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ABSTRACT 
 
The paper describes the case study of a production process engineering applied to a company working in 

the textile sector and upgraded by digital technologies. The process engineering is performed by means the 

Business Process Modelling Notation (BPMN) approach. The new engineered processes are enabled by 

adopting a software platform able to extract data from work documents using a Robotic Process 

Automation (RPA) technology based on digital document features recognition. The implemented platform 

also integrates a Decision Support System (DSS) based on the estimation of priority rules and of Key 

Performance Indicators (KPIs) supporting subcontractor’s management and related activities. 

Furthermore, the DSS integrates sales forecasting Artificial Intelligence (AI) algorithms. A comparative 

analysis about regression-based algorithms and Artificial Neural Network (ANN) Multilayer Perceptron 

(MLP), is performed to check the best algorithm performance about the product quantity prediction in 

function of the price, finding ANN-MLP as a good candidate for the estimation. The ANN-MLP model is 
optimized to provide sales forecasting results with a low Mean Absolute Error (MAE) of 0, 00113. All the 

analysed algorithms are applied to an experimental dataset. The results have been developed within the 

framework of a Ministerial Italian project named Smart District 4.0 (SD 4.0).       
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1. INTRODUCTION 
 

In this section is described the general scenario of the technologies and approaches adopted in the 
pilot case of study. Automating repetitive tasks can produce human errors [1] that can be 

decreased by the adoption of the Robotic Process Automation (RPA) technology. RPA is useful 

to eliminate repetitive activities, to reduce the labour consumption, to assign employees to new 
production areas, and in general to minimize human errors [2]. Different tools can be applied for 

advanced data processing. Artificial Intelligence (AI) surely plays an important role in the 

context of business processes [3], and can be combined with RPA for data processing, especially 
when in the production processes are identified routinely tasks [4]-[6]. The use of AI can improve 

the efficiency of RPA in Industry 4.0 scenarios, by providing good application performances in 

data recognition, classification, and forecasting [7]. The association AI-RPA is suitable in 

different marketing sectors, such as finance and banking [8]-[10], thus suggesting the application 
also in other sectors as for the analysed case study. RPA is strictly connected to AI [11]-[12], and 

is suitable to construct workflows [13], to select processes [14], to digitize transactions [15], and 

in different cases requiring document management automation [16]-[21]. Document recognition 
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by AI, can support data flow automation [22]-[23]. Automation process of practices is an 
industrial research topic for companies working in services and implementing association rules to 

improve contract classification [24]. Moreover, data warehouse and software integration such as 

Enterprise Resource Planning (ERP) and Customer Relationship Management (CRM), play an 

important role for the company Business Intelligence (BI) [24]-[26]. In this technological 
scenario, innovative platforms oriented on company performance integrates software tools and 

Key Performance Indicators (KPIs) [27]-[28], improving production activities. Production 

processes can be modelled and simulated by Business Process Modelling Notation (BPMN) 
approaches [29], suitable to map “AS IS'' and “TO BE” processes [30]. The analysed state of the 

art, highlights that different tools can be implemented to realize an Information Technology (IT) 

collaborative framework, controlling and simulating company core-processes. Following the 
technological scenario, has been developed the Smart District 4.0 (SD 4.0) project, initiative 

funded with the contribution of the Italian Ministry of the Economic Development, sustaining the 

digitization process of the Italian Small Medium Enterprises (SMEs), by focusing the 

experimentation on a pilot company (GEMITEX srl), leading in the national and international 
market for the production and marketing of tablecloths, cushions, chair covers, ironing board 

covers, carpets, bathroom and kitchen furniture, doormats, sheets, quilts, curtains and other items 

for home. The pilot company manages different subcontractors. For this purpose, the main 
process to optimize is the subcontractor’s management by means of Decision Support System 

