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Abstract 
 

The laser has the ability to radiate a fine shaft of light within a certain distance, yet it will produce excess infrared light that is invisible to 

the eye. Direct exposure towards the infrared light is extremely dangerous as it can cause serious eye damage. Therefore a self-leveling 

laser for direction marking system is proposed to control the movement of the laser and to reduce the risk of direct exposure to the eye. 

The development of the system is achieved with a Micro-Electro-Mechanical System (MEMS) gyroscope and accelerometer to support 

the structure orientation of the mounted laser on a servo motor before the laser emits light. Data from both sensors are successfully 

merged through a complementary filter with a filter factor, a = 0.97. Moreover, the light intensity of 532 nm green and 650 nm red 

wavelength laser diodes were measured using a spectrometer and the comparison shows that the green laser has a narrower linewidth as 

the distance is increased. 
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1. Introduction 

The laser is a designated tool which amplifies the intensity of light in order to produce a laser beam with specific frequency and 

wavelength1. As laser technology expands, the laser devices become cheaper2 and these lead to the increased usage of laser devices in a 

variety of sectors3,4 such as commercial laboratories5, military6-10, and in medical areas including construction. In addition, the laser has 

the ability to create a visible direction line and is considered a great tool to mark the direction. However, there are a rising number of 

people losing vision from the exposure to laser pointers11-15. These are due to the harmful utilization of the laser devices that bring 

complications and may cause humans to suffer serious retinal damage from direct exposures to unseen light16-20. 

The objective of this work is to build a prototype for marking the direction using the laser to limit the laser exposure in order to reduce 

the risk of severe injury. Hence, an implementation of safety measures to appropriately steer the laser source forming the directional line 

pointing towards the target direction is required for quality assurance. Therefore, a motorized laser for direction marking system is 

achieved with a self-leveling Micro-Electro-Mechanical System (MEMS) gyroscope and accelerometer. The selected MEMS in this 

work is the MPU6050 which comprises a combination of a three-axis gyroscope and accelerometer. 

MEMS technology evolves when the gyroscope and accelerometer become commercially accessible, making angle measurement cheaper 

due to its low power consumption21-24. The MEMS gyroscope is used to measure the angular rate of rotation25, 26 through the rate of 

change in orientation angle over time (angular velocity) with a measurement unit of degree per second. The angular rate signal must be 

integrated with respect to time to obtain a readable angle27,28 but the accuracy will degrade rapidly with time where the measured angle 

did not return to zero when the MEMS gyroscope is in a static condition. Due to that reason, the error needs to be handled appropriately 

in order to obtain an accurate angle estimation. Combining the MEMS gyroscope and accelerometer via Kalman filter29 to improve 

accuracy is a common practice and is widely used in robotics application. However, these filters are computationally expensive. They are 

too complex with long computational time, making it hard to program on a certain 8-bit microcontroller that makes them difficult to run 

in current low-expense mobile devices. 

A complementary filter which consists of high pass and low pass filters is an alternative way with a less complex technique to merge 

sensor readings30, 31. The main concept of the complementary filter is the robustness of one sensor will be used to curb the weaknesses of 

the other sensor. Therefore, building on the above, a digital complementary filter is developed to cater the issues where it combines the 

best attributes of the MPU6050, MEMS gyroscope, and the accelerometer.  

The remainder of the paper is organized as follows: Section 2 presents system hardware design and software supported by the integrated 

development environment (IDE). Section 3 shows the setup assembly using a spectrometer for light intensity measurement. The 

measurement results are presented in Section 4. Section 5 summarizes the results of this work and draws conclusions. 
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2. System Hardware Design 

The MPU6050 MEMS gyroscope and accelerometer depicted in Figure 1 is used to demonstrate the auto-leveling of the direction 

marking system. 3.3 volts of power supply from the Arduino Mega microcontroller is applied to activate the MPU6050 and it 

communicates with it through the I2C protocol. 

The microcontroller Arduino Mega serves as a processing module and controls the rotation of the joined two servo motors at the 

MPU6050 tilt and pan unit for stability. The MPU6050 will sense the degree of inclination via the sensor when an application was tilted. 

