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Abstract— Effective and efficient laboratory inventory management is crucial to support academic
and research activities in higher education. The manual system currently used to manage eight
laboratories in the electrical engineering department often leads to various problems, such as recording
errors, asset loss, and inaccuracy in reporting. This is the urgency of establishing an integrated
information system to improve the accuracy and efficiency of laboratory inventory management. This
research aims to digitize the laboratory inventory through the implementation of an application-based
laboratory inventory management information system, namely Silab Elektro. In addition, this system also
aims to increase transparency and accountability in laboratory asset management. This information
system was developed using UML (Unified Modeling Language) modeling with MVVC (Model-View-
Controller) architecture. This research produces a laboratory information system that can manage
equipment inventory more effectively and efficiently, as well as improve data accuracy.
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1. Introduction

Effective laboratory inventory management is a critical component in supporting academic and
research activities in higher education institutions[1], [2]. In electrical engineering laboratories,
inventory complexity is increased due to the diversity of equipment types, frequent borrowing
activities, and the need to monitor item condition, location, and usage history [3], [4]. Inaccurate
inventory records can result in equipment loss, inefficient practicum scheduling, and reduced service

quality[1], [5].

At the Department of Electrical Engineering, Universitas Andalas, inventory management
across multiple laboratories is still conducted using manual record-keeping. Borrowing and return
transactions are documented in physical logbooks, which are prone to recording errors, data
inconsistency, and limited traceability[1], [5]. These limitations hinder real-time monitoring,
complicate audit processes, and reduce transparency in laboratory asset management[5].

Several studies have proposed digital inventory management systems to improve operational
efficiency and data accuracy[3], [5]. However, most existing studies focus on general inventory
systems or non-laboratory contexts and do not specifically address the operational characteristics of
electrical engineering laboratories, such as practicum-based borrowing workflows, equipment
mutation across laboratories, and compensation mechanisms for damaged items[3], [6], [7].

This study addresses this gap by developing a laboratory information system specifically
tailored to the operational needs of electrical engineering laboratories. The proposed system, named
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Silab Elektro, integrates inventory management, borrowing and return workflows, consumable usage
tracking, and item relocation within a unified web-based platform. The system is designed using the
Model-View-Controller (MVC) architectural pattern to ensure modularity, maintainability, and
scalability[7], [8], [9].

In order to address the identified research gap, this study contributes by designing and
implementing a laboratory inventory information system that explicitly reflects the real operational
workflows of electrical engineering laboratories, including practicum-based borrowing, equipment
relocation, consumable usage tracking, and compensation handling for damaged items. Unlike
previous inventory management studies that focus on general organizational contexts or non-
laboratory environments [3], [4], this system is specifically tailored to the complexity and operational
characteristics of academic electrical laboratories. Furthermore, the application of the Model-View—
Controller (MVC) architectural pattern ensures consistency between system design and
implementation, enabling clear separation of concerns, improved maintainability, and scalability of the
web-based application[7], [10]. The system’s functional reliability is validated through systematic
black-box testing based on predefined user requirements, demonstrating that the proposed solution
effectively meets operational needs while providing a robust foundation for future development and
integration within higher education laboratory management systems[8], [11].

2. Method

This study adopts a Research and Development (R&D) approach, as the objective is not only to
analyze problems but also to design, implement, and validate a laboratory information system tailored
to the operational needs of electrical engineering laboratories. The R&D method is widely applied in
information systems research to develop and evaluate technological artifacts in real-world contexts[8],
[12]. Within this framework, the Waterfall software development model is used to structure
development into sequential stages—requirements analysis, system design, implementation, testing,
and maintenance—making it suitable for projects with stable functional requirements and clear
scope[6], [13]. In addition, the system applies the Model-View—Controller (MVC) architectural
pattern, which separates data management, application control, and user interface presentation to
improve modularity and maintainability in web-based applications[7], [10]. The combination of
Waterfall and MVC ensures traceability between requirements, design, and implementation while
supporting systematic development and future system evolution.

2.1 Requirements Analysis

The requirements analysis phase aims to identify the functional and operational needs of the
proposed laboratory inventory information system. In this study, requirements were gathered through
direct observation, semi-structured interviews with laboratorians, and document analysis of existing
manual inventory records. This triangulation approach ensures that the resulting requirements reflect
actual laboratory workflows while reducing ambiguity and stakeholder misinterpretation[14], [15].
Observation focused on day-to-day activities such as inventory recording, borrowing and return
procedures, and item relocation, while interviews captured user expectations and operational
constraints. Document analysis provided insight into legacy transaction data and existing inventory
structures. Based on this analysis, the identified needs were formalized into a set of functional system
requirements, as summarized in Table 1, which serve as the foundation for subsequent system design
and implementation stages[14], [16].

