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Abstract

The concept of the Internet of Things (IoT) brings
information advances. Such technological innovations are
affecting the world with amazing speed and giving rise to
the Internet of Medical Things. The supply center within
a hospital is responsible for sterilizing surgical instruments
to ensure that medical instruments are fully sterilized and
free from infections. Incompletely sterilized or expired
surgical instruments will directly compromise the safety
of the patients. In the current management of surgical
instruments, the control of sterilization temperature and
time is completely dependent on manual operation and
independent sterilization boiler machines, so it is difficult
to detect the failure or error of sterilization equipment
immediately. This study is mainly aimed at optimizing
the process of surgical instrument sterilization in the
hospital by monitoring the completeness of the process of
surgical instrument sterilization with IoT sensors. In
order to determine whether the sterilization is up to the
standard, a high-temperature pressure sensor is placed in
the packaging of hand instruments to collect the changes
of sterilization temperature and time. As a result, medical
equipment managers in the hospital can supply materials
and renew expired products from time to time, maintain
appropriate surgical instruments and improve the quality
of medical services.
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1 Introduction

The operating room is a highly specialized
department in the hospital, and its main function is to
perform surgical operations. Therefore, compared with
ordinary nurses, the medical staff who manage the
operating room have a large workload, high risk and
relatively high rate of medical disputes complaints.
According to the survey, the incidence of adverse
events occurred in medical practice was 2.9%-16.6%
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[1], of which the adverse events occurred during
surgery account for about 40%-50% of the adverse
events [2-3] and the supply of surgical instruments
accounts for 15% of the adverse events occurred
during surgery [4-5] indicating that patient safety and
nosocomial infections cannot be ignored. The World
Health Organization has also advocated “Safe Surgery,
Save Lives” calling on all countries in the world to
make surgical safety a key medical quality policy [6].
Surgery is a kind of invasive medical treatment, which
involves the direct contact between medical devices,
surgical instruments and patients. Therefore, the
sterilization quality of surgical instruments has become
an important evaluation index of infection management
and patient safety.

As the unit in charge of sterilization of surgical
instruments, the supply center within a hospital is also
a place where surgical infections are controlled with
the quality assurance of instrument sterilization. If
patients use incompletely sterilized or expired medical
instruments, or there is a shortage of packs, it may
cause delays in operations or nosocomial infections,
which will directly compromise the safety of the
patients and operations and the reputation of the
hospital. At present, the surgical instruments in the
supply center are manifold and expensive. The
sterilization, inventory checks, deployment, and
management of surgical instruments take a lot of time
and manpower. When packs are expired, surgical
instruments are frequently not sterilized due to human
negligence, which leads to an excessive number of
expired packs and the increased costs of repacking.
The complexity of sterilization, inventory checks,
deployment, and management of the packs thus
increases, thereby causing a shortage or an oversupply
of the packs.

Therefore, the management of a hospital should
establish a comprehensive operating room information
system to improve the quality and efficiency of
medical service. According to the research of Bates
and Gawarde et al., IT intervention can improve patient
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safety by reducing errors caused by adverse events,
responding quickly to adverse events, tracking adverse
events and providing feedback [7]. To keep patients
from accidental injuries, a sound operating system is
implemented to ensure the safety of surgical
instruments and reduce errors. In this study, the IoT
was used, along with the inventory management
system, where the automatic monitoring mechanism
for the safe sterilization of packs, automatic control
over the expiration date of packs, and safety stock
formula were used to determine the clinically required
safety stock, to control the safety of surgical
instruments used by patients, address potential risks in
traditional workflows, such as human errors, and
improve the quality of medical services. The specific
goals of this study are as follows:

+ Monitor the safety of sterilization of the packs using
IoT sensors to make sure that the packs are fully
sterilized.

* Monitor the expiration date of the packs
automatically to avoid using expired packs due to
human errors.

+ Calculate the safety stock to assist managers in
adjusting the stock of the packs, replenish the
reserves appropriately, and save the costs of
sterilization and hospital resources.

2 Literature Review

This section will explore the sterilization of surgical
instruments, nosocomial infections and patient safety,
and literature on applications of sensors for the IoT in
sequence in hopes of optimizing the surgical
instrument inventory management system with sensors
for the IoT to make it more clinically compatible and
safer to patient.

