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Abstract:

In this paper, the Simulation, Comparison
and Implementation of multi controllers in a chip
will be compared with the separate individual
controllers in a chip for a DC-DC converter and
the precious application. The PID controller for
DC-DC converter and Pl controller for the
actuator are used and discussed. The
MATLAB/Simulink, Xilinx and Modelsim are the
tools used for these analyses. These were tried with
Spartan-3E FPGA.
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I. INTRODUCTION

A dc-dc converter is an active research topic in power
control. Many controllers have been demonstrated
[1,8]. Whilst the controllers differ in several aspects,
the control strategies center on PD, PI, PID control;
and compensation strategies. The designs incorporate
both discrete-time emulation of an analog controller,
and direct-digital design. In this paper, we apply an
alternative controller design strategy to a boost
converter. The closed-loop of this DC-DC converter is
controlled with PID controller [4, 5]. This improves
the gain of the system and obtain the necessary results
and also with good settling time. Another system in
this design is Actuator. It required another control
system to control the action of actuator [5]. PI
controller is used in this system. It’s a first order
transfer function, thus Derivative term is not required.
Only the proportional Integral (PI) controllers are used
for better results. Multi Controllers in a single chip,
here these two different controllers were been in-built
in a single chip. Thus the controller of DC-DC
Converter and the PI controller of Actuator are in built

in a chip. The two different controllers were been in
built to reduce the system size and also to improve the
speed of operation too. Those results were been also
discussed.

Il. PROPOSED DESIGN

In general the two different IC’s are used to control the
DC-DC converter and its precious application.

Actuator Controller IC
DC-DC Controller IC

In-Built Controller IC

Fig.1. Proposed Design

This leads to increases the size of system and time. The
proposed design will bring down the overall system size
with improved data transfer. The model Fig. of this
proposed design is shown below. FPGA is used here as
the In-Built Controller IC [7].

1. BLOCK DIAGRAM AND ITS FUNCTION
The overall design block diagram is shown in Fig. 2. The
three mail blocks are used in this design. 1. DC-DC

converter, 2. Actuator and 3. Field Programmable Gate
Array (FPGA).
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Fig. 2. Block diagram

DC-DC Converter block has the circuit of Boost
converter.
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Fig. 3. DC/DC Boost converter

It used to amplify or boost the fixed input level signal
to Actuator required variable level. Fig.3 shows the
general circuit of DC/DC Boost Converter. It has 3
main components: Inductor, Capacitor, Diode and
Switch (MOSFET). This MOSFET switch is digital
controlled by the PWM generator circuit blocks [2].
Input fixed Voltage: 3V, Inductor: 1le-5, Capacitor:
4.7e-5 and Diode Resistor: 0.001. The generation of
the control pulse Vcon through the PWM method is
illustrated in the Fig. 4. The triangular wave form with
250 KHz.

-‘uy
Verr-
e T — IR 1= Tanzs
VCDI].
Ty T2 Dy
T T T T—
AT

Fig. 4. Generation of PWM Control Signal

In this Fig.4. a triangular signal, Vtp, and an error
voltage, Verr, are used to generate the control pulse [3,
4]. The error voltage (Verr) is calculated as the
difference between the output voltage (Vout) and a
reference voltage (Vref). As can be seen, the control
pulse (Vcon) is high when Vtp>Verr and low when
Vtp<Verr. The generated control pulses have constant
switching frequency (1/T) and variable duty cycle
[10]. In this Fig., the triangular pulses are generated
with the maximum value VIim.

Duty Cycle: Dc= Ton/ Ton+Toff

These pulses are compared with the Verr to generate
the control pulse (Vconl) to control the switch in the
DC-DC converter [6]. The Actuator transfer function
is 0.105/(s+0.13) [9]. Since it is a first order transfer
function and to avoid overshoot and steady state error
the proportional integral (P1) controller is used to
control the actuation. The controller parameters
proportional and integral gains Kp and Ki are found
for the obtained transfer functions. The closed loop
controller based on PI controller decides the current
flow in Actuator and enables the accurate required
positioning [9].