Table 1. Functional System Requirements of the Silab Elektro System

Req. Requirement Description Actor Related Use Related Data
ID Case Entities

FR-  The system shall authenticate users before  Student, Log in Users

01 granting access to system functionalities. Laboratorian

FR-  The system shall allow students to submit  Student Apply for a Student,
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02

FR-
03
FR-
04

FR-
05

FR-
06

FR-
07
FR-
08

FR-
09
FR-
10
FR-
11
FR-
12
FR-
13

FR-
14
FR-
15
FR-
16
FR-
17

loan requests for laboratory goods.

The system shall allow students to view
their loan history.

The system shall display a list of available
laboratory items.

The system shall allow laboratory
assistants to add new laboratory items.

The system shall allow laboratory
assistants to edit item specification details.

The system shall allow laboratory
assistants to delete laboratory items.
The system shall record item mutation
transactions.

The system shall display item mutation
history.

The system shall record consumable usage
transactions.

The system shall display the usage history
of consumable items.

The system shall display submitted loan
applications.

The system shall allow laboratory
assistants to approve or suspend loan
applications.

The system shall manage item return
transactions.

The system shall record compensation
information for damaged or missing items.
The system shall allow laboratory
assistants to manage item categories.

The system shall allow laboratory
assistants to manage item locations.
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Student

Laboratorian

Laboratorian

Laboratorian

Laboratorian

Laboratorian

Laboratorian

Laboratorian

Laboratorian

Laboratorian

Laboratorian

Laboratorian

Laboratorian

Laboratorian

Laboratorian

loan of goods

View loan
history

View the list of
items

Add items

Edit item
specification
details
Delete items

Add item
mutations

View item
mutations
Add usage
transactions
View the use of
consumables
View loan
applications
Approve /
Suspend loan
applications
Managing
returns
Compensation

Add item
category
Add item
location

Borrowing,
Goods
Borrowing,
Return
Goods,
Category,
Location
Goods,
Category,
Location
Goods

Goods

Mutation,
Goods,
Location
Mutation,
Goods

Usage, Goods

Usage
Borrowing
Borrowing
Return,
Borrowing
Compensation,
Return

Category

Location

2.2

Each requirement represents a specific operational need of the laboratory and is derived from
observed workflows, user interactions, and data management processes. These requirements cover
inventory data management, item condition and usage tracking, location mutation monitoring,
borrowing and return workflows, consumable usage recording, and compensation handling for
damaged items. The functional requirements listed in Table 1 are further represented through use case
modelling and entity relationship modelling to ensure consistency between requirements analysis and
subsequent system design stages[1], [5].

System Design

The data generated from the needs analysis stage is then used to design the system. Each data
point from the needs analysis will be translated into an organized system structure[16]. In this
research, the information system design process is carried out by creating use case diagram models,
entity diagrams, and activity diagrams.
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2.2.1 Use Case Diagram

The use case diagram illustrates interactions between system actors and system functions. Two
primary actors are identified: laboratorian and students. Laboratorian are authorized to manage
inventory data, process borrowing and return requests, and record item mutations, while students are
permitted to submit borrowing requests and view transaction histories. Relationships between use
cases are represented using <<include>> and <<extend>> associations, as shown in Figure 1, which
indicate functional dependencies and optional process extensions within the system workflow. This
modeling approach provides a structured representation of functional requirements by linking user
roles with system operations, thereby supporting consistency between requirements analysis and
subsequent system design stages in UML-based information system development[4], [17].

i _
Student \ apply for a lean of goods
view loan history
zincludes.

«includes,

% uincIL;aé‘x-‘-;‘7___'}‘“‘-:‘\
view the list of items T andhndes T _ @
Laboratorian e

«includes <

edit item specification details ’,"

«include»
;

delete items

add item mutations

Do

) «include»’ |
view the use of consumables '
add usage transactions > -troees «includes:

view loan applications
|
«includes7

s
--=«includes»

«includes

«includess |

........... «include»:

o TN «includes:
follow up on loan applications

«extend»> Compensation A
-7 P
.............. «includes'

additemcategory Do cincludes
add item location =~ rrrtrtommoesoteotreooos «includes:

Figure 1. Use Case Diagram
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2.2.2 Entity Relationship Diagram (ERD)

