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In hospitals, decontamination centers are required to sort, disinfect, package, and sterilize surgical instruments prior to their return to the operating rooms. The market trend is to automate this function to increase the level of productivity, reduce the risk of human error and minimize the risk of musculoskeletal injuries related to the handling of heavy loads. The goal of this research is to study the automation of a decontamination center and the use of automated guided vehicles (AGV) to make the system more efficient and safer. A simulation model of the current system with manual transfers is compared with a scenario using two AGVs for instrument transfers. Results show that this automation of the decontamination unit could lead to the reduction of both treatment time and work in process while increasing the service level. It is worth mentioning that this article contributes to the field of using simulation and system analysis to evaluate and facilitate healthcare systems adaptation based on the Industry 4.0 concepts and its role to improve process flows and ergonomic conditions for employees.

INTRODUCTION

Decontamination of reusable instruments and other articles that have been used for medical purposes on patients is a pivotal activity in hospitals. Nowadays in most hospitals, there is a central sterilization department (CSD) to execute this function. The instruments come from operating rooms, clinics, and emergency rooms at various rates. The size and density of arriving packages as well as the required treatments vary for different medical specialities. Employees responsible for cleaning them are called upon to perform specific and sequential tasks as well as carrying heavy loads that can cause musculoskeletal problems in the long term. Various solutions exist in the industry to move racks in a CSD. Among the common solutions provided by the industry are conveyor systems that can come with or without automated loading/unloading systems for the washers. However, these solutions still require an operator to manipulate racks with transfer carts. More recently, an automated solution based on an Automated Guided Vehicle (AGV) was developed, eliminating these rack manipulations. Use of AGVs in a CSD goes along the new trend of fourth industrial revolution (Industry 4.0), which is based on concepts such as cyber-physical systems, internet of things, digitalization, smart technologies, automation, and robotics [START_REF] Molino | The Promotion of Technology Acceptance and Work Engagement in Industry 4.0: From Personal Resources to Information and Training[END_REF]. Barcodes help the robot identify the racks and the washer cycle. The programming system links the main objects and instruments and is traceable. According to [START_REF] Molino | The Promotion of Technology Acceptance and Work Engagement in Industry 4.0: From Personal Resources to Information and Training[END_REF], new technologies can make changes in how organizations operate and how people learn and do their work. Hence system analysis and simulation methods can play a key role through the organization of digital and technology transfers. Simulation also provides a decision-making tool for the users of new technology by validating the various effects it would have on their system. Creating a simulation model for a CSD is a complex modelling work as several activities must be considered. Each instrument used during interventions must be cleaned to remove any form of contamination. Each instrument is different and is often dedicated to an intervention. Their availability must be guaranteed when carrying out the intervention. To our knowledge, the internal logistics of a CSD or combining a robot with human resources has not been considered in any previous research. The goal of this paper is therefore to provide a simulation model for a CSD system to analyse various scenarios, especially the introduction of automation and robotic transfers. To achieve this goal, the CSD process was analysed and a simulation model was created. A timeand-motion study was conducted for a case-study in Quebec, Canada which had the possibility of using the first prototype of an AGV. Notability of designed AGV is its connection with racks to recognize instruments' attributes and developing an integrated machine to machine interaction. The simulation model was validated by applying it to the case-study with a high level of detail. The scenario using an AGV to transfer racks was analysed. Compared with the current situation, use of an AGV showed promising improvements in total time of treatment which is an important factor in the service level. This study contributes to the literature on industry 4.0 concepts by combining simulation and automated solutions to improve the healthcare system. For the CSD under study, the analysis results will orient decisions about applying this technology and the simulation pro-MOSIM '20 -November 12-14, 2020 -Agadir -Morocco vides an analysis and decision-making tool for future opportunities to increase their productivity, quality and safety. In the remaining parts, a brief literature of simulation of CSDs is presented which is followed by a description of a CSD system, the methodology and simulation model, results of the tested scenario, a discussion, and conclusion.