Field Programmable Gate Array (FPGA) will hold
these two different controllers of PID and PI controller
for both DC-DC converter and Actuator respectively
in a single chip [11, 12]. Thus the whole control
actions of multi controllers are in-built in a single
chip.

IV. MATLAB/SIMULINK ENVIRONMENT

This system is simulated in MATLAB/Simulink; here
complete design of system is simulated. The both DC-
DC converter with the Actuator is designed. It’s shown
in Fig.

Fig. 5. Simulink model of Complete System (DC-DC
Converter with Smart Actuator)
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This above Fig. 5 shows the complete system of DC-DC
Converter and Actuator control systems simulation
blocks. The main blocks are PID controller and Boost
Converter plant In DC-DC Converter and PI controller
and Actuator System block in Actuator Controller.

Fig. 6 shows the running condition of the proposed
system. The both DC-DC Converter performed better
with another system as Smart Actuator with two
different controllers.

DeEs i@ «

Fig. 6. Simulink model of Complete System in
running condition

The “Voltage out” shows the response voltage of DC-
DC converter. The “CONTROLLED OUTPUT” scope
model shows the Actuator response for the Set Point
(SP) = 1.5mm.

V. XILINX ENVIRONMENT
The Xilinx environment the Pl Controller for the

Actuator is designed and its Technology schematic view
show in the Fig. 7.
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Fig. 7. Technology Schematic view of Pl controller
for Actuator

The PID Controller for the DC-DC Converter is

designed and its Technology schematic view show in the

Fig. 8.
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Fig. 8. Technology Schematic view of PID controller
for DC-DC Converter

The Multi-Controller in Single Chip is designed. Pl
Controller for the Smart Actuator and the PID
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Fig. 9. Technology Schematic view of Multi-
Controller in Single Chip

Controller of DC-DC Converter is designed and its
Technology schematic view show in the Fig. 9.

VI. COMPARISON IN XILINX
ENVIRONMENT

In Xilinx environment the hardware analysis were
been carried out and charted below. The three main
parameters are carried out like Number of Slices of
Flip Flops, Number of 4 1/0 LUTs and Number of
Occupied Slices in FPGA. Here it were been analyzed
with separated controllers for designed system is
compared with Multi-Controllers in a Single chip.
Actuator controlling Controller (PID) occupied in
FPGA, DC-DC Controlling Controller (PI) occupied
in FPGA, Multi- Controllers (PID-PI) in FPGA and
the existing design i.e. without Multi-Controlled in
Single Chip.
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Fig. 10. Comparison Chart
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These Cleary shows in Fig. 10 that, the Multi-
Controllers in a Single chip is occupied less hardware’s
compare to the existing system of without Multi-
Controllers in Single Chip.

VII MODELSIM ENVIRONMENT

The Multi-Controllers in a Single Chip is designed and
simulated in ModelSim as Shown in Fig. 11.
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Fig. 11. Multi-Controllers in Single Chip with Delay

It shows the controller with clear view of process with
added delay to know the sequential processing in a
system. This process done at Reset as Zero.
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Fig. 12. Multi-Controllers in Single Chip completed
process after sequential processing

The Multi-Controllers in a Single Chip is designed and
simulated in ModelSim as Shown in Fig. 12. It shows

the completed process after sequential processing of a
system. This process when Reset at Zero.

VIIl. CONCLUSION

Multi-Controllers in a Single Chip system is better
than individual control system, it’s proven in
application based system (DC-DC Converter with
Actuator Control).From MATLAB Simulation, the
PID controller for DC-DC converter and PI controller
for Smart Actuator are performed, the complete
analysis of this overall system is proven. In Xilinx
environment, these controllers were been designed and
compared with Multi Controllers in a Single Chip;
Multi-Controllers designed occupied less cells than the
individual control system; those results are also
analyzed from comparison chart. In ModelSim, the
Designed Multi-controllers in a Single Chip are
simulated, analyzed and discussed. From all these
result gives, A Multi-Controller in Single Chip is
better than of using in separate control system in a
chip.

IX. FUTURE WORK

This work can be carrying out with the Adaptive
controllers for the both DC-DC converter and for an
Actuator. This Adaptive controller will improve the
overall performance of the system. It can be carrying
out with parallel processing control system for the
complex systems.
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