
I.   INTRODUCTION
eating has always been one of the most important necessities Hfor life on Earth. Despite being the only known home to life 
in the observable universe, environment is not hospitable far 

from the equator. Early human settlements in the northern 
hemisphere were sparse, but advancements in civilizations made life 
in colder regions viable. Today, even relatively warmer areas heavily 
rely on efcient water and room heaters. Unlike traditional replaces, 
modern heating largely employs steam or electric heaters.

Steam radiators, the prevalent choice, work by converting boiled 
water into steam that travels through pipes to room radiators. As 
steam releases heat and condenses, it completes a cycle [1]. While 
historically efcient, these radiators have been outpaced by 
technology. Thermostats allow precise temperature control, leading 
to the creation of larger test chambers for assessing heater thermostats 
[2].

II.   LITERATURE REVIEW

Research introduces a logic control algorithm for mushroom nursery 
temperature and humidity[3]. Three types of mushrooms were 
suggested to be housed in the nursery measuring 3 by 5 by 3.5 each 
with their own unique inherent requirements will ensure the control 
system validity.

Using computational uid dynamics, air heating, radiating and 
dissipating properties were studied and optimized [4]. The study 
employed Navier-Stokes equations for calculations and found 
underoor heating to be the most effective solution .

Advanced radiators and software signicantly improved temperature 
control. These developments led to enhanced dimensional 
management due to thermal accuracy, yielding optimal ow rates. 
The research presented a new digital heat rate management system, 
sustaining stability and accuracy [5] Results suggest that the device 
has excessive balance and high precision.

Fig. 1 A standard home radiator [1]

A novel cabin temperature control [6] approach was proposed, 
divided into cooling block and zone temperature control. The paper 
analyzed an area temperature controller using PID and fuzzy control 
methods, demonstrating superiority over traditional PID control. 
Results show that this temperature control system is an improvement 
over the conventional PID control program. 

Radiator heat transfer into a room can be modelled into a partial 
differential equation (PDE) [7]. Function and stability of the two 
control algorithms were analyzed. An accurate reduced model, 
represented by Bode diagrams, introduced a new control algorithm 
with H∞ to enhance room heating system dynamics.

The study involved designing an automatic temperature control 
device, focusing on time-temperature intelligent control and water 
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circulation control through an electromagnetic valve. The device is 
advised [8] as t for use for ofce, workshop and home use. The device 
demonstrated energy efciency benets, suitable for various settings.

A study presents a small temperature control system using a 
thermoelectric cooler (TEC), driven by a proportional integral 
differential (PID) compensation network. Temperature control spans 
5° to 55°, with a remarkable accuracy of 0.5 degrees Celsius [9]. The 
TEC system boasts longevity, robustness, rapid response, wide 
temperature range, and precise control.

In another research effort, optimization of software and hardware for 
radiator operation becomes a standard in research and development. 
An aimed improvement in radiator thermal performance test 
equipment is achieved, enhancing accuracy [10] Addressing 
structural modeling, automatic control, and constructive aspects, the 
study introduces a mathematical model of temperature sensor 
dynamics and proposes structural changes with positive results.

Exploring house heating and hot water systems, data is gathered from 
sensors, and a MATLAB Simulink model is developed [5], [11] The 
approach results in cost reduction and energy efciency, conrming 
the value of intelligent automatic control systems in various 
applications.

Another innovation combines solar power generation, automatic 
room temperature control, and ventilation. A solar panel serves as a 
shade while generating clean energy. Sensors trigger window servos 
for ventilation, enhancing heating and temperature control efciency 
[12]. However, limitations arise in adverse weather scenarios where 
programmed controls lack exibility, potentially leading to system 
failure.

Research explored diverse temperature control strategies. One study 
employed a Controller Area Network, achieving 35% enhanced 
efciency and cost reduction using thermocouple sensors and 
programmed software [13] Another module utilized LADRC control 
algorithm, ZigBee communication, and web conguration software 
for energy-efcient heat control [14] This device helps improve 
efciency and quality of life as well as provides effective data to 
monitor power consumption and costs. The design and work are very 
practical and has good engineering and market value. 