LITERATURE REVIEW

In hospitals, there are complex and interrelated departments with a high level of uncertainty. Simulation is appropriate to analyze and predict the elements in the hospital system by providing a statistically accurate tool [START_REF] Centeno | A simulation-ILP based tool for scheduling ER staff[END_REF]. Various studies used simulation to model healthcare systems, especially the patient flow through different hospital departments [START_REF] Mascolo | A generic simulation model to assess the performance of sterilization services in health establishments[END_REF]. However, few studies simulated the sterilization of medical devices in CSDs. In the review of Discrete event simulation in healthcare presented by [START_REF] Gunal | Discrete event simulation for performance modelling in health care: a review of the literature[END_REF], no article regarding simulation of CSDs was mentioned. In a master thesis, [START_REF] Ethier | Simulation du circuit de stérilisation d'un bloc opératoire[END_REF] presented a simulation model for a CSD and analysed the effects of increasing the number of arrival trays. They validated their model with the Royal Victoria Hospital in Montreal, Canada. They analysed the scenarios of adding or removing instruments from specific clinics or surgeries and compared the average service level in each scenario. [START_REF] Ngameni | Approvisionnement du bloc opératoire par chariot de cas au CHU sainte-justine[END_REF] provided a Mont-Carlo simulation of a CSD in Montreal and analyzed the scenario of using a case cart system. Case cart system is about to create a cart with all the medical devices necessary for a specific operation [START_REF] Bonnefoy | Transformation du fonctionnement du bloc opératoire par l'approche du chariot de cas[END_REF]. They considered the transfers from operating rooms to the CSD and the steps needed to apply the case cart system. They could estimate how many case carts were required and the potential increase in capacity. [START_REF] Mascolo | A generic simulation model to assess the performance of sterilization services in health establishments[END_REF] proposed a generic simulation model to represent sterilization services in sterilization establishments in the Rhône-Alpes region in France. They used the generic model to compare the performance of several sterilization services. Existing literature provides examples of simulation of CSDs represents the process flow in this system. However, there is a gap concerning the internal transfers within the CSD and its effects. This study contributes to the literature by providing a simulation model including a very precise level of detail that can be also applied to analyze scheduling, capacity planning, work shifts and other scenarios. Another value of the presented model is the possibility of generalization to be applied to other centers. Literature concerning the application of simulation modelling in Industry 4.0 concept, is rather novel. For example, Angelopoulou et al. (2020) explored the impact of human error on Industry 4.0 by presenting a simulation model. Their work considers performance shaping factors that affect human work in a complex Industry 4.0 system. One of the limitations of these studies is the lack of real-world case studies. Our presented simulation model for a real-case for automated transfer with the potential of future expansions may be viewed as another step to enrich the research in the system analysis of industry 4.0 revolution.

PROBLEM DEFINITION AND CASE STUDY

The main objective in a CSD is to sterilize the medical instruments, removing any risk of contamination, without delay for their re-use. In order to avoid contamination, soiled and sterilized devices must be separated and therefore a CSD includes three sections for decontamination, sterilization and storage. Pre-disinfection by hand and disinfection in washer machines are performed in the decontamination section, while packaging and sterilization are performed in the sterilization section. The main equipment of a CSD include washers, drying cabinet, and autoclaves for sterilization. There is other equipment such as ultrasonic washers and hydrogen peroxide sterilization which are used for a smaller percentage of instruments based on their characteristics (e.g., instruments having low tolerance to high temperatures). The washers are loaded in the decontamination section and unloaded in the sterilization section. There is a window between the sections to return empty racks from sterilization to decontamination. In some centers, a case cart system is used which consequently needs a cart washer machine. For flexible endoscopes, there are special washers that are used in some centers. The level of automation varies in centers such as using a cart washer, endoscope washer or scanner system for traceability of equipment. Figure 1 summarizes the principal sterilization cycle. After unloading the racks from the washer in the sterilization section, some of the instruments will need a drying process. Container boxes and their trays are put together and packed. Other instruments are also packed and finally, a batch of instruments are put in the autoclave for sterilization. After the autoclave, the instruments are stored and wait to be delivered. There are many challenges in CSD work. The quality of sterilization is essential as any mistake might affect patients. Some instruments are unique and might need to be used on the same day so it is important to reduce the waiting time. Moreover, staff must constantly load, unload and move full racks of items. This highly physical work might affect staff's health in the long run, and it is one of the reasons many quit after some years. Also, when a washing cycle finishes staff must interrupt their tasks to unload and reload the washer which leads to lack of concentration and productivity. The latter problem has affected the center under study severely. During the rush hour, it is difficult for staff to constantly stop what they are doing to transfer, load and unload the racks. Figure 3 illustrates the process flow in the CSD understudy. In the process flow, transfers (arrows) and processes which can be replaced by the robot are shown in gray colour. 

