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 Having reasonable inventory control is a priority for any company because a lack of 
inventory could incur economic losses. Not having the necessary stock for the timely 
production of your orders could generate dissatisfaction in your customers and possibly 
cause them to lose them. Likewise, reasonable inventory control allows quick decision-
making for the company's benefit. The study's objective was to improve the management of 
the request process, and quality control of the raw material of a textile supplier exporter of 
Peruvian alpaca yarn and an exporter of the textile company focused on transforming 
alpaca fiber and other natural fibers into high-value-added products. It was redesigned 
under the Process Management approach, developing and implementing software to 
control raw materials and requests following the Scrum framework and using the Oracle 
Apex tool. The results obtained with the new system were very positive, increasing workers' 
productivity, eliminating manual tasks and calculations, avoiding confusion in the 
allocation of material to scheduled orders, and the response time of the delivery date of 
orders and, therefore, customer satisfaction. Concluding that, it was possible to lower from 
an initial 30% to 0.08% of the requests answered in a period greater than 48 hours with 
the application of the developed system that allows rapid decision-making. 
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1. Introduction  

The quality control of the raw material is one of the most 
critical issues in the manufacturing process of products with the 
advancement of technology [1]. To meet the high technical 
requirements, effective quality control at the initial stage of raw 
material can significantly reduce the quality risk during the 
manufacturing process [2].  

This problem is not unrelated to the textile industry [3]; one of 
the most important companies in the textile industry, a supplier of 
Peruvian alpaca yarn and internationally recognized for its fine 
quality products, in one of its critical processes for handling orders: 
the control and request of raw material, this process is obsolete and 
takes a long time (hours/worker) to be able to carry it out correctly, 
for this reason, said control is reviewed once a week, and on certain 
occasions depending on the urgency, it is it can review up to three 
times maximum, also generating a delay in the other activities of 
the worker, which is critical for the company since it strictly 
depends on the availability of raw material to be able to produce 
and deliver its orders on time. 

On the other hand, inventory management represents a key 
factor within any organization. A company's poor inventory 
management practices influence its productivity, leading to raw 
material shortages, production delays, rework, and material loss 
[4]. 

For this reason, the research seeks to satisfy the need of a textile 
company to improve its control process and raw material request 
to achieve better productivity [5] in its workers, keeping the 
information updated and available for decision-making and high 
command decisions. The contribution and novelty of the work is 
to analyze and redesign the process under the Process Management 
approach, to develop and implement software that adapts to the 
new process flow, following the agile Scrum framework and using 
the Oracle APEX tool. 

The new flow of the process will seek to: improve the response 
time to requests for the delivery date of new orders to avoid loss of 
sales due to a slow response to requests or avoid delays in the 
delivery of orders, also contributing to an improvement in the level 
of customer satisfaction. Likewise, it will seek to avoid errors in 
allocating material for scheduled orders, increase the productivity 
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of the users involved in the process, and speed up decision-making 
when dealing with orders. 

2. Related Work 

 Inventory control in an industrial company has become a 
critical process since inventories represent a considerable 
investment on the company's part. Their absence generates delays 
in order delivery dates, loss of sales or customers, and economic 
losses. 

According to [6], reasonable inventory control allows one to 
have a broad knowledge of the rotation of the products and, based 
on that, to be able to make purchasing decisions; where they 
indicate that the benefits of an Inventory Control System are a 
better cash flow in the company, improvement of the quality 
indicator of customer service, customer loyalty, recognizing 
products with little demand, higher inventory turnover, theft 
detection and optimized space in warehouses. 

Comprehensive inventory management is critical to efficiently 
operating any facility that uses and stores products. Since today's 
technologies are essential to support all processes within a 
company, In [7], the author indicates the benefits of having 
inventory management software. Most of the inventory 
management software available in the market focuses on 
regulation or acquisition and usually comes with monthly or 
upfront fees. 

