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Abstract—PID controller is a popular method in many
applications. However, the response of the PID controller can be
improved by artificial intelligent algorithm. Therefore, this study
employed the Fuzzy-PID controller to keep the constant
temperature in phototherapy incubator for infant jaundice
treatment. The Fuzzy interference rules were established
by the error of feedback temperature and its 1st order
difference. =~ Compared with the PID controller, the
Fuzzy-PID (FPID) controller presented the better
performance of timing delay. The FPID controller
performed much more reducing the timing delay than
Fuzzy controller. In the simulation, the delay of FPID
controller was around 2 seconds, and that of Fuzzy controller
was around 25 second. Therefore, the results of simulation
provide the design considerations of a modern phototherapy
incubator for infant jaundice treatment.
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I. INTRODUCTION

Neonatal jaundice is usually a normal physiological
condition that occurs in the transitional period after birth. It is
not a single disease, but a body finding associated with
multiple possible aetiologies. Severe neonatal jaundice is
considered pathophysiological. Jaundice reflects accumulation
of the yellow-orange pigment bilirubin in the skin, sclera, and
other tissues. [1]. The temperature control of phototherapy
incubator influences some physiological parameters such as
oxygen consumption, metabolic rate, water gain and so on [2].
Therefore, the temperature control is a significant work for the
phototherapy incubator of the phototherapy incubator.

Classical proportional-integral-derivative (PID) controller,
a very popular controller in industries, presents a good
performance by the proportional, integrative, and differential
operations of the error between setpoint value and feedback
output value [3]. The characteristics of the PID controller are
intuitively understandings, and easy to implement. The

operational amplifiers, resistors, capacitors, inductors can be
configurated to construct a PID controller. Therefore, many
analogue systems such as motors, heaters, and tanks employ
PID controller to operate the system normally.

However, the anti-disturbance ability of PID controller is a
problem. The coefficients of gain (kp), integration (ki) and
difference (kq) are designed for the setpoint value. Therefore,
the unexpected disturbances were changed the output and kept
a duration of deviation. The phenomena also occur at many
cases of the temperature controller. Consequently, we tried to
concur the problem to enhance the anti-disturbance ability of
the PID controller for the phototherapy incubator.

Fuzzy logic was firstly suggested by Lotfi Zadeh in 1965
[9]. He introduces the concept of “linguistic variables”, which
was defined as the fuzzy set to be the interference rules of the
controller [10-12]. Many research groups employed the
artificial intelligence technologies to add into PID controllers
and their family in 1990s. Mamdani has proposed the
majority work of Fuzzy PID (FPID) controller and
implemented some P-I and P-D cases [4-6]. Moreover, many
researchers combined the two technologies to achieve the
better behaviour of FPID controllers such as Wang and Kwok
[7], Li and Gatland [8] and so on.

The traditional phototherapy incubator does not conclude
the temperature control. The temperature in the phototherapy
incubator is depended on the room temperature under control
of air conditioner or heat radiator. However, some
physiological parameters are sensitive in the change of
temperatures, especially the newborn infant. Therefore, FPID
controller was proposed in this study for a better performance
of temperature control.

II. METHODS

The technical requirements of this phototherapy incubator
were as follows:

® Temperature control

® Hotter and colder air conditioner

® Air flow control

® Control of Blue light source



For achieving the technical requirements, the system was
designed by the following parts.

A. System structure

The system block diagram is presented in Fig. 1 which
displayed the 2 modes of the controller. One is PID controller,
the other is FPID. The modes can be alternated by the switch
(S1). There were 2 air flow sources input the phototherapy
incubator to adjust the temperature. The hot air flow source
output higher temperature air (h(t)) with the flow speed of hi(t)
where t denoted as time. The cold air flow source output lower
temperature air (c«(t)) with the flow speed of cq(t). The h(t)
and c(t) input the temperature transfer block and output
sensing temperature, i.e. T(t) as well as hy(t) and c«(t) input
the flow transfer block and output sensing flow, i.e. F(t).
The temperature and flow setpoints were Tg(t) and Fy(t),
respectively. Therefore, in the fussy control mode, we have
the errors of temperature (ei(t)) and flow (ex(t)), then the errors
input the fuzzy interference system (FIS) to compute the next
output flows of air sources, i.e. hi(t+t), and ct+t) where 71 is
the one step duration of time. If the S1 connected with PID
controller, the control mode changed to FPID for computing
the next flow c(t+1).
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Figure 1. System structure