The microcontroller will receive the signal from the sensor and sends a signal to the servo motor to move back to a stable position to 

ensure the laser is in the 90° position. The connection setup between the MPU6050 and Arduino Mega is as Table 1 while Figure 2 

shows the block diagram of the direction marking system. 

 

 
Fig.1: MPU6050 MEMS gyroscope and accelerometer 

 
Table 1: The connection setup between MPU6050 and Arduino Mega 

MPU6050 Arduino Mega 

VCC 5 V 

GND GND 

SCL Pin 21 (SCL) 
SDA Pin 20 (SDA) 

INT Pin 2 (Interrupt 0) 

 

 

 
Fig.2: Block diagram of the direction marking system 

 

In the data sheet of the MPU6050 gyroscope, it is stated that when the gyroscope is rotating at one degree per second (dps), the output 

will be 65.5. So, if the gyroscope is rotating around the yaw axis at six degrees per second (6°/s), the output of the gyroscope is 393. The 

calculation is computed as follows. 

EQUATION 1. For the angular velocity=6°/s, the roll, pitch, and yaw axis output, Gout=6°/s×65.5 is 393 of gyroscope raw data. For 

convenience, the raw data will be divided by 65.5 which determines the measured output in dps. A static test is performed to investigate 

the performance of the MPU6050 gyroscope and it is found that the measured output implies that the sensor is moving. Therefore, the 

MPU6050 gyroscope needs to be calibrated and the algorithm in the IDE is presented below.  

 

// Calibration MPU6050 gyroscope 

1 int average; 

2 for (average=0;average<2000;average ++) 

3 { 

4     read_mpu_6050_data(); 

5  Gout_x_cal += Gout_x; 

6  Gout_y_cal += Gout_y; 

7  Gout_z_cal += Gout_z; 

8    delay(3); 

9 } 

10     Gout_x_cal /= 2000; 

11 Gout_y_cal /= 2000; 

12   Gout_z_cal /= 2000; 

The flow of the algorithm is as follows: 2000 readings of the gyroscope will be collected and the mean value is stored for the offset. Then, 

the mean value subtracts this from the raw output.  
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3. System Software Design 

The MPU6050 gyroscope measures angular motion in the measurement unit of degrees per second. The digital complementary filter is 

implemented in such a way that the strength of one sensor will be used to overcome the weaknesses of the other sensor, as the sensors are 

complementary to each other. The block diagram in Figure 3 illustrates two inputs; the accelerometer angle estimation and the gyroscope 

angular rate. A low pass filter will filter the high-frequency signals when the accelerometer senses the condition of vibration. The input 

of the gyroscope angular rate will be integrated to yield an attitude angle before it feeds into the high pass filter to negate the effect of 

drift. Both the high-pass and low-pass filters work simultaneously, then both signals are summed together. The programming code is as 

presented and shown previously in24.  

 
Fig.3: Block diagram of the digital complementary filter 

4. Setup of Light Intensity Test 

The measurement of the light intensity level of the laser is carried out according to the output power and color of the laser diode. There 

are two different lasers with the wavelengths of 532 nm for the green diode laser and 650 nm for the red diode laser. The specification of 

both lasers is presented as per below Table 2.  

Table 2: Specification of Tested Laser 

Type of laser Wavelength Output Power 

Green 532 nm 30 mW 

Red 650 nm 5 mW 

 

The intensity of laser light was measured using a device called a spectrometer. The spectrometer is used to measure the intensity of light 

according to a specific wavelength. The wavelengths that can be detected by the spectrometer are in the range from 190 nm up to 1100 

nm. Normally it is operated in the region of the electromagnetic spectrum that has been identified. 

In this testing, the intensity of laser light was determined by the change in the specified distance of the laser. The distances used are 0.8 

m, 1.0 m, 1.2 m, 1.4 m, 1.6 m, 1.8 m and 2.0 m. The power source to both lasers is supplied from the constant current driver circuit at the 

same voltage of 9 V. The test was conducted in a dark room to avoid interference from other light sources to ensure a correct 

measurement reading because the spectrometer is very sensitive to light. Laser emissions are capable of causing severe eye damage if 

viewed directly, hence, safety eyewear is compulsory during the experiment as safety measure. The performed test is defined as follows. 