2.1 Sterilization of Surgical Instrument

The supply center within a hospital is mainly
responsible for the sterilization of medical instruments,
including standard operating procedures such as
repacking, cleaning, drying, maintenance, packaging,
sterilization, storage, and picking. Whether medical
instruments are clean and fully sterilized is one of the
major causes of nosocomial infections. If an infection
occurs, it will increase the number of hospital stays and
the waste of medical resources; therefore, the supply
center is an important part of nosocomial infection
control [8].

2.1.1 Sterilization

Different medical instruments are set up according
to clinical needs. Circulating nurses and supply center
staff are responsible to check whether the quantity of
used packs is correct; after confirming that the quantity
is correct, they soak the medical instruments in an

enzyme cleaner that can decompose human secretions
such as proteins, saliva, and cell membranes to speed
up the cleaning of the instruments and reduce the
contact between medical staff and pollutants, and then
place the instruments in the washing machine; then,
supply center staff apply the chemical indicators
(including the names, bar codes, and expiration date of
the packs and packers) to the packs, allowing the users
to visually determine whether the medical instruments
have been sterilized; next, medical instruments to be
sterilized are placed in a sterilization cart and sent to a
sterilizer for sterilization; after the sterilization, packs
are placed in the sterile storage. Before use, supply
center staff collect the packs required for surgery
according to the manifest, place them in the case cart,
and distribute them after checking the items and
quantities requested by the users. The sterilization
flowchart is shown in Figure 1.

Cleaning:
After using the
instruments, wash them at

Drying:
> After checking the
quantity of the

the scrub sink and send
them to the cleaning room

instruments, dry

j the instruments.
Use: \/
Use the instruments in v
the operating room Matching
- Match the instruments
according to the type of
/\ packs and apply labels.
Distribution: \/'

Distribute packs to the

operating room. Sterilization:

Push the sterilization
cart into the sterilizer
< and dry the instruments.

T Storage:

Place packs
in the storage.

Figure 1. Sterilization flowchart

The sterilization of surgical instruments is
complicated. Different types of sterilization are
required according to instruments, materials, and
applicable surgical sites. After exploring the
sterilization of surgical instruments, this study
concluded that there were five statuses of packs shown
in the system, namely “Ready for Sterilization, Ready
for Storage, Distributed, Used, and Returned” and that
the records of packs, which were kept manually,
contained the bar codes, types, and statuses of packs,
sterilization dates, expiration date, and sterilization
staff, as shown in Table 1 below.

At present, all records are kept manually. To avoid
manual omissions and erroneous values displayed due
to system failures, sensors for the [oT was introduced
in this study for monitoring. The accuracy of
sterilization was double checked and recorded
electronically in the back-end system for infection
follow-up and improvement. This helps nurses and
supply center staff speed up the accuracy and setting of
sterilization.
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Table 1. Setting of high-temperature, high-pressure
sterilizer

Date
Start Time
End Time
Sterilization Method
Sterilizer Type
Sterilizer Load
Air Removal Frequency
Air Removal Test
Highest Temperature
Lowest Temperature
Pressure
Sterilization Time
Drying Time
Circulation Time
External Indicator
Interior Indicator
Biological Indicator
Class 5 Indicator

Basic Information

Test Data

2.1.2  Quality Monitoring

Effective sterilization prevents the occurrence of
surgical infections and improves patient safety.
According to the international sterilization standards,
the quality of sterilization should be monitored in
accordance with the monitoring guidelines developed
by experts from the infection control committee and
the supply center. The guidelines should cover the
standards for equipment control, exposure control, load
control, pack control, and record control, as described
below [9].

« Equipment control. Equipment control is mainly
divided into two categories: mechanical monitoring
and chemical monitoring, where the sterilizer’s
temperature, permeability, humidity, and circulation
time, as well as the efficiency and function of air
removal, is controlled. The purpose of equipment
control is to ensure the complete functions of the
sterilizer and the consistency of the sterilization
results. Staff use the consistent color change of the
chemical indicator daily to check the capacity of the
vacuum pressure device [10].

