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Outline
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Overview
Section Outline

● ConOps
● FBD
● Full Design Solution
● CPEs
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1. Delivery & Assembly

2. Don Gear & Mount 3. Run simulation 4. End Simulation 6. Dismount & Doff Gear

8. Disassembly & TransportConOps
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Repeat Steps 2-7 until SKADI is moved to a different training facility

7. Provide Feedback

- Apply physical & visual cues
- Collect force data

- Catch user with belay system
- Cease physical & visual cues
- Cease force data collection

- Foot force distribution
- Tips from coaching staff

2-7. Used in Training
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2. Don Gear & Mount 3. Run simulation 4. End Simulation

ConOps - Simulation
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- Apply physical & visual cues
- Collect force data

- Cease physical & visual cues
- Cease force data collection

6. Dismount & Doff Gear 7. Provide Feedback

- Foot force distribution
- Tips from coaching staff

3.1 Start Visual Cues 3.2 Apply Physical Cues 3.3 User Jumps 3.4 Catch User

- Start of visual cues causes 
force data collection and 
physical cues to begin as well

- Pneumatic actuator accelerates 
platform up and down
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Functional Block Diagram
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Power Supply
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I: 120V O: 24V I: 10V O: 10V

I: 5VO: 5V

I: 120VO: 120V O: 5V I: 5V O: 5V

I: 5V O: 5V

I: 5V

Overview Schedule Test Readiness Budget



Full Design Solution
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User

Belay System

Regulator Power 
Supply

Regulator
Microcontroller

Lidar 
Sensor

To AC Power

To AC Power

Blue       : Data
Brown    : Air hose
Purple    : Power

Air Supply

Distance Sensor

Pneumatic 
Actuator

VR Headset

Force Data 
Collection

Lifting 
Platform
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Critical Project Elements
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Func. Req. CPE Description

FR1, FR2, 
FR5 SYNC The synchronization of the visual, foot force, and mechanical subsystems via 

software

FR2 GFORCE The production of similar forces to those experienced by an athlete during ski 
jump takeoff 

FR3, FR6 SAFE The ability of SKADI to structurally withstand the maximum expected loads 
during simulation and keep the user safe

FR1, FR5 CUES The ability of SKADI to provide visual cues and capture the force profile during 
simulation
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Schedule Section Outline

● Gantt Chart
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Gantt Chart
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● Schedule pushed 
back since CDR due 
to remote start and 
procurement delays 

● All tests planned to 
be completed by 
Spring Break

● Full system 
demonstration by 
end of March

● April will be spent 
working on final 
project deliverables

SPR
Symposium

PFR
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Test Readiness
Section Outline

● Comprehensive Test List
● Mechanical Tests
● Force Data Collection Tests
● Synchronicity Test Campaign
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Comprehensive Test List 
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● Mechanical Tests
○ 1. Dynamic Pneumatic Actuation 

System Verification
○ 2. Belay System Validation
○ 3. Structural Stability Test
○ 4. Structural Load Test

● Force Data Collection Tests
○ 5. Kitronyx Calibration

● Synchronicity Test Campaign
○ 6. SKADI Simulated Acceleration
○ 7: SKADI Simulated Position

● Pneumatic Actuator Tests
○ 8. Arduino Output
○ 9. Power Supply Component
○ 10. Distance Sensor Component 
○ 11. Pressure Regulator Component
○ 12. Static Bore Position System

● Software Tests
○ 13. Oculus Application Success
○ 14. Oculus to PC Communication
○ 15. GUI Start Button Behavior 
○ 16. GUI Status Updates 
○ 17. Actuators Triggered

Overview Schedule Test 
Readiness Budget



Mechanical 
Tests 

Section Outline

● Dynamic Pneumatic Actuation 
System Verification

● Belay System Validation
● Structural Stability 

14



Test 1 - Dynamic Pneumatic Actuation System Verification

● Objective:
○ Test pneumatic system’s ability to 

enact the actuation profile
● Pass Criteria:

○ Actual lift position is within 1 cm of 
desired throughout test

● Required Hardware:
○ Pressure regulator
○ Pneumatic cylinder
○ Air compressor
○ Pneumatic piping
○ Power supply
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FR 2: The simulator shall provide force and motion cues correlating to the phase in jump. 

Pneumatic:

Lateral 
Actuation Bar:

○ Arduino Due
○ Lidar sensor
○ Laptop
○ Lift 
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Test 1 - Dynamic Pneumatic Actuation System Verification

● Plan:
○ Set up full pneumatic system and attach to lift
○ Input dynamic position profile to Arduino
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FR 2: The simulator shall provide force and motion cues correlating to the phase in jump. 