(DSS) based on priority rules and KPIs. This is possible by digitizing information by RPA. A 

further important requirement of the pilot industry, is to have graphical dashboards based on AI 
predicting sales. Following the company's need, the IT platform is designed for the case of study 

to trace production and marketing activities, and to optimize subcontractor’s management. The 

paper follows the development of the project stages describing: 

 

 “AS IS” scenario of the pilot company managing subcontractors; 

 design of the “TO BE” business model obtained adding SD 4.0 digital facilities; 

 design of the experimental platform describing, by means of a Unified Modeling 
Language (UML) Use Case Diagram (UCD), all the data fluxes involving the actors of 

the whole systems; 

 interfaces of the platform about some important functions including RPA, and 

subcontractors’ monitoring dashboards; 

 experimental results about Konstanz Information Miner (KNIME) sales prediction by 
comparing results of different AI algorithms. 

 

2.  “AS IS” AND “TO BE” PROCESSES AND UML PLATFORM DESIGN 
 

In the preliminary analysis of the “AS IS” process, emerges that the pilot company (GEMITEX 
srl) carried out production starting with the receiving of orders of items having particular 

technical-functional and aesthetic characteristics, which can be selected from a catalogue or 

according to customer specifications. Upon receipt of the customer order, the latter was inserted 
into the Enterprise Resource Planning (ERP) system, making available the total production data, 

and sub data sheets to be distributed to the various subcontractors. For 99% of cases, each 

process necessary for the realization of a product in the catalogue corresponds to a single 
specialized subcontractor. For each subcontractor a long-term loyalty relationship is established. 

In the event that a process can be carried out by several actors, the subcontractor is selected by 

evaluating his workload. The workload of subcontractors was acquired through telephone 

communication. The logistics for the delivery of materials to subcontractors, was carried out by 
an employee who coordinates the suppliers by telephone (date and time of ready products, 

volumes, etc.), providing usually a time delay because the telephone call does not always 

guarantee an answer. In Fig.1 (a) is illustrated the “AS IS '' architecture of the operating model 
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for subcontractor’s management. The SD 4.0 platform, sketched in Fig. 1 (b), through a user-
friendly user interface is able to manage each individual order, by analysing the data flow of the 

whole supply chain, and by managing the activities of order initiation, plans, executions, and 

order processing in each phase. The new platform allows the pilot company to monitor, through a 

control checklist, the percentage of progress of the work performed and to conduct detailed 
analysis on each task in progress. Moreover, the platform provides a statistical analysis of the 

performed work (load on subcontractors, causal on the problems, etc.) through graphical 

dashboards tracking the order in each step.  
 

 
 

Figure 1.  (a) “AS IS” and (b) “TO BE” main architectures. 

 

As shown in the BPMN “AS IS” processes of Fig. 2 and Fig. 3, most of the activities in the 

GEMITEX srl pool was carried out by internal staff, with a very low automation level. It is then 
possible to intervene on the first activities of the process, carried out after receiving the order 

from the customer, by automating the process of data insertion in the ERP system matching with 

the order template. The first improvement goal of the “TO BE” process is then to reduce the 
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workload of operators, and to allow the automatic processing of production sub-sheets starting 
from the total production sheet. After the creation of the production sub-sheets (sub-datasheet), 

the individual sub-orders must be assigned to the specific subcontractors, specialized in the 

processing necessary for the creation of the items concerning the order. For the monitoring of 

subcontractor assigning process, it is necessary, before to check the availability of the 
subcontractor, to carry out the processing within the required time. The verification of the 

subcontractor's workload was previously carried out by telephone by the GEMITEX srl 

operators. For this purpose, a goal of the “TO BE” process is to show the subcontractors 
availability immediately by automating the checking process. In the new process, the 

subcontractors can be enabled to interact with the SD 4.0 platform, through dedicated users in 

order to be able to enter digitally their work commitments on a digital calendar. In this way, the 
SD 4.0 platform can record the availability of all subcontractors, thus guaranteeing a simplified 

