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Abstract— This research endeavor aims to evaluate the effectiveness of the robot's direction control system by employing PID 

(Proportional Integral Derivative) output and utilizing wireless communication LoRa E32 433MHz. The experimental robot used in 

this study was a tank model robot equipped with 4 channels of control. LoRa was implemented in the robot control system, in 

conjunction with an Android control application, through serial data communication. The LoRa E32 module system was selected based 

on its established reliability in long-range communication applications. However, encountered challenges included the sluggishness of 

data transmission when using LoRa for transferring control data and the decreased performance of the robot under Non-Line of Sight 

conditions. To overcome these challenges, the PID method was employed to generate control data for the robot, thereby minimizing the 

error associated with controlling its movements. The PID system utilized feedback from a compass sensor (HMC5883L) to evaluate the 

setpoint data transmitted by the user, employing Kp, Ki, and Kd in calculations to enable smooth movements toward the setpoint. The 

findings of this study regarding the direct control of the robot using wireless LoRa E32 communication demonstrated an error range 

of 0.6% to 13.34%. A trial-and-error approach for control variables determined the optimal values for Kp, Ki, and Kd as 10, 0.1, and 

1.5, respectively. Future investigations can integrate additional methodologies to precisely and accurately determine the PID constants 

(Kp, Ki, and Kd) mathematically. 
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I. INTRODUCTION

The presence of robots has emerged as a cornerstone of 

human civilization, significantly augmenting and facilitating 

various human activities [1], [2]. Robots, characterized as 

electro-mechanical or biomechanical devices, execute 

anatomical movements and motions in response to specific 

commands[3], [4]. Unmanned ground vehicles (UGVs) hold 

a prominent position among the prevailing robot types utilized 

in contemporary times. The development of a UGV entails the 

integration of a microcontroller and a motor, serving as the 

primary propellant for the robot [5]. 

To establish an effective control system for the UGV robot, 
the design process necessitates the utilization of a suitable 

methodology. Numerous approaches for robot control 

systems can be employed encompassing PID (Proportional 

Integral Derivative) controllers, Fuzzy Logic, genetic 

algorithms, artificial neural networks, and more [6]. Among 

these options, PID controllers are widely applied in control 

system applications, owing to their proven effectiveness [7].  

A PID (Proportional Integral Derivative) controller 

represents a control system employed to achieve precise 

instrumentation control, incorporating feedback 

characteristics within the system [8], [9]. The widespread 
utilization of PID control is evident in various control system 

applications, including the research conducted by Ma'arif on 

mobile robots, aiming to accurately determine their 

directional positioning. The findings from the study 

demonstrate that the mobile robots successfully moved in 

accordance with readings obtained from compass sensors, 

yielding an average success rate of 76% [10]. 

In the design of a UGV robot, there arises a need for a 

control mechanism that surpasses the efficiency of 

conventional joystick-based controls [5]. This requirement 

can be met by employing a LoRa E32 433MHz wireless 
module, enabling the connection of an Android device as the 

controller for the robot [11], [12]. The LoRa E32 433MHz 

module encompasses a wireless module renowned for its 

expansive coverage area and its inclusion in the LPWAN 

(Low Power Wide Area Network) network group. According 
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to Fadila, the coverage range facilitated by the LoRa E32 

module extends beyond 2 kilometers [13]. 

Building upon the aforementioned contextual foundation, 

the researcher investigated using a PID (Proportional Integral 

Derivative) control scheme integrated with a LoRa E32 

433MHz wireless module. This research employed a compass 

sensor to capture data pertaining to the robot's orientation, 

with the overarching objective of enhancing the control 

system quality of the unmanned ground vehicle (UGV) robot. 

II. MATERIALS AND METHOD 

A. Proportional Integral Derivative (PID) 

The PID control system represents an instrumental 

approach employed for attaining precise control in 

instrumentation, characterized by its feedback mechanisms 

within the system[14]. This control system comprises three 
distinct parameters, namely proportional, integral, and 

derivative, each exhibiting unique characteristics [2]. The 

formulation of the PID control system is denoted by the 

equation where u(t) denotes the resultant value [4], [15], [16]. 

