
Development of a novel beam profiling prototype with laser self-mixing 
via the knife-edge approach 

 
Yuanfu Tan, Hay Wong* 

Department of Mechanical and Automation Engineering, The Chinese University of Hong Kong, 
Shatin, New Territories, Hong Kong Special Administrative Region of China 

 
*Corresponding author email:  haywong@cuhk.edu.hk 

ABSTRACT  

Laser is widely used in industry, biomedical and other kinds of fields. Beam size is the most important parameter among 
the laser variables. Typical state-of-the-art profiling techniques employ either a scanning-based or camera-based system, 
using photodiodes or image sensors as the signal receiver. Despite their profiling capabilities, these systems do not tend to 
be budget-friendly and easy to operate. In this paper, a novel cost-effective beam profiling prototype based on self-mixing 
interference was developed to measure the Full Width Half Maximum (FWHM) of a range of laser diodes by the knife-
edge approach. The difference between our prototype and other systems is that the photodiode is placed behind the laser 
source, and beam size is calculated by analyzing the feedback signal. A commercial camera beam profiler was used to 
benchmark our prototype. Results show that though there is a variation of 45.29% between the measured beam size and 
the integrated beam size in the x directions due to diffuse and specular reflection, our USD 200 prototype has a high 
accuracy on the prediction of laser beam sizes. Our prototype could provide accurate predicted beam size for Gaussian-
alike beam. This is the very first study to explore the application of self-mixing interference in laser beam profiling. It is 
believed that our proposed approach has contributed to the on-going development of laser beam profiling methodology. 
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1. INTRODUCTION  
Laser has been applied in the fields of laser material processing, laser medicine, laser spectroscopy, and laser detection [1-
5]. The optimization of laser parameters has never stopped, and it is very necessary to accurately determine the resolution 
(size) of the laser beam [6]. The laser beam size is an important parameter that marks the performance of the laser, and 
users are very concerned about it in practical applications, such as laser cutting, laser drilling, and remote welding in 
industry. In addition, other parameters of the laser, like beam optical intensity, are calculated based on the beam size [7]. 
Beam profiler is used to capture the distribution of laser optical intensity to obtain the beam size. Beam profiler can be 
divided into two types, one is camera-based system, the other is scanning based system [8-10]. Compared with the 
scanning-based system, the camera-based system has many advantages, such as it can detect and display any structure that 
may exist on the sensor. Camera beam profiler can also provide three dimensions of the laser beam, while the scanning-
based system can only measure one or two dimensions at a time. The aim of this study is to provide an accurate, easy-
operation, cost-affordable system to measure the laser beam size by a simple experiment set up [11]. 

At present, lots of researchers have successfully achieved the identification of the laser beam size by means of scanning 
knife-edge, scanning aperture, and burning patterns. Katherine Purvis et al. [12] developed a CMOS-based camera, which 
was placed behind the knife-edge to measure the laser beam size. Chao Lu et al. [13] designed a quadrant detector by 
quadrant photodiode for estimating the laser beam position. The method used by other researchers to measure the beam 
size is to place the photodiode or other sensors behind the knife-edge and analyze the size of the laser by receiving the 
signal behind the knife-edge [14-20]. Our beam profiling system experimental equipment used laser diode package to 
measure the laser beam size based on the self-mixing interference. Laser diode package is composed of laser diode and 
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photodiode. After the laser emitted from the laser diode package, it hit the knife-edge board, and part of the signal was 
reflected to the photodiode. The feedback signal received by the photodiode is applied to analyze the beam size. The first 
advantage of our system is that it is easy to operate. Using the photodiode in the laser diode package could get the beam 
size of any position during the scan, unlike knife-edge profiler needed moving to collect signal [21-23]. The second 
advantage is cost affordable. The price of the knife-edge profiler is 10,000 US dollars, while the price of the laser diode 
package is only 5 US dollars. Based on a $5 laser diode package, accurate beam size can be obtained in an easy way. 
Moreover, our system is the first to use laser self-mixing interference to preform beam profiling.  

This study proposes a novel beam profiling prototype, which uses laser diode package to measure the laser beam size based 
on the self-mixing interference through the knife-edge approach. The system is composed of laser diode module, 
galvanometer scanner, galvanometer scanner driver, Arduino, power supply and digital multimeter. The integrated beam 
size and full width half maximum (FWHM) were calculated, which represent the laser beam size. The meaning of this 
study is to propose an alternative method for beam profiling, which is easy-to-operate, cost-effective, and yet, being capable 
to provide accurate beam size measurement. 