Building Simulation Model

This research followed the typical methodology associated with the development of a simulation model [START_REF] Kelton | McGraw-Hill Education[END_REF]. First, the CSD under study was visited and analyzed. Value stream mapping and process flows were created to illustrate resource and material flows. A time-and-motion study was also conducted for the different operations of the CSD unit. The work schedule and some statistics were furthermore extracted from the CSD database system. Rate of instrument arrivals, staff schedules (hours, number, specialities), process time, transfer time, number of outputs (number of instruments leaving the system), the capacity of equipment, batch numbers, and many other details of the work were gathered. Part of data was gathered by observation and time-study (process times, arrival times,…), another part was gathered by asking for documentation (surgery schedules, autoclave capacity,…) and some by a combination of observation and interviews with staff and supervisor (role of staff, process flow,…). Data gathering covered a period of almost 4 months. An initial simulation model was next created, illustrating the current (i.e., as-is) situation of the CSD under study. After creation of the model using Arena simulation software (version 15), it was validated by comparing the results with real data, statistical tests, and face-to-face meetings with the supervisor of the CSD. Then, performance factors were defined to analyze the performance of the system. The main scenario concerning the use of AGVs for instrument transfers was finally tested and the results compared to the as-is case where instruments are moved manually. Figure 4 summarizes the methodology of this study. Some alternative methodologies include Mont-Carlo simulation [START_REF] Ngameni | Approvisionnement du bloc opératoire par chariot de cas au CHU sainte-justine[END_REF]), generic simulation model [START_REF] Mascolo | A generic simulation model to assess the performance of sterilization services in health establishments[END_REF], optimization [START_REF] Gunal | Discrete event simulation for performance modelling in health care: a review of the literature[END_REF], and simulation-optimization [START_REF] Centeno | A simulation-ILP based tool for scheduling ER staff[END_REF]. Mont-Carlo simulation does not seem an appropriate method for our study because of its limitation on visualization and testing various scenarios. Optimization is not considered for the primary level as analyzing the system and scenarios is the priority of this research before finding optimal solutions. Expanding this study by creating a generic simulation and a simulation-optimization model to optimize the scheduling are under process to be accomplished in the future. Instruments from operating rooms arrive every hour during opening hours. There are four additional deliveries every day (three during opening hours of the clinics and one after 6 p.m. from the emergency room). There are three working shifts for staff: day, evening and night. One employee in the sterilization section starts earlier in the morning to test autoclaves before the day shift starts. The number of employees for the first, second and third work shifts are respectively 3, 5, and 1 MOSIM'20 -November 12-14, 2020 -Agadir -Morocco in the decontamination section and 2, 4, 1 for the sterilization section. There are two employees responsible for autoclaves (one for the day shift and one for the evening shit). Distribution of arriving instruments was modelled based on a Poisson distribution with a different mean (λ) for each arrival time, for each instrument. The distributions were also different for each day of the week. For example, the distribution of a container for the first arrival at 9 a.m. on Mondays is POIS(2) while distribution for the second arrival at 10 a.m. is POIS(5). This situation is called nonstationary Poisson arrival [START_REF] Kelton | McGraw-Hill Education[END_REF]. Sequences for rack transfers and distances between stations are modeled using transfer modules. Records and write modules are applied to track the results and numbers to check the process also have more detailed output and results. 