Based on the use case diagram presented in Figure 1, the development process proceeds from
functional modeling toward data modeling to ensure that every identified system interaction is
supported by an appropriate database structure. The use cases describing inventory management,
borrowing and return transactions, mutation tracking, consumable usage recording, and compensation
handling imply that the system must store, relate, and maintain consistent information across multiple
operational activities. Therefore, an Entity Relationship Diagram (ERD) is constructed as a logical
consequence of the use case analysis, translating user-oriented functional requirements into persistent
data entities and their relationships. As shown in Figure 2, the ERD defines the data foundation
required to implement the functionalities captured in the use case model, ensuring that actor
interactions and system processes are consistently mapped into structured database components. This
transition from use case representation to ER modeling supports traceability between requirements,
system design, and implementation stages, which is a fundamental practice in information system
development[17], [18].

location

Category
PK | location_id
PK |id_category location name
category name
category code i
Users -
PK | name o
username
R user type 4
student
PK | student ID
:E student ID
nm
Mutation
PK | mutation_id Usage
mutation name PK | usage_id
information Transaction type =
mutation date transaction date borrowing
FK | previous location FK | location_id PK | loan id
FK | name of goods FK |id_item name FK | student ID
FK | new location = loan date
i loan purpose
I loan status
Goods amount borrowed
amount returned
PK | id_item name return status
Item code
FK |id_category O~/ = o
type
acquisition date
FK | location_id
stock
specification
X
return
Compensation PK | return id_status
compensation id_status b L
> O return date BO—
condition after compensation condition when returned
information information

Figure 2. Entity Relation Diagram

2.2.3 Activity Diagram

Following the functional requirements captured in the use case model, the system design stage
is further refined through the development of activity diagrams to represent the detailed operational
behavior of key processes. While use case diagrams define what functions are provided and which
actors interact with them, activity diagrams describe how these functions are executed within the
system by modeling sequential actions, decision points, and responsibilities across system actors[15].
Therefore, the activity diagrams presented in Figure 3 to Figure 6 are derived directly from the core
use cases to provide a more explicit representation of workflow execution, particularly for processes
that involve validation, conditional branching, and multi-actor coordination. As shown in the login,
item input, borrowing, and return activity models, each diagram translates the corresponding use case
into structured action flows between students, laboratorians, and the system, ensuring that functional
requirements are consistently mapped into implementable process logic. This refinement supports
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traceability from requirements analysis to behavioral modeling and serves as a foundation for
subsequent implementation and testing stages in UML-based information system development[7],
[17].

LOG IN INPUT ITEMS

USER SYSTEM LABORATORIAN SYSTEM

open the item list menu | | fill in the item data
open the login menu S fill in username and passwordj
/ add items
[ display the login menu <

4)[ display a list of items

fill in the item data
data validation

n
accordance

[ display the front page J [ enter data into the item list ]

Figure 3. Login Activity Diagram Figure 4. Input Goods Activity Diagram
BORROWING RETURN

STUDENT SYSTEM TABORATORIAN STUDENT SYSTEM TABORATORIAN

. return goods open the return
y menu
open the loan
menu

of the goods

display the loan
menu display the return
form
add loan details fill in the details
of the condition

data validation

display

menu

send loan details open the loan
to the laboratory menu
account

- - fill in the details of the
display a list of
loans

condition of the goods

follow up on loans

Marking items as
unborrowable

correct loan
etails

L

Returning items to the
available to borrow list

Figure 6. Return Activity Diagram

display
take the goods pted status

Marking items as
unborrowable

Figure 5. Loan Activity Diagram
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2.3 Implementation

The Silab Elektro system was developed as a web-based laboratory inventory information
system using PHP as the server-side programming language and MySQL as the database management
system. Laboratory operational data—including inventory records, borrowing and return transactions,
consumable usage, and equipment mutation tracking—are managed through a centralized relational
database to ensure real-time availability, traceability, and transparency. To enhance maintainability
and scalability, the system applies the Model-View—Controller (MVC) architectural pattern, which is
derived from the UML-based system design artifacts. The use case diagram defines actor—system
interactions that are mapped into controller modules, the entity relationship diagram establishes the
persistent data structure implemented in the model layer, and the activity diagrams guide workflow
logic, validation, and decision processes within controllers. This integration of functional, structural,
and behavioral modeling provides traceability from requirements to implementation and results in the
modular MVC structure shown in Figure 7 [7], [10].