2. MATERIALS AND METHODS  
2.1 Introduction to laser self-mixing interference 

Our proposed beam profiling system is based on laser self-mixing interference. Fig. 1(a) is a schematic describing laser 
self-mixing interference while Fig. 1(b) shows the internal structure of the laser diode package, in which there is a laser 
diode and a built-in photodiode. The 3 laser diode pins are the laser diode cathode, laser diode anode and photodiode 
cathode, and photodiode anode, respectively.  As shown in Fig.1(a), laser emitted from the laser diode package, passed the 
lens and shone onto a moving target. A portion of the beam is reflected and transmitted back to the laser diode package via 
the very same optical track. This feedback laser beam with information of the target then interferes with the laser beam 
inside the diode cavity where the self-mixing interference occurs, causing a modulation both in amplitude and frequency. 
Disturbance in the electric field from the re-injected light manifests itself in the variation of laser optical output power, 
which can then be measured by the built-in photodiode, and used to estimate the target displacement and/ or surface texture.       

 

Fig.1 (a) the schematic of the laser self-mixing interference (b) internal structure of laser diode package 

2.2 The composition of the beam profiling system 

Fig. 2(a) shows that the beam profiling system consists of laser diode module, galvanometer scanner, galvanometer scanner 
driver, Arduino, power supply and digital multimeter. The function of power circuit was to provide a 20 mA current to 
laser diode, and it consists of LM317 chip, and resistor.  The two pins A and B of the laser diode module are connected to 
the power circuit, and pin C is connected to the multimeter, which is the output current of the photodiode. The driving 
circuit is composed of TL082 chip, resistors and capacitors, and outputs a cycle voltage ranging from -2.5 V to 2.5 V under 
the control of Arduino. The driver circuit is connected to the galvanometer scanner to control the rotation of the mirror. 



The wavelength of the laser diode is 650nm, and the power is 7mw. In this experiment, five laser diode modules with 
different beam sizes are obtained by adjusting the lens to verify the accuracy of the beam profiling system. The TL082 
chip needs a supply voltage of plus and minus 12 V. The actual position of each component could be seen from the Fig. 
2(b). 

 

 
Fig.2 (a) The schematic of the beam profiling prototype (b) The photo of the beam profiling prototype 

2.3 Knife-edge board 

Fig. 3 presents the scanning directions for obtaining laser beam size. Fig. 3(b) is the picture of knife-edge board. The black 
and white paper is stitched together to make sure that the knife edge is flat and vertical. Because black absorbs the emitted 
laser beam and white reflects the emitted laser beam, a knife-edge is automatically formed where the two colors meet. 
When the laser beam was in the black area, the photodiode received the least feedback signal. As the laser beam moves to 
the knife-edge, the area of the laser beam falling on the white area is increasing, and the feedback signal received by 
photodiode will also increase. When the laser beam passes through the knife-edge and is completely in the white area, the 
photodiode will receive the most feedback signals. In addition, it is necessary to ensure that the beam size is larger than 
the width of the knife-edge during the measurement process. The moving direction of the laser beam should be 
perpendicular to the knife-edge. 



 
Fig.3 (a) the scan direction to get the beam size (b) the picture of the knife-edge board 

2.4 Calculation of optical path  

In order to compare the laser beam size measured by the camera beam profiler and the knife-edge experiment, it is 
necessary to ensure that the distance from the laser diode module to the target is consistent. Fig. 4(a) shows the schematic 
of laser optical path in the knife-edge experiment. The thickness of the lens (d1) is 3 mm, the distance from the lens to the 
mirror 1 (d2) is 9 mm, the distance between the centers of the two mirrors (d3) is 6 mm, and the distance between the 
center of mirror 2 to the knife-edge board (d4) is 20 mm. Fig. 4(b) shows the real distance between the mirror and laser 
diode module. Fig. 4(c) is the optical path schematic of measuring the laser beam size by the camera beam profiler. The 
function of the CCD sensor in the beam profiler is to capture the laser beam. The distance from the CCD sensor to the 
surface of the camera beam profiler (d6) is 12.56 mm. To make the sum of d1, d2, d3, d4 is the same as the sum of d1, d5, 
d6, the distance from the camera beam profiler to the lens (d5) is 22.44 mm. Fig. 4(d) presents the process of measuring 
laser beam size through camera beam profiler. 

