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Digital bracelet guidance Qibla direction for the blind
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1. INTRODUCTION

According to the World Health Organization (WHO), approximately 2.2 billion people worldwide
suffer from vision impairment, affecting either near or distance vision [1]. Data from the Indonesian Ministry
of Health indicates that the visually impaired population in Indonesia constitutes about 1.5 percent of the
total population. Given Indonesia's population of over 270 million, the number of visually impaired
individuals is estimated to be around 4 million [2]. "Visually impaired" is a general term for a condition
affecting an individual's total or partial vision. Vision impairment can result from traumatic injury, premature
birth, or accidents [3],[4]. Based on severity, visual impairment is categorized into two types: total blindness
(an inability to see at all) and low vision (retaining some, albeit very limited, sight) [5]-[7]. Nevertheless, as
Muslims, the visually impaired are also required to perform the prayer facing the Qibla.

Rapid technological advancements have driven the demand for devices that enhance human quality
of life. This applies equally to the visually impaired, who require specialized devices to assist with daily
activities [8]-[10]. The *Qibla* direction determines the validity of prayer, as all Muslims are required to
face the Kaaba when performing their prayers [11],[12]. While determining the Qibla direction is
straightforward for sighted individuals, it can be challenging for the visually impaired.

To assist them, there is a need to develop a microcontroller-based system that facilitates determining
the *Qibla* direction, whether at home or in unfamiliar locations [13],[14]. The microcontroller utilized in
the device design is the Arduino Nano. This device is crucial to the system due to its extensive chip features,
compact size, and user-friendly programming language [15],[16]. This device is equipped with a buzzer that
emits a beep when the compass sensor has successfully located the correct Qibla coordinates, allowing
visually impaired users to simply listen to the direction of the sound from the device. The device is designed
to be worn on the user's hand, making it practical to use.
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2. METHOD

The device design aims to minimize errors during the fabrication process, ensuring the final product
aligns with the initial plan. The research methodology encompasses the design and implementation of both
hardware and software components. Hardware design was carried out using SketchUp to create a 3D model
for housing the necessary components, while software design utilized Fritzing to generate schematic
diagrams and the Arduino IDE to write the programming code. A block diagram serves as the foundation of
the device design; a well-designed block diagram ensures that the resulting circuit functions as intended [17].
Figure 1 below illustrates the block diagram of the system used in the device.
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Figure 1. Block diagram of proposed system

Based on the block diagram above, the functions of the respective blocks are as follows: 1) TP5100
Charger Module: A flexible charging chip capable of accommodating either a 2S (two-cell) lithium-ion
battery system with a nominal voltage of 7.4 volts or a single-cell 3.7-volt system [18][19]. This module
safely and efficiently charges the battery according to its capacity. 2) Battery: An electrochemical cell that
generates electric current through internal chemical reactions [20][21]. It serves as the voltage source to
power the microcontroller when it is not connected to a PC or computer. 3) Arduino Nano: A compact
microcontroller development board equipped with all basic features; it can be mounted directly onto a
breadboard to facilitate prototyping [22]. The Arduino Nano acts as the control center for the entire circuit's
operation. 4) Arduino IDE: Integrated software serving as a code editor, compiler, and uploader for
transferring programs to the Arduino microcontroller [23],[24]. The Arduino IDE is used to program the
device for hardware testing. 5) Personal Computer (PC): Serves as the platform for writing programs in the
Arduino IDE and performing simulations. 6) GPS Sensor: A device that receives satellite signals to
determine an object's geographic position [25]. It is used to obtain the user's latitude and longitude
coordinates [26],[27]. This data is integrated with compass sensor data to determine the cardinal direction at
that location. 7) Compass Sensor: A magnetic sensor used to detect the Earth's magnetic field and determine
cardinal directions [28],[29]. Data from this sensor is converted into digital format, allowing it to be read by
the microcontroller and displayed on a computer screen. 8) A buzzer is an active electronic component that
produces a specific tone when supplied with voltage [30],[31]. It serves as an audio indicator when the device
is aligned with the programmed Qibla direction.