A microcont roller-based solution integrated an LM35 sensor and 
LCD screen for AC and heater control. MATLAB and Simulink 
exhibited stability and efciency. These approaches, though effective, 
still seek enhancements for greater sophistication . [15]. 

Fig. 2  Indoor temperature response in tracking a sequence 

of desired ramp variations

Fig. 3  Flow chart for implementation of micro-controller based automatic 
temperature control [15]

Another innovation combines solar power generation, automatic 
room temperature control, and ventilation. A solar panel serves as a 
shade while generating clean energy. Sensors trigger window servos 
for ventilation, enhancing heating and temperature control efciency 
[12]. However, limitations arise in adverse weather scenarios where 
programmed controls lack exibility, potentially leading to system 
failure.

Research explored diverse temperature control strategies. One study 
employed a Controller Area Network, achieving 35% enhanced 
efciency and cost reduction using thermocouple sensors and 
programmed software  [13] Another module utilized LADRC control 
algorithm, ZigBee communication, and web conguration software 
for energy-efcient heat control [14] This device helps improve 
efciency and quality of life as well as provides effective data to 
monitor power consumption and costs. The design and work are very 
practical and has good engineering and market value. 

A microcont roller-based solution integrated an LM35 sensor and 
LCD screen for AC and heater control. MATLAB and Simulink 
exhibited stability and efciency. These approaches, though effective, 
still seek enhancements for greater sophistication . [15]. 

The microcontroller gauged temperature, adapting fan speed for 
comfort, and controlling loads. The heating system  is turned on if the 
ambient temperature is lower than the desired temperature or the 
cooling system switches when the temperature sensed by the sensor 
exceeds ambient temperature. 

A smart temperature and humidity control system  [16] doubles as an 
agricultural control unit, optimizing barn conditions for maximum 
output. Actuators such as heaters, windows, and fans modulate the 
barn environment.

Additionally, a heating control radiator [17] was devised to regulate 
room temperature, inspired by surface plasmon resonance (SPR) 
experiments. The study afrms the efciency of the heating control 
program for SPR experiments.

Similar research introduces reector panels and wall insulators to 
enhance thermal energy retention in buildings [18].  Evaluating 
different setups under varying sunlight conditions, improved thermal 
resistance leads to enhanced efciency.  
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III.   METHODOLOGY

Efcient energy management in modern buildings is critical. 
Traditional heating systems, which use simple on/off switches and 
thermostats, frequently waste energy. To address this challenge, 
realistic building models and improved control systems are required. 
Modelling the thermal behavior of a building typically involves the 
use of equivalent thermal characteristics, such as resistive and 
capacitive (RC) networks to portray heat ow through surfaces such 
as walls. In our scenario, we'll model the subject area, such as a room, 
by assigning thermal resistance to walls and representing their 
thermal capacity as thermal capacitance—a technique similar to the 
electrical RC model.

By knowledge of material on walls and surrounding, we can create a 
system model G (s), then design appropriate controller C(s) for the sys

heater. The heater, in this case our actuator, also is supposed to have a 
transfer function to allow for the effects of the heater to be 
compensated in design with transfer function, G (s). To lower the act

order of the model with appropriate precision, a frequency response 
approach taken from control engineering is used. The controller is 
then created. The whole control system is written in  computer 
softwares MATLAB/Simulink, with the results exhibiting good 
performance under system disturbances as well as lower energy 
usage than a standard on-off controller.

It is feasible to minimize the order of the construction model using an 
RC networks technique by studying the impact of each layer's 
resistance over the heat ow injected in each capacitor. This results in 
the formation of a dominating layer. 

Another method is to calculate the average thermal conductivity of a 
multi-layered element. The state-space model is the most often used 
format for model description. The model requires measurement and 
estimation governed by reason to formulate the apt mathematical 
model. Or the fundamental values of heat transfer coefcients can be 
evaluated and a single input single output system is produced.