���� =  �� 	��� + �� � 	�Ƭ�dƬ +  Kd �	���
��  

�

�
 (1) 

Notation 

Kp: Proportional Gain  

Ki: Integral Gain  

Kd: Derivative Gain  
e: error (Setpoint – Parameter Value)  

t: Time (Second)  

Ƭ: a variable of integration, with values between 0 to the 

present state Ƭ 

 

1) Proportional: The proportional characteristic 

enhances the transient response during the rise and settling 

times, thereby mitigating steady-state errors. However, a 

drawback of the proportional control lies in its propensity to 

yield a persistent offset value increase [5], [17]. The 

formulation of the proportional control system can be 

expressed as follows: 

P =  Kp ∗ e�t� (2) 

The P-factor also referred to as Kp, represents a constant value 

employed to either decrease or amplify the proportional 

impact [5], [9], [10]. 

2) Integral: The integral characteristic of the system 

response exhibits a longer duration than the proportional 

component. As the error value increases, the signal control 

changes faster. The integral component possesses the property 

of introducing system order, which can potentially lead to 

instability. However, a drawback of the integral component is 
its tendency to produce sluggish reactions [3], [5], [9], [10], 

[16]. The formulation of this control system is as follows: 

� =  �� � 	�Ƭ��Ƭ
�

�
 (3) 

The I-factor, represented by the constant value Ki, is utilized 

to modulate the impact of the integral component, allowing 

for its increase or decrease [1], [9], [10], [14]. 

3) Derivative: On the other hand, the derivative 

characteristic serves to rectify the transient response resulting 

from changes in the error. The magnitude of the generated 

signal is proportional to the rate of change of the error. 

Additionally, the derivative component enhances the damping 

effect when the system operates independently, thereby 

necessitating an increase in the Kp value [1], [8], [14], [15]. 

The formulation of this control system is as follows: 

� =  �� �	���
��  (4) 

The D-factor, also referred to as Kd, represents a constant 

value utilized to adjust the impact of the derivative component, 

enabling its reduction or amplification [1], [5], [8], [14]. 

B. LoRa E32 433MHz 

LoRa E32 433MHz constitutes an integral component of 

the wide-area coverage network technology, which operates 

with low power consumption and belongs to the LPWAN 

(Low Power Wide Area Network) group [13], [18], [19]. The 

voltage requirement for LoRa E32 433MHz ranges from 2.3V 

to 5.5V, with caution advised as the maximum 

communication level of 3.3V for 5V carries a significant risk 

of burning [20], [21]. The module's power consumption is 
from 15mA to 106mA, subject to its usage requirements [22], 

[23]. Remarkably, the module exhibits a maximum range of 

up to 3 km under open area conditions (Line of Sight), 

facilitated by a 5dBi antenna gain and an antenna height of 

2.5m [18], [20], [24]. The air data rate is also measured at 

2.4kbps [25], [26]. A comprehensive table outlining the 

specifications of the LoRa E32 module is presented below for 

reference. 

TABLE I 

LORA E32 SPECIFICATIONS 

Specifications Performance Information 

Min Type Max 
 

Operating Voltage 
(V) 

3.3 5.0 5.2 ≥ 5.0 V Output 
power 

Communication 
level (V) 

- 3.3 - For 5V 
TTL, the 
maybe 

Risk of Burning 
Operating 
temperature (°C) 

-40 0 85 Industrial design 

Maximum Tx 
power (dBm) 

29.5 30 30.5 - 

Receiving 
sensitivity 
(dBm) 

-
145 

-147 -148  Air data rate is 
2.4 kbps 

Air data rate (bps) 0.3k 2.4k 19.2k Control through 
user 
programming 

 

The modulation of the LoRa spectrum involves 

representing each bit of payload data through the transmission 

of multiple chirps of information [27], [28]. A lower 

Spreading Factor (SF) signifies a higher frequency of chirps 
transmitted per second, enabling a greater amount of data to 

be encoded within the same time frame [29], [30]. Conversely, 

a higher SF corresponds to a reduced frequency of chirps per 

second, resulting in a lower data encoding rate. It is important 

to note that a higher SF necessitates a longer transmission 
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time, commonly referred to as "talk time" [23], [25], [30]. 

