
Proceedings of the 14
th
 euspen International Conference – Dubrovnik – June 2014 

Precision measurement technique for rough surface object 

using self-beat signals of optical frequency comb 

Taro Onoe,Zongluo Yang,Satoru Takahashi,Kiyoshi Takamasu, Hirokazu Matsumoto  

The University of Tokyo, Hongo 7-3-1, Bunkyo-ku, Tokyo, 113-8656, Japan 

onoe@nanolab.t.u-tokyo.ac.jp 

 

Keywords: Optical frequency comb, distance measurement, rough surface 

measurement 

 

Abstract 

New distance measurement method based on self-beat signals of an optical frequency 

comb is proposed. Each frequency of the self-beat signals is represented as Nfrep (N: 

integer, frep: repetition frequency), and the relative uncertainty of the repetition 

frequency of the optical frequency comb is 10-10. Moreover, the frequencies of self-

beat signals are from several hundred MHz up to several tens GHz and the 

wavelengths of self-beat signals are longer than several mm. Thus, precision distance 

measurements for rough surface objects can be conducted by using the self-beat 

signals. In addition, an absolute distance 

measurement can be conducted precisely 

because many self-beat signals can be 

used and the coincidence method can be 

applied. The distance measurement 

experiment for rough surface objects is 

conducted (Fig. 1). 

 

1. Introduction 

An optical frequency comb has many 

advantages for distance measurement. 

For example, the relative uncertainty of 

distance between the adjacent pulses of 

optical frequency comb is very small. 

Therefore, it is used for interferometer of 
Figure 1: Absolute distance measurement 

for rough surface (distance: 8 m) 
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the pulses of optical frequency comb as distance measurement method [1] [2]. The 

self-beat signals of the optical frequency comb are also used for distance 

measurement [3]. In our research, the absolute distance measurement method with 

high accuracy for rough surface objects using the optical frequency comb is proposed.  

 

2. Measurement principle using self-beat signal 

2.1 Self-beat signal of optical frequency comb 

The frequency difference between any two adjacent modes of an optical frequency 

comb is the same and the relative uncertainty of the frequency difference is 10-10 in 

our laboratory. When the beam of the optical frequency comb is detected, the signals 

called self-beat signals can be obtained. These signals are the beat signals of any two 

modes of the spectrum of optical frequency comb. The frequency of Nth mode of 

self-beat signals (fn) is reperesented as fn = Nfrep. Thus, the relative uncertainty of Nth 

mode of self-beat signals (fn) is also 10-10. The pulse of the beam corresponds to the 

phases of the self-beat signals, so the self-beat signals can be considered as if they 

propagate in the air with the pulses. 

2.2 Measurement with self-beat signals 

Fig. 2 shows the basic measurement system. The beam from the optical frequency 

comb is splitted by the half mirror. One of the splitted beam goes into the measured 

rough surface. The other beam goes into the reference mirror. These two beams are 

reflected and goes into the detector. One of the two beams is cut by using shutter and 

we can change the optical pathes. The phases of self-beat signals detected by the 

detector changes because of the change of optical path length. In order to detect the 

phase change of self-beat signals, reference self-beat signals are used.  

Also, it is necessary to decreace the frequency of the self-beat signals because the 

lock-in amplifier cannot measure phase of RF frequencies. Moreover, we need to 

select one of the self-beat signals used for the measurement. To decrease the 

frequencies of self-beat signals and to select one of the self-beat signals, the signal 

(GHz order) from RF oscillator is mixed. However, cyclic error can be measured 

when RF oscillator is used [4]. Thus, in our research, RF oscillator is avoided to be 

used and the self-beat signals of another optical frequency comb is used (Fig. 3). The 

phase change of the self-beat signals caused by the change of the optical pathes can 
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be measured by this signal processes and the distance from reference surface to 

measured surface can be measured without cyclic error. 

 

 

Figure 2: Distance measurement system with optical frequency comb 

 

 

Figure 3: Signal process with two optical frequency combs 

 

3. Experimental results 

The absolute measurement experiment to the rough surface object (Ra = 0.2 μm and 

1.6 μm) is conducted. The measurement time for one point of the surface is less than 

1 s. The distances from the reference mirror to the rough surface object is 3 m and 8 

m. The distance is measured ten times and the average and standard deviation are 

calculated (Table 1). The standard deviations are about 6 µm and 20 μm when the 

roughness Ra is 0.2 µm and 1.6 μm respectively. 

For measuring the profile of rough surface objects, a basic experiment with a coin is 

conducted and the step of two points of the surface is measured by changing the 

direction of the beam. The standard deviation of the measurement is less than 100 μm.  
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Table 1: Experimental results of absolute measurements 
 

roughness distance: 3 m distance: 8 m 

Ra = 0.2 μm 2.997114 m (std: 5.9 μm) 8.383626 m (std: 6.6 µm) 

Ra = 1.6 μm - 8.382391 m (std: 19.2 µm) 

 

 

Figure 4: Measurement the profile of a coin surface 

 

4. Conclusions 

We proposed the absolute non-contact measurement method using self-beat signals of 

the optical frequency comb for rough surface objects. We confirmed that the distance 

can be measured without cyclic error using two optical frequency combs. The 

uncertainties of the distance measurement by the proposed method are less than 6 µm 

and 20 μm for the rough surface of Ra is 0.2 µm and 1.6 μm respectively. 
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