View Layer Directory Structure

. barang guest kategoni |

. lokasi mutasi pemakaian |

! peminjaman peminjaman-alat pengguna |

! * announcement » breadcrumb » footer |

| = footer-landing « header “ js |

| = sidebar = theme-setting  topbar |

User l = topbar-landing :

Interacting Lt s et e e s e e s —— s e m— s m—— e — —
with View V' EW I. .................
. Controller Layer Directory |
: sl 2 | Structure |

Request endering the
USER Process content . = controller.Barang ]
[ T + = controller.Guest |
i Modstiaier | | CONTROLLER i
. Directory Structure | Asking Model . = controller.Kategori [
I « model.Barang : to provide Returning I

. ' Data theData  Requesting = controller.Lokasi |
I * model.Guest I data from DB . .
. = modelJejak . MODEL | = controller.Mutasi |
= model.Kat | Response . ]
! ASES A 2 data from DB | = controller.Pemakaian I
- » model.Lokasi I DATABASE 4
| * modelMutasi . | o controller.Peminjaman |
| = modelPemakaian I | « controller.Peminjaman_alat -

model.Peminjaman I

| = controller.Pengguna
= model.Peminjaman_alat - I

i * model.Pengguna !
Figure 7. Structural representation of MVC implementation in Silab Elektro, including conceptual
architecture and directory-level separation of concerns

The program-level implementation is further demonstrated by the controller code snippet
presented in Figure 8, which illustrates a concrete controller—model-view interaction. The controller
method performs session validation, prepares metadata for the user interface, invokes a borrowing-
related model method to retrieve application data, and conditionally processes the returned results
before rendering the appropriate view. This execution flow confirms that controllers act as
intermediaries between models and views, enforcing separation of concerns and preventing direct
database access from the view layer[1], [3], [19].
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Home(): void

logger( substr({string:

session_check i%uri);

$model_peminjaman = -»loadModel( "Peminjaman’);
man->peminjamanNeedRespond( ) ;

1d’] = $temp[*jml®];

->view(|"able-p 'home ", $datal)f;

Figure 8. Source-code example illustrating controller—model—view coordination in the Silab Elektro
system implementation

Through the application of the Model-View—Controller structure, the Silab Elektro system is
organized as a web-based application in which application responsibilities are distributed across
model, controller, and view components. This implementation defines the structural and operational
foundation of the system, which subsequently serves as the basis for functional validation and testing,
as discussed in the following section.

2.4 Testing

Testing is carried out to ensure that the system runs according to the needs that have been
previously analyzed [13]. The testing method used is black box testing, where each function is tested
based on the output produced as shown in Table 2[20].

Table 2. Black Box Testing

Modules/Fea Test Case Input Expected Output Status
tures
User Login Login with valid username / password Enter home N
username and password
User Login Login with wrong incorrect The message "data is \
password username/password invalid" appears.

Student Login Login with valid NIM 2210001 / pass123 Log in to the student \
and password dashboard

Add Location  Enter new location  “Microprocessor Lab” Location added \

successfully
Add Location Empty location “r Validation appears: “please \
fill out this field”
Add Category  Enter category name "Measuring Saved categories \
instrument”
Add Item Enter all complete and Name, Location, Item successfully saved V
valid data Category, Stock
Add Item Do not fill in the item “r The validation appears \
name “please fill out this field”

Use of Goods Input the type of usage “Internal Use” / 2 Transaction successfully \
and quantity recorded

Student Apply for a loan with Item A, borrowing Submission successfully \
Loans available items date submitted

Student Submit stock items 0 Item B, stock =0 Loan rejected, message v
Loans appears
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Loan Approve student Click the “Approve”  Status changed to approved \
Verification applications button
Loan Suspend application  Click “Suspend”, fill ~ Status becomes suspended, \
Verification in the reason reason saved
Submission  Student loan revision ~ Change date or item  Submission updated and \
Revision suspended resubmitted
Return of Return the goods in Click “Restore” Status back — finished V
Goods good condition
Return of  Item returned damaged Select condition: The system asks for \
Goods “Damaged” compensation input.
Compensatio Nominal input and Rp. 200,000, “Cable = Compensation data stored \
n compensation reasons damage”
Item Transfer Transfer of goodstoa Goods A — Lab A to Recorded mutation history \
new location Lab B
Logout Click the logout button - Exit the system, return to \

the login page

2.5 Maintenance

After the system is deployed, improvements are made based on user feedback as well as bug
fixes or feature adjustments if necessary. By using the R&D method and the Waterfall model, this
research is expected to produce a laboratory information system that is functional, efficient, and meets
user needs in an electrical engineering laboratory environment

