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This project introduces LiRA-Align, a compact and cost-effective 
LIDAR-based system designed to detect structural misalignments in 
fixed radio telescopes. The system continuously monitors distance 
variations between key telescope points to identify mechanical shifts 
caused by environmental or structural factors. A simulation was 
conducted using MATLAB to model real-time misalignment under 
both ideal and noisy conditions. Results show that the system 
successfully detects deviations and triggers alerts when thresholds 
are exceeded. LiRA-Align offers a practical solution for educational 
observatories requiring reliable alignment monitoring without 
complex infrastructure.

LiRA-Align monitors structural movement by tracking the distance 
between a fixed LIDAR sensor and a reflective target on the 
telescope. When the distance deviates beyond a preset threshold, 
the system sends an alert to indicate misalignment.
System Components:
- LIDAR Sensor
- Reflective Target
- Microcontroller
- Alert Unit

The system simulates structural alignment monitoring using MATLAB. 
Time-series data is generated for telescope position with and without 
mechanical disturbance. Gaussian noise is added to represent real-world 
sensor behavior. A 1.5 mm threshold is defined for triggering alerts. The 
simulation tracks deviation, compares it against the baseline, and 
visualizes misalignment over time.

Graphical results show that LiRA-Align detects misalignments 
effectively. Under noise-influenced scenarios, the system maintains 
reliable sensitivity. Key graphs illustrate how distance measurements 
rise during deviation and return after stabilization, confirming system 
reliability.

LiRA-Align offers a promising, low-cost approach to monitoring 
structural shifts in radio telescopes. The system’s simplicity and real-
time capabilities make it ideal for academic and field observatories. 
Future development may include physical deployment and automatic 
alignment feedback.

Radio telescopes require precise alignment of structural components 
such as the feed and horn. Factors like wind, temperature, and 
mechanical wear can cause small but significant misalignments that 
degrade signal accuracy. Most traditional alignment systems depend 
on manual methods or low-precision sensors, lacking real-time 
response. This creates a critical gap for fixed educational telescopes 
that cannot afford advanced adjustment systems. LiRA-Align bridges 
this gap with a lightweight, real-time LIDAR-based solution.

Table 1 : Table compares true and measured positions under noiseless and noisy conditions. Misalignment 
begins at second 8; noise introduces fluctuations, reflecting real-world LIDAR challenges.

Figure 1 : The Simulation shows a perfectly aligned telescope with no misalignment 
throughout the observation period.
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Figure 2: Simulation adds LIDAR noise and models misalignment between seconds 8 and 18 to 
reflect real-world conditions.
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