Prolonged talk time leads to increased operational duration for 

the modem, consequently resulting in higher power 

consumption [20]. 

Nevertheless, the advantage of employing a higher SF lies 

in the extended transmission time, allowing the receiver to 

sample the signal strength more frequently, enhancing overall 

sensitivity. Improved sensitivity enables the sensor to detect 

signals from greater distances, expanding the system's 

effective range[28], [30]. 

C. System Design 

Based on Fig.1, the input diagram represents a control 

system that functions as a transceiver, facilitating 

communication with the controlling device via an Android 

mobile device. This connection is established through USB 

Serial Communication, where the Android device interfaces 

with an Arduino Nano board. The Arduino Nano board is 

integrated with a Transmitter Module Wireless device, 

enabling wireless transmission. 

 

 

Fig.  1  System diagram of the robot 

 

The process diagram illustrates the data flow from the 

transceiver module to the robot equipped with a wireless 

receiver module. This diagram encompasses the data-

receiving process, wherein the microcontroller retrieves the 
data through the Serial Peripheral Interface (SPI) pin. 

Additionally, the diagram depicts the implementation of the 

Proportional Integral Derivative (PID) process. The PID 

process is implemented as a program syntax embedded within 

the microcontroller. The values of the constants Kp, Ki, and 

Kd are defined within this program syntax. Determining these 

constants involves calculations based on the previous error 

value, ensuring accurate and dynamic control. 

Moreover, the subsequent section presents the program's 

implementation of the transfer function. The transfer function 

calculates the error, which is obtained by subtracting the 

setpoint value from the sensor reading. This error value is a 
fundamental parameter for the PID control algorithm, 

enabling precise control adjustments within the system. 

	���� =  �	���� �  �	������ (5) 

The transfer function presented in equation (5) plays a 

fundamental role in determining the error within the robot 

control system. Specifically, it seeks to quantify the 

discrepancy between the sensor reading and the desired 

setpoint value, as defined by equation (1). This transfer 

function serves as a crucial analytical tool, enabling a 

comprehensive investigation into the performance of the 

robot control system. By employing this transfer function, we 

can effectively assess the extent of deviation between the 
actual sensor measurements and the intended target, thereby 

facilitating the identification and implementation of 

appropriate corrective measures to enhance system accuracy 

and performance. 

��	�  +=  ��� x 	���� x ��� (6) 

As defined in equation (6), the transfer function entails the 

computation of the integral component within the PID 

parameter. Specifically, it involves the calculation of the i-

term variable, which arises from the multiplication of Ki (the 
integral gain) with the error and time variables, in accordance 

with equation (3). This transfer function holds significant 

importance in analyzing and evaluating the PID control 

system. By integrating the error over time with the appropriate 

weighting factor, represented by Ki, this transfer function 

plays a pivotal role in shaping the control system's response. 

Consequently, we can utilize this transfer function to gain 

insights into the system's dynamic behavior and make 

informed decisions regarding adjusting integral control 

parameters to optimize system performance. 
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������ =   	���� �  "#��_	���� (7) 

The transfer function, denoted as (3.3), encompasses the 

computation of the derivative component within the 

Proportional Integral Derivative (PID) control system. 

Specifically, it involves the calculation of the input variable, 

which is derived from the difference between the current error 

and the previous error, as indicated by equation (4). This 
transfer function is pivotal in capturing the error signal's rate 

of change over time. By quantifying this rate of change, we 

can gain valuable insights into the dynamic behavior of the 

PID control system. This transfer function facilitates 

evaluating and adjusting the derivative control parameter to 

effectively respond to rapid changes in the error signal, 

thereby enhancing the control system's responsiveness and 

stability. 