IV.    MATHEMATICAL MODELLING

A room is sampled with total internal capacitance as C and is assumed 
to not contain heavier elements of much larger or smaller thermal 
capacitances and its walls are said to provide the thermal resistance 
when compared to a RC model. Conductance between outside and 
inside of the wall is U (where thermal resistance R = 1 / U).

Now,
 q  = Auxiliary heating/cooling (+ive/-ve)aux

 T  = room temperatureR

 T  = outside temperatureo

 C = Thermal capacitance
 U = Thermal heat transfer coefcient

Fig. 4 Schematic diagram of system

Fig. 5. RC model of the thermal system

 
An energy balance for the room yields; 

Energy Stored + Energy Lost = Heat Input
  dTR___ ..     C + U  (TR - To) = qaux (1)dt  
A building  inside temperature is governed by thermals i.e., 
convection, conduction, and radiation. Convection and conduction 
are the primary inuences on thermal behavior in our model, with 
radiation, from the sun, acting as a disturbance. Convection and 
conduction can be considered as follows,
   UcdA

_____,  (2)
   qcd=
   T2 - T3

  qcv = UcvA (T2 - T1)  (3)
  
  qcv = Thermal energy by convection
  qcd = Thermal energy by convection

U is heat transfer coefcient, A is surface area and q is thermal energy.

The convection heat transfer coefcient, U , is affected by the mean cv

velocity, hydrodynamic and thermodynamic properties of air, and its 
value varies with temperature and speed. It is extremely difcult to 
calculate an accurate value of a given spaces' U, but a well-rounded 
approximation must sufce with very little error. 

Note,
   Nu = Nusselt Number

Pr  = Prandtl Number
Re =  Reynolds Number
 Nuk

______
   v = 

L  (4)
   

1 1  Nu = 0.664Re Pr (5)  
 2 2   

Convection and conduction resistances can be dened by the 
equation
   1  1

___, ____  Rcv = Rcd = 
   U A     U A (6)v d

  qcv = Thermal energy by convection
  qcd = Thermal energy by convection

A further implication within this is insulation of wall. Inherent 
material properties of the walls and the dimensions are used nd for 
constants and values for the thermal capacitance, thermal transfer 
coefcient and thermal resistances. The thermal capacitance is 
calculated 
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as;
c  = specic thermal conductancep

  C = mcp   (7)

The paper [19] we referred for this work by Hector et. al. the problem 
presented will be used as reference in our work. 

The problem was a model house with cellulose insulated walls (40m 
x 4m) and 4 windows(1m x 1m). The paper modelled thermal 
capacitance and resistivity of each wall and window, including the 
roof.

The state-space model provides information on the house's dynamic 
thermal behavior. However, its direct use necessitates the 
measurement of all system state variables. For control system 
design, a SISO model representation in the frequency domain is used 
instead of a state feedback controller. The paper made a state space 
model using  some sample values  which were compiled and 
searched for a sample room sourced from the literature review.

A transfer function relating the heat input (Q ) and the temperature u

(T ) was established with,H

   T(s)_____ -1  G(s) =  C (sl - A) B (8)=
Q  (s)u    

Table. II  Properties and inherent constants of the materials assumed 
to be used in the house construction for use in calulations

Fig. 6  Model of house showing number of windows and door by 
Hector et. al. 2018

V.    IMPLEMENTATION OF MODEL

A) System

thA frequency response approach is used to scale down the 6  
order transfer function making calculations and compensator 
simpler. Done in two portions:

 1. Showing the Bode diagrams for each transfer function of 

the set dened by the transfer function, 

Table. I Mathematical model of the individual component of the 
house to the overall thermal behavior [34]
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2. Suggesting a system g (s) that as closely as feasible a

matches G(s). reducing the system to second order and 

giving, natural frequency ω  and damping ratio ζ by,n

      (9)

 To improve approximation, a new zero is introduced to the 
4 equation. Natural frequency is taken as 0.9x10 and 

damping ratio of 1.5. by using MATLAB, the following 

equation is approximated,

       (10)