+ Exposure control. Chemical indicators outside the
packs, which are divided into tapes and labels, are
mainly used to check for errors. Whether the packs
are properly sterilized can be quickly confirmed by
changes in colors; therefore, each sterilization pack,
sterile drape pack, and instrument case, as well as
the exterior of the pack, should be applied with a
chemical indicator label or sticker.

+ Load control. At present, whether the sterilization
is complete is directly confirmed by microbial
culture. In biological cultivation, strains with strong
survivability and a certain quantity of microbial

shoots were selected to determine whether the
sterilization standards are met based on extremely
low spore mortality [11].

 Pack control. When medical instruments are packed,
chemical indicators are placed inside to check
whether four sterilization standards, namely pressure,
temperature, humidity, and time, are met during the
sterilization. Each chemical indicator reacts
differently to express the sterilization results. The
reason for the incomplete discoloration of the
chemical indicators inside the packs may be that the
packs are not fully sterilized and penetrated,
therefore, when chemical indicators react incorrectly,
it indicates that there is an abnormal condition
during the sterilization, which should be carefully
checked and identified [11].

* Record control. All data generated during the

sterilization should be retained and used as a
reference for equipment tracing and the functionality
and maintenance of the sterilizer.

2.2 Nosocomial Infections and Patient Safety

According to the findings of Thomas et al. based on
15,000 medical records in the U.S. states of Utah and
Colorado, 83.8% of the adverse events occurred in the
hospitals, of which 39.5% were in the operating rooms.
Compared to other departments, the incidence of
adverse events in the operating room was higher. The
research indicated that the operating room was a high-
risk theater.

Kanamori et al. pointed out that most of the medical
infections were caused by improper disinfection,
highlighting the importance of infection control and
effective sterilization of medical instruments. They felt
the necessity of ensuring the proper cleaning and
disinfection or sterilization of medical instruments to
prevent nosocomial infections [12]. Four types of
nosocomial infections, namely catheter-related urinary
tract infections, surgical site infections, blood
infections, and pneumonia, accounted for more than
80% of mnosocomial infections. Among the most
common infections, surgical site infections were
ranked second, accounting for about 20% [13]. To
protect patients from infections in the process of
medical treatment, ensuring that reusable medical
instruments are fully sterilized is of vital importance in
medical institutions.

To sum up, many medical errors in patient safety
and nosocomial infections resulted from the improper
sterilization of medical instruments, highlighting the
importance of sterilization control. To keep patients
safe during medical care, an information monitoring
model was designed with sensors for the IoT and
wireless transmission in hopes of preventing medical
errors and detecting abnormalities during the
sterilization.



1814 Journal of Internet Technology Volume 21 (2020) No.6

2.3 Literature on Applications of Sensors for
the IoT

As the key technology of the IoT, sensors detect
external signals and physical conditions (such as light,
heat, and humidity) or chemical composition (such as
smoke and carbon monoxide) and send the detected
information to other devices. With integrated sensing
technology, the quality and convenience of life can be
improved [14].

Applying the IoT to healthcare brings multiple
opportunities to the medical industry and facilitates
system innovation in large-scale medical services. In
terms of automated control over food logistics, factors
such as temperature, humidity and time need to be
continuously monitored. Once the temperature or
humidity is too high, or the transportation time is too
long, it may cause food deterioration or produce
bacteria, which is very similar to the sterilization of
surgical instruments. During the sterilization, the
aforesaid factors should also be controlled to avoid
ineffective or incomplete sterilization.

Radio-frequency identification (RFID) has many
advantages such as long-distance reading, bulk reading,
and reuse. It is often used in logistics management to
improve efficiency. With the 10T, some scholars used
RFID, coupled with temperature and humidity sensors,
to manage food logistics. During the shipping, RFID
was used to monitor the factors in the environment
where products are stored and track food. During the
sterilization of surgical instruments, sensors for the loT
can be used to effectively control the sterilization and

address errors immediately.

However, RFID has some technical challenges that
cannot be overcome. For example, signal transmission
is easily affected by factors such as metal, moisture
and angle, resulting in poor reading. During the
sterilization of surgical instruments, high temperature
and pressure and steam interfere with RFID reading as
surgical instruments are mostly made of metal, making
it difficult to develop. Currently, it is not put in use.