%	��"� = ��� x 	����� + ���	� � + ��� x ������� / ���� (8) 

The transfer function described in equation (8) serves as a 
mathematical representation of the PID control system, 

encompassing the calculation of all PID parameters. These 

parameters include the iterm (Ki), obtained by multiplying the 

input (Kd) divided by time with Kd and Kp multiplied by the 

error. The derivation of these values is based on equations (1) 

and (2), which establish the foundational principles of the PID 

control algorithm. 

The output chart illustrates the integration of an L298N 

motor driver with an Arduino nano microcontroller. This 

motor driver receives a Pulse Width Modulation (PWM) 

signal from the Arduino nano, facilitating the control of a 

four-motor DC system operating at a voltage of 12V. The 
power required for the motor driver is sourced from a battery 

in the form of direct current (DC). In the form of movement 

commands, the PWM signal precisely regulates the motor DC, 

dictating its specific movements according to the desired 

control objectives. 

To determine the direction faced by the robot system, the 

HMC588L compass sensor plays a crucial role. This sensor 

detects and captures the orientation of the robot system 

accurately. The resulting sensor readings are transmitted back 

to the Arduino nano microcontroller, which is programmed 

with the PID control algorithm. This integration enables the 
Arduino Nano to utilize the sensor data effectively, allowing 

the PID control system to execute appropriate control actions 

to accurately regulate and maintain the desired direction of the 

robot system. 

In summary, the transfer function described in equation (9) 

enables the calculation of PID parameters to achieve optimal 

control performance. Integrating the L298N motor driver, 

Arduino nano microcontroller, HMC588L compass sensor, 

and PID control algorithm forms a comprehensive control 

system. This system ensures precise motor control, driven by 

the PWM signal, and accurately maintains the desired 

direction of the robot system based on sensor readings. 

D. Robot Circuit 

Fig. 2 illustrates the schematic design of the receiver 

electronic circuit, showcasing the interconnections between 

various components. This design encompasses the 

relationship between the Arduino nano microcontroller and 

the wireless Rx module, the connection between the Arduino 

nano and the motor driver, as well as the association between 

the L298N motor driver, the motor DC, and the 12-volt DC 

battery. 

 
Fig.  2  Circuit receiver design 

 

To ensure proper voltage supply, the Arduino nano derives 

its power from the motor driver, which provides a stable 5-

volt output. On the other hand, the wireless Rx module obtains 
its voltage supply from the VCC pin of the Arduino nano, 

receiving a regulated 3.3 volts. Several pin connections link 

The wireless Rx module to the Arduino nano. These 

connections include the CE pin, which is connected to pin B1; 

the MOSI pin, connected to pin B0; the MISO pin, linked to 

pin A7; the SCK pin, connected to pin A6; and the CSN pin, 

which is connected to pin A5. 

Furthermore, the pinout configuration of the L298N motor 

driver, when connected to the Arduino nano, involves specific 

pin assignments. The ENA pin is connected to pin C13, the 

IN1 pin is linked to pin A0, the IN2 pin is connected to pin 
A1, the IN3 pin is associated with pin A2, the IN4 pin is 

connected to pin A3, and the ENB pin is linked to pin C13. 

Overall, the schematic design depicted in Figure 3.2 

showcases the intricate connections between the Arduino 

nano microcontroller, the wireless Rx module, and the L298N 

motor driver. These interconnections enable the seamless 

integration and control of the motor DC system, facilitating 

the realization of precise and efficient robotic operations. 