3. Result and Discussion

This study successfully developed the Silab Elektro laboratory inventory information system as
a web-based application to support inventory governance and operational workflows in electrical
engineering laboratories. Following the Research and Development (R&D) approach and the Waterfall
development stages, the implemented system represents the realization of the functional requirements
identified during the requirements analysis phase (Table 1). The resulting system integrates inventory
management, borrowing and return transactions, item mutation tracking, consumable usage recording,
and compensation handling, which collectively address the limitations of manual inventory
documentation.:
3.1 Inventory Management Module
The inventory management module provides structured storage of laboratory goods data,
including item specifications, stock quantity, storage location, and condition status. As illustrated in
Figure 9 and Figure 10, the system enables laboratorians to access detailed item information
efficiently, improving traceability and reducing errors compared to manual record-keeping. New
inventory items can be added through the input form shown in Figure 11, where submitted data are
validated before being stored in the database. This module forms the foundation for subsequent
operational processes such as borrowing and consumable usage:
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Home  KelolaBarang » Tambah Barang

Tambah Barang

Jenis Barang * Vendor
© Barang Tidak Habis Pakai Barang Habis Pakai

Jumian*

Tanggal Perolenan
Waktu Kalibrasi *
Tanggal Expired

Tanggal Habis Garansi

@ et @

Figure 11. Add Item Form

3.2 Mutation and Consumable Usage Tracking

To support laboratory asset monitoring, the system includes a mutation feature that records item
relocation activities. The mutation management interface (Figure 12) and its corresponding input form
(Figure 13) allow laboratorians to document location changes systematically, ensuring accountability
of equipment movement within laboratory facilities. In addition, consumable materials are managed
through the usage module, where stock transactions are recorded as shown in Figure 14 and Figure 15.
These features were derived from requirements emphasizing operational transparency and historical
usage traceability.

Home Kelola Mutas

Kelola Mutasi

Dari Lokasi.. R Ke Lokasi... R

Apply

- T

Showing 1 - O From Total 0 Page 1of 0 Per Page nm v

JUMLAH
# NAMA MUTASI KETERANGAN LOKASI SEBELUMNYA LOKASI BARU TANGGAL MUTASI BARANG ACTION
MUTASI

Figure 12. Mutation Management Menu
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Home > KelolaMutasi > Tambah Muzasi

Tambah Mutasi

Nama Mutasi Barang #1

-- Pilih Lokasi Dahulu -- v 1 E |

Tanggal Mutasi

Keterangan

Lokas Sebelumnya

Lokasi Baru

D-0

Figure 13. Add mutation form

Home > Kelols Pemakaian

Kelola Pemakaian
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==lst STORAGE
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==lst STORAGE .
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Figure 14. Usage Menu
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Home » KelolaPemakaian > Tambah Pemakaian

Tambah Pemakaian

Jenis Transaksi *

Penambahan

@ feset

# KATEGORI KODEBARANG  NAMA BARANG

Figure 15. Add Usage Form

3.3 Borrowing and Return Features
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STOK  JUMLAH

A key contribution of the Silab Elektro system is the integration of borrowing and return
workflows with the student academic portal. Students can submit borrowing requests through their
authenticated accounts (Figure 16), while laboratorians process applications and monitor loan status
through the administrative interface (Figure 17 and Figure 18). Recorded transaction data include
borrower identity, borrowed items, loan dates, estimated return schedules, and return condition
updates. This workflow ensures that item availability and loan history are consistently tracked,

supporting both academic practicum and research activities.

Shawing 1 - 4 From Total 4 Pagelof1

staTUs
TUUAN STATUS
¥ TANGGAL PEMINIAM Pomtosay | PENGAIUAN
. PEMINJAMAN

MR/
" NURIZRILLAH

o}

O

Tambah Peminjaman

JUMLAH  JUMLAM STATUS

ACTION
DIKEMBALIKAN  PENGEMBALIAN

Figure 16. Student Loan Application Menu
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pooooooono]

O

Figure 17. List of Loans Applied for by Students

Figure 18. Loan Details

4, Conclusion

This study developed the Silab Elektro laboratory inventory information system as a web-based
solution to support operational management in electrical engineering laboratories. By applying the
Research and Development approach, structured through the Waterfall development stages and
implemented using the Model-View—Controller architecture, the system provides an organized
framework for managing inventory data, borrowing and return workflows, item mutations,
consumable usage, and compensation handling.

The developed system improves laboratory inventory governance by enhancing traceability,
accountability, and transaction transparency compared to manual documentation practices. Functional
validation through requirement-based black-box testing indicates that the implemented modules
operate according to the predefined system requirements. Future work may focus on integrating
automated reporting features, extending interoperability with institutional academic platforms, and
enhancing analytical capabilities for laboratory resource planning.
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