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techniques that can minimize the human error. The objective of this study is to investigate the
factors affecting inventory inaccuracy in Factory 21 of ABC manufacturing company. This study

reveals that the inventory inaccuracy is influenced by the order received in the factory, which is Inventory accuracy
due to the human misconduct during the manual counting process of cartons on pallet. This paper Misconduct

proposes the deployment of Arduino sensor network system in automating the carton counting Ard;uno sensor network
process. The findings for this study show that the automation system able to improve the inventory SC};S ui% sensor
record accuracy in ABC manufacturing company. Manufagturing

Manufacturing industry is one of the rising sectors in Malaysia. According to Department of Statistics Malaysia
(DoSM) (Department of Statistics Malaysia, 2020), Malaysia's manufacturing industry recorded a growth of 3.7% in
September 2020 compared to the previous year. Despite the fact that Covid-19 pandemic affects the world's economy,
Malaysia's manufacturing industry is currently in the revival and recovery process (The Edge Markets, 2020). Due to this,
an effective inventory management system is required by manufacturing companies more than ever. Inventory
management is an essential component in supply chain management and plays a key role in a manufacturing company.

In the manufacturing industry, inventory control is essential and considered as one of the key management areas as
inventory has a direct influence on profits of a company and the company could also suffer from losses due to ineffective
inventory system (Atnafu & Balda, 2018; Mohamad et al., 2016). To manage inventory effectively and efficiently, a
thorough analysis is needed so that the operations in a company can run smoothly and reduce the overall production cost.
By having good inventory management, a company will be able to generate more revenue. Thus, improving the
performance of the company (Mohamad et al., 2016).

One of the aspects of a good inventory management system is to have a high accuracy of inventory record which
means the variances between the physical and virtual inventory are small (Chuang & Oliva, 2015; Drakaki & Tzionas,
2019; Hachem et al., 2016) Nevertheless, inventory record inaccuracy appears to be a significant problem across the
industries especially in the retail and manufacturing industries (Dai et al., 2016; Karim et al., 2018; Rekik et al., 2019).

Inventory record inaccuracy is also one of the serious problems in Factory 21 of ABC Manufacturing Company,
especially for finished goods. When customers make orders, the order will be produced and packed according to customer
preferences. The order that has been packed into cartons will be palletized, and arrange on the pallet. Then, the palletized
goods will be kept either in the factory's warehouse or in one of the centralized the warehouses in ABC Manufacturing
Company, before the goods are being shipped to the point of destination. Nevertheless, the pallets will be assigned with
a pallet slip consisting of the information related to the products on the pallet. The information includes the brand, product,
and the quantity of the cartons on the pallet. However, workers will also count the cartons on each pallet manually before
generating the pallet slip. Due to this, sometimes, human errors occur. For instance, miscount of the cartons on the pallet
resulted in the mismatch of thenumber in the inventory system and the physical inventory.

Company profits and losses are heavily affected by inventory management (Mohamad et al., 2016). Efficient inventory
management influences the financial performance of a company positively (Sunday & Joseph, 2017). Mainly in
manufacturing companies, inventory contributes to a major part of the company's assets. Hence, inventory needs to be
managed effectively as having an optimal level of working capital management can maximize the company's profit
(Prempeh & Amankona 2020).Research Questions
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In general, this study investigates the factors affecting inventory inaccuracy in ABC Manufacturing Company.
Specifically, this study has questions listed below:

1.  What are the factors affecting inventory record inaccuracy in ABC Manufacturing Company?

2. How to improve the inventory record accuracy in ABC Manufacturing Company?

In general, this study aims to answer the questions on investigating the factors affecting inventory inaccuracy and propose
a method to improve the inventory record accuracy in ABC Manufacturing Company. Specifically, the objectives of this
study are:

1. Toinvestigate the factors affecting inventory record inaccuracy in ABC Manufacturing Company.

2. To propose an automation system to improve the inventory record accuracy in ABC Manufacturing Company.

Majority of the studies related to inventory control are focusing on the causes and impact of inventory record accuracy
in the manufacturing and the retail sector located in western countries and Africa (Dai et al., 2016; Karim et al., 2018;
Prempeh & Amankona, 2020; Rekik et al., 2019). Therefore, this study attempts to bridge the gap and examine the causes
of inventory record inaccuracy in a manufacturing company in Malaysia. Besides, several studies have addressed the
deployment of cycle counting and RFID technology in improving inventory accuracy (Drakaki & Tzionas, 2019; Karim
et al., 2018; Tejesh & Neeraja, 2018). Hence, this study seeks to propose an implementation of Arduino sensor network
system in inventory counting to improve inventory accuracy.

