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Project Background

Robert Blount
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Project Objective

Robert Blount

The objective of this project is to create a low-cost 
Hand-On Throttle and Stick (HOTAS) system to 
support the Pilot Training Devices (PTD) product 
line. The product will replicate the throttle control 
assembly and control stick of various Lockheed 
Martin vehicles. The bases will be modular to allow 
for use with multiple HOTAS sets. 

Wraith Systems F-35 HOTAS
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Key Goals
Support multiple modular grips

• Allow different vehicle controllers to connect to the 
bases

Integrate with Lockheed's system
• HOTAS needs to work with Prepar3D, flight simulator 

software

Create a low-fidelity HOTAS
• HOTAS should have low manufacturing costs and 

be easily repairable

Shall be used with desktop simulators
• Not going to be implemented with full cockpit 

simulators

Provide same functionality as current models used
• Needs to have a similar number of outputs (buttons)
• Does not have to be on the same tier of fidelity

Robert Blount
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Key Functions

Ergonomics

Support 
Multiple 

Modular Grips

Integrate with 
Lockheed 

System

Electronics

Filter & 
Process I/O 

Data

Detect Aircraft 
Control Intent

Mechanical

Provide 
Feedback

Operate 
Throttle & 

Stick

Robert Blount
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Conform to Mil 
Standard 1472

Fits 95% of 
Aviators

Implement with 
Various Craft 

Design

55 Separate 
Signals

Targets and Metrics

Patrick Dixon

Mil Std. 1472 Doc. cover
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Output Signals 

Transfer less than 
5 Gbps of data 

Less than 10 Gbps 
@ 250 MHz 

between throttle 
and Stick

Detect Aircraft 
Control Intent/ 

Signal Activation

Less than 20 ms
latency

Targets and Metrics

Patrick Dixon
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Targets and Metrics
Operate Throttle 

and Stick

Buttons can be 
depressed

Plus or minus 35 
degrees of stick 

rotation

Throttle travels 6” 
or 65 degrees

Filter and Process 
I/O signals

Filter noise, 
process data into 
appropriate signal 

type, fast 0ms

Patrick Dixon

HOTAS Motion Diagram
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Concept 3
• Modular sticks
• Potentiometers
• Arduino board
• Yaw on throttle
• Rotating throttle

Concept 1
• Singular joysticks
• Hall effect sensors
• Python board
• Yaw on stick
• Sliding throttle

Concept 2
• Modular sticks
• Hall effect sensors
• Arduino board
• Yaw on stick
• Sliding throttle

Concept Generation and Final Selection
Concepts generated: 100
Standard Concept Selection: Narrowed down to 3
Final Concept Selected: Concept 3 shown below

Patrick Dixon
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Budget and Purchasing
Allotted $2,000 total
Allocated $1,600
• Electronic Components
• Hardware Components
• Software Necessities

Patrick Dixon

Electronics
19%

Stick Hardware
35%

Software
3%

Throttle Hardware
23%

Unused
20%

Budget and Purchasing

Electronics Stick Hardware Software Throttle Hardware Unused
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Hardware Prototyping

Robert Blount
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Initial 3D Model

Stick

Throttle

Arduino

Wiring

Suction 
Cups Things Assessed

• Making the stick circumference 
smaller

Throttle Base Stick Base

Sensor 
Module

Robert Blount



1515Department of Mechanical Engineering

ThrottleThrottle StickStick

Initial Printed Design
Initial Issues

• Material finish is rough

• Excess support material was 
printed

• Stick wall thickness was too 
thin

Robert Blount
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Design Update 1

Robert Blount

Things changed

• Removed threaded stick

• Added flange on stick base 
to reduce material used

• Added ribbing to the 
throttle base for increased 
strength

Throttle Stick

Stick Flange

Locking 
Mechanism

Ribbing
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Design Iteration 2

Patrick Dixon

Things changed 

• Added a gear system 
connected to the 
potentiometer

• Reduced locking 
mechanism to two slots

• Added space for the DIN 
pin connectors 

• Removed modular bases

Throttle
Stick

Stick Flange

Locking 
Mechanism

Geared System

DIN pin
Stick Cut 
Section
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Exploded 3D Throttle 
1) Yaw paddle
2) Bearings
3) Throttle Base
4) Baseplate
5) Arduino
6) Gears
7) Rotary Potentiometer
8) Joystick Potentiometer
9) PCB
10) DIN pin
11) Throttle Back
12) Throttle Front
13) Rotary Potentiometer Mount
14) Joystick Potentiometer Mount
15) Gear Shaft
16) Modular connection

2

3

5

4

6

7

Patrick Dixon
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Exploded 3D Stick
1) Stick Base

2) Baseplate

3) Stick flange

4) Stick Ball Left, and Right

5) DIN pin

6) Spring tensioner

7) Joystick Potentiometer

8) Stick Front

9) Stick Back

10) PCB

11) Potentiometer mount

12) Arduino

13) Modular connection

Patrick Dixon

1

2

3

4

5

6 7
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Final Assembly of 3D Model

