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ABSTRACT 

 

The design of a one meter class telescope mount is 

addressed, specifically developed for space object 

tracking, including orbiting objects, in any orbital 

regime,  as well as objects re-entering in the Earth 

atmosphere. . 

The telescope mount design is completed and a first 

prototype is at the moment under manufacturing, thanks 

to the collaboration between the Space Systems 

Laboratory of University of Rome “La Sapienza” and 

the University spin-off Roboptics srl, in the framework 

of a program funded by the Lazio Region. 

The requirements of the core parts of the mount deriving 

from its utilization for LEO fast moving objects are 

pointed out in the paper, highlighting control system 

specifics and structural static and dynamic analysis. 

1 INTRODUCTION 

The Space Surveillance of high Earth orbital regimes 

has been accomplished using optical instruments [1-6]. 

The slow angular motion of objects orbiting in these 

regions permits to achieve high sensitivity, measuring 

objects with sizes down to ten centimetres in 

Geosynchronous region. 

The recent developments in telescope and CCD 

technologies make them suitable also to detect and 

measure fast moving low Earth and even re-entering 

space objects [7-11]. In particular, recently developed 

systems allow obtaining at the same time large field of 

views and high sensitivity. 

Optical systems are characterized by their high accuracy 

in angular measurements [12- 14], whereas radar by 

range and range rate. Combining these information a 

very accurate orbit determination is possible. The 

knowledge of orbital parameters, together with their 

covariance, is of great importance in the assessment of 

collision risk between orbiting objects [15] as well as in 

the identification of the impact region on the Earth for 

re-entering massive objects since the unknown 

atmospheric parameters (i.e. density) produce fast 

varying and very difficult to determine trajectory [16-

17]. 

Moreover, the capability to track LEO fast moving 

objects is essential when photometric measurements of 

these objects are required, in order to determine their 

attitude motion,  [7-11]. 

Therefore, it is highly desirable for a space surveillance 

system to deploy optical instruments capable to observe 

fast moving space objects. These kinds of systems 

require a robust and precise high-speed tracking mount, 

in addition to the technological advanced solutions for 

optical instrumentation and sensors. In particular the 

combination of high pointing accuracy and fast angular 

movement requires a high level of automation and 

extremely accurate synchronization of the mount 

rotation axes, both in the equatorial and in Alt-

Azimuthal configurations. 

As a result of a trade-off analysis, including 

considerations on the system modularity and suitability 

for future developments, and Alt-Az configuration was 

selected for the first realization, preferring a fork mount 

with respect to a German mount because of its better 

adaptability to large telescope One of the main features 

of the design developed, according to a specific 

requirement of space surveillance systems, is the ability 

to be operated remotely, in extreme temperature and 

wind conditions, not common for astronomic 

observations. In particular a very low operational limit 

was set for the minimum operation and storage 

temperature, as low as -20°C.  

A discussion about the mount motion requirements for 

LEO tracking ground-based optical system is given in 

section 2. 

, Finite element models have been used for the static and 

dynamical analysis of the fork structure leading to an 

optimized structure based on a trade off between mount 

weight and stiffness in terms of deflections and 

vibration frequencies. 

The mount tracking system design has been validated 

through numerical simulation, to test the control laws 

and the effectiveness of the actuators and sensors 

chosen. To this purpose a number of trajectories of 

different orbiting objects have been simulated in order 

to evaluate the mount tracking errors. 
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2 THE LEO TRACKING MOUNT 

REQUIREMENTS 

Tracking of LEO objects through optical devices is a 

very demanding task: the relative motion of these 

objects is very fast, their trajectories are not well 

defined since large uncertainties subsist, mainly due to 

unknown atmospheric parameters, space debris ballistic 

coefficient and attitude motion . 

In particular, a system suitable for these kinds of objects 

should be capable to track simultaneously on two 

independent axes, contrarily to the usual astronomic 

equatorial mounts that, in standard sidereal tracking 

mode, could track celestial objects moving only around 

one axis (right ascension). 