To use technologies as a support tool, it is first necessary to 
have a well-defined process that will be automated; for this, there 
is Process Management. Today is critical for any organization 
since processes are the heart of it; automating, optimizing, or 
redesigning these processes saves time and money, representing a 
notable competitive advantage over any other organization. 

In [8], the author mention that Purpose Comprehensive 
management systems, such as ISO 9001 or ISO 14001, are 
designed to help organizations improve processes, ensure 
customer satisfaction, efficient information flow, efficient use of 
resources, and many other thriving management areas. These 
systems can also have unintended direct and indirect effects on 
organizations.  

Once the process is well defined, it is proceeded to automate 
with software that suits the needs of the same and the users; given 
the complexity of the type of business of the company in question 
and the size of it would be much more efficient and effective if the 
software is custom developed. Today there are different 
methodologies for implementing this, which support us when 
performing this task. Like any organization, the most sought-after 
is a straightforward methodology to understand and, above all, 
very efficient, such as the well-known Agile Methodologies. In 
[9], the author indicates that since the agile manifesto was created 
in 2001, the research community has paid much attention to agile 
software development. 

Specifically, they delineate the conceptual framework 
underlying agile scholarship by analyzing authors who have made 
notable contributions to the field. Agile methodologies are born 
from the need to respond rapidly to change to increase customer 
satisfaction by delivering operational functionality and continuous 
feedback to the customer during the project. 

Nowadays, using these methodologies is essential since they 
help reduce the project's completion time because everything 
would already be very well organized, and the tasks would already 
be ordered by priority. These methodologies help to have an exact 
idea of what is being done at any point in its development and, in 
turn, encourage constant communication between the project 
members so that the result is successful. 

In [10], the author state that to optimize and improve processes, 
in most cases, information systems have been developed using 
traditional methodologies that have fulfilled their function over 
time but that, however, have a lower probability of success. Not 
meeting all the needs of the client because the requirements may 
have changed, and these changes cannot be alerted or validated at 
the end of the project. The same authors refer to the fact that agile 
methodologies show promising results in projects that present 
constant changes in the definition of their requirements due to the 
different business environments; the agile team works much better 
from the moment they understand that a product that gives value 
to the client, and therefore they will have to consider that after each 
review with the client and after the development of each 
deliverable, changes could be requested. They also mention that 
agile teams are self-organized and multidisciplinary since they can 
develop their skills, knowledge, and experience, which means the 
same level of responsibilities for the entire team; It should also be 
noted that constant communication allows the team to make timely 
decisions. 

Likewise, in the study [11], work points out that software 
development depends significantly on team performance, as does 
any process involved. According to [12] point out that within the 
Peruvian economy, there are critical business sectors, such as 
mining, mainly because their products are in great demand as 
essential components used by other industries, such as 
construction, mining, and textiles, which includes evaluating 
productivity in terms of growth rates and levels. They use Lean 
Manufacturing tools to measure these indicators and propose 
improvements or solutions to generate added value for the 
company. 

In addition, the work of [13] indicates that in Peru, many small 
and medium-sized companies (SMEs) do not have a system 
focused on Human Resources because companies do not have the 
necessary technology to implement it, they do not know it, or the 
prices are pretty high. That is why they designed a payroll control 
and monitoring system based on the Agile Scrum Methodology, 
taking as an example the textile company Chalicen S.A.C, which 
is within the range of small companies. 

On the other hand, Oracle Apex has become an exciting tool 
for developing effective and efficient applications. In [14], the 
author presented a technology solution integrating Oracle Apex 
and Python development software, where open-source libraries 
powered by Python provide an approach to Big Data analysis. On 
the other hand, the powerful database management offered by 
Oracle, powered by Apex application creation software, requires 
the cooperative use of such intellectual processing tools. Similar 
work on inventory management software developed with Apex 
was presented in [15]. 