B) Actuator (Heater)

We will be using a step heater with only on-off function. The need for 
a transfer function of G (s) is not needed. So,act

  Gsys(s) = G(s)   (11)

C)     Controller

Industry standard closed response standards include a settling time 
T , at least 4000 s and a maximum overshoot of 10%. These are taken s

as initial estimates only and can be improved on further iterations. 
When translated to frequency domain the specications become, 
damping ratio ζ=0.59, with a phase margin of a minimum 58° and a 
bandwidth ω ≥0.007 rad/s. A PI controller is designed as follows:bw

       (12)

But by implementing PID tuning, inputting the G(s) in the MATLAB 
Sisotool. Controller in the paper was obtained using techniques like 
Bode shaping to achieve a phase margin of 90°. To avoid a large 
energy demand, a new bandwidth ω =0.0034 rad/s was adopted. The bw

controller transfer function was obtained as;

      (13)

The model of the controller was made to accommodate the least gain. 
Note the more the gain, the more power requirements and physical 
specications of the actuator. 

D) Simulation

We modelled a relatively large room, now we will simulate it 
on Simulink with different conditions. The simulation run 
time is set to 10,000 seconds. Instead of importing the 
controller design directly from Sisotool, We model the exact 
controller on Simulink, and tested against step input shown in 
results at the end.

The Sisotool model can be directly imported into a Simulink 
platform from the UI. The results generated by this built in 
software were identical and reproducible compared to the 
manually arranged control conguration.

VI.   RESULTS

a. Sinusoidal Input (0.0005 Hz and 40 degrees amplitude)

Fig. 8a  Plot of Sin input and System response (-40 to 40°C) against time 

(0-10,000 seconds)
b. Step input

Fig. 8b  Plot of Step input (blue) and System response (green) against time 

(0-10,000 seconds)
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c. Ramp input

Fig. 8c  Plot of ramp input (blue) and System response (0-10,000°C) 
against time (0-10,000 seconds)

 d. Parabolic input 

Fig. 8d  Plot of parabolic input (blue) and System response (0-5e+7°C) 

against time (0-10,000 seconds)

e. Bode plot of Phase and Magnitude of compensated system: 

Fig. 8e  Phase/Magnitude and frequency plots

f. Simulink Generated control loop of the Sisotool integrated with 

a thermostat knob which was adjusted during the simulation.

VII.   DISCUSSION 

In simulation, the system was tested with various inputs—Step, 
Ramp, Parabolic, and Sinusoidal—yielding consistent and stable 
responses as per the earlier emulated mathematical model. Fig. 8 b 
illustrates the step response closely following the input (blue line). 
The room of 40m by 10m reached a stable temperature range with a 
Peak Overshoot of 1.09 and a settling time of around 4000 seconds 
[Fig. 8 e]. 

To strengthen the results, a ramp input—an initial order change—was 
applied. The room's temperature responded linearly to rising input, as 
depicted in Fig. 8 c, demonstrating promising stability. Similarly, the 
parabolic input— representing a second-order change—resulted in a 
response aligned with the input, generating the intended outcomes 
[Fig. 8 d]. 

For stability and robustness assessment, the system underwent a 
recommended sinusoidal input test—a sinusoidal function with a 

ofrequency of 0.0005 Hz and an amplitude of 40 C, alternating 
o obetween 40 C and -40 C over 2000 seconds [Fig. 8 b]. The response 

closely tracked the input, maintaining stability and smoothness, 
indicating its readiness for swift and robust heat control in the 
modeled environment. 

In simulation, the Simulink model incorporated input from a knob, 
producing results consistent with earlier ndings [Fig. 8 f]. The 
response closely followed the input with minimal lag, displaying 
maximum robustness in the face of sudden changes.