To sum up, the IoT and medical expertise were used
in the supply center for the operating room. High
temperature pressure sensors were placed in the packs
to transmit signals that indicated whether the
sterilization standards were met and visualized the
temperature curve. This allowed the supply center with
limited medical and human resources to enhance the
completeness of sterilization, prevent and reduce
medical errors, and improve patient safety.

3 Methodology

This study is aimed at ensuring the safe sterilization
of surgical instruments and the expected quantity of
packs used in consideration of the error rate and
expiration rate of packs. The instrument management
information system was designed and was divided into
high temperature sensors, relay software, database,
sterilization monitoring system, expiration date
monitoring system, and safety stock calculation system,
as shown in Figure 2.
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The system reads the sterilization time and
temperature of each pack in the database to determine
whether the sterilization standards are met according to
regulations. If the sterilization standards are not met,
the system will issue a warning of incomplete
sterilization. After the completion of sterilization, the
date of the sterilization is shown on the label of the
pack and the system calculates the expiration date of
each pack based on the type of the packing method.
The time length of valid pack is set and different for
each packing method. If the expiration date is earlier
than the date of reading, the system will issue a
warning. The system reads the information in the
database showing “Expired” and “Failed”, calculates
the average incidence of these two types of packs,
applies it to the safety stock formula to calculate the
optimal value of the safety stock, and finally displays
data according to users’ limits of authority. Three
major functions are described below.

3.1 Sterilization Monitoring

This study adopted NanoVACQ as the front-end
sensor. The sensor is mainly placed inside a pack for
sterilization to record changes in time and temperature
of the pack in the sterilizer and transmits such
information to the back-end system; then, the system
determines whether the sterilization is successful
according to the sterilization standards. The
sterilization of surgical instruments is a method to kill
all microorganisms, including pathogenic and non-
pathogenic bacteria. This study delved into the
sterilization of surgical instruments with a vacuum
pressure device. A vacuum sterilizer sucks out the air
in the boiler by vacuum and sprays steam into the
boiler to replace the air, which can effectively prevent
the formation of an air chamber. The temperatures and
times of the vacuum sterilizer are 131 to 134°C with at
least 3 to 4 minutes exposure time [15].

In the existing supply center system, errors in the
sterilization of packs are not monitored. Whether the
sterilization of packs is successful is manually
determined by the changes in colors and locations of
the indicators. After many years of practice, human
errors are unavoidable, resulting in the use of
incompletely sterilized surgical instruments. To reduce
such human errors, high temperature pressure sensors
are placed in the packs to collect changes in times and
temperatures of the packs in the sterilizer and transmit
the information stored in the sensors to the reader via
2.4GHz wireless transmission; the reader then sends
the received information to the system through a USB.

The sterilization monitoring function reads the
sterilization time and temperature of each pack in the
database and determine whether the sterilization
standards, that is temperature up to 140°C with 4

minutes exposure time, are met; if the sterilization
standards are not met, the system will issue a warning
of ineffective sterilization to supply center staff,
requesting the second sterilization of the pack, and
override the status of the pack in the database from
“Fed” to “Failed,” to protect patients from using
incompletely sterilized surgical instruments.

3.2 Expiration Date Monitoring

In the existing supply center system, medical staff
access the system to check information such as the date
of manufacture, expiration date, and bar code of each
pack. There is no warning of packs that are expired or
about to expire; therefore, packs may expire due to the
order of picking or inaction by the expiration dates.

When producing the labels of the packs, the system
automatically populates the default expiration dates
based on the selected packing method, and the timer
program in the system automatically reads the
expiration date of each pack in the database and
compares it with the date of reading; if the expiration
date is earlier than the date of reading, the system will
issue a warning, requesting the second sterilization of
the pack, and override the status of the pack in the
database from “Normal” to “Expired.” The system will
also remind medical staff of the expiration date of the
pack two days in advance and change the status of the
pack in the database from “Normal” to “Warning.”