Given the references, we will seek to redesign the current raw 
material control and request process based on process management 

http://www.astesj.com/


J.A.D. Delgado et al. / Advances in Science, Technology and Engineering Systems Journal Vol. 7, No. 6, 103-113 (2022) 

www.astesj.com     105 

and, in turn, develop and implement software based on the Scrum 
framework. This software should cover the company's needs to 
improve the time hours/worker, keeping the information in real-
time and available for any decision-making of the high command. 
It should be noted that it will be developed under the Oracle Apex 
tool. 

3. Material And Method 

The analysis of the process will be carried out with the 
following activities. 

3.1. Description of the Company 

The textile company under study is classified as a macro-
company. It is one of the most important companies within the 
exporting suppliers of Peruvian alpaca yarn, internationally 
recognized for its fine quality products. It is worth mentioning that 
it is also one of the pioneer companies worldwide in offering 100% 
certified organic alpaca. 

According to its vision and mission, this company aims to 
transform alpaca fiber and other natural fibers into products with 
high added value, satisfying the world's needs, promoting its use 
globally, and caring for the community and the environment. It 
aims to be the world leader in providing warmth and shelter with 
the best alpaca and natural fiber products. It offers unique 
experiences to our customers and community sustainably and 
innovatively through a committed and empowered team. 

In Figure 1, its traceability circle is shown; it begins with the 
raising of alpacas on its farm, then it goes through a fiber treatment, 
and finally, it goes through the spinning of these. They have 
industrial processes of washing, carding, combing, spinning, 
dyeing, and weaving, ending in the dispatch of the product. 

 
Figure 1: Traceability of the textile company 

Figure 2 shows the dynamics of the company: the alpacas 
raised on the farm go through a shearing process to extract their 
wool, which goes through a treatment process, thus becoming 
Alpaca fiber Tops; mention that the company not only uses fibers 
extracted from the farm but also works with other fibers such as 
sheep, silk, cotton, nylon, linen, among others, which are acquired 
from other national or international suppliers, these fibers are 
mixed between yes, according to the percentages requested by the 
client through the spinning processes, obtaining three yarn 
presentations: yarn for machine weaving in cones and skeins and 
yarn for hand weaving in balls and skeins, they also offer 
accessories and garments made of fabric knit and flat knit. 

 
Figure 2: Dynamics of the textile company. 

3.2. Process Discovery 

Within the three disciplines of value: product leadership, 
operational excellence, and intimacy with the client, the value 
proposition of the company in question are based on the discipline 
"Product Leadership," which is this: supply the best product menu 
diversified in terms of quality, fineness, and color of alpaca fiber 
to the world, through systems, efficient processes and committed 
personnel that is capable of providing the best service; according 
to this, Figure 3 shows the process map, since the problem occurs 
in the current process of Control and Request for Raw Material, 
the areas involved have been highlighted: Programming and 
Control, Industrial Development, Warehouse, Inputs and Parts, 
and Logistics. 

 
Figure 3: Process map of the textile company. 

The process map of the textile company under study is 
presented, highlighting the processes involved in the investigation 
in red color.  

• Initial process model: With the Bizagi tool's help, the initial 
raw material control process diagram is presented, referring 
to scheduled and pending orders or to be scheduled. Figure 
4 shows the graph of the initial process of raw material 
control. Figure 5 shows the initial process of requesting raw 
materials for alpaca and national sheep. 

In the general process of raw material control, where the 
following waste is observed: 

• Overprocessing: By breaking down all the orders again 
each time the information is required, the correct thing 
would be to store a history of previously made 
breakdowns. 

• Defects: As the order breakdown process is not well 
defined, the end of the data generation presents errors or 
shortcomings that must be corrected or added manually by 
the user. 

• Waiting: It is evident that there is a very high waiting time 
since it is impossible to make any decision without the data 
generated from the said process. 
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Figure 4: Diagram of the initial raw material control process. 

 
Figure 5: Diagram of the initial process for requesting raw material for alpaca and national sheep. 

 

Figure 6: Diagram of the improved raw material control process. 

