectric, porous silicon, 

and MEMS [6]. It's called a smart sensor because it has an 

embedded intelligence with a basic sensing mechanism. 

There are five different elements to build a smart sensor: the 

sensing element, the memory, the interface unit, the signal 

processor unit, and the software [7]. The sensing elements 

detect signals and use them to process, interpret, validate, 

and log data. The Internet of Things (IoT) is a technology 

that's about to create a whole new world of plug n play smart 

devices [8]. Future research is focused on utility applications 

by 2020 and the transport sector by 2025 and beyond [9].  

 

This paper [5] provides a comprehensive overview of the 

tools and services that are available to enterprises and 

service providers to manage high - value revenue. It covers a 

wide range of tools, such as AECII (Enterprise Content 

Identifier Information System), Non - Objective Access 

Control (NOCA), Address Management (Address Change 

Service), Standardization and Retrieval (SRT), Secondary 

Processing (secondary processing), Document Reuse 

(document reuse and reporting), and Auditing and 

Measurement (auditing and measurement). It also highlights 

the technological trends in the sector, and outlines the 

solutions that have been implemented at various levels, with 

some compromises.  

 

2. Problem Statement 
 

Operational inefficiencies, unreliable tracking, manual 

processes for addressing envelopes, and a lack of payment 

options are some of the problems facing the postal industry. 

These problems lead to higher costs, longer wait times, and 

lower customer satisfaction. Although essential, the 

traditional postal industry is operating within an archaic 

framework that is finding it difficult to keep up with the 

needs of the contemporary, fast - paced world. Reliance on 

manual procedures results in mistakes, higher expenses, and 

irate clients.  
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A revolutionary solution that can synchronize the collection, 

addressing, and payment processes is required due to the 

shortcomings of conventional postal systems. In today's 

digitally connected world, these difficulties not only make 

postal services less effective, but they also make it more 

difficult to satisfy customer expectations. In order to address 

these issues comprehensively, the research focuses on 

creating an IoT - enabled kiosk system with the goal of 

revolutionizing the postal sector by automating crucial 

procedures and improving user experience as a whole.  

 

2.1 Objectives 
 

This research seeks to revolutionize the postal sector by 

introducing a modern kiosk system powered by the Internet 

of Things (IoT). This system has been designed to address a 

range of issues that traditional postal services may face. The 

primary objective is to improve the efficiency and customer 

satisfaction of the postal sector by streamlining and 

streamlining the collection, addressing and payment 

processes.  

 

Additionally, the automation of maximum utilization 

collection of envelopes is intended to increase accuracy and 

reduce the risk of errors. The addressing and payment 

modules are designed to provide an effortless and user - 

friendly experience, and the automated marking system is 

intended to replace manual address labeling. By 

accomplishing these objectives, we hope to transform the 

postal sector and revolutionize the way mail is received and 

sent, while providing postal service users with a more 

efficient and convenient experience.  

 

2.2 IoT in Postal Services 
 

The implementation of advanced sensing technology is a 

recent development in the field of Internet of Things (IoT) 

postal services. These sensors are capable of accurately 

measuring the weight of parcels and envelopes, allowing for 

real - time monitoring and logistical support. These sensors 

provide valuable insights and enhance delivery accuracy, as 

well as facilitating efficient routing.  

 

Furthermore, the improved connectivity of IoT devices 

facilitates the efficient transfer and tracking of data. By 

utilizing cloud - based and edge computing technologies, 

data can be processed and stored efficiently, allowing for 

rapid decisions and a better customer experience.  

 

3. Proposed Methods and Modules 
 

3.1 System Architecture 
 

The figure 1 and Figure 2 shows the basic modules and data 

flow of the proposed system. It consists of the following 

modules.  

1) Sensors 

2) Data Processing Unit 

3) Mechanical Handling 

4) Printing and Labelling 

5) Hardware for Payment Processing 

6) Customer Interaction.  

 

The system's core is made up of sensors and IoT devices that 

are maintained all over the kiosk. These sensors collect data 

about the envelopes, like their weight and size, and send it in 

real - time to the data processing unit. The data processing 

unit is responsible for managing the system and analysing 

the data, like deciding how much postage to charge. It also 

takes care of user engagement, like entering addresses and 

payment info.  

 

The system also has mechanical handling, which 

automatically collects the envelopes and moves them to the 

weigh station and labelling port. All of these components 

have been designed to be reliable and efficient. Finally, the 

printer and labelling unit are key components of the system, 

and they have the technology to print the envelopes with the 

addresses and addresses right on them.  