management of the same and with a low number of interactions. Although, in the previous 

process, the same types of processing were assigned most of the time to the same subcontractors, 

and a human operator was always employed in the assignment of subcontracts to subcontractors. 
A further improvement goal of the “TO BE” scenario, is then to automate the assignment of sub-

orders by exploiting self-learning techniques on the historical data of the assignments, leaving the 

human operator only to validate the proposed assignments. In the previous process, there was a 
not well-structured order priority management of subcontractors. This management was based 

mainly on the experience of the GEMITEX srl operators managing the priority order variations 

by phone. In this direction, the process improvement is in the automatic management of the 
notification of the order priorities to manage subcontractors the related suborders. The “AS IS” 

process of Fig. 2 explains in detail the activities performed by the company for the management 

of the orders and suborders: the process started from the GEMITEX srl pool which acquires from 

the ERP the information of the order to know the processing status. If the processing is not yet 
started, the company prepares the material and sends it to the subcontractor for the processing, 

otherwise contacts the subcontractor by telephone to get an update on the percentage of progress. 

Depending on the workload, and therefore the availability of the moment, the subcontractor could 
reject the call or answer the phone. In the first case, the company does not receive any 

information and is forced to call back at a later time. In the second case the subcontractor 

analyses the request of the pilot company, retrieves the data relating to the asked order and, 

finally, communicates the percentage of progress of the work. The company analyses the 
processing status and, if the deadline is not respected, discusses by telephone with the 

subcontractor to identify together problems for an agreement about a recovery action. When the 

subcontractor completed the processing phase and the sub-order, himself prepares the materials 
for delivery, and contacts the company by telephone to communicate product availability and the 

related characteristics (volume, weight, etc.). The “AS IS” process ends with the organization of 

the external logistics by checking the availability of transport vehicles, and by communicating to 
the subcontractor information (date and time). 
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Figure 2.  BPMN model: “AS IS” order and sub-order management process. 

 

In the “AS IS” process of Fig. 3, it is observed how the management of the orders and of the 
suborders is a manual process carried out by an operator: it is evident that there is a no real-time 

monitoring of orders, that any delays in processing are almost always discovered after their 

occurrence, making recovery actions difficult. So, it is important to reduce manual activities of 

operators by allowing the real-time monitoring of the progress of orders and suborders through 
the SD 4.0 platform, building a synoptic dashboard, tracking activities and sending automatic 

alerts via the platform if the set deadlines are not respected. In the “AS IS'' process there is not 

any activity to evaluate the performance of the subcontractor who worked on a suborder: the 
merit assessments of the various subcontractors are not formalized and historicized, remaining 

only in the memory of the operators who followed the process and carried out the checks. The 

introduction of subcontractor's KPIs, therefore becomes useful for their efficient assignment. 
Finally, in the “AS IS” process there is not an assistance service provided to subcontractors when 

problems arise during the processing phases: any problem could cause a production block to be 

resolved through only a telephone call. In this direction, a chatbot virtual assistance is able to 

allow the subcontractor to quickly receive possible solutions and resume work in a short period of 
time. 

 

 
 

Figure 3.  BPMN model: “AS IS” process of orders and sub-orders management process. 

 

The engineering of the production process (“TO BE” process), starts with the digitization process 
of the production sheet which represents the first important stage to digitally control the company 

processes. When GEMITEX srl receives an order request, the platform generates a "total 

production sheet" through the ERP, containing all the information such as, customer, delivery 
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date, quantity, etc. By solving the criticalities of the “AS IS'' analysis, the SD 4.0 project platform 
includes different functions such as:  

 

● automatic processing of production sub-sheets; 

● the check on the technical skills and availability of the subcontractors to carry out one or 
more processes; 

● automatic evaluation of KPIs; 

● choice of subcontractors to whom to entrust sub-orders; 
● storage of subcontractor / product associations; 

● automatic sending of order request notifications. 

