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Abstract: Prolonged sitting often results in discomfort, injury, and chronic pain, particularly for prehospital patients and manual 

wheelchair users who experience significant upper-limb pain and dysfunction. The Temperature Controlled Comfortable Chair (TCCC) 

addresses these issues by offering specialized relief and adaptable features. This study aims to develop a multifunctional chair to 

enhance comfort, mobility, and safety for individuals with varying medical needs. The TCCC integrates customizable sitting and 

sleeping arrangements, a temperature-regulated mattress, joystick-controlled mobility, and automatic lighting. Testing involved 

evaluating thermostat responses for heating and cooling functions and assessing the automatic lighting system under different light 

conditions. Results indicate that the TCCC effectively regulates temperature, maintaining comfort in varying weather conditions. The 

warming function facilitates drying, while the cooling function alleviates prickly heat. Automatic lighting activates in low-light 

scenarios, enhancing patient safety and addressing nyctophobia. The joystick-controlled mobility system, despite the chair's substantial 

weight, ensures effortless maneuverability. Data showed consistent performance of the automatic lighting feature across various light 

conditions, with specific lux levels triggering the DC light. The TCCC provides a comprehensive solution for prolonged sitting 

discomfort, integrating essential features to enhance user comfort and convenience. Its innovative design sets a new standard in 

ergonomic seating and sleeping solutions, suitable for both everyday and medical settings, emphasizing the importance of 

multifunctional and user-centric design in patient care. 

 

Keywords: Detection,  temperature, safety,  mobility, illuminance

 

1. INTRODUCTION  

      Prehospital patients, particularly those with severe 

injuries or illnesses, are at a heightened risk of cold 

exposure, which can lead to hypothermia. Traditionally 

defined as a body core temperature below 35°C, 

hypothermia's definition has been revised to below 36°C 

due to its significant prognostic implications in trauma cases 

[1]. Hypothermia negatively impacts bodily functions, 

increasing morbidity and mortality regardless of injury 

severity [2]. Various factors, including fatigue, nervous 

system injuries, medication, alcohol, age, chronic illness, 

trauma, malnutrition, and endocrine disorders, disrupt the 

body's thermoregulatory mechanisms, leading to peripheral 

vasoconstriction and rapid cooling of the extremities and 

back [3]. 

 

Manual wheelchair users frequently encounter upper-limb 

pain and dysfunction, primarily due to propulsion and 

transfers, with up to 73% reporting chronic pain [4]. 

Biomechanical analyses of wheelchair propulsion have 

aimed to enhance mechanical efficiency and address 

musculoskeletal issues by investigating variables such as 

hand rim size, wheel camber, rim tube diameter, and seat 

position [5]. Despite these advances, 40% of electric 

wheelchair users still face maneuvering difficulties [6]. 

Recent research has integrated mobile robot guidance 

techniques into electric wheelchairs, yet challenges with 

joystick control persist due to physical limitations and 

spasticity-induced tremors [7]. 

      Previous studies have explored the effects of seat 

position on wheelchair propulsion efficiency. Engel et al. 
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determined that positioning the seat unit posteriorly relative 

to the rear wheels was most efficient [8]. Brubaker's 

findings supported this by showing that a posterior seat 

placement reduces rolling resistance and enhances 

propulsion efficiency [9]. Van der Woude et al. identified 

that optimal elbow flexion angles significantly affect energy 

consumption and kinematics [10]. Hughes et al. established 

a robust correlation between seat position and joint motion 

during propulsion, emphasizing the need for ergonomically 

optimal seat positioning [11]. However, these studies often 

focus on static configurations and fail to address the 

dynamic needs of users. 

     This study aims to develop the Temperature Controlled 

Comfortable Chair (TCCC), a multifunctional seating 

solution that integrates customizable sitting and sleeping 

arrangements, temperature regulation, joystick-controlled 

mobility, and automatic lighting. The TCCC is designed to 

enhance comfort, mobility, and safety for individuals with 

varying medical needs, addressing the limitations of 

previous studies by offering a dynamic and adaptable 

solution tailored to individual user preferences and 

requirements. The TCCC represents a significant 

advancement in ergonomic design, setting a new standard 

for modern seating and sleeping solutions. 