Then there is the process of requesting raw material for alpaca 
and national sheep, where the following waste is observed: 

• Overprocessing: By constantly modifying the production 
order, generating a stack of physical documents to control 

the delivery of the material, and requesting the creation of 
the batch number. 

• Defects: By having an inefficient process, there is 
confusion with the material's assignment to the scheduled 
orders, causing their delay. 
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• Waits: The most significant delay occurs when waiting for 
the confirmation of the batch number to finish 
programming the production order. 

In both raw material request processes, it is evident that there 
is a more common waste, and that is the waste of human talent, by 
outsourcing activities. 

3.3. Process Redesign 

An improved raw material control process is carried out 
regarding scheduled and pending orders or orders to be scheduled. 
Figure 6 shows the diagram of the improved raw material control 
process. Figure 7 shows the enhanced process for requesting raw 
materials for alpaca fiber and national sheep. 

The new raw material control process begins when a new order 
is entered in the Commercial area and is transferred to the 
Programming and Production Control area in the request of a 
delivery date, automatically entering decomposition by the system 
with the help of a defined Master of Qualities and bases, in this 
way when the user requires it, he will already have the stored 
information of the decomposition of all the orders. 

Before generating the report, a prior review should be given to 
see if any order was partially decomposed or if one was not since 
a new quality may have been created in some order, which has not 
yet been considered in the Master of Qualities and bases. The user 
must add the unique quality to the master; once added, the system 
will automatically decompose all the pending orders that contain 
this new quality. 

Once the report is generated, there should be complete 
information on all breakdowns and the stock of raw materials: 
stock in a warehouse, stock in production, supply in request, and 
missing stock; with this information, the user will be able to make 
decisions quickly. 

3.4. System Development with Scrum and Oracle Apex 

The agile Scrum methodology [16] will be used to construct 
the software. The Scrum guide was recently updated by its authors 
Ken Schwaber and Jeff Sutherland in November 2020, making it 
intelligible since they decided to reduce the prescriptive language 
and point to a general language applicable to different areas and 
not only to technology areas; It is also highlighted that the guide 
shows how essential it must be to implement it; however, it is 
possible to complement it with other processes, techniques, and 
methods [17]. 

Given the need of the company in question and the 
characteristics of the process analyzed, it is decided to take the 
strategy of division by process flow, thus leaving a division of five 
Sprints ordered by priority based on the collected user stories. 

Within the five sprints, the following non-functional 
requirements will be taken into consideration: a) System 
accessibility, b) System portability, c) Friendly user interface, d) 
Reliable information, e) System scalability, f) System flexibility, 
and g) Can be integrated into the current system. 

 

Figure 7: Diagram of the improved process for requesting raw material for alpaca and national sheep. 
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• Data Model: Figure 8 shows the data model of the base 
tables for the Master of Qualities, where the names of the 
fields are observed together with the type of data, data 
length, and the relationships between the tables. 

 
Figure 8: The master relational model of qualities. 

• Oracle APEX: Oracle APEX, being a low-code graphical 
tool, as mentioned by Baggia1, Leskovar, and Rodič [18], 
allows us to prototype while it is being developed, 
representing significant time savings in the development 
of the project. These pre-prototyped interfaces can be 
adjusted or modified in a matter of minutes, which fits 
with the Scrum framework regarding the adoption of 
changes by the customer. 

Before starting with the development documentation, it should 
be clarified that the project was led and developed by the same 
person due to the mechanics of the Systems and IT area in the 
textile company. 

When entering the interface of the master of qualities shown in 
Figure 9, three columns will be observed: the first shows the header 

of the master, the second that shows the detail of the decomposition 
of qualities, and the third where the similar attributes will be 
registered; All the related information will be displayed from the 
header, selecting the magnifying glass icon, the rate will be painted 
green when it has similar qualities registered. 

Figure 10 shows the deliverable of the data model of the table 
that will store the history of the decompositions of the orders 
transferred to the plant; from this history, it is that the summary 
report of the raw material can be generated for correct control. 