The Qibla-finding device for the visually impaired operates by utilizing a GPS sensor to determine
the user's geographic location and a compass sensor to detect magnetic north. An Arduino Nano
microcontroller processes data from both sensors to calculate the Qibla azimuth angle based on the user's
location. The calculated direction is conveyed to the user via an audible signal from a buzzer, enabling them
to orient themselves accurately toward the Qibla. This device makes it easier for visually impaired users to
determine the Qibla direction regardless of their location. In general, the process of determining the Qibla
direction is carried out automatically through the interaction of hardware and software.
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Figure 2. Design of the Qibla-detecting bracelet device.

Figure 2 illustrates the hardware design of the device, involving the 3D modeling of the components
to be used. This approach creates a realistic visual model, facilitates the assembly process, and minimizes
errors, thereby ensuring optimal results. The components utilized in this design include an Arduino Nano,
GPS sensor, compass sensor, buzzer, charging module, and switch. Figure 3 is the overall design of the tool,
there is a circuit schematic which aims to determine the connection of each pin on the component used in this
research.

—\ Arduino Nano Sensor GPS
Breakout [
Sensor - S =
Magnetic [ X 0
3-Axis T PU2 0
QMCs883L —] — X1 —n
Sensor Kompas oo
— f— - xy S 15
}\ — ws BT
—_— Arduino b——
Nano
(Rev3.0) [rm—
— Vin T + . — -
sV 2 z —_— ¢ — n
(3 LED BA o — 7 .
c |3 =3 || Buzzer
= |9 LepcC — —
ol I T
3 LED GA o —_— -
2
-
2 38
] : Baterai

Figure 3. Schematic circuit of the tool

Once the hardware assembly phase is complete, the next step is software development. This stage
encompasses writing program code, testing to identify and rectify errors, and integrating the program with
the hardware to ensure the system functions as a cohesive whole. Software design in the form of a flowchart
is defined as a diagram utilizing graphic symbols to illustrate process flow—displaying specific steps—or as
a graphical representation of the steps or sequences within a program procedure designed to perform a
specific function [32]. As shown in Figure 4, the design process for the Qibla detector begins with input
initialization; specifically, data from the GPS and compass sensors is processed by the microcontroller to
calculate the Qibla direction. If the Qibla is detected, the buzzer activates and emits a sound; otherwise, the
controller resumes reading data from the sensors.
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Figure 4. Software design flowchart

3.  RESULTS AND DISCUSSION

Testing of this device was conducted to clearly demonstrate the effective integration of the
developed hardware and software. The hardware design encompasses the mechanical and electronic aspects
of the device's components, including the battery, switch, Arduino Nano, charging module, GPS sensor,
compass sensor, and buzzer. Mechanically, the design involved creating a box-shaped casing to protect the
interconnected electronic components. The hardware design is illustrated in Figure 5.

Figure 5. Result of the hardware fabrication.
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a)

Figure 6. Positioning of the device.

The orientation of the device whether tilted or level significantly affects the accuracy of the degree
measurements. A tilted position, as shown in Figure (a), results in a significant discrepancy between the
measured value and the compass reference value. To achieve optimal results, the measuring device must be
placed in a level position, as shown in Figure (b). The device's positioning is illustrated in Figure 6. The steps
for using the device to determine the correct Qibla direction are as follows: a) First, fasten the wristband onto
the user's wrist. b) Press the power switch (on) to activate the Qibla-finding device. ¢) Hold the wrist wearing
the band level with the solar plexus, keeping the arm flat. d) The GPS sensor will begin reading the user's
location coordinates. Wait a few moments for the sensor to acquire accurate data; the time required may vary
depending on geographical or environmental conditions. €) Once the GPS coordinates are obtained, the
device uses this data—along with the compass sensor—to calculate the Qibla direction from the current
location. f) After the Qibla direction is calculated, the buzzer will emit an audible signal when the user faces
the correct direction (the Qibla). g) If the buzzer does not sound, slowly rotate the body until it does,
indicating that the Qibla direction has been correctly aligned. A comparison of degree values for the
horizontal and inclined positions of the device is presented in Table 1 and the graph in Figure 7.