2. METHODOLOGY 

This section presents detail of components connection 

illustrating the comprehensive features of the Temperature 

Controlled Comfortable Chair (TCCC), depicted in Fig. 1. 

 

Figure 1 Features of TCCC 

A. System overview 

This section includes overview of 3 systems. First system 

is for automatic lighting and seat configuration, second 

system for seat temperature regulation, and third for 

remote controlled mobility.   

The setup involves the integration of a diverse array of 

components to establish a sophisticated smart seating 

system. At its core, an Arduino Uno serves as the central 

control unit, interfacing with essential peripherals 

including a BH1750 light sensor, servo motor, 

potentiometer, and relay module. These components 

collectively enable automatic adjustments in lighting 

based on ambient conditions and user-defined seating 

configurations. Moreover, the TCCC incorporates dual 

thermostats tasked with managing a 12V DC fan and a 

220V AC LED strip, pivotal for regulating seat 

temperatures through both warming and cooling 

functionalities. The chair’s mobility is facilitated by an 

L298N motor driver module, BO motors, and a joystick 

interface, seamlessly integrated with the Arduino Uno. 

This integrated setup enables precise and remote-

controlled adjustments, significantly enhancing user 

comfort and accessibility. 

B. Hardware 

The section presents the description of the following 

components used in system.  

1) SG90 Servo motor  

The SG90 servo motor is a compact, powerful motor 

capable of approximately 180-degree rotation. It operates 

within a closed-loop system that includes a motor, 

potentiometer, and control circuit as shown in Fig. 2. The 

gear system reduces speed and increases torque, while the 

potentiometer detects the shaft's position, converting it 

into an electrical signal for the control circuit. This circuit 

uses PWM signals for precise motor positioning. The 

embedded board interprets these signals, directing motor 

rotation and allowing continuous adjustments for accuracy 

and stability, ideal for precision applications [12][13]. 

 
Figure 2 Servo motor module (internal structure) 

2) 10K Potentiometer 

A 10K potentiometer is used in this study to adjust the servo 

motor's angle by acting as an adjustable voltage divider. It 

regulates voltage and adjusts resistance within electronic 

circuits. The potentiometer has three terminals: two fixed-
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end terminals and a sliding contact (wiper). Internally, it 

provides variable resistance; terminals 1 and 3 have a fixed 

10kΩ resistance, with the wiper adjusting between them. At 

the midpoint, terminals 1-2 and 2-3 each measure 5kΩ, 

enabling precise resistance adjustment with the 

potentiometer knob. This adjustment follows Ohm's law, 

where varying the wiper position alters the voltage divider 

ratio, thus controlling the servo motor's angle effectively 

[14][15]. 

 

3) BH1750 light sensor 

The BH1750 light sensor, utilizing an IC with an I2C 

interface, measures ambient light up to 65535 LUX, 

operating between 2.4V and 3.6V. A photodiode converts 

light into electrical signals with low current consumption. 

The sensor includes a voltage regulator and 4.7kΩ pull-up 

resistors on the SDA and SCL pins. Internally, it processes 

the photodiode's current signal via an operational 

amplifier, converting it to voltage, which an ADC digitizes 

to measure illuminance in LUX. The sensor's logic and 

I2C interface handle conversion and communication, with 

a 320kHz internal oscillator providing timing [16][17]. 

 

4) 5V Relay module 

The 5V relay module, controlled by a microcontroller, acts 

as an electromagnetic switch. When triggered by a low-

power signal, an electromagnet within the module is 

energized, moving an internal switch between Normally 

Closed (NC) and Normally Open (NO) positions. Initially, 

the Common (COM) terminal is connected to the NC 

terminal. When activated, the electromagnet switches the 

COM terminal to the NO terminal. Upon deactivation, it 

returns to its default state, reconnecting COM to NC and 

reopening NO, thus deactivating the relay [18][19]. 