This study will be focusing on designing a prototype using Arduino sensor network system, which is used to automate
the process of counting the inventory. The ultrasonic sensor is used to count the cartons that pass through the conveyor
belt before being arranged on a pallet. The data captured by the Ultrasonic sensor is collected by Arduino Uno and send
to the database for record purposes (Carvalho et al., 2016; Saxena et al., 2020). Workers can refer to the database to
determine the number of cartons palletized on a pallet. With this, manual transaction errors can be avoided, and workers'
misconduct can be minimized. Thus, improving the company's inventory record accuracy. Indirectly, improved efficiency
and effectiveness of manpower and process lead time.

Inventory management is directly proportional to the company's performance. Through hypothesis testing, Syed
Mohamad et al. (2016) proves that the Return on Asset (ROA) of a company is indirectly proportional to the inventory
days. The inventory days negatively affects the ROA. ROA is an accounting-based measure to measure the company's
performance. Hence, inventory management influences the company's performance (Mohamad et al., 2016). This is
further supported by Sunday and Joseph (2017) with a conclusion, in which inventory management has a significant role
to play in the corporate financial performance of businesses. Therefore, the company must maintain a sufficient level of
inventory to maximize profitability and reduce the inventory costs associated with maintaining unnecessary stock in
warehouses (Sunday & Joseph, 2017).

Inventory record inaccuracy is an error that happens when the inventory record does not match the physical inventory.
These anomalies are usually found in inbound transactions, shelving operations and outbound transactions. Due to these
mistakes, the organization has to work with the incorrect information and make incorrect decisions that are often caused
by shrinkage and transaction errors (Chuang & Oliva, 2015; Okyay, 2014). There are several practices for inventory
management that an organization can implement to minimize inventory record inaccuracy. For instance, the deployment
of barcode and RFID tags to monitor and track inventory movement (Drakaki & Tzionas, 2019; Qin et al., 2017; Talavera
et al., 2015; Tejesh & Neeraja, 2018). Besides, the implementation of enterprise resource planning technology for
inventory management control system to keep an up-to-date inventory records and all records associated with managing
the inventory (Mohamad et al., 2016) as well as cycle counting operation which is conducted periodically (Karim et al.,
2018).

Cycle counting may perform daily, weekly, monthly, quarterly, or yearly depending on the company's policy itself. A
cycle counting is a method of measuring the physical inventory and comparing the sum in the system with the record.
The more regular the stock count, the more precise the stock quantity. The cycle counting method does require not only
physical counting conducted by the workers but also the reconciliation for any discrepancies between physical and virtual
inventory. Reconciliation will be carried out by the workers handling the inventory. It will then be checked and approved
by the head of the department before being sent for adjustment to the Finance Department. Upon receiving approval, the
system will be modified to ensure that the physical inventory and the virtual inventory match (Karim et al., 2018).

This study shows that many inventory management issues were due to inconsistency in the company's activities. The
cycle counting operation was not adequately prepared and its standard operating procedures were incomplete.
Furthermore, there is no division of duties for the person who collects the raw materials and incorporates the knowledge
into the system. This can lead to potential errors at the earliest point that cannot be identified and avoided (Karim et al.,
2018). Moreover, Qin et al. (2017) discuss the effect of inventory inaccuracy on the supply chain performance due to



shrinkage and its impact on the bullwhip effect. The financial impacts of inventory inaccuracy do include not only the
cost of direct inventory loss but also the growing holding and shortage costs at each point due to the dissemination of
information inconsistency throughout the supply chain. When preventive measures are taken through RFID visibility,
inventory inaccuracy can be minimized as well as reducing the cost associated with inventory inaccuracy (Qin et al.,
2017). Therefore, instead of adjusting discrepancies found out during cycle counting, the organization can opt for
preventive measures that can improve inventory record accuracy by deploying technology in counting, monitoring, and
tracking the inventory. This concept reduces errors due to human involvement by including an automation system in
operation.