Fig. 3 illustrates the electronic circuit design of the 

transceiver, showcasing the interconnections between the 

Arduino nano microcontroller and the wireless Tx module. In 
this design, the voltage supply for the Arduino nano is 

obtained from the connected device itself, ensuring proper 

power provision. On the other hand, the wireless Tx module 

derives its voltage supply from the VCC pin of the Arduino 

nano, receiving a regulated 3.3 volts. 
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Fig.  3  Transceiver circuit design 

 

Specific pin assignments are involved when establishing 

the connections between the wireless Tx module and the 

Arduino nano. These connections include linking the CE pin 

to the D7 pin, the MOSI pin to the D11 pin, the MISO pin to 

the D12 pin, the SCK pin to the D13 pin, and the CSN pin to 

the D8 pin. The meticulous design exemplifies the intricate 

interrelationships between the Arduino nano microcontroller 

and the wireless Tx module. These connections facilitate the 
transceiver system's seamless integration and communication 

capabilities, enabling efficient and reliable wireless data 

transmission. 

III. RESULT AND DISCUSSIONS 

The study's findings are illustrated in Fig. 4, depicting a 

series of UGV robots equipped with the LoRa E32 wireless 

module serving as the receiver (Rx). Subsequently, Fig. 5 

showcases the transceiver (Tx) series, functioning as the 
control medium for the UGV robot. 

 

 
Fig.  4  LoRa E32 Rx series results 

 

The receiver circuit (Rx) encompasses various components, 

including the L298N motor driver (designated as label B), 

Arduino nano (labeled as H), motor DC (labeled as C), 

GY271 compass sensor (labeled as A), ACS712 current 

sensor (designated as D), TXS0108E logic level (labeled as 

G), 12volt battery (designated as F), and LoRa E32 433MHz 

module (labeled as E). The study's findings are presented in 

Fig. 4, illustrating a series of UGV robots that have been 

equipped with the LoRa E32 wireless module functioning as 

a receiver (Rx). Fig. 5, on the other hand, displays the 
transceiver (Tx) series, which serves as the control medium 

for the UGV robot. 

 

 
Fig.  5  Tx Circuit results with LoRa E32 

 

The transceiver (Tx) circuit comprises several components, 

including USB serial communication (labeled as A), logic 

level TXS0108E (labeled as C), 433MHz antenna (labeled as 

D), Arduino nano (labeled as B), and LoRa E32 wireless 

module (labeled as E). 

A. Wireless Module Testing 

Wireless module testing was performed to compare the 

performance of LoRa E32 with NRF24 under two different 

conditions: Line of Sight (LOS) and Non-Line of Sight 

(NLOS). The testing involved evaluating the wireless 

modules' distance coverage, power consumption, and 

transmission speed. The error formula, which captures the 

discrepancies between the test results of NRF24 and LoRa 

E32, is presented below [16]. 

' =  |  �)* �  )+�
)+  * 100%| (9) 

Notation 

E   : Error (Absolute Value) 

Mx: NRF24 Test Results 

My: LoRa E32 Test Results 

The following is a table of the results of the wireless module 

test. 
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TABLE II 

TESTING ERRORS WHEN LOS (LINE OF SIGHT) 

 

The test results presented in Table II pertain to the Line of 

Sight (LOS) conditions. In terms of transmission speed, the 
NRF24 module outperforms the LoRa E32 module, exhibiting 

an average error percentage of 92.32% at a distance of 100 

meters, 91.98% at 200 meters, and 90.34% at 350 meters. On 

the other hand, the power consumption of the LoRa E32 

module is nearly identical to that of the NRF24 module within 

a 100-meter range, with an average error percentage of 4.95%. 

However, notable differences arise over longer distances. At 

a distance of 200 meters, the LoRa E32 module demonstrates 

a significant average error percentage of 94.63%; at 350 

meters, it reaches 95.86%. Notably, the LoRa E32 module 

surpasses the NRF24 module in terms of maximum coverage, 

with a range of up to 1.5 km compared to the NRF24's 
maximum range of only 350 meters. 