 

5) Dual axis joystick 

The joystick module enables directional input for chair 

movement via a microcontroller, using integrated 

potentiometers for X and Y-axis movements. It features a 

self-centering spring and a momentary pushbutton switch. 

At rest, it outputs 2.5V on both axes, translating stick 

positions into electrical signals. The module includes two 

5kΩ potentiometers arranged orthogonally for precise 

movement detection. These potentiometers act as 

adjustable voltage dividers, providing analog outputs 

proportional to the joystick's position. The pushbutton 

switch toggles between digital HIGH and LOW states. 

Rotating the joystick knob adjusts the potentiometers, 

changing resistance and voltage outputs (0 to 1023), 

ensuring precise control and measurement based on 

joystick positioning [20][21]. 

 

6) L298N motor driver module 

The mobility system uses the L298N dual H-Bridge motor 

driver to control four brushed DC motors, managing both 

direction and speed. It supports voltages from 5V to 35V 

and currents up to 2A, suitable for DC motors and 

compliant with TTL logic levels. The L298N includes two 

full-bridge power stages (A and B) in a bridge 

configuration, with external resistors for current sensing. 

Input signals (In1, In2, EnA for Bridge A; In3, In4, EnB 

for Bridge B) control motor direction and operation. The 

H-bridge setup manipulates input voltage polarity through 

four switches for direction control [22][23]. 

 

7) BO motors 

Battery-operated (BO) motors provide efficient, low-

power operation within durable plastic or metal casings. 

They feature a shaft for connecting to wheels or gears. 

Internally, they have a rotor with coil windings around an 

armature, surrounded by a stator with permanent magnets. 

When current flows through the rotor coils, 

electromagnetic interaction with the stator's field causes 

rotation. A segmented copper commutator reverses the 

current in the coils to sustain rotation, while carbon 

brushes maintain contact with the commutator, ensuring 

efficient conversion of electrical energy to mechanical 

motion [24]. 

 

8) Arduino Uno 

The Arduino Uno, based on the ATmega328P, is a popular 

microcontroller board used in embedded systems and DIY 

electronics projects. It is renowned for its ease of use, 

versatility, and strong community support, making it 

suitable for beginners and advanced users. Key specs 

include a 5V operating voltage, 7-12V input range, 14 

digital I/O pins (6 with PWM), 6 analog inputs, and a DC 

current of 20 mA per I/O pin. It features 32 KB flash 

memory (0.5 KB for the bootloader), 2 KB SRAM, 1 KB 

EEPROM, and a 16 MHz clock speed. The Arduino IDE 

simplifies programming for various projects [25][26][27]. 

 

9) XH W3001 Digital Thermostat 

The XH-W3001 temperature controller is a digital device 

for precise temperature regulation, featuring 

programmable settings and a relay for controlling external 

devices. It operates on 220V AC or 12V DC and uses a 

10k NTC thermistor to monitor temperatures from -50°C 

to 100°C with +/-0.1°C accuracy. Users can set heating 

thresholds by adjusting start and stop temperatures via 

simple button commands. To activate heating mode, set 

the min temperature by holding the down arrow for 3 

seconds and adjusting, then set the max temperature by 

holding the up arrow for 3 seconds and adjusting. The stop 

temperature must be higher than the start temperature for 

heating mode; otherwise, it defaults to cooling mode 

[28][29]. 
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10) 220V AC LED strip 

A 220V AC LED strip with plastic coating operates 

directly on 220V AC mains without a transformer or 

driver. The plastic coating provides insulation and 

protection, making it suitable for both indoor and outdoor 

use. These strips are easy to install, can be cut to custom 

lengths, and offer efficient, bright lighting. Heat is 

generated mainly through the inefficiencies in the LED 

chips and associated electronics, as well as resistors used 

for current regulation, which also dissipate energy as heat 

[30]. 

 

11) 12V DC cooling fan 

A 12V DC cooling fan is essential for heat dissipation in 

electronic and mechanical systems. It runs on a 12V DC 

power supply and is commonly used in computer cases 

and power supplies. The fan features a rotor with blades, a 

stator with windings, and a commutation circuit. When 

powered, current flows through the stator, creating a 

magnetic field that interacts with the rotor’s permanent 

magnets, causing the rotor to spin and move air through 

the blades for effective cooling [31]. 