Along with advancements, the possibilities of using the Internet of Things (10T) technology are increasing. The loT
facilitates the attachment of previously unstable physical components to the network in the scope of warehousing systems,
thereby controlling the storage facility and facilitating it. Inventories are especially troublesome components in each
warehouse, such as manual inventory manipulation due to human-based inventory management. Nevertheless, by
deploying sensors and linking them to the network, the sensors capture the real-time inventory data, significantly
improving inventory management (Buntak et al., 2019). Data can be accessed remotely as the sensors connect to the
internet and transmit it over the internet. This will improve the organization's productivity as 10T smartly links the actual
warehouse environment to the digital environment. (Yerpude & Singhal, 2018).

In terms of inventory records, the accuracy can be improved with the deployment of technologies such as RFID
technology and 10T technology. Nevertheless, in order to maximize the benefits of implementing RFID technology in
minimizing inventory record inaccuracy, all supply chain members must be aware of the inaccuracy and optimize their
practices besides deploying RFID technology to minimize inventory inaccuracy. The benefits of RFID technology is more
significant when the entire supply chain is considered (Qin et al., 2017). However, a study by Drakaki and Tzionas (2019)
shows that the bullwhip effect is greater in the RFID-enabled supply chain as compared to the non-RFID-enabled supply
chain. RFID-enabled supply chains are still subject to inventory inaccuracy, even in cases with low inventory error levels.
Therefore, due to the existence of inventory inaccuracy, RFID-enabled data sharing supply chains in which all supply
chain stages implementing RFID are more susceptible to bullwhip effect magnification (Drakaki & Tzionas, 2019).

There are advantages offer by RFID, such as visibility and transparency of joint supply chain operations. However, a
compromise between the advantages is the amplification of the bullwhip effect due to inventory inaccuracy. A study
depicts that the distortion of order variance information indicates increased unrepresented demand uncertainty due to the
inability to capture actual inventory level and thus increased stockout and backlog possibility and reduced service level
in the non-RFID-enabled supply chain (Drakaki & Tzionas, 2019). Hence, in this era of the Internet of Things, RFID
technology and 10T technology should be implemented to provide inventory visibility and improve warehouse inventory
management.

Several implementations of 10T technology in inventory management serving different functions depending on the
organization's requirement or project depict that the deployment of lIoT technology facilitates the improvement of
warehouse inventory management. Tejesh and Neeraja (2018) discuss that the RFID technology fits the warehouse
inventory management system as best as possible in tracking and locating products in a warehouse. The tag information
is transmitted through a wireless Internet connection from the transmitter portion to open-source hardware. Based on the
10T architecture, the warehouse inventory management system is designed to monitor and track the items attached to the
product information tags and their respective time stamps for further verification (Tejesh & Neeraja, 2018). Furthermore,
Velasco et al. (2019) propose a sensor network system that incorporates a standard refrigerator, microcontrollers, and a
smartphone to create an inventory tracking system that can wirelessly track stocks inside the fridge by accessing an
Android application (Velasco et al., 2019). Besides, Sowmya et al. (2018) illustrate the environmental factors that affect
the quality of fruit storage and conventional means of protection and proposes a multi-parameter monitoring system based
on WiFi, including gas sensors, temperature sensors, and humidity sensor. The goal is to facilitate the upgrade of the
warehouse management system, contributing to the optimization of the environment for fruit storage and ensuring the
healthy storage of fruits. Thus, preventing fruit waste and economic losses (Sowmya et al., 2018).

ABC Manufacturing Company was established in 1991, and it is one of the largest glove manufacturers in the world.
The headquarters of ABC Manufacturing Company located in Klang, Malaysia. ABC Manufacturing Company produces
rubber gloves and non-glove products such as dental dams, exercise bands, sexual wellness products, household products,
and the latest products manufactured by them are face masks. ABC Manufacturing Company currently has 47 factories
with 750 production lines worldwide, which produce approximately 90 billion gloves per annum. Besides that, ABC
Manufacturing Company also has marketing offices in countries like the USA, Germany, and Brazil. With 21,000
employees working in ABC Manufacturing Company, the company aims to continue producing high-quality gloves at an
efficient low cost.

