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Abstract. The topic of this paper represents our research in the process of 

creating a virtual model (digital twin) for a fast-food company production 

chain starting with the moment when a customer launches an order, 

following with the processing of that order, until the customer receives it. 

The model will describe elements that are included in this process such as 

equipment, human resources and the necessary space that is needed to host 

this layout. The virtual model created in a simulation platform will be a 

replicate of a real fast-food company, thus helping us observe the real time 

dynamic of this production system. Using WITNESS HORIZON 23 we will 

construct the model of the layout based on real time data received from the 

fast-food company. This digital twin will be used to manage the production 

chain material flow, evaluating the performance of the system architecture 

in various scenarios. In order to obtain a diagnosis of the system’s 

performance we will simulate the workflow running through preliminary 

architecture in compliance with the real time behaviour to identify the 

bottlenecks and blockages in the flow trajectory. In the end we will propose 

two different optimised architectures for the fast-food company production 

chain. 

1 Industry 4.0 impact in fast-food industry 

As structural elements of an Industry 4.0 architecture smart products networks suggest a 

new design for smart processing and manufacturing architectures [1 - 4]. At the most basic 

level, equipment development shifts from largely mechanical engineering to true 

interdisciplinary systems engineering [5, 6]. Smart, connected products require a whole new 

supporting technology infrastructure based on IoT power and digital twining [7 - 10]. This 

“technology stack” provides a gateway for data exchange between the product and the user 

and integrates data from various sources [11, 12].  

In this context the fast-food business is not anymore only about the speed & quality of the 

products. To keep up with the consumer`s demands the technology evolved integrated 

various elements of the digital era of Industry 4.0 [13 - 15]. In this approach human resources 
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management will be fundamentally different, based on virtual networks and other Industry 

4.0 specific structures [16, 17]. In fast food industry like in manufacturing some traditional 

qualifications have changed significantly, their configuration being determined by the 

emergence of new digital technologies, automation and robotics [18 - 21]. Like in the smart 

manufacturing paradigm, the artificial intelligence now performs specific tasks in food 

processing. This article is about taking the fast-food automation process to the next level 

integrating virtual prototypes acting like an Industry 4.0 digital twin in optimizing processing 

architectures.  

To start with, a state of the arts study was conducted to summarize what currently exists in 

terms of automation and digital approach in this industry. To do so three of the most relevant 

examples were chosen as follows: 

1.1 KFC Kiosk 

 

Fig. 1. KFC Kiosk [22]. 

The KFC kiosk is foreseen to get order more quickly from customers as it is rolled out across 

restaurants in Poland.[22] Advantages are related to faster order, eye catching, increased 

productivity. Disadvantages are that if they do not work properly, clients will go to 

competitors. Analysing that we consider that in order to improve this approach, while people 

are waiting to order, they should have the option to download the app of the device on their 

smartphones, order on their smartphones and generate a QR code. When it is their turn, they 

could just scan the code and pay. This is also great because it reduces the risk of infection 

significantly, as not having the need to touch the screen. 

1.2 Robotic arm  

The first restaurant with automatic serving system was opened in Moscow. The clients no 

longer interact with the employees which makes it ideal to keep the safety measures during 

the pandemic. However, many fears that it may put in danger the regular jobs of humans. 
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Fig. 2. Robotic arm [23]. 

A video camera reads the biometric data of the customer then at the pick-up point the 

system recognizes the customer and his order. A robotic arm places on an automatic band the 

products, which then are picked up by the customer at the collection point. Advantages: 

reduces significantly the risk of infection, more efficient. Disadvantages: workflow stops if 

the robot does not work properly, does not replace the human resource, products are still 

processed by humans. Analysing that we consider that this model also can definitely be 

improved, as the robot is quite slow, takes a lot of space and should be fixed on the wall 

rather than on the ground. 

1.3 Automatic burger restaurant 

Fig. 3. Creator [24]. 

Creator claims to automate the preparation of a major food category from start to finish. 

The main advantage is that it supports an intimate service experience at a reasonable cost. 

The disadvantages are centred on the need for operators and monitors to load and maintain 

the machine, and the amount of the investment. Analysing that we consider that as it is a new 

experience, it may attract more customers, but the costs really need to be addressed, also the 

process must be more optimized in order to not need so much human resource. 
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2 Introducing a small production line technological model 

We choose to illustrate the use of introducing digital twining in fast food industry using as a 

case study TASTY FRIES SRL. It is a real fast-food company owned by one of the authors. 