• Iterative algorithm: As part of the second deliverable, the 
quality decomposition procedure is presented; this will 
start when there is a transfer of an order from the 
commercial area to the plant; the order will automatically 
enter decomposition and will generate the information that 
will be stored in the decomposition history table. Figure 
11 defines the algorithm that was developed to decompose 
the orders. 

To better understand the decomposition of qualities, a practical 
case of the decomposition of an order is shown in Figure 12. The 
order is entered with three mandatory data: the rate, the mixture, 
and the number of kilos requested. In this case, the order is entered 
with mixed quality, and the mixed data corresponds to the 
percentage of participation of each pure quality identified in the 
mixed quality. The first step would be to break down the mixed 
quality into its pure qualities according to the order of the chain 
with the highest number of characters, with the pure quality W24.5 
being found first, then AC-F, and finally FS. For each pure grade, 
its blend % is assigned according to the blend data received in the 
order; then, the grade is searched for in the graded master, 
assigning its yield % and identifying if the grade has 
decomposition. If the quality has decomposition, a % of 
participation must also be given for each component. Finally, the 
calculation is made according to the established formula, thus 
obtaining all the details of the order. 

 
Figure 9: Oracle APEX interface of the quality master. 
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Figure10: Entity relationship history model of quality decomposition. 

The logistics raw material requirements interface shown in 
Figure 13 is like the Topería requirements interface because it also 
has editable fields and an option to send the requirement. Still, it is 
handled in a different way distinct. 

This interface can send several requests in a single order to 
Logistics and cancel the request in a cascade. The fields title, 
weight, kilos required, reference batch type, and good service code 
must be filled in before sending the request. In the same way as the 
interface to Topería, there is the option to download the 
information to excel, create a manual submission, and display the 
date and kilos of the material entered. 

Figure 14 shows the interface of the raw material referring to 
the Top type qualities. Links have been added in the QUALITY 
and ORDER fields to access detailed information. Similarly, in the 
upper right part of the interface, a couple of buttons were added to 
access the information on the stock in production and the lots with 
virtual kilos. Below these information buttons are links to report 
downloads. in PDF formats. A region is highlighted in red; this 
indicator will alert the user that these orders are not covered by the 
existing stock or any raw material requirement. You can break 
down an order again if the user requires it 

4. Results 

4.1. Analysis of the Average Time of the General Process 

The average time it would take to execute the general Raw 
Material Control process was analyzed as part of the system 
evaluation. Figure 15 shows that the previous process took 
approximately 3 hours and 15 minutes, plus 2 hours for a 
coordination meeting between the different areas of interest. 
Whereas, with the new approach, it takes 10 minutes to control raw 
material correctly. 

 
Figure 11: Flowchart of the iterative algorithm of the quality decomposition. 

 
Figure 12: A case study of the decomposition of an order. 
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Figure 13: Time analysis of the Raw Material Control process. 

 
Figure 14: Time analysis of the Raw Material Control process. 

4.2. Analysis of Response Time to Delivery Date Requests 

In analyzing the process problems, the indicator of response 
time to delivery date requests was implemented, which classifies 
why the response exceeds 48 hours. In 2020, it was found that 

approximately 31% of the proposals that exceeded the 48-hour 
response time were due to a pending raw material request. 

Figure 16 shows the analysis of the response time so far in the 
year 2021; the level of response exceeding 48 hours per raw 
material request seems to have decreased. 
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Figure 15: Time analysis of the Raw Material Control process. 

 
Figure 16: Response time to delivery date requests. 

In Figure 17, we compare the values for 2020 against those 
obtained for 2021 concerning the response time for raw material 
requests exceeding 48 hours. It is confirmed that the percentage 
was considerably reduced from 30% to 0.08% of requests 

answered over 48 hours. With this, we can say that the objective 
of improving the response time for delivery date requests has been 
met. 