Fig. 8f  Shows response on a knob input (from 14 to 32 to 45 and back to 
o32 C in steps) and temperature response of system with respect to user 

demand plotted against time (10,000 seconds).
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VIII.    CONCLUSION

We modelled a temperature control device for a 40x10 meter room 
affected by conduction and convection from outdoor temperature and 
a step heating element. The process goes through mathematical 
modelling needed to represent room walls and conditions by using 
knowledge of thermal physics and materials. The mathematical 
model is built upon to arrive at a control system betting to the 
scenario. After developing controls for the given environment, the 
system is simulated and tested on MATLAB and Simulink. Results 
show promise by step, ramp, parabolic and even sinusoidal inputs and 
stays stable to give sensible outputs for its size and constraints. The 
Simulink model can be used to make a program for control and use of 
Virtual Instrumentation can further advance our work. The controller 
can be made to t the original system and construct a compensator 
around that environment. The control solution can serve as a base 
model for automatic temperature control with slight modications to 
accommodate sensors and actuators.

We can further make an ecosystem of controls to further regulate 
temperature control and model the actuator transfer functions. The 
results can be checked and cross referred to standard systems and then 
efciency to simple radiator heater can be compared with. The model 
is a solid base for building a physical control system and then 
compare experimental results to further advance its validation.

IX.   REFERENCES

[1]	 Jeff Flowers, “Radiator Heaters 101: Your Guide to Old-Fashioned 
Heat,” Dec. 17, 2013. https://learn. compactappliance.com/radiator-
heaters/ (accessed Oct. 01, 2022).

[2]	 N. A. Boldt, “A New NEMA Standard for Room Thermostat Test 
Equipment,” IEEE Trans Ind Appl, vol. IA-10, no. 6, pp. 703–709, Nov. 
1974, doi: 10.1109/TIA.1974.349221.

[3]	 T. Kaewwiset and P. Yodkhad, “Automatic temperature and humidity 
control system by using Fuzzy Logic algorithm for mushroom nursery,” 
in 2017 International Conference on Digital Arts, Media and 
Technology ( ICDAMT) ,  IEEE,  2017,  pp .  396–399.  doi : 
10.1109/ICDAMT.2017.7905000.

[4]	 H. Karkaba, C. Habchi, and A. al Takash, “Numerical Analysis of 
Different Indoor Heating Methods,” in 2019 Fourth International 
Conference on Advances in Computational Tools for Engineering 
Appl ica t ions  (ACTEA) ,  IEEE,  Ju l .  2019,  pp .  1–7.  doi : 
10.1109/ACTEA.2019.8851075.

[5]	 L. Zhang, L. Fan, X. Xu, B. Cao, H. Zhang, and L. Song, “Experimental 
research of the radiator thermal performance test equipment and its 
application in heating system,” Energy Engineering: Journal of the 
Association of Energy Engineering, vol. 118, no. 2, pp. 399–410, 2021, 
doi: 10.32604/EE.2021.012647.

[6]	 Z. Jian, H. Guihe, and Z. Jing, “Cabin Temperature Control System 
Simulation of Transportation Aircraft,” in 2013 Third International 
Conference on Instrumentation, Measurement, Computer, 
Communication and Control, IEEE, Sep. 2013, pp. 1689–1692. doi: 
10.1109/IMCCC.2013.373.

[7]	 Y. Wang, S. You, X. Zheng, and H. Zhang, “Accurate model reduction 
and control of radiator for performance enhancement of room heating 
system,” Energy Build, vol. 138, pp. 415–431, Mar. 2017, doi: 

10.1016/j.enbuild.2016.12.034.

[8] H. Y. Shen, “Design of Automatic Control Device of Central Heating 
Temperature,” Applied Mechanics and Materials, vol. 635–637, pp. 
1341–1344, Sep. 2014, doi: 10.4028/www. scientic.net/AMM.635-
637.1341.

[9] H. Huang, S. Fu, P. Zhang, and L. Sun, “Design of a Small Temperature 
Control System Based on TEC,” in 2016 9th International Symposium 
on Computational Intelligence and Design (ISCID), IEEE, Dec. 2016, 
pp. 193–196. doi: 10.1109/ ISCID.2016.1051.

