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One of the most useful DC-DC converters is called the boost
converter, and they are used to increasing and stabilize the output
voltage in renewable energies such as thermoelectric Generator
systems. For converter of TEG systems, The structures have been
provided, which can be mentioned as single switch cascaded boost
converter. The choppers are non-linear in nature, so fixed
parameter controllers cannot display a suitable dynamic behavior
for step and parametric changes, so designing a suitable controller
in regard to uncertainties such as temperature changes has
become an important challenge. In this research, moreover the
experimental modeling of the TEG module, a nonlinear controller
based onOffered Feedback Linearization (OFBL) method is
proposed to control the output voltage of the cascaded boost
chopper, and its coefficients are also optimized by GA. In order to
check the transient response of the aforementioned converter, the
ITSE function is considered. For evaluating the proposed
controller, five scenarios of constant input, step-up changes, step-
down changes and combined changes in input voltage and Apply
TEGS as input have been analyzed. Also, at the end of the
simulation, the output load changes are considered. The
mentioned simulations were done in Simulink MATLAB. The
results of the simulations state that the proposed controller, due
to its simple structure, has succeeded in tracking the reference
voltage and has demonstrated an acceptable performance for
stabilizing the output voltage, especially in TEG systems.
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EXTENDED ABSTRACT

Introduction

Numerous hot springs in Iran have led the electricity industry to take a special look at
Thermoelectric Generator (TEG) systems. In order to use the TEG module, it is enough to
use hot and cold sources on the ceramic sides of the module to produce electromotive force
proportional to temperature changes, according to Seebeck theorem. The main problem of
these systems is the issue of temperature uncertainty because the generated voltage is
highly dependent on temperature changes. The recorded voltage information of a sample
thermoelectric module by the data logger is shown in Figure 1.

UNKNOWN DEVICE
No. Func Value Unit Time
1y (019 40U, 1 mv
110 De 4653 mVv
111 DC 4748 mV
112 DC 4786 mV 2
13 Dc 4838 mV 01:02:59

114 De 486.7 mVv 01:02:59

115 De 4872 mv 01:03:00
116 be 487.6 mV 01:03:00
17 bc 4880 mVv 01:03:01
118 bC 486.2 mV 01:03.02
119 DC 4850 mVv 01:03:02

DC ABZ mv 01:03:03

.

Figure 1. The output voltage of a sample thermoelectric module recorded by the data logger.

In this research, in order to increase the efficiency of TEG systems, a single switch
cascaded boost converter based on Offered Feedback Linearization (OFBL) controller is
proposed. An example of a single-switch cascaded boost converter based on IC555 is shown
in Figure 2.

BOM_20240004. 16281605V

No. Func Value Unit Time

136 1092 Vv 16:27:42
137 1095 V 16:27:43
138 C 1.01 16:27:43
139 11.06 16:27:44
140 11.08 16:27:45
4 11.14 16:27:45
142 C 11.20 16:27:46
143 1n.22 16:27:46
144 1.27 16:27.47
145 11.32 16:27:48
146 11.33 16:27:48

o o

Figure 2.cascade booster chopper based on IC555 (Vin=5VDC).

Besides, the modeling of the sample thermoelectric module is presented. ITSE and
Genetic Algorithm (GA) have been used as objective function and algorithm respectively.
With the aim to challenge the OFBL controller, the five scenarios have been included in the
simulation section. At the end of the simulation, the output load changes are considered. It
is worth noting that the scenarios are designed based on the uncertainty of step changes so
that the proposed OFBL controller indirectly faces the challenge of temperature changes to
check the controller's performance.
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Methodology

This research consists of two basic parts, the first part is dedicated to the experimental
modeling of a typical thermoelectric module, and the second part is to design a controller
based on an Offered Feedback Linearization in order to control the voltage of a single switch
cascaded boost converter. The laboratory activity for modeling the sample TEG module is
shown in Figure 3 and the results of this test are shown in Figure 4.

A mixture
of water

Heat Sink

Test under load

Figure 3. Laboratory activity for thermoelectric module modelling.
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Figure 4. The results of laboratory work.

