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Member Contributions

Tagwa

Modeling: motor and driver circuit.
Implementation: hardware setup, control code.
Analysis: performing tests, calculating results.

Andrew

Modeling: physical system.
Implementation: hardware setup, control code.
Analysis: performing tests, calculating results.



Original Scope

● Develop a cyber physical system to manage the spacing between antennae in 
an array

● 8 antennae were planned to be arranged on a plexiglass or similar surface 
and moved independently using 8 stepper motors

● A C-program running on a Raspberry Pi was to control the motor movement to 
create the desired antenna spacing

● The distance between antennae was to be verified using ultrasonic sensors



Physical System Modeling
Where c denotes a constant, the speed of light, f represents the 
frequency, and ƛ  denotes the wavelength.

To ensure optimal performance, the antennae will have to be 
separated by a distance of ƛ / 2. This will avoid the “standing 
wave” phenomenon. Voltage nulls appear at half-wavelength 
points.

Image credit: https://www.radioworld.com/misc-1/standing-waves-and-antennas

https://www.radioworld.com/misc-1/standing-waves-and-antennas


Planned Array Design



Calculating Distance Between Linear Tracks



Motor Modeling



Motor Modeling Continued...



Project Scope
● We developed a cyber physical system to manage the spacing between 2 

antennae in an array
● A linear actuator was used to move an antenna using a stepper motor and 

leadscrew
● The second (virtual) antenna would be on a linear actuator, placed 

back-to-back
● A C-program running on a Raspberry Pi controls the motor movement to 

create the desired antenna spacing
● The distance moved is verified using an ultrasonic sensor (not accurate)
● The antenna returns to the starting position at the end of the

program based on user input.



System Block Diagram



Design Components

● Ball Screw Linear Slide Stroke Stage Actuator (Model 581770)
● 42BYGH48 Stepper Motor
● DRV8825 Driver Circuit
● HCSR04 Ultrasonic Distance Sensor
● Cardboard Rectangle (stand-in for antenna)



Linear slide actuator



Specifications of the linear actuator 

● 42BYGH48 stepper motor attached at end
● Rated Dynamic Load: 40KG
● Rated Static Load: 60KG
● Voltage: 24V
● Current: 1.2A
● Step Angle: 1.8º
● Torque: 45N.cm
● Precision: 0.02mm
● Round Trip Accuracy: 0.05-0.08mm
● Precision: 0.001mm



The Achieved Antenna Array

Minimum Distance = 200mm



Converting from Circular to Linear Motion

To calculate the linear motion, the following equation was used:

In order to calculate the lead screw’s revolution mer mm, the following equation was used:
Pitch is distance between screw grooves



Precision Calculation
 
The step per revolution of our motor is 200 steps. Inserting that into the equation:

Performing the division gives a result of 0.02mm, meaning our precision is 0.02mm.



Find the lines for each coil of the motor

http://www.youtube.com/watch?v=1mdPSMgL48M
http://www.youtube.com/watch?v=SxvKjaPIO0Q


DRV8825 Driver Circuit

The DRV-8825 maximum current limit (I) 
is equal to twice the Vref or voltage reference:

The driver circuit includes a potentiometer to
adjust Vref  to limit the output current to the motor



Drv8825 Continued

According to the motor’s datasheet, only 71% of the maximum 1.2A should be supplied. Therefore, 
using the equation from the previous slide:

As such, our DRV8825’s potentiometer was tuned to 0.426V to supply 0.852A to the motor.



Motor Connections to Raspberry Pi



Demonstration of Working Stepper Motor

http://www.youtube.com/watch?v=p2v2c_OWYRw


Ultrasonic Sensor Connections to Raspberry Pi



Demonstration of Operational Ultrasonic Sensor

http://www.youtube.com/watch?v=0chNBdOG8rM


System connections



Software Implementation

Calculating the distance from user-input frequency
and the necessary number of steps



Software Implementation

Moving the carriage the ultrasonic sensor to verify correct position and make 
any necessary corrections



Software Implementation

Code to control the step motor through the DRV8255 to move
the linear actuator in the desired direction, for the desired
number of steps.



Analysis



Analysis



Analysis (error)



Demo

http://www.youtube.com/watch?v=ZpHTwb-_CTU


Ultrasonic Sensor Uncertainty 

These readings were taken by the ultrasonic
sensor on the cardboard rectangle (the “virtual”
antenna) that was not moving. The sensor 
reported results ranging from 5.93 to 6.88cm.

During experimentation, the sensor readings
had the tendency to vary wildly, both for objects
in motion and at rest.



Conclusions
● We were able to control the movement of the linear slide 

actuator in millimeter accuracy to a desired distance based on 
a user-input frequency

● The ultrasonic sensor being used is not accurate enough to 
provide meaningful feedback

● The dimensions of the linear actuator used prohibit distances 
in the higher frequency range

● We were able to provide frequency range of 145.8 - 749.5MHz



Future work

● Implement the whole system that includes all 8 antennae
● Update the software in order to control 8 linear actuators 

and ultrasonic sensors
● Research more accurate distance measurement sensor
● Find a better linear actuator for this project with a smaller 

plate, or build it, to be able to provide a higher frequency 
range