3.3 Safety Stock Calculation

The concept of safety stock calculation in the
existing supply center system is not mature. The
approximate quantity of safety stock is manually set
based on the past statistics. This study explored the
safety stock formula for the general business
environment to effectively manage the stock and
satisfy customers’ needs with a low level of inventory.
The safety stock formula was optimized to calculate
the safety stock based on the clinical needs. The size of
the safety stock is mainly determined by the customer
service level. Customer service level refers to the
service level of satisfaction with customers’ needs. The
higher the service level of satisfaction is, the larger the
safety stock is and the fewer the shortages are; the
lower the service level of satisfaction is, the smaller the
safety stock is and the more the shortages are [16].

Assume that a customer’s need is a random variable
with normal distribution, and the inventory level of the
manufacturer is 95% (that is, the probability of
acceptable shortage is 5%). The Z value in the
cumulative normal distribution probability table can be
used as the safety factor [17]. For example, when the
manufacturer’s inventory level is set at 95%, the safety
factor is equal to 1.64, as shown in Table 2.
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Table 2. Customer service level and safety factor

Customer

Customer

Service Level Fscigit}(lz) Service Level F:cigit}(/z)
(%) (%)
100.00 3.09 96.00 1.75
99.99 3.08 95.00 1.65
99.87 3.00 90.00 1.29
99.20 2.40 85.00 1.04
99.00 2.33 84.00 1.00
98.00 2.05 80.00 0.84
97.70 2.00 75.00 0.68

From the customer’s point of view, lead time is the
time from when an order is placed to when the goods
are received; from the supplier’s point of view, lead
time is the time from when an order is accepted to
when the cash is collected, that is, the time from the
purchase of raw materials to the receipt of payment
from the customer [18]. The safety stock formula is
described as follows: First, the basic safety stock
formula commonly uses two parameters: the average
demand and the standard deviation. The average
demand (D) is shown in Formula (1), where T is the
number of days during the study and D(i) is the
demand required on the i-th day. The standard
deviation (o) of the samples is shown in Formula (2).

¥ D) M)

p=L
Ti:l

1 & N =
o= ﬁ;(D(l)—D) 2

To accurately calculate the safety stock, it is

necessary to add the lead time (+/LT ) and service
level (Z) that affect the stock. The safety stock (SS) is
presented in Formula (3).

SS:Zx\/ﬁx\/Tl_IZT:(D(i)—E)Z A3)

In the structured business management, most
enterprises adopted Formula (3) as their safety stock
formula. In clinical practices, however, there were
more uncertainties and unexpected conditions,
especially in the supply center, where the error rate of
the sterilizer and the expiration rate of sterilization
equipment are key factors in inventory management.
Given the clinical restrictions on the stock of packs,
parameters were added to optimize the safety stock
formula for business practices. In business practices,
lead time refers to the time from when an order is
accepted to when the cash is collected; in clinical
practices, however, lead time refers to the time where
surgical instruments are cleaned and sterilized to when
the instruments are stored. In both business and clinical
practices, a probability of acceptable shortage and a
safety factor are selected based on the severity of loss

caused by the shortage of supplies. Given the current
status, two major factors in inventory management,
namely sterilization error rate (SER) and package tray
error rate (PTER), were considered to produce the
safety stock based on the clinical needs. The optimized
safety stock formula is shown in Formula (4).

SS =Z x~JLT x Dx(1+ SER + PTER) 4)

When receiving instruments, the system compares
the existing inventory with the safety stock in the
database to check for any shortage. When the existing
inventory is less than the safety stock in the database,
the system will pop up a warning, indicating the
number of packs that need to be sterilized to meet the
demand. This function can reduce the temporary
increase in the demand for packs due to uncertainties
and prevent patients from delaying medical treatment.

4 Experimental Result

The optimized flowchart for the supply of packs is
shown in Figure 3. The main difference, as described
below, is the addition of a temperature sensor which
can determine whether the sterilization is successful,
monitoring of the expiration date and safety stock, and
a warning mechanism in the system that can reduce
human errors.
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Figure 3. Optimized flowchart for supply of packs
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4.1 Sterilization Error Prompt

The system reads the information on the sterilization
of packs in the database and determines whether the
packs are fully sterilized based on the sterilization
standards, that is, temperature up to 140°C with 4
minutes exposure time. As shown in Figure 4, the left
Y axis is the sterilization time, the right Y axis is the
average sterilization temperature, and the X axis is the
sterilization date. According to Figure 4, the sterilization
standards were not met for 5 times. In these cases, the
system would determine that the sterilization of packs
failed and issue a warning to supply center staff,
indicating the reason for the failure and requesting the
second sterilization of the packs. The sterilization error
prompt window is shown in Figure 6.
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Figure 4. Sterilization data
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Figure 5. Stock of packs