 
The “TO BE” process begins when the pilot company uploads the total production sheet in pdf 

format into the SD 4.0 platform data warehouse, by means of an RPA tool, able to analyse its 

content, and creating automatically the production sub-sheets, containing a set of products that 

subcontractors must create or make available. The technical specifications for the processing of 
the individual products and the deadline are information contained in the production sheet, which 

are reported in the production sub-sheets together with the order priority and the estimated 

processing time. Once the automatic creation of the sub-sheets has been completed, the platform 
transmits them to the pilot company which assigns the priority and the estimated processing time 

to complete the sub-order; in this way the subcontractor who receives more orders is able to 

independently manage the priorities considering the company needs. The subcontractor list is 
filtered based on the of the subcontractor to produce the required items (the availability is 

identified by considering the time required for the order processing and the deadline). The 

platform sorts the list of subcontractors in order of performance by evaluating the average of the 

KPIs of each one. Finally, the platform assigns the suborder to the first subcontractor of the 
updated list, stores the subcontractor/product associations validated by the pilot industry, and 

automatically sends the notification of the order request to the subcontractor. In Fig. 4 is 

illustrated the graphic representation of the new process managing orders and suborders. The 
order management process allows the company to monitor the progress of each suborders and to 

organize logistics. The indicators estimated by the platform are: 

 

● job order and suborders progress monitoring (% of progress); 
● alert on sub-order delays; 

● logistics management for the delivery of raw materials; 

● logistics management for the collection of semi-finished products. 
 

GEMITEX srl, through the SD 4.0 platform, selects the order of interest from the list of all active 

orders, or enters the Identification Number (ID) of the same directly in the search field. The 
platform receives the input, analyses the order number, retrieves the corresponding information, 

and returns the data of the associated production sub-sheets and of related subcontractors. At this 

point, the company selects the sub-sheet of interest and follows the progress of the work. If the 

processing is not yet started, the company prepares the material and sends it to the subcontractor, 
who executes the work by recording the processing progress percentage on the SD 4.0 platform. 

This process guarantees GEMITEX srl, the real-time monitoring of the progress of the suborder 

which is always updated. At the end of the process, the subcontractor prepares the material for 
delivery. When the percentage of progress of the suborder corresponds to 100%, the platform 

sends a notification informing the process completion. If the processing is not finished, the 

platform performs a check by considering the processing status and the deadline. If the 
subcontractor does not complete the processing the day before the order deadline, an alert 

notification is sent. 
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Figure 4.  BPMN model: “TO BE” process of orders and suborders management. 

 

Through the SD 4.0 platform, the process allows also the storage of opinions (feedback) 
expressed by the pilot company regarding subcontractors: (i) the company, having received the 

final product, enters the order ID in the SD 4.0 platform for the purpose of compiling and sending 

feedback; (ii) a screen of the sub-orders belonging to the order ID and the related subcontractors 
is automatically generated; (iii) the KPIs output are added in the platform (time, number of 

delivers in advance or in time with respect to the deadline, total number of deliveries, total 

number of compliant products, total number of products). The BPMN process describing 

subcontractors feedback system is illustrated in Fig. 5. 
 

 
 

Figure 5.  BPMN model: “TO BE” process subcontractors feedback system. 
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In Fig. 6 is illustrated the UML UCD diagram representing the whole dataflow of the SD 4.0 
platform, matching with the “TO BE” process, and involving all system actors such as 

subcontractors, customers and the pilot company. 

 

 
 

Figure 6.  UML UCD diagram describing actors' dataflow of the SD 4.0 platform and related functions. 

