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Abstract—The spectrum features of the external light phase of 
a semiconductor laser without optical feedback and with 
optical feedback are analysed based on the Lang-Kobayashi 
equations, which contributes to putting forward the 
measurement algorithm of feedback strength factor of optical 
feedback self-mixing interferometry systems in the frequency 
domain. The hardware models of this algorithm are established 
by applying XILINX System Generator tools on the 
Matlab/Simulink software platform. Finally, the associated 
simulations for verification of the measurement algorithm in 
different feedback levels are carried out and it is proved 
effectively.   
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I. INTRODUCTION  

Optical feedback self-mixing interferometry (OFSMI) 
effect refers to that in laser application system, when an 
external target exists, the original light emitted by a 
semiconductor laser (SL) will be mixed with part of the light 
refected or scattered by the external target in the resonant 
cavity of the SL, after which the power as well as the 
frequency of the SL will be modulated. As the feedback 
light carries motion and status information of the external 
reflective targets, so it can be applied to measure the 
parameters of the moving targets and the parameters of the 
SL itself, such as the measurement of displacement[1], 
vibration[2], velocity[3], the linewidth enhancement factor 
of the SL[4] and so on. The feedback strength factor 
(denoted by C) is an important parameter of optical feedback 
self-mixing interferometry systems, which reflects the 
feedback level of the system and affects the laser’s intensity, 
the optical noise, the spectrum effect, the linewidth 
enhancement etc. According to the different C values, the 
OFSMI effect can be divided into three situations: weak 
feedback, moderate feedback and strong feedback. A 
measure model of C factor is established based on 
Lang-Kobayashi equations and a measurement algorithm of 
C factor in the frequency domain is proposed in this paper. 
And then, we apply XILINX System Generator, a kind of 
system design tool for DSP, to establish the system-level 
hardware models and simulate effectively and quickly due to 
the parameterized modules and the graphical design of the 
System Generator. 

II. THE DESIGN OF THE MEASUREMENT ALGORITHM OF C 

IN FREQUENCY DOMAIN 

The general measure model based on the OFSMI theory 
has been raised as follows [5-7]:  

     )]arctan()(sin[)()( 0 αφφφ +⋅−= tCtt FF    (1) 

              ))(cos()( ttg Fφ=                (2) 

          )](1[)( 0 tgmptp ⋅+=               (3) 
Equation (1) describes the phase variation due to the 

optical feedback, where0(t) and F(t) are the external 
light phases of a SL without and with optical feedback 
respectively. Equation (2) is called interferometric function. 
g(t) is called OFSMI signal which represents the modulation 
level of external cavity’s light phase acts on the output 
power of the SL. Equation (3) gives the output power of the 
SL, denoted by p(t), where p0 is the power emitted by the 
free running SL, and m is modulation index which typical 
value is about 10-3. 

Taking Fourier transform, denoted by F{}, on both sides 
of equation (1), we have                        

)]}arctan()({sin[)()( 0 αφφφ +⋅−= tFCff FF  (4) 
WhereF(f) and0(f)  are the Fourier transforms of 

F(t) and0(t) respectively. For ease of manipulation, we 
can use a function 

)]arctan()(sin[)(1 αφφ += tt F          (5) 
So that equation (4) becomes: 

)()()}({)()( 1010 fCftFCffF φφφφφ ⋅−=⋅−=  (6) 
Where1(f) is the Fourier transform of1(t). 
The output power of the SL is )](1[)( 0 tgmptp ⋅+= , 

and after normalizing it, we can get the OFSMI signal g(t). 
ThenF(t) can be figured up by calculating the inverse 
function of g(t) according to equation (2). Thereafter, we 
calculate the spectrum ofF(t), that isF(f). Meanwhile, we 
are able to work out1(t) using equation (5) and calculate 
its spectrum1(f). 

If the external target moves in a manner close to simple 
harmonic vibration, 0(t) will be close to a sinusoidal, in 
which case it can be considered as of narrow band in 
frequency domain. From equations (1) and (4), F(t) should 
exhibit a broader spectrum than0(t) because of the 
nonlinear mapping from0(t) toF(t). In other words,F(f) 
and1(f) should spread over a wider frequency range 
than0(f) does. Now, we can divide the frequency range of 
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non-vanishing spectrum ofF(f) and1(f) into two domains, 
denoted by and respectively, in which the spectrum 
of(f) is non-vanishing or vanishing, i.e.: 
： }0)(,0)(,0)({ 01 ≠≠≠∈ ffff F φφφ and  

： }0)(,0)(,0)({ 01 =≠≠∈ ffff F φφφ . 
In the frequency range of equation (6) equals to: 

21 ),()( Ω∈⋅−= ffCfF φφ             (7) 

herefore C can be calculated as:  

2
1

,
)(

)(
Ω∈= f

f
f

C F

φ
φ

                 