 

Fig. 4(a) the schematic of laser optical path length (b) the picture of laser diode and galvo (c) the distance between the 
camera beam profiler and knife-edge board (d) the process of measuring beam size through camera profiler 

 



3. RESULTS  
3.1 The shape of the 5 laser diodes module (A-E) through beam profiler 

Set up 5 laser diode modules with a series of size gradients, scan the knife-edge board to obtain the laser beam size in the 
x direction, then compare the full width half maximum (FWHM) with the integrated beam size to evaluate the accuracy of 
the beam profiling system.  Firstly, use the camera beam profiler to obtain the shape and size of the five laser diode 
modules. Fig. 5 presents the laser beam shape of the five laser diode modules (A, B, C, D, E) from the camera beam 
profiler. It could be seen that the size of the laser diode modules was increasing from the laser diode module A to E. The 
five laser diode modules were in an elliptical shape as a whole, and the optical intensity attenuated from the core area to 
the edge area. According to the intensity distribution shape, it can also be seen that the laser diode module had a Gaussian 
distribution in the x direction.  

 

 

 
Fig. 5 The shape of the laser diodes module A-E from the camera beam profiler 

 
3.2 Integrated beam size of 5 laser diode modules in x direction 

Use formula (1) to fit the raw data to get the best-fitted line, the line is in Gaussian distribution, and use formula (2) to 
calculate the FWHM, which is the integrated beam size of laser. Fig. 6 show the full width half maximum (FWHM) in x 
direction of the 5 laser diode modules. The blue lines were the result of adding the optical intensity of each column output 
by the beam profiler. The red lines were the best-fitted line of the raw data. The integrated beam size of laser diode module 
A, B, C, D, E in x direction was 0.527 mm, 0.611 mm, 0.715 mm, 0.806 mm, 0.909 mm, respectively.  

f (x) = a
𝜎𝜎√2𝜋𝜋

  𝑒𝑒
−(𝑥𝑥−𝜇𝜇)2

2𝜎𝜎2 +𝑏𝑏                               (1) 



where μ is the mean of the distribution, and σ is the standard deviation of the distribution, a represents the normalization, 
b represents the off-set of optical intensity. 

FWHM = ΔImgpixel × Widthpixel                       (2) 

Where ΔImgpixel is the number of pixels between two pixel columns with 25% and 75% of the maximum optical intensity, 
Widthpixel is the width of pixel (3.45 µm). 

 

 

 
Fig. 6 Integrated laser beam size in x direction of laser diode module A-E  

 

3.3 Knife-edge results in x direction  

Fig. 7 present the beam size from the beam profiling system by knife-edge approach in x direction of the laser diode module 
A-E. Fig. 7(a, c, e, g, i) were the raw data from the knife-edge experiment and its best-fitted line. Take Fig. 7(a) as an 
example, the orange line represents the change in feedback current. When the laser was on the black area on the knife-edge 
board, the feedback current was 79.50 μA. When the laser was near the knife-edge, the feedback current began to increase. 
The feedback current rose to 79.75 μA when the laser was completely in the white area. The knife-edge fit line was plotted 



by fitting the raw data based on formula (3). A, B, x0, and σ1 are the parameters used to modify the standard tanh(x) 
function. Fig. 7(b) shows the derivation of the knife-edge fit line and the FWHM of laser diode module A. The red line 
was the Gaussian fit line of the derivative result of the knife-edge fit line, and the FWHM of the derivative line was 
calculated by formula (4), which was the beam size from the beam profiling system. From Fig. 7(b, d, f, h, j), the beam 
size from knife-edge scanning of laser diode module A, B, C, D, E is 0.306 mm, 0.351 mm, 0.374 mm, 0.423 mm, and 
0.484 mm, respectively. 

f (x) = A + B tanh (𝑥𝑥− 𝑥𝑥0
𝜎𝜎1

)                                  (3) 

Where A represents the offset in current, B represents the amplification in magnitude, x0 controls the offset in time, and 
σ1controls the spread of the function. 

FWHM = Δt × SC                                                (4) 

Where Δt is the difference of time between two columns with 25% and 75% of the maximum derivation, SC is the scan 
speed of the laser beam (1.09 mm/s). 