As one of the biggest glove manufacturers that export their products to more than 2000 customers worldwide, ABC
Manufacturing Company needs to have an efficient and effective inventory management system in order to ensure that
their operations can run smoothly as well as to ensure that their products can be shipped on time according to customers'
request. Factory 21 of ABC Manufacturing Company is located in Klang, Malaysia. They produce latex and nitrile



examination gloves. Factory 21 of ABC Manufacturing Company is chosen because the company is experiencing issues
with managing the inventory.

This study applied a qualitative research design. Thus, a virtual interview is conducted with the staff-in-charge. WH-
Questions is prepared for the interview to identify the possible issues happening in the company and the possible causes
causing the problems. During the interview session, the technique of observation was applied as well. After the interview
session, the 5 Whys Analysis method was used to identify the issue's root cause. This approach allows one to ask how the
sequential causes of an event of failure occurred and determine the path of cause-effect failure. The chosen respondent is
a female whose age is between 30 to 40 years old. The interviewee has been working with the company for more than
two years as an executive in the packing department. And therefore, the interviewee is in charge of the packing process
of the products and the inventory record of the finished goods.

Through the 5 Whys Analysis, the main factor affecting the inventory inccacury in Factory 21 of ABC Manufacturing
Company is identified. Due to the manual counting process, human error does sometimes happens. An automation system
is then proposed in order to improve the inventory record inaccuracy. With the automation system, the manual labour
which is the manual counting process is eliminated, resulting to an improvement in the inventory record accuracy.

From the findings of 5 Whys Analysis, it shows that the cause of the problem is due to human error. Before keeping
the pallet in the warehouse, workers will manually count the pallet's cartons after arranging them on the pallet. Then,
pallet slip consisting of the pallet's information, which includes the quantity of the cartons, is generated. Due to this
manual counting process, human error may sometimes occur. For instance, they accidentally miscount the number of
cartons that are included on a pallet. As a result, the physical stock does not match the data they entered in the system,
which they only realize about this issue when they want to recheck the inventory in the warehouse. At the end of the
month, they will readjust the record according to the quantity of inventory they have. This action only helps in solving
the problems at that moment but not in the long run.

Through the 5 Whys Analysis, the main reason behind the issue is identified. As the main reason behind the inventory
record inaccuracy comes from human error, the frequency and the severity of the inventory record inaccuracy need to be
determined. The data collected from the virtual interview analyzed before a solution to the issue is proposed. As a result,
a sensor network system will be developed to automate the manual counting process. It is to eliminate human error due
to human misconduct.

Miscount of
Mistakes cartons on pallet

Physical
inventory is ’
related to which results to Workers
pallet slip wrong info

written on slips

not tally as
virtual
inventory

misconduct

The 5 Whys Analysis

As shown in Table 1, Factory 21 of ABC Manufacturing Company faces severe inventory record inaccuracy when
they receive the order at high to maximum capacity. This is due to the surge of demand in gloves during the early stages
of Covid-19 as they receive 100% more than the usual order starting from March 2020 (Palma, 2020; Reuters, 2020a).
And in April 2020, the company has stepped up its factory utilization from 10% to 95% in order to meet the customer
demand (Reuters, 2020a).

Inventory Record Inaccuracy in Factory 21 of ABC Manufacturing Company

January Moderate Moderate capacity
February Moderate Moderate capacity
March Severe Maximum capacity
April Severe Maximum capacity
May Severe Maximum capacity
June Major Maximum capacity
July Severe Maximum capacity
August Moderate High capacity

September Minor High capacity

October Minor Moderate capacity
November Insignificant Minimum capacity

Notes: Inventory record inaccuracy 1 - Insignificant; 2 — Minor; 3 — Moderate; 4 — Major; 5 - Severe
Order capacity 1 — None; 2 — Minimum Capacity; 3 — Moderate Capacity; 4 — High Capacity; 5 — Maximum Capacity



The degree of the inventory record inaccuracy and the order capacity received by the factory is based on the 5-Point
Likert Scale. For the inventory record inaccuracy, it is measured based on the frequency of the record inaccuracy which
means that the more often cartons miscounting happened, the more severe the inventory record inaccuracy will be as the
discrepancies between virtual and physical inventory will become bigger and adjustments of the inventory record will
only be done at the end of the month. Starting from insignificant, which means that there is inventory record inaccuracy
found out, followed by minor, moderate, major and severe. Inventory record inaccuracy is severe as every employee in
the operation department need to be deployed to the warehouse to recount the inventory so that the physical inventory
will match the virtual inventory recorded in the system.