 

3. WORKING 

This section outlines the operational flow of each feature 

of the TCCC and documents the results obtained during 

testing. 

A. Seat configuration 

Seat configuration feature leverages three servo motors to 

adjust the chair into various configurations for sitting or 

sleeping, providing ergonomic relief and addressing 

diverse user needs. A potentiometer is used to precisely 

control the servo motors, enabling smooth transitions 

between positions. The system supports multiple 

configurations, each tailored to a specific function. The 

eleven distinct chair positions, delineated in Table I and 

depicted in Fig. 3, serve specific functions crucial for 

health recovery. The table II presents various chair 

configurations and their respective purposes, determined 

by specific servo motor angles (θ1, θ2, θ3).  

 

1.  

2.   

3.     

4.           

5.      
 

6.                
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7.       
 

8.                   
 

9.            
                      

10.        
 

11.        
 

Figure 3 Seat configurations  

 

These positions incorporate features such as abdominal 

exercise facilitation, relaxation promotion, and support 

during recovery from injury or surgery. They are designed 

to address various health needs, including muscle 

strengthening, weight loss, stress reduction, and 

circulatory improvement. Additionally, the configurations 

offer customizable seating and sleeping options, 

optimizing comfort, posture, and therapeutic benefits. 

Notably, the positions cater to diverse requirements such 

as leg elevation for enhanced circulation, back support for 

spinal alignment, and reclined postures for tension relief. 

Specific designs accommodate rehabilitation needs, such 

as aligning leg fractures and minimizing discomfort during 

rest and sleep. 

 

The user adjusts the potentiometer's knob to specific 

angles indicated by an arrow, altering the resistance of the 

wiper and varying the voltage according to Equation (1).  

 

𝑉𝑜𝑢𝑡 = 𝑉𝑖𝑛 ∗  
𝑅𝑤𝑖𝑝𝑒𝑟

𝑅𝑡𝑜𝑡𝑎𝑙
                                                       (1)  

 

where Rtotal=10k ohm 

This analog voltage is converted into a digital value by the 

Arduino Uno's 10-bit ADC using Equation (2).  

 

𝐴𝐷𝐶𝑣𝑎𝑙𝑢𝑒 =
𝑉𝑜𝑢𝑡

𝑉𝑖𝑛
∗ 1023                                               (2)  

 

where Vin=5V 

The digital value is then applied to Equation (3) to 

determine the corresponding servo angle, setting the servo 

motor's position accurately. 

 

𝐴𝑛𝑔𝑙𝑒 =
𝐴𝐷𝐶𝑣𝑎𝑙𝑢𝑒

1023
∗ 180                                               (3) 

The obtained data is documented in Table I, which shows 

the corresponding wiper resistance values for specific 

servo angles. 

TABLE I   CORRESPONDENCE BETWEEN SERVO ANGLES AND WIPER 

RESISTANCE VALUES 

 

Servo 

angle 

Wiper resistance 

value (ohm) 

0˚ 0 

30˚ 1.67k 

45˚ 2.5k 

75˚ 4.17k 

90˚ 5k 

120˚ 6.67k 

135˚ 7.5k 

180˚ 10k 

In the control section of the chair, three potentiometers are 

installed, each labeled with specific angles as illustrated in 

Fig. 4. As the arrow indicates a particular angle, the servo 

motor adjusts accordingly to align with the corresponding 

angle.  
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Figure 4 Potentiometer with labelled angles 

 
 

TABLE II  SEAT CONFIGURATION AND PURPOSE 

 

B. Seat temperature regulation 

     The Temperature Controlled Comfortable Chair 

features a sophisticated system designed to adapt to 

seasonal temperature variations, utilizing two XH-W3001 

thermostat modules with separate power supplies to 

regulate seat temperature for winter, rainy, and summer 

conditions. 