 

 

 



 

 
Fig. 7 Beam size from the beam profiling system by knife-edge approach in x direction 

 
Fig. 8 and Tab. 1 compared the integrated beam size from the camera beam profiler and knife-edge results from beam 
profiling system. It could be seen from Fig. 8(a) that the knife-edge results increased with the laser beam size, but the data 
obtained from the beam profiling system are all smaller than the data from the camera beam profiler. The variation between 
the integrated beam size and knife-edge result in x direction of laser diode module A, B, C, D and E is 41.94%, 42.55%, 
47.69%, 47.51%, and 46.75%, respectively. The variation did not increase with the laser beam size and remained in a 
relatively stable range with an average of 45.29%. To illustrate that the knife-edge result is not accidental and to verify the 
reliability of the beam profiling system, the relationship between the beam size from camera beam profiler and beam 
profiling system was given in Fig. 8(b).  Although the two data are not equal, there was a linear relationship between the 
beam profiling system and camera beam profiler, which was Y = 2.193 X - 0.136. This linear relationship proved the 
reliability and stability of the knife-edge results. Based on this linear relationship, could even predict the value in the 
camera beam profiler through the knife-edge results. As shown in Tab. 2, the predicted beam size of laser diode module 
A, B, C, D, E is 0.535 mm, 0.633 mm, 0.684 mm, 0.792 mm and 0.925 mm.  The error rate between the predicted beam 
size and integrated beam size is 1.52%, 3.60%, 4.34%, 1.74%, and 1.76%, respectively, indicating the accuracy of predicted 
beam size is high. 

 
Fig. 8 (a) Trend of the knife-edge result and beam profiler result in x direction (b) Relationship between the 
knife-edge result and camera beam profiler in x direction 



Tab.1 The variation between the integrated beam size and knife-edge result in x direction 

 Laser A Laser B Laser C Laser D Laser E 

Integrated beam size 0.527 mm 0.611 mm 0.715 mm 0.806 mm 0.909 mm 

Knife-edge results 0.306 mm 0.351 mm 0.374 mm 0.423 mm 0.484 mm 

Variation 41.94 % 42.55 % 47.69 % 47.51 % 46.75 % 
 

 

Tab.2 The error rate between the predicted beam size and the integrated beam size in x direction 

Knife-edge results 0.306 mm 0.351 mm 0.374 mm 0.423 mm 0.484 mm 

Predicted beam size 0.535 mm 0.633 mm 0.684 mm 0.792 mm 0.925 mm 

Integrated beam size 0.527 mm 0.611 mm 0.715 mm 0.806 mm 0.909 mm 

Error 1.52 % 3.60 % 4.34 % 1.74 % 1.76 % 
 

4. DISCUSSION 
Table 2 show that our self-mixing knife-edge measured beam size (FWHM) of the Gaussian-like beam are smaller than 
that obtained from the camera beam profiler by 45.29 % on average. This result is believed to be related to the amount of 
laser beam back-reflected into the laser diode cavity. This shows that, our self-mixing beam profiling prototype could not 
capture all the forward-shining laser beam owing to specular and diffuse scattering. Only a portion is back-reflected into 
the laser diode package cavity. Moreover, high power laser diode packages received more feedback beam after diffuse 
reflection and specular reflection, while low power laser diode packages received less feedback beam, all laser diode 
packages used in this study are only at 7 mW. The back-reflected laser power was expected to be low – on the level of the 
order of 0.07-0.7mW (typical back-reflected power is in the range of 0.01-10% of the total laser optical power [24]). 

5. CONCLUSION  
In this study, a novel beam profiling system based on self-mixing interference was developed to measure the Full Width 
Half Maximum of 5 laser diode packages with different size by knife-edge approach. The first advantage of beam profiling 
system is that it is easy to operate. Using the photodiode integrated in the laser diode package could get the beam size at 
any position, unlike knife-edge profiler needed to be moved to collect signal. The second advantage is cost affordable. The 
price of the knife-edge profiler is 10k US dollars, while the price of the laser diode package is only 5 US dollars. Moreover, 
this is the first time to use laser self-mixing interference to do beam profiling. The results proved that there is a linear 
relationship between the knife-edge results of Gaussian-alike beam and integrated beam size from camera beam profiler, 
and the average variation between the knife-edge results of Gaussian-alike beam and integrated beam size is 45.29%. Our 
system could provide an accuracy predicted beam size according to the linear relationship. However, in order to narrow 
the variation in knife-edge results and integrated beam size, laser diode package with higher power and different shapes 
need to be carried out in the future. It is believed that this study has contributed to the on-going development of beam 
profiling, providing an alternative method to measure the laser beam size.  
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