The young company sells a diversity of foods and sauces both as single items and in form of 

a menu. In the form of a menu potatoes and wings come with or without soft drinks packed 

in bags, individually. In the relationship with customers the fast-food company considers 

simplicity and comfort and pays close attention in task performing while constantly aiming 

for work efficiently and reduced waste impact by separate waste collection [25, 26]. 

A technological flow was established starting with the customer`s order at the working point 

up to delivery of that order. Next the steps for the technology flow were established for each 

product as follows: 

For French fries: 

1. Frozen products delivered by the supplier will be stored in the potato refrigerator.

2. The next step is to check if the equipment is in optimal use parameters and properly

sanitized.

3. Filling the vats in the fryers with oil.

4. Starting the fryers at a temperature of 170 °C.

5.After reaching the optimum temperature, the bag of potatoes is opened, and the potatoes

are placed in the basket fryer.

6. The basket of the fryer is inserted in the hot oil.

7. After about 3 minutes, the basket of French fries is taken out of the oil and placed on the

frying pan support for oil leakage.

8. The next step is to place them in the heater dedicated to French fries to make them maintain

temperature and texture.

9. Then season the potatoes and serve them with the funnel-type scoop in a cornet, over which

the other ingredients (topics) are added (sauces, parmesan, cheese, etc.), depending on

customer preference.

Fig. 4. Technological flow model. 

For fried wings: 

1. Frozen products delivered by the supplier will be stored in the refrigerator for wings.

2. The next step is to check the equipment if they are in optimal use parameters and properly

sanitized.

3. Filling the vats in fryers with oil.
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4. Starting the fryers at a temperature of 170 °C

5.After reaching the optimum temperature, the wing bag is opened, and the wings are placed

in the fryer basket.

6. The basket of the fryer is inserted in the hot oil.

7. After about 8 minutes, the basket with the fried wings is removed from the oil and placed

on the support fryer for oil drain.

8. The next step is to place them in the heater dedicated to fried wings to make them maintain

temperature and texture.

9. Next, season the wings and serve them straight into a cardboard tray or on the menu with

potatoes and / or other products.

3 Using the technological model for generating a processing 
architecture digital twin 

We focused our case study on the technological flow model of a real start-up enterprise active 

in fast food industry as presented in Fig. 4. To start with, given the material flow paths it is 

essential to identify and remove flow concentrators to prevent further material flow 

blockages. After that we can use the digital twin to evaluate various production scenarios and 

choose the best solution in terms of productivity. 

As a first step we create and simulate the virtual model of the processing architecture 

corresponding to the technological flow using WITNESS Horizon simulation software. 

The models contain elements, such as: refrigerators used for storing raw material goods, 

fryers, human resources for handling the fryers and for customers interface (taking orders 

and delivering them), heaters, serving cons, cardboard trays, toppings, spices, supports, 

conveyor belts for transporting the products from one workstation to the next one up to the 

destination (the consumer). These structural elements were defined and displayed as a virtual 

model. 

The circulating entities (in our case study represented by potatoes and wings) are 

restricted to several trajectories in the processing system by some established using rules as: 
“push …to….”, “pull…from…”, “push from…out of world”, “push…to ship” 

interconnecting various structural elements. 

As entry data necessary for the virtual prototype to simulate the real system exploitation 

behaviour, we used the processing times given by the fast-food company`s administrator. 

Table 1. Processing times. 

Elements 
Manufacturing 

times [min] 

Potatoes 4 

Chicken wings 4 

Fryer_1 3 

Fryer_2 8 

Potatoes_work_station 0.5 

Wings_work_station 0.5 
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Processing times are the main influence on productivity rates. Because we are dealing 

with a finite simulation, we must establish the simulated time interval before being able to 

run the actual material flow simulation. The company works for twelve hours per day, thus 

we run the simulation for one working day.  

The digital twin has the possibility to monitor the productivity using the element (“count”) 

to quantify the number of portions (potatoes and wings) that were served during a workday. 

At the end of the day activity reports are generated for the structural elements. Based on these 

reports one can diagnose the processing system productivity issues. 