Table III presents the test results corresponding to the Non-

Line of Sight (NLOS) conditions. In this scenario, the LoRa 

E32 module demonstrates superior performance, achieving a 

distance of up to 411 meters compared to the NRF24 module's 

limited reach of 87 meters. However, the NRF24 module 

outperforms the LoRa E32 module when considering 

transmission speed. At a distance of 87 meters, the NRF24 

module exhibits a lower average error percentage of 83.05%. 

It is worth noting that despite the difference in transmission 

speed, both modules consume nearly the same amount of 
power at this distance. The LoRa E32 module operates with 

an average error percentage of 11%, comparable to that of the 

NRF24 module. 

TABLE IIII 

TESTING ERRORS WHEN NLOS (NON-LINE OF SIGHT) 

B. PID testing 

The PID (Proportional Integral Derivative) testing focuses 

on evaluating the orientation of the robot's face. During the 

testing process, the level of error values originating from the 

direction of the UGV robot is measured. The trial-and-error 

method is employed to determine the optimal constant values 

for the PID parameters. This iterative process enables the 
derivation of the formula that represents the facing error [16]. 

' = | �/* � ���
��  x 100% | (10) 

Notation 

E   : Error (Absolute Value) 
Cx: NRF24 Test Results 
Sp: Setpoint 

 

The obtained results of this test include a comprehensive 
comparison of various control combinations, namely P 

(Proportional), PI (Proportional Integral), PD (Proportional 

Derivative), and PID (Proportional Integral Derivative) 

controls, all of which have been implemented within the 

program. These combinations were thoroughly evaluated and 

analyzed to assess their respective performance and 

effectiveness. 

1) Using the P (Proportional) controller 

Fig. 6 illustrates the graph obtained from the experiment 

using the Kp value of 2, which shows a very poor control 

response and a high number of steady-state errors. Hence, an 

additional Kp value is necessary. Subsequently, employing a 

Kp value of 6 yields desirable graphic results from the control 

system using the P control. However, the response is still slow. 

 

 

 

 
Fig.  6  Test graph using Kp 

Distance 

Test 

(Meter) 

Power Consumption 

x̄(mA) 

Error 

(%) 

Transmission 

Speed x̄ 

(Microseconds) 

Error 

(%) 

NRF24 

Test 

LoRa 

E32 Test 
 NRF24 

Test 

LoRa 

E32 

Test 

 

100 180,13 189,52 4,95 10131,1 132081 92,32 

200 184,36 3435,66 94,63 10647,6 132810 91,98 

350 201,25 4866,15 95,86 14030,4 145243 90,34 

500 - 5469,21 - - 121240 - 

1 K - 5338,008 - - 182320 - 

1,5 K - 6933,93 - - 281909 - 

Distance 

Test 

(Meter) 

Power 

Consumption 

x̄(mA) 

Error 

(%) 

Transmission Speed x̄ 

(Microseconds) 

Error 

(%) 

NRF24 

Test 

LoRa 

E32 

Test 

 NRF24 

Test 

LoRa E32 

Test 
 

87  184,36 164,07 11 14818 87459,45 83,05 

235  - 5721,55 - - 128216,21 - 

411  - 8151,83 - - 211243,24 - 
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On the other hand, the graphic results obtained using the 

Kp value of 10 results in a fast response, but there is an 

overshot that may affect the control system. 

2) Using a Proportional Integral (PI) controller 

This PI test aims to mitigate the steady-state error present 

in the system, as evidenced in Fig. 7. By utilizing the values 

of Kp 10 and Ki 0.3. There is a noticeable difference between 

the compass sensor readings and the setpoint (converted to 

360). Conversely, the graphic results obtained using the Kp 

10 and Ki 0.2 values yield a difference that is not significantly 

deviating from the setpoint. In this scenario, the Ki value in 

the PI combination is appropriately reduced, thereby 

effectively reducing the presence of steady-state error. 

Conversely, in the graphic results obtained using Kp 10 and 

Ki 2, the Ki values are excessively added, leading to irregular 
control of the robot. 