(8) 

The above relation is valid for all the frequency 
components in . In practice, we can employ a 
summation over all frequency components in to increase 
the accuracy of the estimate: 
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To apply the method, we shall identify and . In 
the cases of harmonic vibration, 0(t) is a periodic function 
with a fundamental frequency f0. Then0(f) should exhibit a 
large fundamental component at f0, and some harmonic 
components. The highest harmonic component will in 
general depend on the actual waveform, and in practice we 
consider 15f0 as the upper frequency necessary to cover well 
the spectrum details. In terms of the upper bound of 
which is denoted by fM we simply choose fM as high as 
possible while observing 0)( ≠fFφ ，and 0)(1 ≠fφ . In this 

paper we have taken to be 15 f0 ,  fM  
On the basis of the theory above, the measurement 

algorithm is designed as follows: 
• Step 1. Normalize the signal p(t) to get g(t) 
• Step 2. Carry out inverse cosine function operation on 

g(t) and then phase-unwrapping to obtain F(t).        
• Step 3. Calculate1(t) using equation (5). 
• Step 4. Apply DFT onF(t) and1(t) and obtain their 

spectrums. 
• Step 5. Calculate C value using equation (9). 

III. ESTABLISH THE HARDWARE MODELS BASED ON 

SYSTEM GENERATOR 

XILINX System Generator is a modeling design 
platform which is specially applied for DSP. It combines 
with the powerful operation circumstance that 
Matlab/Simulink offered to conduct the graphical design and 
some simulations, establish the algorithm model, and then 
produce the corresponding hardware project files. 

When to build the hardware models for the measurement 
algorithm of C factor by using System Generator, they 
mainly include two important parts: the unwrapping module 
of the external light phase and the spectrum analysis module 
of the external light phase.   

Build the unwrapping model of the external light phase as 
shown in Fig. 1.It has used the ROM module to carry out the 

inverse trigonometric function by applying the lookup table 
method. 

 
Figure 1.  Unwrapping module of the external light phase 

Build the spectrum analysis model of the external light 
phase as shown in Fig. 2. The crucial parts in this module 
are the FFT module and the design for complex 
multiplication. We can either self-design the FFT module, or 
use the existing IP core, and we choose the latter, that is 
using the FFT IP core embedded in the DSP modules of 
System Generator.  

 
Figure 2.  Spectrum analysis module of the external light phase 

IV. SIMULATIONS AND ANALYSIS 

In this paper, we preset C=5, α=3 to get OFSMI signal 
g(n) according to Eqs.(1),(2),(3), and import the data to the 
hardware models presented in section III above to verify the 
C value solved by the modules whether equals to the preset 
C value. 

As is showed in Fig. 3, when f>3000Hz, 0(f)=0 
but 0)(1 ≠fφ . Hence the lower band of Ω2 can be set as 
3000Hz, while the upper band of it can be set as 12000Hz. 
By looking at the spectrum at 24800 Ω∈= Hzf , we 
getφF(4800)=0.5127,φ1(4800)=0.1025, and put these data 
into Eq.(8):C=0.5127/0.1025=5.0020. It can be calculated 
that the relative error between the C value solved by the 
modules and the preset C value is 0.04%. Set the range of 
Ω2: ]12000,3000[ HzHzf ∈ , and apply Eq.(9) to 

calculate C=5.0010, and the relative error is 0.02%.  
Extensive simulations have been done for verification of 

the hardware models proposed in section III. We preset 
some different C values covering a range of the three levels 
of optical feedback and different α values, and get the 
calculated C values as the following table shows. 
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Figure 3.  (a) spectrum of 0(t)   (b) spectrum of 1(t)  (c) spectrum 

of F(t) 

TABLE I. CALCULATED C VALUES USING PROPOSED METHOD 
 

α α=1  α=3  

Preset 
C 

Calculated 
C 

Relative 
Error (%) 

Calculated 
C 

Relative 
Error (%) 

1 0.9999 0.010 0.9994 0.060 

1.5 1.5005 0.033 1.5001 0.007 

2 2 0 2 0 

2.5 2.5 0 2.5 0 

3 3 0 3 0 

3.5 3.5014 0.040 3.5012 0.034 

4 4 0 4 0 

4.5 4.4987 0.029 4.4990 0.028 

5 5.0020 0.040 5.0010 0.020 

10 10.0043 0.043 10.0043 0.043 

V. CONCLUSION 

This paper presents a measurement algorithm of 
feedback strength factor of optical feedback self-mixing 
interferometry systems in the frequency domain, and applies 
System Generator to finish the hardware models design of 
this algorithm. Compared with existing measurement 
algorithm based on the time domain, the algorithm presented 
in this paper covers a large range of C values. Effectiveness 
of the proposed method has been confirmed by the 
simulations.  
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