       The XH-W3001 220V AC thermostat is the central 

device for temperature control, incorporating an integrated 

relay to manage an LED strip's operation. Operating on a 

220V AC power source, the module uses an embedded 

temperature sensor to monitor the current temperature and 

compare it to a predefined set point. Based on this 

comparison, the relay activates or deactivates to control 

the LED strip, which serves as a heat source by converting 

electrical energy into warmth through its resistive material 

composition.  

       During winter and rainy seasons, the thermostat 

module maintains optimal comfort levels by initiating the 

heating process. If the ambient temperature falls below the 

set threshold of 25°C, the relay activates, causing the LED 

strip to emit heat. This heat permeates the chair's foam 

material, raising its temperature. Once the temperature   

 

reaches or exceeds 25°C, the relay deactivates, allowing 

the temperature to drop until it reaches 20°C. The relay 

then reactivates to resume the heating cycle, ensuring 

consistent comfort. 

Conversely, during the summer season, the thermostat 

module operates in cooling mode to alleviate heat 

discomfort. When the ambient temperature exceeds 25°C, 

the relay activates, powering a DC cooling fan to generate 

a stream of cold air. This airflow cools the foam, reducing 

its temperature. When the temperature drops to or below 

Configuration 

number 

Configuration name Angle (Θ1, Θ2, Θ3) Purpose 

1 Abdominal Exercise and 

Weight Loss 

 

135°, 45°, 45° Abdominal exercise and weight loss 

2 Hammock-type configuration 

 
45°,135°, 135° relaxation, reducing stress levels 

3,4 Sitting Chairs with 

Adjustable Seating 
 

                   

30°, 30°, 30° 

 

 90°, 30°, 30° 

optimal comfort and support, recovering from injury or surgery 

5,6 Sleeping Positions with Leg 
Elevation, side supported 

stool type configuration 

 

                             

90°, 120°, 120° 

 

0°, 180°, 180° 

improve circulation, reduce swelling, and alleviate pressure on the lower 
back and joints and comfortable rest while minimizing strain on the spine 

 

7 Standard Bed Configuration                  

90°, 90°, 90° 

restful sleep and overnight recovery, supporting immune function, 

cognitive function, and physical recovery 
 

8,9 Stool-type configuration, and 
Semi-Sleeper Seats 

                

180°, 0°, 0° 
 

30°, 90°, 90° 

sit comfortably without putting undue pressure on the spine or lower 
back, relieve tension, and promote relaxation 

 

10 Lazy Sleeping Position 120°, 120°, 120° maintaining body balance and reducing strain on muscles and joints 

 

11 Leg Fracture Recovery 

Position 

 

75°, 90°, 135° 

recovering from leg fractures, adjusting the leg portion of the seat 

facilitates proper alignment and support 
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20°C, the relay deactivates, allowing the temperature to 

rise until it reaches 25°C. The relay then reactivates to 

sustain the cooling process, maintaining a comfortable 

seating temperature. 

 

 
 

Figure 5 Warming system working 

 

 
 

Figure 6 Cooling system working 

 

This cyclic process continues until the power supply to the 

module is terminated, ensuring continuous temperature 

regulation adapted to seasonal conditions. Detailed 

operational diagrams are provided in Fig. 5 and 6, 

illustrating the complete functionality of the warming and 

cooling features, respectively. 

 

C. Remote control mobility 

This feature controls the mobility of the chair using a 

joystick. 

 

The joystick provides analog input signals representing 

movement along the X and Y axes, which are transmitted 

to the microcontroller. These analog signals are converted 

to digital data using the Arduino Uno’s 10-bit ADC, as 

described by Equation 4: 

 

𝐷𝑖𝑔𝑖𝑡𝑎𝑙𝑣𝑎𝑙𝑢𝑒 = (
𝐴𝑛𝑎𝑙𝑜𝑔_𝑣𝑜𝑙𝑡𝑎𝑔𝑒

𝑉𝑟𝑒𝑓
) ∗ 1023                         (4) 

 

Upon receiving the joystick input, the microcontroller 

interprets the digital data to determine the joystick's 

precise position. This positional information is used to 

activate the motor driver module. The L298N motor 

driver, incorporating an H-Bridge circuit, manages the 

current flow to the BO motors, dictating the chair's 

movement in response to joystick manipulation. Forward 

or backward movement along the Y-axis corresponds to 

forward or backward chair motion, while movement along 

the X-axis dictates side-to-side motion. 