 

 

 

 

Fig.  7  Test graphs using a combination of Kp and Ki 

3) Using a PD (Proportional Derivative) controller 

The graph depicted in Fig. 8 illustrates the results of 

utilizing the P constant in combination with D, indicating a 

decrease in the overshot value produced by the magnitude of 

the Kp value. The Kd value test was carried out by assigning 

a value of 1, as shown in Fig. 4.5, where there is still a slight 

overshot value. Consequently, a trial was conducted with a Kd 

value of 1.5, which produced superior results. However, the 

charts using Kp 10 and Kd 0.8 yielded unsatisfactory results 

due to excessive overshoot, indicating the unsuitability of the 

Kd value of 0.8. 

 

 

 

 
Fig.  8  Test graphs using a combination of Kp and Kd 

4) Using a PID (Proportional Integral Derivative) 

controller 

The test results employing all values of the PID constants 

demonstrate a favorable graph when utilizing Kp 10, Ki 0.2, 

or 0.1, and Kd 1.5, as illustrated in Fig. 9. This combination 
yields a rapid response, eliminates overshoot, and mitigates 

steady-state error in robot control. Conversely, employing Kp 

10, Ki 0, and Kd 1.25 results in an unfavorable graph 

characterized by the persistence of overshoot and steady-state 

errors.  
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Fig.  9  Test graphs using a combination of Kp, Ki, and Kd 

5) Testing without PID 

Testing without PID control involved manually 

programming the robot's direction without utilizing the PID 

or other algorithms. The test aimed to determine the error 

values from various facing directions, including 175°, 275°, 

42°, 135°, 230°, and 30°. The obtained data was then used to 

calculate the average and determine the error percentage 

through relative error calculations. Table 4.3 presents the 

results obtained from the test conducted without PID control. 

The tests' results without PID control exhibited inferior 
graphics, as exemplified by the graph in Fig. 10. This graph 

depicted a sluggish response, excessive overshot, and 

significant steady-state errors in robot control. 

 

 
Fig.  10  Test graph without PID 

IV. CONCLUSION 

Based on the tools and experiments conducted, the 

following conclusions can be drawn from the test results for 

wireless modules show that when in LOS (Line of Sight) 

conditions, the NRF24 wireless module is more efficient 

regarding power consumption. Additionally, the transmission 
speed of the NRF24 module is superior to that of the LoRa 

E32 module. The test results for NLOS (Non-Line of Sight) 

conditions were similar to LOS conditions, as the power 

consumption and transmission speed continued to increase as 

the distance between wireless modules increased. However, 

obstacles, or NLOS conditions, can affect the maximum 

distance of each wireless module. The NRF24 module has a 

maximum distance of 80 meters, while the LoRa E32 module 

can reach up to 411 meters. The use of PID controllers in robot 

control systems is highly accurate, with an error percentage of 

0.57% to 12.51% when using Kp 10, Ki 0.2, and Kd 1.5. This 
combination also reduces overshoot and steady-state error.  

However, using the P controller with Kp 10 results in an 

error percentage of 1% to 7.5% with some overshot. 

Furthermore, the use of a combination of PI controllers with 

Kp 10 and Ki 0.2 produces an error percentage of 0.18% to 

19% but with a slight steady-state error. Using a combination 

of PD controllers with Kp 10 and Kd 1.5 results in an error 

percentage of 0.06% to 8.34%, but there is still a slight 

overshoot. In contrast, testing without PID control resulted in 

less accurate robot movements, with an error percentage 

ranging from 13.29% to 49.22%, and indirect robot 

movements with a high error rate.  
This research demonstrates that PID control can enhance 

the robot's facing direction system. The LoRa control system 

exhibits exemplary performance when integrated with PID, 

particularly over longer distances, rendering the robot more 

resilient and stable. However, achieving perfection requires 

further investigation, such as exploring obstacle avoidance 

strategies based on PID control and developing an efficient 

speed and battery management system. The latter is crucial 

for extended-distance control, as it necessitates a prolonged 

battery lifetime. 
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