To illustrate the angular tracking velocity required to the 

mount it has been considered a study case considering 

an observatory located in Italy and a general LEO object 

at 650km height and 65° inclination. 

In Fig. 1 the ground track is shown. The red parts are 

the trajectory position in which the orbiting debris is 

visible from the observatory. In this kind of analysis the 

solar illumination on the debris  has not been considered 

as a requirement since the same mount could host a 

laser ranging systems which not requires direct solar 

illumination..   

 

 

 

Figure 1. – Ground track of a LEO Space Debris 

On the basis of relative motion between ground station 

and space debris it is possible to evaluate the right 

ascension and declination angles and their associated 

angular rates. Due to the definition of these angles, a 

singularity appears when the declination is +90° or -90°, 

since in this condition the right ascension is undefined. 

Close to this position short trajectory arcs of the space 

objects could imply large angle variations. In Fig. 2, the 

angular velocities for the tracking of the space debris 

considered in Fig. 1, are shown. Peaks happen when the 

telescope is pointing in direction of the celestial pole. 

 

 

Figure 2. – Right Ascension rate (up) and Declination 

rate (down) for tracking of LEO 650km x65° space 

debris. 

An Alt-azimut mount has similar problems when the 

elevation is near 90°.  

In order to evaluate the mount requirements the 

maximum global angular rate was considered 

(considering the angle between the local vertical and the 

satellite direction), as a function of the satellite height; 

considering this angle   the singularities are avoided and 

the real mount required angular speed are achieved. 

 

 

Figure 3. – Maximum angular rate for a tracking system 

suitable for LEO space objects.  

The maximum angular rates, sketched in Fig.3, diminish 

when the height increase, and are lower than 1 deg/s. 

This implies that a mount capable to accurate tracking 

should move at an angular rate greater of at least one 

order of magnitude, thus the minimum angular tracking 

rate of the mount will be set to 10deg/s. 

Together with the fast angular rate, the mount should 

assure high pointing accuracy to respond to the 

demanding performances of Space Surveillance 
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The structural analysis was carried out also for the 

dynamical part in order to identify the vibration 

frequencies. 

The list of the first ten vibration frequencies is sketched 

in Tab. 2. 

 

Mode number Frequency [Hz] 

1 24.4 

2 24.9 

3 26.5 

4 30.0 

5 46.1 

6 46.7 

7 55.9 

8 56.0 

9 70.1 

10 71.5 

Table 2 – Mount vibration frequencies 

The first frequency is greater than 20 Hz assuring 

structural rigidity suitable for the required high 

precision tracking. 

The representations of the first four modes are given in 

Fig 12, 13,14 and 15.  

 

  

Figure 12. – First vibration mode 

 

  

Figure 13. – second vibration modes 

 

 

Figure 14. –third vibration modes 

 

 

Figure 15. – Fourth vibration mode 

It is possible to see that the first mode with principal 

component rotational, which could be coupled with the 

motion control system, is the fourth one, with a 



frequency of 30 Hz. This frequency is higher than the 

control system cut off frequency, thus the effect of 

structure vibration is decoupled from the control system. 

The rendering of the final design of the mount is 

presented in Fig. 16. 

 

Figure 16. – Rendering of the mount for 1 meter class 

telescope 

The same control system and the same main hardware 

and structural components can be exploited for a 

configuration of double fork mount. In this 

configuration the mount can host 2 telescope, 60 

centimetres diameter (250 kg) each. The sketch of this 

second possible configuration is given in Fig. 17 

 

Figure 17. – Rendering of the mount in double fork 

configuration. 

 

4 CONCLUSIONS 

The design of a one meter class telescope mount, 

suitable for space debris tracking has been presented. 

Both the control system and the structure have been 

simulated through numerical model and have been sized 

in order to satisfy requirements of the fast and accurate 

tracking of LEO and re-entering fast moving objects. 
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