Patrick Dixon

HOTAS Front View Isometric HOTAS Rear View Isometric
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Electrical Prototype

Patrick Dixon
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Software and Packaging

Robert Craig

Using Arduino Leonardo boards in each base

Arduino is programmed with Arduino ide in C

ATmega32u4 chip set allows the computer to 
recognize the Arduino Leonardo as a game 
controller
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Modularity and Connectivity
9 pin mini-DIN connector used for modular connection
• 2 pins for input voltage and Ground

Using three pins for all digital buttons in each pair
Up to 4 analog signals through connection in each pair
One male in each throttle, and stick
One female in each base

Robert Craig

Male Din Pin

Female Din Pin
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Shift Registers and Buttons
Each shift register allows the connection of 8 buttons
Can be wired together in series with multiple registers 

to increase buttons, we use up to 5 in each set for 40 
signals.
Works by taking in a parallel set of data D0-

D7(buttons)
Each clock cycle shifts in the data to output through Q7 

digitally as a singular value

Robert Craig

PISO Shift Register

PISO Functional Diagram
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1.50 in

2.20 in

Printed Circuit Board Design
PCBs allow for wiring to be more organized
Made for 3 shift registers
• Can be connected to each other to 

accommodate more
More robust design
Allows for ease of button replacement

Robert Craig

0.955 in
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Button Mount Prototyping

Robert Craig

Throttle Buttons in 
Mount

Buttons in MountsButtons in MountsButtons with 
Connectors
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Integration

Robert Craig
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Throttle Integration

Throttle Front & Back

Robert Craig

Difficulties assembling the throttle
Housing was initially too small to fit the 
connectors and wiring harness
Cutting and re-soldering connections to improve 
spacing issues
Did not expect so much mass and space issues 
due to wires and Molex connectors 
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Stick Integration

Stick Front & Back Stick Assembly

Robert Craig
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Testing 

Robert Craig
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Initial Testing Goals
Communicate with the computer
Control aircraft in Digital Combat Simulator
Have less than 20ms of latency
Attempt a successful takeoff and landing

Connor Chuppe
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Initial Testing Setup
Connected Arduino to laptop to initialize 

buttons and potentiometers 
• Done using Microsoft Setup Game controller 

Verified outputs were correctly displayed 
for buttons

Calibrated potentiometers
• Ensured output was displayed across entire 

range
Connor Chuppe

Initial Testing Wiring Setup

Initial Testing Wiring Diagram
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Initial Software Testing
Mapped in-game commands to our buttons
• Done using the DCS software
• Selected a command of our choice then clicked the button we wanted it 

mapped to
Assigned potentiometers to corresponding axis
• Axis for pitch, roll, yaw and throttle 

Fly the aircraft in the simulator

Connor Chuppe

F-16 Cockpit View During Test



3434Department of Mechanical Engineering

Initial Testing Takeaways

Connor Chuppe

Accomplishments

Able to fly aircraft

Digital buttons worked 
9/10 times

Latency was under 
target of 20ms 

(12.5ms)

Issues

Joystick movement did 
not always correspond 
to an output
•Potentiometer did not fit 

into potentiometer mount

Yaw potentiometer did 
not center when 
released
•Switched to a joystick 

potentiometer

Throttle wasn’t linear 
across entire range
•Switched to a high 

precision potentiometer 

Testing Using F-16 in DCS
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Final Testing Goals
Function with Prepar3D software
Have all buttons display an output
Have a realistic feeling throttle and stick

Connor Chuppe
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Final Testing Takeaways

Connor Chuppe

Accomplishments

Able to fly 
with Prepar3D

Buttons could 
be registered 

with Prepar3D 

Issues

Throttle was 
not able to be 

used

Stick would 
not re-center 

when released

Testing using F-35 in Prepar3D
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Project Recap

Connor Chuppe
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Future Work
Finalizing assembly of stick and throttle
Testing and validation of assembled HOTAS with Prepar3D
Implementing multiple sticks and throttles with bases
Feedback proportional to the speed and angle of attack of 

aircraft

Connor Chuppe
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Lessons Learned
Shift registers are a great way to gain large number of i/o
Fitting electrical internals is much more difficult when done 

without the use of machines
• Using a higher gauge wire would help with fitting

Waiting for budget to be allocated must be considered when 
planning
Integrating electronic and mechanical components is very 

tedious
Connor Chuppe
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Questions and Comments

Robert Blount
Connor Chuppe

Robert Craig
Patrick Dixon
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Come Fly With Us.