[10] E. N. Desyatirikova, V. I. Akimov, A. v. Polukazakov, S. I. Polyakov, and 
V. E. Mager, “Development, Modeling and Research of Automation 
Systems for 'Smart' Heating of a Residential Building,” in 2021 IEEE 
Conference of Russian Young Researchers in Electrical and Electronic 
Engineering (ElConRus), IEEE, Jan. 2021, pp. 849–854. doi: 
10.1109/ElCon Rus51938.2021.9396401.

[11] K. Osman, M. Petic, T. Alajbeg, and M. Stec, “Comparison of the 
theoretical mathematical model and the experimental approach in the 
development of an automatic control system in a smart family house,” in 
2022 7th International Conference on Smart and Sustainable 
Technologies (SpliTech) ,  IEEE, Jul.  2022, pp.  1–6. doi: 
10.23919/SpliTech 55088.2022.9854273.

[12] Y.-D. Kuan et al., “Multifunctional energy-efcient building with 
automatic temperature rise prevention mechanism,” in 2016 
International Conference on System Science and Engineering (ICSSE), 
IEEE, Jul. 2016, pp. 1–4. doi: 10.1109/ICSSE.2016.7551608.

[13] Y. Gu, H. Chen, and X. Wang, “An intelligent heating energy-saving 
system based on CAN-bus,” in 2016 Chinese Control and Decision 
Conference (CCDC), IEEE, May 2016, pp. 6276–6280. doi: 10.1109/ 
CCDC.2016.7532127.

[14] J. Hua, C. Yong, and L. Lingdong, “Application of LADRC Algorithm in 
Energy-saving Heating Control System,” in 2021 4th International 
Conference on Advanced Electronic Materials, Computers and 
Software Engineering (AEMCSE), IEEE, Mar. 2021, pp. 120–123. doi: 
10.1109/ AEMCSE51986.2021.00032.

[15] A. L. Amoo, H. A. Guda, H. A. Sambo, and T. L. G. Soh, “Design and 
i m p l e m e n t a t i o n  o f  a  r o o m                                                                                      
temperature control system: Microcontroller-based,” in 2014 IEEE 
Student Conference on Research and Development, IEEE, Dec. 2014, 
pp. 1–6. doi: 10.1109/SCORED.2014.7072989.

[16] C. Shen, “Intelligent automatic temperature and humidity control barn,” 
in 2022 IEEE 2nd International Conference on Electronic Technology, 
Communication and Information (ICETCI), IEEE, May 2022, pp. 
1369–1373. doi: 10.1109/ICETC              I55101.2022.9832396.

[17] D. K. Utomo, A. Kurniawati, Hendro, and S. Viridi, “Design and 
Development of Radiated Heater with Temperature Control Program for 
Surface Plasmon Resonance Experiment,” J Phys Conf Ser, vol. 1127, p. 
012004, Jan. 2019, doi: 10.1088/1742-6596/1127/ 1/012004.

[18] G. Baldinelli and F. Asdrubali, “Reecting panels for radiators in 
residential buildings: Theoretical analysis of energy performance,” in 
2008 Second International Conference on Thermal Issues in Emerging 
Te c h n o l o g i e s ,  I E E E ,  D e c .  2 0 0 8 ,  p p .  4 4 9 – 4 5 4 .  d o i : 
10.1109/THETA.2008.5167195.

[19] H. Bastida, C. E. Ugalde-Loo, M. Abeysekera, M. Qadrdan, and J. Wu, 
“Thermal Dynamic Modelling and Temperature Controller Design for a 
House,” Energy Procedia, vol. 158, pp. 2800–2805, Feb. 2019, doi: 
10.1016/j.egypro.2019.02.041.

9

Modelling, Design and Analysis of Automatic Temperature Control of a Room from  Indoor Radiator Power

IEEEP New Horizons: Journal of the Institution of Electrical and Engineers Pakistan, Volume 103 Issue 2 July 2023 - Dec 2023