As for the order capacity, the factory operates at the capacity which is defined by the number of orders received from
the customers. Starting from the least value which is very low to none, followed by minimum capacity, the factory needs
to reduce their production capacity to the minimum level as most of the workers are quarantined since the Covid-19
pandemic infects them. Then, followed by moderate capacity which is the standard capacity at which the factory operates
before the Covid-19 pandemic era, high capacity and maximum capacity at which the factory already reached the
maximum capacity of producing the products in a month. Due to the Covid-19 pandemic, there is a surge of demand in
glove and the factory needs to operate at maximum capacity to meet the customer's demands. In order to do that, the
factory also hires part-timers to increase their workforce capacity.

Figure 2 shows the flow of the packing process in Factory 21 of ABC Manufacturing Company. After the goods are
produced and packed into a carton at the assembly line, the carton will be sealed and weighed at the packing station before
it will pass through the metal detector. The carton will then be palletized by the worker before it is sealed with a stretch
wrap film. Then, the worker in charge of generating the pallet slip will count the cartons on the pallet before generating
the pallet slip and put it on the pallet for identification. Only then the pallet will be kept in the warehouse by the worker
in charge of the warehouse. After that, the goods will either be shipped to the point of destination or will be brought back
to the factory for repackaging.

Goods are produced and packed into carton at assembly lines

Carton is sealed and weighed at packing station

Carton pass through metal detector and is palletized

Pallet is wrapped with stretch wrap film

Carton on pallet is manually counted by worker

Pallet slip is generated

Pallet is kept in the warehouse

Pallet is brought back to the

Goods are shipped to destination factory for repackaging

Flow chart of the packaging process in Factory 21 of ABC manufacturing company

There are three workers involved in this process. First worker is in-charged of sealing and weighing the carton and
wrapping the pallet. The second worker is in-charged of counting the carton on the pallet and generating pallet slip
consisting of the info of products on the pallet. The last worker is in-charged of keeping the pallet in the warehouse and
taking the pallet from the warehouse.

The workplace cluster of Teratai Covid-19, which consists mainly of Klang's ABC Manufacturing Company workers
has made 20 of the company's factories in Meru had to stop production temporarily, while another eight factories work
at a capacity of just 10% - 20%. This is because about 3000 of those tested positive in November 2020, are ABC
Manufacturing Company's workers. Around half of ABC Manufacturing Company's total production capacity is reflected
by the 28 affected facilities in Meru (Reuters, 2020; Surendran, 2020). Thus, Factory 21 of ABC Manufacturing
Company's production capacity is also affected as they can only produce at minimum capacity. And during this time, it
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can be seen that the inventory record inaccuracy in Factory 21 of ABC Manufacturing Company is insignificant since
they produce the order at the minimum capacity. Nevertheless, this will not solve the inventory record inaccuracy problem
as the same problem will arise when the production capacity is back at the maximum capacity. Therefore, counting error
due to workers' misconduct needs to be eliminated to improve record accuracy.

Based on the data, a prototype of the Arduino sensor network system will be designed to automate the manual counting
process. The system will be using Arduino Uno and Ultrasonic sensor, which consists of two elements, an emitter and a
receiver, both of which are active. And this sensor uses ultrasonic sound waves to detect the object (Saxena et al., 2020).
The Arduino Uno board is an ATmega328P based microcontroller board which has 14 digital input/output (1/0) pins, 6
of which can be used as PWM outputs, six analogue inputs, a 16 MHz ceramic resonator (CSTCE16MO0V53-R0), a USB
link, a power jack, a reset button and an ICSP header. The microcontroller can be programmed on the Arduino IDE
(Integrated Development Environment). And the Arduino coding to program Arduino microcontroller board is called
sketch (Arduino, 2014). Figure 3 shows the top view and Figure 4 shows the bottom view of Arduino sensor network
system consisting of Arduino Uno board, Ultrasonic sensor, Potentiometer and liquid-crystal display (LCD) screen.
Figure 5 shows the circuit diagram of the arduino sensor network system <

