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KEY CONCEPTS

To enable performance, system
should include:

Drone Tracking Gimbal

Avl Technologies

PROBLEM STATEMENT

Traditional satellite and antenna tracking systems
rely on spiral search (*hunting”) methods to locate
signals.

* This approach is slow, inefficient, and
causes mechanical wear.
* |t increases power consumption and acquisition

time.

C e S
Objective: Develop a system P

that can detect signal direction AN
and move directly toward the H00s ‘__,
source without a spiral search NSe=t2
pattern, using a drone to T
emulate satellite movement.

Figure: Spiral search to locate
satellites.

REQUIREMENTS

peeon

Size of antenna array must not exceed 4inch in
diameter on feed horn or 8in on outside of v
reflector.

30 second lock on time for targets in 30- field of
view.

TBD

Determine PCB design for electrical
connections.

Max weight of total system must be less than or
equal to 50 Ibs.

Ability to handle mild weather conditions

v

v

Gimbal system must not exceed 3ft: volume. v

. X
(cloudy/misty atmosphere). IP44

Nominal input voltage operation at 24VDC. v

Device has a display showing relative signal
strength and path vector.

Device is able to track drone within 300ft radius TBD
from device.

TBD

Device can rotate 180° about the x and y axis. v

Automatic RF Direction Tracking
X-Y Gimbal

Multi Antenna Array

FPGA for DSP

Figures: Top, XY axis gimbal.
Bottom, Initial patch antenna
design.

SYSTEM ARCHITECHTURE

Utilizes X-Y gimbal system for smoother motion

and mitigation of key-hole effect

« Utilized Nema 17 stepper motors rated with
88.51Ib-In maximum permissible torque.

Utilizes six circularly polarized patch antennas

arranged uniformly around dish for spatial

diversity

RF power detection boards measure signal

strength

o Microstrip RF bandpass filters

o LNAs (CMA-5043+)

o Average Power detection ICs (LT5534ESCO6)

o ADCs (LTC2310CMSE-16)

FPGA circuit calculates direction vector

* Artix-7 family FPGA

Motors adjust gimbal angles toward strongest

signal

Hand Controller receives and displays signal

data in addition to optional manual control.

Operating Modes

Auto Mode: Automatic tracking

Manual Mode: User-controlled movement
Maintenance Mode: System updates

Figures: Left, Main gimbal device. Right, hand controller for
operation modes.

Figure: Power Detection board.
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RESULTS

» Successful prototype gimbal constructed

» Successful receive and signal power output
stage

* High precision movement with backlash of
approximately 1.5°

S(1,1) Parameters of Designhed Patch Antenna:

S11 Magnitude: Measured vs. HFSS Simulation
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S(2,1) Parameters of Designed Hairpin Filter:

S21 Magnitude: Measured vs. HFSS Simulation
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Received Signal Power at 20ft Boresight Distance:
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SUMMARY AND CONCLUSIONS

At the current stage of the project, the system can

effectively:

* Receive and process RF signals for spatial
discrimination to determine target location

* Filter undesired signals from feed through chain
to mitigate noise and interference

* Provide high precision movement from XY
gimbal

* Operate in manual mode to adjust the dish
orientation if needed.

FUTURE WORK
Mechanical:

* Improve motors and couplings for larger dish
sizes
* Modify patch antenna mounting systems

Electrical:

* Add quick calibration system

* |Improve resistance to RF interference

* Redesign FPGA interface with RF power
detection boards
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