4 Material flow simulation and results 

The virtual model of the production line is based on the material flow management algorithms 

used in various industrial applications for digital twining [27 - 30]. Based on the 

technological flow model and the structural elements presented above we created a digital 

twin of the preliminary manufacturing architecture model using as a flow simulator 

WITNESS Horizon software. The following structural elements were defined: 

➢ 2 human resources (Worker_1, Worker_2);

➢ 2 refrigerators (named Refrigerator_1, Refrigerator_2);

➢ 2 fryers (Fryer_1, Fryer_2)

➢ 2 heating stations (Heating_station_1, Heating_station_2)

➢ 2 workstations (Potatoes_work_station, Wings_work_station)

Fig. 5. Digital twin of the preliminary architecture. 
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Fig. 6. Virtual model diagnosis results after simulation. 

After the simulation time passed (Figure 6, Figure 7) we learned the fast-food company 

has the capacity to prepare 95 portions of potatoes and 60 portions of wings. 

Fig. 7. Activity report for the total amount of portions to sell. 

In the same manner several reports (meant to diagnose the system productivity behaviour) 

were generated for the entire preliminary model.  
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Fig. 8. Activity reports for Fryer_1 and Fryer_2. 

In figure 8 we detail the parameters for each of the two fryers which are the most 

important elements in this process. It looks like those elements are not working at 100% due 

to the lack of the worker`s presence. This is an issue that should be addressed during the 

optimisation process. 

Fig. 9. Activity reports for all work points. 

Analysing the activity reports for the workstations (Figure 9) one can notice that 

“Potatoes_work_station” and “Wings_work_station” have over 90% wait time. This issue 

should also be addressed during the optimisation process. The same situation can be 

addressed to Worker_2; it`s idle time being over 80% of the total working time. 
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5 Material flow optimisation methods 

After the material flow simulation is completed, we can start the optimisation process. There 

are two methods which can be used in this situation. 

Firstly, we can try a functional remodelling of the architecture that consists in changing 

parameters, the processes orders, etc. Basically, we are remodelling the system by keeping 

the same components. We have decided to use both workers on Fryer_1 and Fryer_2 as 

opposed to just one as in the preliminary simulation. 

Fig. 10. Virtual model diagnosis results after simulation of functional remodelling. 

After simulating the functional remodelled architecture (Figure 10, Figure 11) we 

increased the fast-food company capacity to prepare 118 portions of potatoes. We have 

managed to improve the working times of the two fryers. Fryer_1 now has a working time of 

75% and Fryer_2-99.58%. 
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Fig. 11. Activity reports for all work points after functional remodelling. 

The results obtained from this first optimisation can be further improved. To do so we 

will continue with the second method of optimisation: technological remodelling. When 

rebuilding the system, through this method we will reconsider the whole system. This type 

of remodelling allows us to add or remove elements, as necessary. 

After several remodelling attempts, we obtain the best system version (Figure 12) by 

adding a second Fryer_2 and a third human resource. This optimisation method resulted in a 

productivity increase of 1.1% as well as an improvement for the work points busy times. 

Fig. 12. Activity reports for all work points and human resources after technological remodelling. 

When conducting a technological remodelling is always best to do an economical analyse 

to see if the investment can be deducted from the productivity increase. 
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6 Conclusion & further intensions 

The design of the virtual prototype of the production line described here is based on an 

Industry 4.0 approach extended to a processing facility. This is a heterogeneous process, 

based on the analysis of technical processes, reference processing architectures and 

simulation techniques. The main research results presented here focus on modelling and 

simulating the digital twin on the processing architecture, integrating device connection and 

data processing in material flow management. The aim of this paper is not only to implement 

an automated production line in an existing fast-food company that in the present moment 

functions just on human resources but to use a digital twin of the production line to optimize 

its architecture and to evaluate various production scenarios. The accent is put on exploring 

different possibilities to increase productivity and profit in fast food production architectures 

using an approach based on virtual modelling and simulation. 

To illustrate the purpose of the digital twin using a study case a technological flow was 

established for each of the two products that are offered by a real company to the consumers. 

Based on the technological flow and other information received from the company`s 

administrator we designed a digital twin of the preliminary architecture using WITNES 

Horizon for the virtual model. After performing various simulation using this model, we were 

able to analyse the system`s performance as well as the behaviour of each of the model`s 

components. This diagnose helped us to obtain important information regarding the 

optimisation process identifying and eliminating the material flow concentrators in order to 

increase productivity. Some significant future developments will be structured on specific 

applications of digital twining in improving the evaluation of various production scenarios. 

Also integrating fast food industry in a smart city environment via an automated waste 

collection system is a top priority of our future research. 
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