4.2 Expiry Prompt

The expiry prompt window is shown in Figure 7.
The timer within the system continuously reads the
expiration dates of all packs in the database and
compare them with the date of reading. If the packs are
expired, the system will issue a warning to medical
staff, requesting the second sterilization of the packs.
As shown in Figure 8, the system will also remind
medical staff of the expiration date of the pack two
days in advance.
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Error Prompt Window Window

4.3 Insufficient Stock Prompt

When receiving instruments, the system compares
the existing inventory with the calculated safety stock
to check for any shortage. As shown in Figure 5, the Y
axis is the quantity of packs in stock, and the X axis is
the date when the quantity of packs is calculated.
Through the visual display, medical staff can quickly
check for the shortage of packs (calculated safety stock
minus existing inventory), as shown in Figure 9.
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Figure 8. Expiration
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Figure 9. Insufficient
stock prompt window

5 Conclusion

This study adopted sensors for the IoT to improve
the sterilization process of surgical instruments. As
sensors detected the changes in the sterilization time
and temperature of the packs in the sterilizer, the
system could determine whether the packs were fully
sterilized based on the sterilization standards. Compared
to the manual identification of discoloration of
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indicator tapes, the use of sensors was more accurate
and can avoid the increase of the error rates caused by
human errors and can improve patient safety as well. In
terms of control over expiration dates, the system
emphasizes the warning mechanism, so it automatically
reads the expiration dates of all packs in the database.
When the packs have expired or are about to expire,
the system will immediately pop out a warning of the
expiration dates to prevent patients from using expired
packs and causing nosocomial infections. As to
inventory management, the system can calculate the
safety stock based on the clinical needs. When there is
insufficient stock, a warning of pack sterilization will
be issued to medical staff, which can keep the safety
stock at the optimal level. Thus, the unexpected
increase in the demand for packs due to uncertainties
can be met and patients can also receive proper
medical care at the hospital.

Acknowledgements

This research is partially supported by the Ministry
of Science and Technology, Taiwan, R.O.C. under
Grant no. MOST 106-2622-E-227-001-CC3.

References

[1] R. M. Wilson, B. T. Harrison, R. W. Gibberd, J. D. Hamilton,
An Analysis of the Causes of Adverse Events from the
Quality in Australian Health Care Study, The Medical
Journal of Australia, Vol. 170, No. 9, pp. 411-415, May,
1999.

[2] A. Cuschieri, Nature of Human Error: Implications for
Surgical Practice, Annals of Surgery, Vol. 244, No. 5, pp.
642-648, November, 2006.

[3] E. N. de Vries, M. A. Ramrattan, S. M. Smorenburg, D. J.
Gouma, M. A. Boermeester, The Incidence and Nature of In-
hospital Adverse Events: A Systematic Review, BMJ Quality
& Safety, Vol. 17, No. 3, pp. 216-223, June, 2008.

[4] A. A. Gawande, M. J. Zinner, D. M. Studdert, T. A. Brennan,
Analysis of Errors Reported by Surgeons at Three Teaching
Hospitals, Surgery, Vol. 133, No. 6, pp. 614-621, June, 2003.

[5] S. Arora, L. Hull, N. Sevdalis, T. Tierney, D. Nestel, M.

A. Darzi, R. Kneebone,

Compromising Safety in Surgery: Stressful Events in the

Woloshynowych, Factors
Operating Room, The American Journal of Surgery, Vol. 199,
No. 1, pp. 60-65, January, 2010.

[6] WHO Patient Safety, World Health Organization, The Second
Global Patient Safety Challenge: Safe Surgery Saves Lives,
tech. rep. WHO/IER/PSP/2008.07, 2008.

[7] Food and Drug Administration, FDA Issues Bar Code
Regulation; Fact Sheet, 2004.

[8] R. Seavey, High-level Disinfection, Sterilization, and
Antisepsis: Current Issues in Reprocessing Medical and
Surgical Instruments, American Journal of Infection Control,
Vol. 41, No. 5, Supplement, pp. S111-S117, May, 2013.