B. Transfer equations

The transfer equation of the temperature in the
phototherapy incubator was written as:
he(t)h :
T _ (e@hp@tee®er(0) )

hf(l')'f'Cf(f)

In addition, air flow in the phototherapy incubator was
written as:

F(t) = hy(t) + ¢ (t)

C. Fuzzy interference system

2)

The membership functions (MFs) of the 2 inputs FIS were
presented in Fig. 2. In (a), there were 3 states that were cold,
good, and hot. They were defined by the error of the setpoint
temperature between -20 and +20 degree C. The shapes of the
MFs were all triangle. In (b), there were also 3 states that were
low, middle, and high. They were defined by the error of the
setpoint flow between -1 and +1. The shapes of the MFs were
all triangle, too. All of the MFs are integrated in Fig. 4
[13-15].
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Figure 2. Membership functions of the 2 input FIS: (a) error of the
temperature (e(t)); (b) error of flow (e((t))
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Figure 3. Membership functions of the 2 output FIS: (a) flow of the cold
air source; (b) flow of the hot air source

D. PID controller

Actually, the PID controller was reduced to be PI
controller. Therefore, the controller can be expressed as:

ot +7) = kypar(6) + ki ;" ap(6)de

3)



E. Parameter settings

The parameter settings of this system are as follows:

® ht(t) = 35 degree C and ct(t) = 15 degree C

® Ts(t) = 28-3cos(2* 7 *0.001t) degree C and Fs(t) = 0.8

unit
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In another word, the temperature control is intuitively
implemented by 2 constant heat sources, but the flows of the 2
sources are variable. However, the summation of the 2 flows
is a constant.
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Figure 4. Integration of MFs in a 3-dimensional plot

F. Equipment

The simulation was computed in MATLAB R2016a
(MathWorks, USA) development environment. The computer
was a laptop PC (Lenovo DESKTOP-OSILGT4, China) with
Intel CPU Core i5-8250U, and 12 GB DDR4 memory. The
operating system was Microsoft Windows 10.1.

III. RESULTS

A. Fuzzy control

The controlled temperature of fuzzy controller was
presented in Fig. 5. In (a), the inputs (errors) of FIS was
displayed. The blue line was flow and the red line was
temperature. The output of FIS was presented in (b) where the
blue line was flow and the red line was temperature. In (c), the
controlled temperature was displayed in (c). the response
needed to improve because of 25 second delay.

B. FPID control

Moreover, the controlled temperature of FPID controller
was presented in Fig. 6. In (a), the inputs (errors) of FIS was
displayed. The blue line was flow and the red line was
temperature. The output of FIS was presented in (b) where the
blue line was flow and the red line was temperature. In (c), the
controlled temperature was displayed in (c), The response was
better because the delay time was less than 2 seconds.

IV. DISCUSSION

The performance of FPID was better than that of FIS-only
because the response of delay time was much shorter.
However, the FPID controller was not traditionally input by
errors. It input the output of FIS. The PID controller was
actually served as a integrator of the output of FIS. Because of

the flow response is slow. The integrator works. Therefore, it
can improve the delay.

The setpoint of the temperature was designed to be a sine
wave, because of the necessity of the phototherapy. The blue
light is an energy. Therefore, the radiation of the blue light
produced the heat. However, the higher temperature enhanced
the effect of the blue light phototherapy. Therefore, the
average temperature was set at 28-degree C. The phototherapy
was working in the lower half-cycles and taking rests in the
upper half-cycles for the thermal safety. The FPID supported a
precise timing for therapy.
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Figure 5. Fuzzy controller: (a) input of FIS (blue line: flow, red line:
temperature); (b) output of FIS (blue line: flow, red line: temperature); (c)
temperature control (blue line setpoint, red dashed line: output temperature)
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V. CONCLUSION

This study supported the mode of controller for
phototherapy incubator. In the viewpoint of precise timing
control, the FPID controller is one of the solutions for the
infant’s phototherapy. Adding the rules of FIS can improve
the accuracy of timing. However, the FPID method we



proposed just inserted a simple PID equation for integration.
Therefore, the computing processes are more precise and
efficient.

The phase control of upper and lower half-cycles enhances
the safety of the infant’s treatment. Therefore, based on the
simulation of this study, we are going to design and
implement the real therapy system for the further study.
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Figure 6. FPID controller: (a) input of FIS (blue line: flow, red line:
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