Verification and Validation of the Model

To verify the model, the details were added step by step and the model was verified at each step. Some of the methods applied for validation were output files to read the number of arrivals and items processed, a pause on the entities to follow their status during the model run, as well as changing the elements to check the logic of changes on the results. The simulation model illustrating the current situation of the CSD studied was first run for one week (5 working days) with a 4-hour warm-up time and 10 replications. The number of outputs for each replication was recorded in detail for each instrument for each day of the week. These values were used to calculate the run number required to achieve a reliability level of ± 2.26 when building a 95% confidence interval. The formulation used was while N(m)=the required number of simulations runs, 𝑋 ̅ (m) = the sample mean from m replications, α = the level of significance (considered 95%), ε = an allowance for error (considered 0.05), m= 10, 𝑡 9,0.025 = 2.262. The test showed that N ≥ 16. To ensure solid results, 40 simulation runs were executed. The average result of the simulation runs was compared to the average result gathered from the real system with a statistical t-test. The null hypothesis is H₀: μ₁ -µ₂ = 0, which implies that both samples represent the same system and the alternative hypothesis H₁: μ₁ -µ₂ ≠ 0 which implies that there is a significant difference between the real system and the simulation. The level of confidence is 95% which means that the parameter α = 0.05. If the P-value ≤ α then the difference between the means is statistically significant (Reject H 0 ). If P-value > α then the difference between the means is not statistically significant (accept H 0 ). As table 1 shows, according to the P-value of the t-test, the null hypothesis is acceptable. Thus, we can conclude that the simulation model is valid and represents the real system of this CSD. 

INTRODUCING AN AGV

As mentioned, the proposed solution for improving productivity in a CSD is using AGV robots to transfer and load racks into the washer, which is a step toward adaptation of industry 4.0 in hospitals. Automated transfer seems to be beneficial not only for saving time but also for ensuring staff safety. An additional advantage is that the robot can unload and transfer the racks as soon as they are out of the washer while staff must wait for them to cool down. This CSD plans to add two robots in the system, one in the decontamination section and one in the sterilization section. Robots are designed and made by STERIS, a leading provider of infection prevention and other procedural products and services. The product is named ATLAS WAV automation (figure 5).

In the decontamination section, the robot will fetch the empty racks, transfer the full racks and load the washer.

In the sterilization section, it will unload the racks from washers, transfer the racks to the packing area and return the empty racks to the return point. Applying AGVs in healthcare and other systems can be analysed from technical, economical and humanistic aspects. This study focuses on technical aspects.

MOSIM'20 -November 12-14, 2020 -Agadir -Morocco The objective of testing this scenario in a simulation is to compare the performance of both systems to measure the impact of adding the new technology. Three performance indicators were considered to analyze the performance : a) turnaround: in the literature, this phrase is used for the time interval from the instrument's arrival in the decontamination section until it is ready to be delivered (Lin et al., 2008); b) queue time: refers to the time that an instrument or a group of instruments wait before a person or machine is available; and, c) work in process (WIP): implies the number of instruments that stay in the system at night, to be treated the following day. Reducing these factors would be considered as an improvement and increase the service level. The results of these indicators are presented in the next section in comparison with the tested scenarios.

RESULTS AND DISCUSSION

The turnaround results comparing the manual (as-is) situation with the robot are illustrated in figure 6. If we look at the first indicator, results show a 15% reduction in turnaround time for containers and individuals and a 17% improvement for trays. For basins, there is a slight improvement of 5%. As the basins are not unique and crucial instruments and their turnaround is already shorter than other instruments, the reduced impact does not seem to pose a problem.

When looking at the second performance indicator, it can be observed that adding robots may have a significant impact on the system (figure 7). The most interesting change is 58% decrease in the pre-disinfection queue which is because of the high number of transfers done by the robot which frees the decontamination staff. On the other hand, the queue time of the washing machines increases. The reason is that more instruments are treated which makes buffers of racks ready to go to the washer. The queue time of drying and packing shows a decrease of 32% and 37%. The queue for peel packing of individuals does not show any change. As there are some days where the workload is lighter, the WIP from one day to another may also vary. Figure 8 shows the WIP per day for each instrument.