Robert Blount
Connor Chuppe

Robert Craig
Patrick Dixon
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Backup Slides

Introduction Overview Targets-Metrics Concept Generation Concept Selection Final Selection Review
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Throttle integration

46
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Stick integration

47
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Final Assembly 

48
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1.637 in

2.450 in0.900 in

0.800 in
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targets and metrics backup
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Function Target Metric

Integrate with Current Lockheed System Yes It works with the system

Support Multiple Modular Grips

Variable per each stick Major diameter and threading of mounting section for the stick

1”-2" Length of mounting section for the stick

¼"-20 Pitch of the mounting threads for the stick

Integrate Buttons Within Specified Tolerances
±0.078-0.25in (2-6mm) Distance button can be displaced

Input Feedback Signals Receive signal for AOA, and craft speed to send to process into feedback Receive data through USB to USB-A

Provide Feedback 1.12 ± 0.45 lbf (5 ± 2 N) of force Provide an actuator force

This one and each below have no function to create a target and metric from Less than $4000 to manufacture Cost in $$

10 lbs. (45 N) ≤ weight ≤ 15 lbs. (67 N) Weight

Can be dropped from a height of 29” (73.66 cm) ± 1” (2.54 cm) at any orientation 
without mechanical failure Drop height until failure

At least 2 Years Component Lifetime

At least 5 years Product Lifetime
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Concept Generation Backup

53
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Morphological Chart

54
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• The throttle base has buttons but not on the throttle itself. The base for the stick has no buttons but the stick itself has all the necessary buttons. Separate base for 
throttle and stick

• The throttle base doesn’t have buttons, all throttle buttons are on the throttle itself. Stick base has buttons and not on the stick itself. Separate base for throttle and 
stick

• The base has all the buttons on it and no buttons on the throttle or stick. Single base for throttle and stick

• The HOTAS becomes just a stick with throttle functionality, in example the stick rotates in 3 axis and move along one.

• Throttle with a detent to distinguish between various engine stages.

• Use lights with heat camera to determine location and placement of hands to operate the hotas, without a physical throttle or stick, just bases for either main 
subsystem.

• Use only COTS (Commercially off the Shelf) parts to make up the buttons

• Bee-Hive resembling throttle and stick to save money on amount of material.

• 3-D print all the buttons, stick and throttle

• Disassemble a working keyboard to recreate a HOTAS by using switches and keys along with the rollers and sliders on some keyboards.

60
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• Using a 3-d scanner and appropriate tech create the one stick and throttle to rule them all (like the one ring form lord of the rings), with functionality in key locations 
for each of the operable crafts chosen

• Destroy an existing HOTAS of low fidelity to create a new shell and reuse most of their electronics and components.

• Entire desk is the HOTAS, the stick and throttle built into the desk surface as well as all the buttons and switches

• Haptic HOTAS, gloves on the hand that recognize hand positions in space to detect control intent

• Chair with throttle and stick built into the armrests

• HOTAS that reacts to neural signals to detect aircraft intent

• Base made with foam core

• Have dual throttle that controls yaw when pushed in opposite directions

• Stick made from a used car gear shift

• Disassemble a computer mouse to use the scroll wheel and left and right click buttons

61
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• Use a ball joint for the stick with variable resistance in all directions to detect the control intent.

• Electric signal could then be sent through the stick to sense the orientation of the stick

• Base housing made of LEGO’s, could be painted and glued together to form a rigid structure

• Printed circuit boards to direct the signals instead of a lot of wires

• Oculus rift set up. Doesn’t have to actually be virtual reality but both the stick and throttle could

• be floating controllers not mounted to a base and the user just has to manipulate the controllers in mid air

• Breaking down and using a video game controllers’ components and board to provide some functionalities of the HOTAS.

• Stick that doesn’t move but interprets the amount of force being applied

• Throttle that is able to be detached and replaced with a different style

• Buttons that sense force but don’t physically depress

62
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• Buttons that are rubber similar to a tv remote

• Stick base bolted to floor

• A yoke(flight steering wheel) with the HOTAS implemented into it, so that the right side has the stick with operable functions and the left side has the throttle with 
rotating functionality.

• Mirror the Atari 2600 system Joystick

• Replicate actual assembly of current military aircraft

• Glove like HOTAS controlled by hand gestures

• Use radio waves as a form of communication between the stick and throttle

• Strain gauges to sense input

• Filter the signals using various hardware rather than coding

• Foldable HOTAS with a hinge on where the shaft connects to the base for transformational purposes

63
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• Instead of having a base to mount to the desk, you have it attached via a wrap around on your legs

• All leg functional HOTAS

• Bluetooth/WIFI HOTAS

• Magnetic interchangeable stick

• Tripod style base for stick instead of rectangular

• Ferro-magnetic fluid to create the different sticks to then operate with similar control

• Altering the shape of the HOTAS to conform to various sticks by changing an active frequency to be applied through sound waves.

• GPS sensor to determine pitch roll yaw of the HOTAS and throttle

• Use a belt system to actuate the throttle. There would theoretically be no backlash in the system

• 4-bar linkage mechanism for the throttle, it could either be a coupler or an output link

• Have the HOTAS in a booth and use lidar to detect the orientation of the stick and/or throttle

• Snap-fit throttle. If a material is pliable enough, then the end of the throttle it could be deformed to fit into a holder. Can work by either applying this concept to the throttle/stick or to the holder it mates into.

64
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HOQ backup
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pugh charts backup
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pugh charts backup
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pugh charts backup
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pugh charts backup
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AHP charts backup
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AHP charts backup
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AHP charts backup
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AHP charts backup
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