       The H-Bridge circuit regulates motor rotation 

direction by selectively enabling or disabling switches 

based on the desired movement. When all switches (Out1, 

Out2, Out3, and Out4) are open, no current flows, 

resulting in a motor halt. For forward motion, switches 

Out1 and Out3 are set to HIGH, while Out2 and Out4 

remain LOW. For reverse movement, Out1 and Out3 are 

LOW, and Out2 and Out4 are HIGH. For leftward motion, 

Out1, Out2, and Out4 are LOW, and Out3 is HIGH. 

Conversely, for rightward motion, Out2, Out3, and Out4 

are LOW, and Out1 is HIGH. 

 

𝑜𝑢𝑡𝑝𝑢𝑡 =  (𝑖𝑛𝑝𝑢𝑡 − 𝑖𝑛𝑚𝑖𝑛) ∗ (
𝑜𝑢𝑡𝑚𝑎𝑥−𝑜𝑢𝑡𝑚𝑖𝑛

𝑖𝑛𝑚𝑎𝑥−𝑖𝑛𝑚𝑖𝑛
) + 𝑜𝑢𝑡𝑚𝑖𝑛   

(5)                                                                                       

Where: 

• input = Y-axis joystick value 

• in_min = Minimum Y-axis joystick value (0) 

• in_max = Maximum Y-axis joystick value (1023) 

• out_min = Minimum motor speed (-255 for 

backward) 

• out_max = Maximum motor speed (255 for forward) 

      The microcontroller maps the digital values of the X 

and Y axes to determine the direction and speed of the 

motors. If the X-axis digital value is less than 512, it 

signifies left direction; if greater than or equal to 512, it 

signifies right direction. For the Y-axis, a value of 0 

indicates backward movement, while 1023 indicates 

forward movement. 

      Motor speed is adjusted based on the mapped direction 

and the Y-axis digital value derived from Equation 5. 

Positive values for the left motor speed denote forward 

movement, while negative values indicate backward 

movement. The same logic applies to the right motor 

speed. 

     This precise control mechanism, illustrated in Fig. 7, 

ensures smooth and accurate chair movement in 

designated directions. Table III documents the observed 

data during testing, correlating joystick directions with the 

corresponding chair movements, provides a 

comprehensive overview of how joystick inputs translate 

into motor control signals, enabling nine directional 

movements, with analog values converted to digital bits by 

the microcontroller.  
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Figure 7 Working of remote controlled mobility system 

 

 
TABLE III   JOYSTICK DIRECTIONAL INPUTS AND CORRESPONDING 

MOTOR CONTROL SIGNALS 

 

 

D. Automatic lighting 

In this, the BH1750 light intensity sensor is employed to 

measure ambient luminosity. As sensor's photodiode detects 

incident light, creating electron-hole pairs within the PN 

junction through the internal photoelectric effect. This 

generates an electrical signal proportional to the light 

intensity, which is subsequently converted into voltage by 

an integrated operational amplifier (OP-AMP). Working 

procedure is mentioned in Fig. 8. 

       The built-in Analog-to-Digital Converter (ADC) then 

transforms this voltage into 16-bit digital data representing 

luminance in Lux. The sensor’s internal logic unit processes 

and outputs the digital Lux data via I2C communication, 

with a 320kHz internal clock oscillator providing the timing 

reference. If the measured lux value is below 300, the relay 

module's Common (COM) terminal connects to the 

Normally Open (NO) terminal, activating a DC LED. 