 

3. SD 4.0 PLATFORM IMPLEMENTATION OF INTERFACES FOR 

SUBCONTRACTORS MANAGING 
 
A main goal of the platform, is to create the production sub-sheets starting from the total product 

sheet by considering the following requirements: 

 
● the sub-sheets are easily identifiable by image features recognition, because a white line is 

inserted between one and the other in the total product sheet (which precisely marks the 

transition from one sub-tab to the other); 

● the order is divided into suborders based on the involved subcontractors; 
● to each subcontractor can be associated with more products. 

 

In Fig. 7 is illustrated a typical document layout to scan and to digitize for the automatic creation 
of production sub-sheets. The RPA in this case is able to recognize the layout features, thus 

generating the interface output of Fig. 8, where the user is able to add subcontractors’ priorities. 



International Journal of Data Mining & Knowledge Management Process (IJDKP)  

Vol.12, No.1, January 2022 

9 

The DSS engine of the platform is able to identify the white raw scans consecutively the patterns 
(table layouts), by distinguishing subcontractors’ assignments and assigning processing priorities. 

In Fig. 9 (a) and Fig. 9 (b) illustrating the SD 4.0 dashboards outputs about order processing 

status and scheduling. The feedback scoring of subcontractors can be visualized by the dashboard 

of Fig. 10. The scoring represents a very important KPIs, and it is also important for decision 
making to assign priorities in the future assignments.   

 

 
 

Figure 7.  Total product sheet and automatic procedure to create a sub-sheet. 

 

 
 

Figure 8.  Interface output of the SD 4.0 platform providing subcontractor sub-sheets  

with priority field (“Priorità”). 
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Figure 9.  (a) Graphical dashboard indicating subcontractors (“Terzista”) processing status. (b) Order 
scheduling indicating processing status and priorities. 

 

 
 

Figure 10.  Dashboard for subcontractor feedback provided by Gemitex srl (subcontractor KPI). 

 

4. EXPERIMENTAL DATASET AND MACHINE LEARNING APPLICATION: 

SALES PREDICTION DASHBOARDS 

 

A further function of the realized platform is the availability of sales prediction graphical 

dashboards. Experimentation about sales prediction is performed by processing GEMITEX srl 
dataset collected into the SD 4.0 data warehouse. The dataset is composed by following main 

attributes:   

 
- Fatturato_doc_rif_documento: document code; 

- Fatturato_doc_data: sales date; 

- Fatturato_doc_cod_nazione: code identifying sales in national territory; 
- Fatturato_doc_des_nazione: code identifying possible nations; 

- Fatturato_doc_des_zona: code identifying sales in each region; 
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- geo_provincia_cliente: indicates the province of the region in which the sales are 
recorded; 

- Fatturato_doc_cdart: this attribute highlights the number of invoices associated with 

particular types of products;  

- Fatturato_doc_dsart: this attribute indicates the number of invoices that are associated 
with particular types of products; 

- Fatturato_doc_prezzo_lordo: gross unit price; 

- Fatturato_doc_perc_sconto_medio: recurring discounts within the represented dataset; 
- Fatturato_doc_prezzo_netto: net price of the products that have been sold; 

- Fatturato_doc_valore_venduto: represents the amount of total sales following the 

application of the discounts. 
 

 
 

Figure 11.  Plotting of the experimental dataset. 
 
Different objects oriented open source tools [31]-[34], can be adopted for the prediction of the 

total product quantity (key-attribute defined as labelled class in the AI supervised algorithm), 

thus predicting sales of the pilot company. The tool adopted for calculus is KNIME [33]-[36], 

able to test the dataset model, by Artificial Neural Network (ANN) Multilayer Perceptron (MLP), 
the Simple Regression Tree (SRT), and the Linear Regression (LR) [37] approaches. In Table 1 

are indicated the Mean Absolute Error (MAE) values for each tested algorithm, where ANN-

MLP exhibits the best performance, adopting KNIME standard hyperparameters and setting.    
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Table 1.  MAE comparison between different data mining algorithms. 