In order to optimize the parameters of the controller and output capacitor of the
converter, Genetic Algorithm and ITSE function have been used. Among other objective
functions that have been investigated, I1AE, ISE and ITAE can also be mentioned. To evaluate
the OFBL controller; five scenarios such as presence of TEG and combined changes in input
has been investigated. The effect of changing the load on the output voltage has also been
checked. In this research, in addition to the mentioned cases, the design of TEG array and
circuit diagram of the proposed controller are also discussed. The designed TEG array and
the control law for the switching of the cascaded converter are shown in Figures 5 and 6
respectively.The proposed control law for voltage tracking and stabilization is given in
Equation (1).

. 1 .

I, ——V,, —1
L1 c2 2
R

. (1)
IL2



Journal of National University of Skill Spring 2026, Vol. 23, No. 1, p...-..

AT=80 °C
A — T . 4
o)
[ R S
S 2
[ I R S 9
R 5 §
S I R IR R = ©
- 3 +—
s 38
o ) [ d ') q” o
IR S S o <2
=
wv
VvV 1l ] eoel 1 \ J

m=210
Figure 5. Designed TEG array with a capacity of 1100 watt.
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Figure 6. Circuit diagram of control law.

Results and discussion
The simulation results in the 5 defined scenarios show that the OFBL controller; when

faced with parametric changes and uncertainties such as temperature changes, can track
the voltage well and stabilize the voltage at the defined operating point. Compared to
controllers like FOPID, the OFBL controller also showed its superiority in items such as
settling time and rise time. Comparison between controllers OFBL, PID, FOPID, Pl and IDA-
PBC and Quantitative analysis of scenarios are given in Tables 1 and 2, respectively.

Table 1. Comparison of OFBL controller with FOPID, PID, PI and IDA-PBC [19,26].

S . Evaluation Controller
cenario Criteria PI[26]  IDA-PBC[26] PID[19] FOPID[19]  OFBL
+%25 Settling time (S) 0.017 0.008 0.0019
Tsim=0.05 S, L
(Vin=25V) Rise time (S) 0.0013 0.001 3.2570e-4
Tsim=0.25SVIN=10 g incime(s) 0.2 003 e e 0.0122

V, Vo=40V, K=0.28

Table 2. Quantitative analysis of the proposed controller.

Scenario ITSE(%)  Overshoot(%) Risetime(S)  “ctl '(nS% ime  peak (v) Peaé? me
Scenariol 0.13 0.0119 8.4705e-4 0.0040 72.0673 0.0583
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505335232 8.2432¢-2 0.0101 3.2830e-4 0.0029 72.0448 0.0593
Scenario2

Tchanges 152

Scf’;,ﬂnazrgﬁ 0.25 0.0540 0.0018 0.0058 72.1517 0.0283
Scenario3

|changes 4.79

Scenario4

chhanges 4.94

Sc?r”Eagos 133 0.1814 0.0029 0.0479 721031 0.1573
Y{QE% 0.13 0.2447 8.1975e-4 0.0037 722777 0.0123
Vin=18V, 0.14 0.0137 8.7896¢-4 0.0049 71.9902 0.0593

R=75Q : : 7896 : . .

By examining the simulations, it can be concluded that the OFBL controller has an
acceptable performance in tracking the reference voltage, and due to its simple structure, it
can guarantee voltage stabilization in TEG and PV systems.

Conclusions

In the present study, the exact modeling of the TEG system based on the laboratory
activity was described. Also, the design of a TEG array with a capacity of 1100 watt was
explained based on cascaded boost converter; then, the OFBL controller was presented to
stabilize the voltage of the single switch cascaded boost converter. In addition, the circuit
diagram model of the proposed controller was also introduced for use in renewable
energies. The simulation results stated that the proposed controller has a reliable
performance in facing uncertainties such combined changes in input voltage and can quickly
track and stabilize the reference voltage. Also, compared to PID, FOPID, PI and IDA-PBC
controllers, this controller showed its superiority in items such as settling time and rise
time. The OFBL controller has a simple structure, easy implementation and high speed, and
its other capability can be mentioned as a proper control conduct in error elimination
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