Figure 8. WIP in manual and AGV scenarios As the figure suggests, the WIP number for trays and individuals is higher compared to basins and containers. The reason is that the later arrivals of instruments are from the clinic and emergency which do not usually use containers and basins (i.e., they are used in operating rooms). Using the robot makes a significant reduction in the number of WIP which is promising, not only because it is linked with the reduction of turnaround, but also because contaminated instruments should not stay with-MOSIM'20 -November 12-14, 2020 -Agadir -Morocco out treatment for a long period of time. The results show improvements in all three performance factors without creating a bottleneck in another area of work. The results of the AGV scenario to automate the internal transfers of a CSD will help hospital managers decide if it is worth the investment. The results of the simulation model provide the effects on performance indicators. However, some human factors such as the long-term ergonomic benefits and satisfaction of staff are also important. An interesting element to look at when introducing robots in a CSD is the number of washloads and loading time per equipment per day. The average number of washloads is 329 times per week. This number implies that CSD staff manipulate full racks 658 (329*2) times in a week, including 329 transfers and 329 loading/ unloading operations. There are also transfers for returning and fetching the empty racks. Table 2 shows the number and distance of transfers which can be saved per week by using the robots for transfers. This result confirms the ergonomic benefits for staff besides the time saved. Moreover, the potential increase in capacity for the center by using AGVs, and less use of human resources, in situations such as the Covid-19 pandemic, could be considered in the final decision. Finally, this project is a primary step in using artificial intelligence in CSDs and the connection of objects and instruments which could lead to more accurate and safer work in this pivotal process. Although the results are promising, there are some limitations in this study. Primarily, the possible unexpected events such as machine failure or missing staff were not considered, secondly, since the introduction of new technologies in work habits comes with its challenges, other aspects such as learning curve or reluctance to change were not analyzed.

Another limit is that this research does not cover the economic analysis of investment return for hospitals by using the presented AGV. Although this aspect would be interesting for further study, hospitals might invest in this technology for the ergonomic and safety benefits in long-term instead of short term return of investment.

CONCLUSION

This study presents a detailed simulation model to analyze the effects of using automated transportation in a CSD. Based on turnaround, queue time and WIP measures, results showed a significant reduction in all indicators, except the queue time for washers. The main contribution of this research is to provide a simulation model for automation in a CDS and using AGVs in this system. An additional contribution for the CDS is a tool that can be used to analyze the performance of their system and test various scenarios. Contribution for the industry is that the provided model could be modified and used as a decision-making tool by providing the effects of using AGV robots in the system, the number of robots that would be needed and the potential benefits expected for the customers.

There are many potential expansions of this work, such as testing staff scheduling or changing arrival rates to analyze the impact of these changes on the system. Providing a combination of optimization and simulation is another promising future work. Finally applying the modified version of the model to make a generic model is considered as future work for this study.

Figure 1 .

 1 Figure 1. Cycle of processes in a CSDThe case-study of this research is a center with the capacity of treating around 300 instruments per week. It does not have a case-cart system. The other main processes are the same as general CSD processes. The first activity after receiving the group of instruments in a cart is to empty the cart and separate the instruments. Four main groups of medical instruments are typically used: container, tray, basin, and peel packed individual instruments (see figure2).
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 2 Figure 2. Main groups of instruments in a CSD Containers include the container box and a tray with the instruments inside. Container boxes and basins go
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 5 Figure 5. ATLAS STERIS automation robot
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 6 Figure 6. Turnaround in manual and AGV scenarios
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 7 Figure 7. Queue time in manual and AGV scenarios Let's recall that the third indicator, WIP, is the number of instruments staying in the system at night. It is calculated by the following equation. WIP per day= Number of arrivals of the day + WIP of the day beforenumber of exits on the day (2)

Table 1 :

 1 

			Mon	Tue	Wed	Thu Fri
		Real	65	66	66	82	68
	Container	Simulation	68	69	59	82	68
		T-test p-value	0.68	0.53	0.63	0.54 0.51
		Real	43	50	40	46	42
	Basin	Simulation	44	50	39	46	41
		T-test p-value	0.7	0.56	0.54	0.59 0.61
		Real	241	345	337	250 341
	Individual	Simulation	219	332	328	243 328
		T-test p-value	0.55	0.6	0.57	0.58 0.56
		Real	170	186	204	179 208
	Tray	Simulation	169	180	200	175 205
		T-test p-value	0.6	0.58	0.64	0.52 0.57

Comparing the results of the real system, simulation and t-test P-value

Table 2 .

 2 Distances saved by using the robots per week

			Item	Distance (meter)	Loaded transfer (number)	Loaded transfer (km)	Unloaded transfer (number)	Unloaded transfer (km)
	Decontam-	ination	Basin /container Tray Total	14 m 9 m	132 197 329	1.8 km 1.8 km 3.6 km	396 591 987	5.5 km 5.3 km 10.8km
	Steriliza-	tion	Basin /container Tray Total	10 m 2 m	132 197 329	1.3 km 394 m 1.7 km	396 591 987	3.9 km 1.2 km 5.1 km