 

The kiosk is equipped with specialized hardware for 

payment processing, allowing for secure financial 

transactions through the integration of credit card, mobile 

wallet, and other digital devices. Furthermore, customers can 

access the kiosk through a user interface, typically a touch 

screen, which allows for the input of address details, the 

selection of payment options, and transaction verification.  

 

 
Figure 1 and Figure 2: Basic modules and data flow of the proposed system 
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4. Method of Implementation 
 

4.1 Hardware and Software Requirements 

 

Processor: Utilize a Cortex - A series processor, such as the 

ARM Cortex - A53 or Cortex - A72, which offers more 

processing power for general - purpose computing tasks. 

Sensors play an important part in the automation of any 

application by measuring and processing the collected data 

for detecting changes in physical things. Whenever there is a 

change in any physical condition for which a sensor is made, 

it produces a measurable response [4]. The common sensors 

in the IoT weighing system is listed in the table 1.  

 

Table 1: List of sensors 
Weight Sensor:  

 Type: Load Cell Sensor 

 Capacity: 0 - 10 kilograms (adjustable based on the expected weight range of envelopes)  

 Resolution: At least 1 gram 

 Accuracy: ±0.1% or better 

 Communication Interface: Analog output (e. g., 0 - 5V or 4 - 20mA) or digital (e. g., SPI or I2C)  

 Integration: Ensure compatibility with the ARM Cortex - A processor for data acquisition.  

Proximity Sensor (for Envelope Detection):  

 Type: Infrared (IR) or Ultrasonic 

 Detection Range: Adjustable, suitable for detecting the presence of envelopes 

 Response Time: Milliseconds (for real - time detection)  

User Interface Touchscreen:  

 Type: Capacitive touchscreen 

 Size: Appropriate for easy user interaction, typically around 7 - 10 inches 

 Communication Interface: USB or GPIO for interfacing with the processor 

 Environmental Protection: Ensure it can withstand normal usage conditions.  

NFC (Near Field Communication) Module (for Payment Processing):  

 Standard: NFC Forum Type 2 (ISO/IEC 14443)  

 Compatibility: Supports contactless payments (e. g., NFC cards, mobile wallets)  

 Communication Interface: USB or GPIO for connection to the processor 

 

The development and implementation of the system require 

specific hardware components, including IoT devices, 

sensors, and automated handling mechanisms. The software 

components include specialized kiosk software, mobile 

applications, and database management systems.  

 

4.2 System Development 
 

The process of developing a kiosk system starts with getting 

the hardware in place, then getting IoT devices connected, 

and finally creating the software that runs the system. The 

app is meant to make it easy for people to interact with the 

kiosk and make payments, while also making sure the data is 

secure. Figure 3 shows how the data is collected inside the 

IoT kiosk system, and Table 2 shows how the sensors are 

used.  

 

 
 

The fig.3: Software process of data sensing 

 

5. Testing and Validation 
 

Table 2: Test cases 
Test Case Test Description Test Steps Expected Outcome 

1 Label Alignment Test Insert a sample envelope. 
Label is printed and applied with correct 

alignment on the envelope. 

2 Label Adhesion Test Apply labels to sample envelopes. 
Labels adhere firmly to envelopes and resist 

peeling or detachment. 

3 Label Printing Speed Test 
Send multiple envelopes through the 

system. 

Labels are printed and applied at an 

acceptable processing speed. 
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4 
Error Handling - Label Misfeed 

Test 
Introduce a label misfeed scenario. 

System detects the misfeed, displays an 

error, and allows recovery. 

5 Error Handling - Printer Jam Test 
Simulate a printer jam during 

labelling. 

System detects the jam, displays an error, 

and allows recovery. 

6 Efficiency Test - Bulk Processing 
Send a batch of envelopes through 

the system. 

The system efficiently prints and applies 

labels to multiple envelopes. 

 

6. Conclusion 
 

This research paper presents a novel, technologically 

advanced, and user - friendly Internet of Things - enabled 

mail envelope processing system designed to revolutionize 

the traditional postal services sector. The system combines 

the latest technology with the practicality of the industry, 

providing a fast and efficient way to manage postal mail.  

 

To begin the case, we examined the intricate details of the 

system, such as the setting up of sensing devices to measure 

envelopes' weight and size. A key feature that contributes to 

operational efficiency and reduces errors is the real - time 

cost calculation of postage, which provides a concise and 

efficient method of managing mail. Additionally, a secure 

payment system is employed to ensure the swift and secure 

processing of transactions, while the redundant capabilities 

of the payment gateway further enhance reliability and 

ensure continuity.  
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