 
Figure 17: Comparison of response time per raw material request 2020-2021. 

5. Discussion  

Our results show that with the developed system, we obtained 
a considerable reduction in the execution time of the process; 
likewise, we were able to reduce from an initial 30% to 0.08% of 
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the requests answered in a period longer than 48 hours, in addition 
to eliminating different tasks and manual calculations such as the 
calculation of yields, manual control of the number of lots in the 
warehouse, decomposition of yarn qualities, among others. It was 
also possible to avoid confusion in assigning material to 
programmed orders. Likewise, the control and the raw material 
process were successfully optimized by redesigning its flow, 
developing a system in Oracle APEX, and implementing it through 
the SCRUM methodology. 

These results coincide with those of [4]. They demonstrate that 
implementing the management model in the textile company in 
their study can increase effective operational productivity from 
82.61% in the current system to 130.43% in the proposed 
approach. Similarly, a reduction in the rate of defective products 
from 20.83% to 6.25% is identified. Finally, 100% compliance 
with scheduled deliveries was achieved; in other words, the order 
was delivered within the agreed time. Likewise, it coincides with 
the importance of analyzing the inventory life cycle in textile 
equipment and its evaluation using the software as input data, 
among others, the raw material [19]. 

Through the analysis of the operation of the raw material 
control and request process of the textile company, the main flows 
were identified, as well as their critical points: Raw material 
control, raw material request (alpaca and domestic sheep), and raw 
material request (imported sheep and yarn). 

Under the Process Management approach, it was possible to 
redesign the raw material control and request process, eliminating 
the identified wastes of over processes, defects, and waiting times 
in the process flows. 

Using the Scrum methodology, we were able to meet the needs 
of the users and the textile company: (i) improve the response time 
to delivery date requests, (ii) avoid the loss of sales due to a slow 
response to requests, (iii) avoid errors in the allocation of material 
in scheduled orders, (iv) avoid delays in the delivery of orders, (v) 
improve the level of customer satisfaction, (vi) increase the 
productivity of the users involved and finally (vii) facilitate rapid 
decision making. 

The software necessary for the new flow of the raw material 
control and request process was developed and implemented, 
proving that the tool used (Oracle APEX) allows the development 
of basic applications, as well as much more advanced applications, 
which makes its use possible in small, medium, and large 
companies. This coincides with the work of [20], where Oracle 
Apex facilitates the creation of secure and scalable applications 
with outstanding features. Likewise, comparing it with other works 
that showed the benefits of using Oracle Apex as in [21] where the 
use of the APEX Oracle platform for the development of their 
application and analysis of the data set gave them a data accuracy 
of 78% compared to any other existing technique, which is similar 
to the results achieved in the present study. Other studies highlight 
the benefits of using Oracle APEX as [22] and [23]. 

6. Conclusions 

The study has covered the process of controlling and requesting 
raw materials from a textile company in Arequipa-Peru. 

After the implementation of the proposed system, the main 
result was a considerable reduction in the execution time of the 
process; likewise, it was possible to lower from an initial 30% to 
0.08% the requests answered in a period greater than 48 hours, In 

addition, different tasks and manual calculations were eliminated, 
such as the calculation of yields, manual control of the number of 
batches in the warehouse, decomposition of yarn qualities, among 
others. Confusion in assigning material to scheduled orders was 
also avoided. 

It can be concluded that the implementation of the new raw 
material control and request process flow was successful and 
facilitated the work of the users involved; likewise, the new flow 
improves the response time to delivery date requests. 

For future work, it is recommended to carry out a continuous 
improvement cycle in all the company's processes, under the 
Process Management approach, in order to ensure the quality of its 
systems and obtain growth opportunities. Likewise, applying the 
same raw material request procedure in the Research and 
Development area is proposed since it would be the only link not 
considered in the analyzed flow. From this area, raw material 
requests are made with a few kilos because they are used for testing 
new fabrics; however, it is essential to account for these raw 
material revenues. 
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