Conversely, if the lux value exceeds 300, the COM terminal 

connects to the Normally Closed (NC) terminal, turning off 

the DC LED. This mechanism enables automated lighting 

adjustments based on ambient brightness, ensuring optimal 

illumination for user comfort and convenience. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Joystick 

direction 

Analog 

value (X, Y) 

in volts 

Digital value 

(X, Y) 

Mapped X 

axis 

(direction) 

Mapped Y 

axis (motor 

direction) 

Left motor 

speed 

Right motor 

speed 

Vehicle moving 

direction 

Center (2.5V, 2.5V) (512, 512) - 0 0 0 stop 

Full left (0V, 2.5V) (0, 512) Left - -200 200 Left 

Full right (5V, 2.5V) (1023, 512) Right - 200 -200 Right 

Full up (2.5V, 0V) (512, 0) - -255 -255 -255 Backward 

Full down (2.5V, 5V) (512, 1023) - 255 255 255 Forward 

Up left (0V, 0V) (0, 0) Left -255 -255 -200 Backward-left 

Upright (5V, 0V) (1023, 0) Right -255 -200 -255 Backward-right 

Down left (0V, 5V) (0, 1023) Left 255 200 255 Forward-left 

Downright (5V, 5V) (1023, 1023) Right 255 255 200 Forward-right 
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Figure 8. Workflow of Automatic lighting 

 

4. ARCHITECTURE 

This section provides an architectural overview of the 

Temperature Controlled Comfortable Chair (TCCC), 

highlighting the integration of various system components 

as depicted in Fig. 9, 10. Fig. 9 illustrates "System3," 

which encompasses the warming and cooling system. 

Positioned beneath the seat, the 220V AC LED strip 

provides warmth to the foam, while a DC cooling fan 

directs airflow upwards from a ventilated box. Two 

thermostats regulate this system, ensuring optimal 

temperature control. An external DC LED strip on the 

box's surface ensures uniform illumination. The BH1750 

light sensor, crucial for ambient light detection, is mounted 

atop the chair. In Fig. 10, "System1" includes the servo 

motor control system, potentiometers, automatic lighting 

with a relay module, BH1750 sensor, and external DC 

LED strip. Potentiometers are placed near the hand 

position, facilitating user control, while the light sensor 

and LED strip are strategically positioned for efficient 

operation. 

 

 

 
 

Figure 9 Placement of temperature regulation components on TCCC 

 

 

 
 

Figure 10 Placement of Automatic lighting and seat configuration 

modules on TCCC (outer appearance) 

 

5. RESULT 

This section presents findings from testing Automatic 

Lighting and temperature regulation features as detailed in 

Tables IV and V.  

 

Table IV evaluated lighting conditions with a set threshold 

of 300 lux, where the DC LED was deactivated when 

ambient light exceeded this level. In low-light 

environments like very dark settings (55 lux) and indoor 

dim conditions (258 lux), the LED provided necessary 

illumination. Conversely, at higher indoor light levels (392 

lux), the LED automatically switched off to conserve 
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energy. Outdoors under dim light (5076 lux) and on cloudy 

days (10601 lux), the LED remained off, effectively 

utilizing natural light.  

 
TABLE IV  LIGHT INTENSITY AND LED STATUS 

 

Environmental 

condition 

Measured 

lux values 

DC LED status 

Very Dark 55 ON 

Dim (at home) 258 ON 

Dim (at home) 392 OFF 

Dim (below open sky) 5076 OFF 

Cloudy (below open 

sky) 

10601 OFF 

 

This responsive strategy optimizes energy consumption by 

activating the LED only when necessary, ensuring 

sufficient lighting while supporting sustainable energy 

practices and addressing concerns such as Nyctophobia. 

 

The temperature regulation feature was tested with 

minimum and maximum thresholds set at 20°C and 25°C 

for warming, and 25°C and 20°C for cooling, respectively. 

Table V illustrates the system's adaptive response to 

varying seasonal and daily temperatures, aiming to 

maintain optimal indoor comfort while minimizing energy 

usage. During hot summer periods, both during the day 

and night, the cooling system activated when temperatures 

exceeded 25°C, effectively managing indoor heat levels. 

For instance, at 37.2°C, the cooling system engaged, with 

continued operation at 41.5°C and 41.7°C to maintain 

comfort. At night, temperatures such as 29.1°C and 28.8°C 

remained above the cooling threshold of 25°C, 

necessitating the system's continuous operation. 