[97T M. L. Ling, P. Ching, A. Widitaputra, A. Stewart, N.
Sirijindadirat, L. T. A. Thu, Apsic Guidelines for Disinfection
and Sterilization of Instruments in Health Care Facilities,
Antimicrobial Resistance and Infection Control, Vol. 7, pp. 1-
11, February, 2018.

[10] C. Spry, Understanding Current
Recommendations and Guidelines, AORN Journal, Vol. 88,
No. 4, pp. 537-554, October, 2008.

[11] W. A. Rutala, D. J. Weber, Disinfection and Sterilization: An
Overview, American Journal of Infection Control, Vol. 41,
No. 5, pp. S2-S5, May 2013.

[12] H. Kanamori, W. A. Rutala, D. J. Weber, The Role of Patient
Care Items as a Fomite in Healthcare-associated Outbreaks and

Steam  Sterilization

Infection Prevention, Clinical Infectious Diseases, Vol. 65,
No. 8, pp. 1412-1419, October, 2017.

[13] J. P. Burke, Infection Control- A Problem for Patient Safety,
New England Journal of Medicine, Vol. 348, No. 7, pp. 651-
656, February, 2003.

[14] G. A. Keskin, S. Omurca, N. Aydin, E. Ekinci, A
Comparative Study of Production-inventory Model for
Determining Effective Production Quantity and Safety Stock
Level, Applied Mathematical Modelling, Vol. 39, No. 20, pp.
6359-6374, October, 2015.

[15] W. A. Rutala, D. J. Weber, Disinfection and Sterilization in
Health Care Facilities, Infectious Disease Clinics of North
America, Vol. 30, No. 3, pp. 609-637, September, 2016.

[16] J. Korponai, A. B. T’oth, B. Ill'es, Effect of the Safety Stock
on the Probability of Occurrence of the Stock Shortage,
Procedia Engineering, Vol. 182, pp. 335-341, 2017.

[17] M. Gruson, J.-F. Cordeau, R. Jans, The Impact of Service
Level Constraints in Deterministic Lot Sizing with
Backlogging, Omega, Vol. 79, pp. 91-103, September, 2018.

[18] S. de Treville, I. Bicer, V. Chavez-Demoulin, V. Hagspiel, N.
Schiirhoff, C. Tasserit, S. Wager, Valuing Lead Time,
Journal of Operations Management, Vol. 32, No. 6, pp. 337-
346, September, 2014.

Biographies

ﬁ Lun-Ping Hung is currently a
 wiw Professor of National Taipei University

—~ of Nursing & Health Sciences. His
@i 7 research interests include Internet of
. /) Things, mobile computing, medical

informatics, management of day care institution for
elders, assistant medication system, and cloud computing
for diabetes care, rehabilitation, and homecare.

Kuan-Yang Chen is an Associate
Professor of Department of Leisure
Industry and Health Promotion, National
Taipei University of Nursing Health
Sciences. His research focuses on the
102 online communication/marketing and
Tourism marketing. His research has been published
on Journal of Knowledge Management, Tourism
Management, and Journal of Business Research, etc.



Using Internet of Things to Improve the Sterilization Process for Surgical Instruments in Healthcare 1819

Nan-Chen Hsieh received the Ph.D.
degree in computer science and
information engineering from the
Tamkang University. He is currently
the professor of National Taipei
University of Nursing and Health
Sciences. His research interests include medical
informatics and artificial intelligence with a focus on
intelligent medical system, smart aging care and deep
learning for medical practical applications.

Chien-Liang Chen received the Ph.D.
P o degree in Electrical Engineering from
S

National Taiwan University. He is
currently an associate professor and
chairman of Department of Innovative
SRR Living Design at Overseas Chinese
University. His current research interests include
Optimization Algorithms, Wireless Sensor Networks
and Discrete Event Systems.








<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHT <FEFF005b683964da300c9ad86a94002851fa8840002b89d27dda0029300d005d0020005b683964da300c8f3851fa0033003000300064002851fa88400029300d005d00204f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        8.503940
        8.503940
        8.503940
        8.503940
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 9.354330
      /MarksWeight 0.141730
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed true
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


