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Precision formation flying of the space crafts (S/C) is one of the essential techniques for the future space science missions 
such as very long-baseline infrared interferometers [1][2], a satellite gravimetry mission [3], long-focal-length X-ray or 
gamma ray telescopes [4][5][6] and much larger-size satellite network for testing general relativity[7][8].  In these mission, 
effective aperture size or focal length of the telescope is dramatically expanded to improve angle or image resolution.  
Among these formation flying missions, space gravitational wave detectors would have highest degree of technical 
difficulties from their much longer formation size and precision.  
Gravitational wave had been predicted in 1916 by A.Einstein in his general theory of relativity which would be generated 
by the acceleration of mass such as explosion of super novae or inspiral and coalescence of blackhole binaries.  Due to its 
extremely small strain of lower than δl/l<10-23, direct detection of gravitational wave is very difficult.  In 2016, the first 
direct detection of gravitational wave had been achieved by advanced LIGO [9], and successive detections have been 
reported from ground-based gravitational wave detectors. The ground-based gravitational wave detector is a Fabry-Perot 
Michelson laser interferometer with the arm length of 3-4 km, and has strain sensitivity of 10-23 level around 10 to 1 kHz.  
Since the detection band of the ground-based gravitational wave detector at lower frequency range is limited by its finite 
arm length and seismic noise from the ground, space gravitational wave detectors are planned to detect lower frequency 
gravitational wave which have much longer armlength and are operating in seismic noise free condition. Europe and US 
space gravitational detector named LISA consists of tree S/C each of which separate more than 2,500,000 km and are 
triangle-shaped constellation flying [10].  In LISA the distortion of space is measured by using laser transponder for 
detecting gravitational wave at lower frequency around 1 mHz.  In Japan, we promote another space gravitational mission 
named DECIGO (DECi-hertz Interferometer Gravitational wave Observatory) consists of three S/Cs forming equilateral 
triangle-shaped laser interferometer with the arm length of 1000 km, whose conceptual design is shown in Fig.1 [11].  
DECIGO contains three differential 1000-km Fabry-Perot laser interferometer with the arm length of 1000 km and the 
including angle of 60 degree in its triangle-shape formation, and strain sensitivity of dL/L<10-23 at the frequency range 
between 0.1 to 1 Hz for detecting gravitational wave from the inspiral of intermediate-mass blackhole binaries or 
primordial background gravitational wave from the early universe.   
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DECIGO is planned to launch in mid 2030s.  Before launching DECIGO, we plan another milestone mission named B-
DECIGO, which is down-sized mission of DECIGO with the arm length of 100 km [12].  
In order to obtain such high strain sensitivities, the length of each interferometer arm should be identical with the length 
difference of lower than 0.1 % for improving common-mode noise reduction (CMNR) because higher CMNR reduces the 
influence of the intensity and frequency noise of the light source on the strain sensitivity of the interferometer. For initial 
alignment of three S/Cs after releasing them from the launching vehicle and keeping their relative position in the 
observation, we proposed novel satellite positioning system based on the combination of a single-frequency laser, acousto-
optic modulator and frequency counting.  In the previous conference (ICSO2018), the basic idea of our angle measurement 
system was introduced [13]. Our angle measurement system has been expanded to add two-dimensional angle 
measurement and length measurement functions, the details of which are presented in the current document. 

 

Figure 1 Conceptual design of DECIGO. In the final stage four units of DECIGO will  launched around-synchronous                         
orbits for improving angle resolution and sensitivity 
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