 
MAE Ranking of algorithms 

Rank Algorithms Standard Hyperparameters and algorithm setting  MAE 

1 ANN-MLP Maximum number of iterations = 100; number of 

hidden layers = 1; number of hidden neurons per 
layer = 10; first dataset partition = 70 % (training 

dataset); second dataset partition = 30 % (testing 

dataset).   

0,00123 

2 SRT Use binary splits for nominal attributes; missing 

values handling (XGBoost)  

0,06766 

3 LR Missing values are not considered in the calculus 

(‘fain on observing missing values’) 

0,16441 

 

In Fig. 12 (a),(b), (c) are illustrated the KNIME workflow executed for ANN-MLP, SRT 
algorithms,  respectively. 

 

 
 

Figure 12.  KNIME workflows: (a) ANN-MLP; (b) Simple Regression Tree Learner; (c) Linear 

Regression.   
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At this point it is improved the optimization of the ANN-MLP model by following the MAE 
minimization approach discussed in [31], finding the best hyperparameters performing a MAE of 

0,00113 (maximum number of iterations = 700; number of hidden layers = 3; number of hidden 

neurons per layer = 12). In Fig. 13 (a), (b) and (c) are indicated the steps followed during the 

calculus to find minima conditions. The optimized ANN-MLP model is adopted to estimate the 
level quantity as a function of price. Specifically, in Fig. 13 (d) is predicted the product quantities 

Q as a function f of the invoice P (Q=f(P)). The prediction shows that there are two different 

characteristics of the predicted data:  
 

 there is a main intensive interval in which quantities are between the denormalized value of 

7.827 and 7.920;  

 there is a growth in the maximum value of quantities that can be sold positively associated 

with the increase of values with the records chronologically sorted (estimation in a period 
of about 5.4 months). 

 

Specifically, in Fig. 13 (d), it is clearly identified the quantities that are more recurrent under the 

yellow line.   
 

 
 

Figure 13.  (a), (b), (c) MAE minimization approach [34],[36] (training dataset partition = 70 %; testing 

dataset partition = 30 %): (a) MAE versus hidden layers number; (b) MAE versus iterations number; (c) 

MAE versus numbers of hidden neurons per layer. (d) Prediction of quantities versus the number of the 

records chronologically sorted:  

 

The prediction of quantity as a function of price: the x-axis is representative of the number of 

records; the y-axis is representative of the quantity; specifically, it is found that there is a main 
interval in which the main part of records resides that is included in the interval 7.827-7.920 

under the yellow line in the graph; the same graph also shows the presence of another 

characteristic of the dataset, i.e. the tendential growth of the maximum amount of quantity per 

number of records.    
 

In Fig. 14 is illustrated the ANN-MLP architecture of the optimized predicting model. 
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Figure 14.  Optimized ANN MLP network adopted for quantity prediction. 

 

5. CONCLUSIONS 
 
The proposed paper describes an innovative platform implementing engineered processes of a 

company working in the textile sector. Specifically, the SD 4.0 is able to efficiently manage 

subcontractors and orders, by means of intelligent digital document processing tools and 

graphical KPIs, by indicating processes progress status with alerting system, and subcontractors’ 
performances. The management of subcontractors is optimized by an engineered process 

enabling automatization and a dynamic scheduler tracing the order status and subcontractor 

activities. The platform behaves as a DSS, providing also important advanced analysis such as 
sales prediction. Different algorithms such as ANN-MLP, SRT and LR, have been tested by 

comparing performances. The results select as best predictor the ANN-MLP approach, able to 

minimize the MAE. Finally, using an optimized ANN-MLP model, it is predicted the product 

quantity sold in a period, by providing further graphical dashboards useful for managers. The 
platform is properly developed for the case study, and the related database is linked to open 

source KNIME workflow for data analysis. The pilot study is useful to understand the approaches 

and the methods to follow to improve intelligence into software tools oriented on the 
optimization of management of activities of the whole supply chain.                                                 
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