Figure 3. The top view of Arduino sensor network system consisting of Arduino Uno board, Ultrasonic sensor,
Potentiometer and LCD screen

Figure 4. The bottom view of Arduino sensor network system consisting of Arduino Uno board, Ultrasonic sensor,
Potentiometer and LCD screen
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Figure 5. Circuit Diagram of Arduino Sensor Network System

The Arduino sensor network system of counting moving objects is supposed to be a smart system that can record
information on how many items such as cartons have passed through the conveyor belt at the packing station before being
arranged on a pallet. The data captured by the Ultrasonic sensor will determine the number of cartons that will be
palletized. Through the ultrasonic sensor, the Arduino Uno board gets its input by collecting the captured data. The sensor
consists of an emitter that emits ultrasonic sound waves and a detector that collects back-reflected rays. As the direction
of these rays is disrupted by the carton, the sensor senses an approaching carton and transmits signals to the Arduino
board. According to the manually written code in it, Arduino takes these analogue signals and works on them to program
the Arduino board for the required operations. An Arduino is programmed by connecting the Arduino board with a device
via its Arduino USB cable (Carvalho et al., 2016; Saxena et al., 2020). The processes create digital output, which
recognizes the number of cartons passing through the conveyor belt. Such outputs are then sent to an LCD screen showing
the number of cartons passing through the counter. The potentiometer in the circuit functions is to adjust the contrast of
the LCD screen.

Using the ESP8266 WiFi Module, a self-contained SOC with an integrated TCP/IP protocol stack that enables your
WiFi network to reach any microcontroller, the sensor data will be sent to a MySQL database. Data can then be accessed
and visualized from anywhere around the world as the sensor readings, timestamp, and other information from the
database will be displayed on a web page.

The whole process involved several sketches uploaded in Arduino Uno for the Arduino sensor network system. Liquid
crystal library is included. Then, the trigger pin and echo pin of the ultrasonic is defined. Liquid crystal library is
initialized, and variables for detecting changes in the state is defined. The following command is included.

#include <LiquidCrystal.h>
#define trigPin 13
#define echoPin 8
// initialize the library with the numbers of the interface pins
LiquidCrystal lcd (12, 11, 5, 4, 3, 2);
int counter = 0;
int currentState = 0;
int previousState = 0;

Pin mode for trigger pin and echo pin of the ultrasonic sensor is declared in the setup function. A cursor is set at
coordinate (4,0) and text "counter" is printed on the LCD screen. The following command is included.

void setup() {
pinMode (trigPin, OUTPUT) ;
pinMode (echoPin, INPUT) ;
lcd.begin(le, 2);
lcd.setCursor (4, 0);
lcd.print ("counter") ;

}
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In the loop function, distance is determined. When there is any object comes within the range of 10 cm, the current
state will be equal to 1 or else the current state will be equal to 0. And when the current state is equal to 1, it will count 1.
LCD cursor is set to the second row to print the counting value. If the ultrasonic sensor detects the object within the range
of 10cm, value is equal to 1, and the counting value is printed on the LCD screen. If there is an increment of counting
value when there is an object passing through the sensor and the sensor counting value is equal to the current state plus
1. The following command is included.

void loop () {
long duration, distance;
digitalWrite (trigPin, LOW) ;
delayMicroseconds (10) ;
digitalWrite (trigPin, HIGH) ;
delayMicroseconds (20) ;
digitalWrite (trigPin, LOW) ;
duration = pulseln(echoPin, HIGH) ;
distance = (duration/2) / 29.1;
if (distance <= 10) {

currentState = 1;
}

else {
currentState = 0;

}
delay (200);

if (currentState != previousState) {
if (currentState == 1) {
counter = counter + 1;

lcd.setCursor(4,1);
lcd.print (counter) ;
}
}
}

Through the deployment of Arduino sensor network system, the issue faced by Factory 21 of ABC Manufacturing
Company can be solved as physical carton counting process will be eliminated. Since the sensor data is displayed both
on the LCD display screen and the web page, workers at the packing station and outside of the packing station can view
the data. Besides that, the worker that is in charge of generating the pallet slip no longer need to go to the packing station
to count the cartons and record the input manually before generating the pallet slip as the data can now be accessed
remotely. This can also minimize transaction error as the manual data recording process is also eliminated. As a result,
inventory accuracy can be improved.