STEP 1. A track was measured and labeled at a specific distance in the unit of meter to ensure that the laser beam points straight to the 

spectrometer as captured in Figure 4.  

STEP 2. Then, the laser was placed on a holder and the laser must be in parallel condition with the attenuator to ensure that it receives the 

laser light. This needs to be done correctly so that the light intensity can be measured by the spectrometer. Figure 5 showed the green 

diode lasers that were placed in the holder and emitted beams parallel to the attenuator.  

STEP 3. The measured data via the spectrometer will be transferred to a software called SpectraSuite. This software will tabulate the data 

and give a graphical intensity of light versus wavelength. 
 

 

 
Fig.4: Light intensity measurement setup 
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Fig.5: Measurement process of green laser in a dark room 

5. Results and Discussion 

The signal conditioning measured from the MEMS gyroscope and accelerometer is connected to the input device of Arduino Mega via 

the I2C communication medium. The measurement graph is captured by importing data from Arduino to Excel (in real-time) via the 

Parallax Data Acquisition tool (PLX-DAQ) software. The results of the raw data accelerometer and gyroscope in real-time captured via 

the PLX-DAQ are presented in24. 

The presented graph of Figure 10 in reference24 reveals a clear trend of accelerometer sensibility to noise while the gyroscope 

experienced some drift angles, where in reality it is in a static condition with zero angles. This clearly proves that both gyroscope and 

accelerometer requires a filter to ensure the output is free of interference. A factor value will be tuned in order to find the best value 

where a simple rotation along the X-axis is done throughout the whole experiment. 

The obtained values from the preliminary analysis are shown in Figures 11, 12, 13 and 14 of reference24 for different constant settings of 

the complementary filter, and the best factor value of 0.97 is chosen. Hence, the system is proven to be in a stable position when the 

servo is in 90° position as presented in Table 3. The light intensity test between the red and green diode lasers shows that both are at the 

same level of 16000 numbers despite different distances. However, the differences can only be identified by viewing the wide gaps of the 

laser light intensity graph. The width of the line represents the dilation of the diode laser pulse, when the diode laser pulse gap width is 

increased, the light intensity rate will be decreased. 

 
Table 3: Experimental Results of Servo Motor 

X-axis in degree Y-axis in degree Servo motor in X-axis Servo motor in Y-axis 

0 0 90 90 

2 0 82 90 

4 0 74 90 
-2 0 98 90 

-4 0 106 90 

0 2 90 98 
0 4 90 106 

0 -2 90 82 

0 -4 90 74 

 

 
Fig.6: The intensity graph of green and red diode lasers at 1.0 m distance 

 

 
Fig.7: The intensity graph of green and red diode lasers at 1.8 m distance 
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Table 4: Linewidth of green and red diode laser 

Distance, m Linewidth for red diode laser, nm Linewidth for green diode laser, nm 

0.8 9.45 10.64 

1.0 25.53 26.20 

1.2 80.41 32.41 

1.4 89.03 56.70 
1.6 98.63 78.08 

1.8 59.88 70.36 

2.0 75.85 83.74 

 
Figures 6 and 7 represent the graphs of the green and red diode lasers with different distances using the spectrometer. The red graph lines 

show the green diode laser while the yellow graph lines are the graphs of the red diode laser. The graphs are analyzed by calculating the 

width of each line of the graph. The result shows that the width of the green diode laser line is smaller than the laser light as the distance 

increases. Table 4 shows the complete data and revealed that when the distance is further away, the width of the line will be wider, 

indicating that widening has occurred. 

From Table 4, the linewidth of the red diode laser is broader compared to the green diode laser, meaning that the red diode laser beam is 

more scattered when the distance increases. Hence, the green diode laser is chosen in the developed prototype for the direction marking 

system and the overall stability of the self-leveling system using a MEMS gyroscope and accelerometer is satisfied.  

6. Conclusions 

The presented work demonstrates a self-leveling system with the utilization of a MEMS gyroscope and accelerometer for a direction 

marking system. Based on the standard testing of light intensity using a spectrometer, it is observed that the green diode laser has a 

higher intensity and thus chosen for the self-leveling application. Moreover, experimental results also proved that drift can be filtered at a 

factor value of 0.97 without any difficulty by using a complementary filter via the Arduino Software (IDE) for system stability. 
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