








via bearing units. The required precision of installation of 

axles and drives moving parts is possible due to the 

utilization of an exploded base of bearing assemblies. The 

gearless principle of a drive allows the achievement of 

high precision in control and eliminates backlash in the 

gear. Electronic boards are located in the rear of the case. 

The collimators of the laser communication system, 

connected by optical waveguides with a transceiver, are 

located on the outboard module next to the PAT telescope.  

V. LASER TERMINAL IMPLEMENTATION AND TESTS 

On the next stage of the design, mechanical parts of the 

laser terminal were produced and assembled together. 

The Fig. 4 visualizes the result. After the terminal 

assembly was finished, the preliminary tests were 

conducted in order to verify the required parameters and 

characteristics. 

 
 

Fig. 4. Laser terminal implementation 

 

To conduct the functional tests of the device, the 

experimental setup was designed. This test bed included 

following components: electrical module, laptop, an 

oscillator, rotational table, and cables set. An oscillator is 

presented by the DMC-805G converter, which transforms 

signals between a twisted pair (Gigabit Ethernet) and an 

optical transceiver of the SFP standard. In other words, it 

receives a signal from a computer and transmits it 

through an optical waveguide and the other way around. 

In order to simulate a beacon, a board with an LED was 

mounted on the outside of the lens mirror. Direct control 

of the terminal drives was also carried out from a PC 

using an electrical unit. The rotational table was used for 

setting the relative orientation of laser terminals in 

situations when two devices were used. The electrical 

module was responsible for the transmission of telemetry 

and commands between the computer and the optical 

terminal. As for the software, the Linux Operating 

System (OS) was installed to the electrical module. The 

computer software ran under Microsoft Windows OS and 

provided a graphical representation of data from the 

drives and video sensor. 

Using the setup described above, several tests to 

validate the design requirements were conducted. The 

first test aimed to prove the drives possibility to rotate at 

the defined speed with necessary accuracy. While 

controlling the laser terminal pointing angles via 

graphical user interface (GUI), the information about the 

angular speed accuracy, angular speed rates, and angular 

limits was collected.  

Laser terminal design validation procedure also 

included the test of terminals capabilities to process the 

optical signal and calculate the pointing error taking the 

hardware specifications into account. For this experiment, 

the test setup included two terminals standing in front of 

each other and transmitting the beacon signal. The test 

operator was setting the angular deviations to control the 

pointing angles and gathering the data about the pointing 

error from the terminal. During the test, it was verified, 

that the laser terminal is capable of processing the image 

at the required speed with minimum software and 

retrieving the beacon signal.  

The values of representative parameters that were 

determined during the test campaign are listed in Table II. 

TABLE II: PARAMETERS OF DEVELOPED PAT SYSTEM 

Parameter 
Parameter value 

Value  Dimensions 

Mass of laser terminal 3.7  kg 

Size of laser terminal 20x18x16  sm 

Power consumption 12  W 

Maximum angular speed 1  Deg/s 

Pointing accuracy 12  Arc sec 

 

As it can be observed, the designed laser terminal has 

fulfilled major requirements of size, mass, angular speed 

and pointing accuracy estimation. At this stage of the 

development, the control loop delay could not be 

evaluated, as the software optimization and improvement 

of the algorithm is still required. The tests have proved 

that all functional blocks of the device were chosen 

correctly and meet the design requirements; mechanical, 

electrical and data interfaces between functional blocks 

do not influence its functionality of the assembly.  

VI. CONCLUSION 

This paper demonstrates a new approach for the laser 

communication terminal development. The proposed 

laser terminal and PAT system architecture brings 

simplifications in an optical system and, thus, decreases 

of the whole terminal size and weight. The achieved size 

and mass of the terminal makes it possible to install it on 
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