Nevertheless, in order to differentiate between brands of cartons as well as product sizes stated on the cartons
efficiently, an image recognition sensor will be required. This can be achieved with ESP32-CAM, which is a camera
module to construct automation projects with video, photography and image recognition features. Next, the image of a
new object needs to be registered and saved before it can detect the object later upon registration of the new item. Image
recognition is a term used to describe a collection of algorithms and technologies that attempt to interpret images and
recognize the hidden representations of the characteristics behind them and automatically apply these learned
representations to various tasks, such as automatically classifying images into different categories, understanding which
objects are present and where in an image, etc. To produce the requisite results for solving such problems, these
technologies leverage different conventional computer vision approaches as well as machine learning and deep learning
algorithms.

To conclude, the Arduino sensor network system can improve the inventory record accuracy as the manual counting
process is automated. Besides that, data from the sensor network system can be viewed from the LCD display as well as
remotely from the webpage and serial monitor that display the sensor data which will minimize transaction error as data
is already computerized. In order to make the Arduino sensor network system works better in improving the inventory
record accuracy, a camera module ESP32-CAM need to be included to the system to differentiate the cartons of different
product brands and sizes. This does not only eliminate the human labour to count the cartons during the palletizing process
but also will improve the efficiency of the product packing and palletizing process as the image recognition sensor will
identify and classify the cartons based on the product sizes and brands stated on the cartons while the counting sensor
counts the cartons that will be palletized.



This study, however, is subject to several limitations. There is limited access to data as the manufacturing company
does not keep the inventory record before making adjustments. They only keep the most current inventory record, which
means after making adjustments to ensure that the physical and virtual inventory matches, they no longer have the access
to their previous inaccurate data. Therefore, the severity of the data discrepancies of physical and virtual inventory could
not be quantified. Nevertheless, the severity of the inventory inaccuracy is determined by the frequency in finding the
inventory record discrepancies as well as the frequency of adjustments made in a month.

Time limitation is the main constraint of this study in developing an Arduino sensor network system which includes
WiFi module ESP8266. Therefore, future research should focus on establishing a database system to store the data as
well as to display the sensor data captured by Arduino Uno. Only then the data can be accessed and visualized from
anywhere around the world as the sensor readings, timestamp and other information from the database will be displayed
on a web page. Besides that, the installation of the camera module ESP32-CAM to the system is required to differentiate
the cartons of different product brands and sizes. The camera module will be used as an image recognition sensor to
identify and classify the cartons based on the product sizes and brands stated on the cartons. This can further improve the
efficiency of the product packing and palletizing process as human labour is eliminated.

Apart from that, future studies may also include LoRa shield in the sensor network system as long range (LoRa) shield
allows the user to transmit data at low data rates and cover incredibly long ranges. It enables connectivity with ultra-long-
range spectrum distribution and high sensitivity to interference while reducing current usage. LoRa shield is perfect for
Internet of Things (10T) projects as two LoRa devices with a proper antenna can exchange data over a long-distance using
RF signals in point-to-point communication, unlike WiFi or Bluetooth that supports only short distance communication.
This is useful, for instance, for exchanging data between two ESP32 boards equipped with LoRa transceiver chips that
are relatively far from each other or in Wi-Fi-free environments.

Nevertheless, ethics and good governance could be one of the contributing factors affecting the inventory record
accuracy in Factory 21 of ABC Manufacturing Company. In order to maintain an accurate record, proper record
management is required to prevent alteration of data. For instance, if a worker takes the goods from the warehouse, but
he fails to record the transaction in the system due to misconduct or lack of accountability and integrity in oneself, this
could affect the accuracy of the inventory record. Hence, the company need to have a system whereby the goods going
in and out must be recorded in a transparent and systematic manner. Therefore, a company needs to have World-class
good governance ethics to ensure transparency of data and integrity and accountability of employees in the company as
proposed by Wan Husain (2020).
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