 

In the rainy season, the warming system activated as 

temperatures fell below 20°C. During daytime 

temperatures around 21.9°C and 22.2°C, the warming 

system remained off since these temperatures exceeded 

the minimum threshold. However, at night, temperatures 

dropping to 19.1°C, 18.9°C, and 18.7°C activated the 

warming system to maintain indoor warmth. During 

winter days, temperatures at 25.3°C and 25.6°C exceeded 

the maximum warming threshold of 25°C, resulting in the 

deactivation of the warming system. Conversely, 

nighttime temperatures of 16.6°C, 16.1°C, and 15.9°C fell 

below the minimum threshold of 20°C, necessitating the 

warming system's activation to ensure comfort. 

 

These results underscore the system's efficiency in 

maintaining precise climate control through adaptive 

responses to environmental conditions, thereby optimizing 

energy utilization and enhancing indoor comfort 

effectively. 

 
TABLE V  SEASONAL TEMPERATURE CONTROL STATUS 

Season Day/Night Measured 

temperature 

Cooling 

status  

Warming 

status  

Summer Day 37.2 ON Deactivated 

Day 41.5 ON 

Day 41.7 ON 

Night 28.8 ON 

Night 29.1 ON 

Rainy Day 22.2 Deactivat

ed 

ON 

Day 21.9 ON 

Night 18.9 ON 

Night 18.7 ON 

Night 19.1 ON 

Winter Day 25.6 Deactivat

ed 

OFF 

Day 25.3 OFF 

Night 16.6 ON 

Night 16.1 ON 

Night 15.9 ON 

 

DISCUSSION 

This study highlights the Temperature Controlled 

Comfortable Chair (TCCC) as a significant advancement 

in user comfort, integrating advanced lighting and 

temperature regulation. The automatic lighting system, set 

at a 300 lux threshold, activates LED illumination in low 

light and turns it off when ambient light is sufficient, 

optimizing energy use and aiding users with nyctophobia. 

The temperature control system effectively adapts to 

environmental changes, using thresholds of 20°C for 

warming and 25°C for cooling to maintain comfort. 

During hot weather, the cooling system activates above 

25°C, while the warming system engages below 20°C 

during cooler periods. This adaptability ensures a 

comfortable environment year-round. 

       The TCCC’s multifunctional design represents a 

major leap from traditional systems that focus solely on 

biomechanical efficiency, offering real-time adjustments 

to meet diverse user needs. Unlike previous studies that 

concentrated on wheelchair propulsion and seat 

positioning, the TCCC addresses dynamic environmental 

comfort. However, the study's controlled testing 

environment may not fully reflect real-world conditions, 

and the system’s weight and mobility could be challenging 

for users with severe physical limitations. Future research 

should focus on field testing, improving sensor reliability, 

and exploring additional features to enhance user 

experience and adaptability. 

 

CONCLUSION 

This study aimed to develop the Temperature Controlled 

Comfortable Chair (TCCC), a multifunctional seating 

solution designed to improve comfort, mobility, and safety 

for individuals with diverse medical needs. The TCCC 

features customizable sitting and sleeping arrangements, 

temperature regulation, joystick-controlled mobility, and 
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automatic lighting, targeting discomfort and pain from 

prolonged sitting, particularly for prehospital patients and 

manual wheelchair users. Results showed the TCCC’s 

effectiveness in managing lighting and temperature. The 

lighting system, set at a 300 lux threshold, optimized 

energy use while ensuring adequate illumination in low-

light conditions. The temperature regulation system 

adjusted to various environmental conditions, with cooling 

activated above 25°C and warming below 20°C, 

maintaining a comfortable indoor climate. 

        Despite these promising outcomes, further research is 

needed to address limitations. Future studies should 

include extensive field testing in diverse conditions to 

validate performance in real-world scenarios, including 

extreme weather and fluctuating power supplies. 

Improving sensor reliability and addressing potential 

technical issues are crucial. Additionally, optimizing the 

TCCC’s weight and mobility for users with severe 

physical limitations and confined spaces, as well as 

expanding features for enhanced adaptability, will further 

improve user experience and effectiveness. 
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