Table 1. Comparison of Device Position Values

. Misaligned Horizontal Incorrect
No KVO:I:IIS:S 1;;:3;:: Positioning Position Position
Tool (tilted) Difference Difference
L. 1° 1.05° 10.24° 0.05° 9.24°
2. 27° 27.17° 22.63° 0.17° 437°
3. 45° 45.11° 54.85° 0.11° 9.85°
4. 90° 90.75° 83.24° 0.75° 6.76°
5. 115° 114.89° 125.74° 0.11° 10,74°
6. 176° 176.33° 188.29° 0.33° 12.29°
7. 271° 270.85° 256.46° 0.15° 14.54°
8. 313° 313.13° 337.91° 0.13° 24.91°
9. 3339 332.91° 340.88° 0.09° 7.88°
10. 3590 359.13° 347.69° 0.13° 1131
Eror rata-rata 0.20° 11.18°

It is evident that measurement accuracy is superior when the device is held flat compared to when it
is not. The discrepancy in compass sensor readings while in the flat position is minimal, averaging 0.20°,
whereas the sensor's tolerance range is 1-2 degrees. Conversely, using the device in a tilted position
significantly impacts the readings, resulting in an average deviation of 11.18°—a figure that far exceeds the
sensor's tolerance. Therefore, it can be concluded that the compass sensor must be used in a flat position to
ensure readings remain within the specified tolerance limits.
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Figure 7. Graph comparing device positions.
The coordinate testing and GPS module acquisition process aimed to compare the GPS module's
output with reference data from Google Maps, as well as to test two initial activation modes: Cold Start and

Hot Start. The results of the coordinate testing are presented in Table 2.

Table 2. Coordinate Comparison Test

Latitude Longitude Latitude Longitude

No Location (Google (Google (Modul (Modul
Maps) Maps) GPS) GPS)

1. Kos Patenggangan Gang E -0.891890 100.34579  -0.891890 100.34579
2. Kos Kuning Gajah VII -0.897136 100.34610  -0.897103 100.34607
3. Lab. Konversi Energi FT-UNP -0.898047 100.34885  -0.898190 100.34872
4.  Dekanat FT-UNP -0.897569 100.34925  -0.897643 100.34927
5. Rooftop Lt.4 gedung tepadu FT -0.898056 100.35018  -0.898142 100.34996
6. Mesjid Al-azhar UNP -0.898491 100.35092  -0.898492 100.35083
7. Mesjid Agung Nurul Iman -0.95459 100.36235  -0.954496 100.36227
8. Mesjid Raya Sumatera Barat -0.92459 100.36217  -0.924470 100.36222
9. Mesjid Al-Hakim -0.96049 100.35342  -0.960318 100.35321
10.  Mesjid Raya Gantiang -0.95447 100.36954  -0.954503 100.36962

The Table 2 shows that the data analysis reveals a relatively small and insignificant discrepancy; this
difference is attributable to factors such as environmental conditions, the number of detected satellites, and
the algorithms employed by each system. Nevertheless, the discrepancy remains within acceptable tolerance
limits for Qibla-finding applications.

Acquisition testing under two conditions will be conducted at various locations with differing
characteristics to evaluate the module's performance across diverse situations. GPS requires more time to
acquire a satellite signal when starting from a completely powered-off state (Cold Start) compared to starting
from a state where it has previously acquired a signal (Hot Start). Testing indicates that the time required for
the GPS to acquire a satellite signal is significantly influenced by the surrounding environment. The
discrepancy in the Qibla direction determined by various devices and Qibla-finding applications is minimal,
remaining under 2 degrees. However, the largest deviation was observed at the Nurul Iman Grand Mosque;
this is likely attributable to environmental interference hindering GPS satellite signal reception and the
influence of strong magnetic fields affecting the digital compass's directional accuracy.

Test results demonstrate that the device possesses a high level of accuracy, with an error rate of only
approximately 0.07%. Nevertheless, the device's performance is heavily influenced by environmental factors
such as magnetic fields, electric fields, and the presence of tall buildings. Therefore, to achieve optimal
measurement results, it is recommended to use the device in open areas free from electromagnetic field
interference.

4. CONCLUSION
Test results indicate that the accuracy of the compass sensor on the wristband is significantly
affected by environmental magnetic field interference, particularly indoors. Using the compass sensor in a
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flat position yields readings closer to the reference values than using it in a tilted position. Furthermore, GPS
data acquisition is hindered by the presence of tall buildings, trees, or walls surrounding the user.
Nevertheless, the coordinates generated by the GPS sensor are reasonably accurate when compared to those
from Google Maps. Overall testing of the device for determining the Qibla direction—benchmarked against
the Qibla Finder application—reveals an average measurement error of only 0.034%, indicating excellent
performance.
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