FPFP
FP

1. 2. 3.Platform 
moves 
upwards 
again after 
step #3

○ Record lift position using lidar sensor
○ Compare desired to actual lift position throughout the test

Downward Motion

Upward Motion

Start Motion 
Profile

End Motion 
Profile

Downward Motion

Upward Motion

Downward Motion

Upward Motion
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Test 2 - Belay System Validation

● Objective:
○ Test the belay system in order to verify the safety of the 

simulator
● Plan:

○ Attach I-beam clamps in Aero-140
○ Re-create belay system that will be delivered to customer 

(detailed in “Belay Test Plan” document)
○ One user and one “belayer” will simulate the jump and 

catching system 
● Required Hardware:

○ I-beam clamps x2
○ 40m static 10mm rope
○ 12” 7mm cordelette 
○ 16” 6mm cordelette

● Pass Criteria:
○ User is caught by belay system following their jump 
○ Belayer is able to pull in 11.8ft of slack within 2.5s
○ The user is able to report that they did not feel tension on the rope until 

after they jumped
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FR 6: The user will safely be brought to rest following the jump.

○ Locking carabiner x3
○ Climbing harness
○ Stopwatch
○ Crash Pads
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Test 3 - Structural Stability Test (Before and After) 
Modification)

● Objective: 
○ Ensure sideways platform movement isn’t large 

enough to interfere with ski jump immersion 
● Pass Criteria:

○ Maximum displacement does not exceed 5 cm either 
longitudinally or laterally
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FR 3: The simulator shall be able to support the forces generated when used by the full range of Nordic 
USA athletes.

Lateral (y)Longitudinal (x)

-Δx +Δx +Δy -Δy
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Test 3 - Structural Stability Test (Before and After) 
Modification)

● Plan:
○ Set up meter stick behind platform surface
○ Stand on lift at set height
○ Aggressively shift weight back and forth laterally and 

longitudinally
■ Main lateral displacement originates from loose 

platform attachment, not strut assembly
○ Record video and measure maximum displacement 

using meter stick
○ Repeat for at least three different platform heights
○ Perform full test before and after modifications

● Required Hardware:
○ Lift
○ Meter stick
○ Video camera
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FR 3: The simulator shall be able to support the forces generated when used by the full range of Nordic 
USA athletes.

Lateral Displacement 
Test Demo:
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Force Data 
Collection Tests Section Outline

● Kitronyx Calibration

20



Test 5 - Kitronyx Calibration

● Objective:
○ Obtain physical pressure values that correspond to the 

applied pressure by establishing a curve between a known 
applied force and the raw digital value

● Plan:
○ Apply known force to sensor
○ Measure ADC sum
○ Identify multiplier for the linear equation force = m*ADCsum

● Required Hardware:
○ PC
○ Kitronyx Sensor Suite
○ Weights

● Pass Criteria:
○ Multiplier is accurate within 1% of known applied force
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DR5.4: The sensors shall accurately measure the forces exerted within 1% of bodyweight.

View of ADC Sum in Snowforce

Ensure the pressure distribution of the 
force is equal
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Synchronicity 
Test Campaign

Section Outline

● Review of Campaign 
● Setup

○ Data Capture 
○ EOM Model Validation

● SKADI Simulated Acceleration
● SKADI Simulated Position
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● Objective:
○ Prove that visual cues and physical cues are in sync, and that both accurately correspond to 

motion on a real ski jump ramp
● Plan:

Synchronicity Test Campaign 
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FR1: The simulator shall  provide visual cues correlating to the phase in jump.
FR2: The simulator shall provide force and motion cues correlating to the phase in jump.

Component 1: Empirical 
Data on Real Ski Jump 
Slope

Component 2: Simulated Data in VR 
Experience

Component 3: 
Empirical Data on SKADI 
Training Simulator Platform

Begun UpcomingCompleted

Overview Schedule Test 
Readiness Budget



Setup - Data Capture

2424

3. Send skier down ramp 4. Export accelerometer data to .csv, 
synchronize to visual position data 
from camera

1. Set up camera to capture 
location data over time

Camera 

2. Strap accelerometer to ski 
boot on ski, begin data 
capture

Overview Schedule Test 
Readiness Budget



Setup - EOM Model Validation
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Test 6 - SKADI Simulated Acceleration
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Test 6 - SKADI Simulated Acceleration
DR2.1: Across the curved in run phase, the slope of force with respect to time that SKADI exerts will be within 20% of the slope of force 
with respect to time of a true ski jump ramp.

Successful Test Case
Empirical Position
VR Simulated Position
SKADI Lift Simulated 
Position

t0 t1 t2 t3

Objective:
● Prove SKADI lift simulated position over time matches those 

of ski jump 
Plan:
● Compare accelerometer data vs time on lift to real ski jump

Required Hardware:
● Accelerometer & Data Logger

Test Location:
● AERO Machine Shop

Pass Criteria:
● At any time, slope of lift is within 20% of slope of jump

Lift Simulated Position

Overview Schedule Test 
Readiness Budget



Test 7 - SKADI Simulated Position
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Visual 360° Footage Capture/Testing
● Enables comparison of Empirical 

Footage to Unity Model
● Provides redundant visual display option

Overview Schedule Test 
Readiness Budget






Test 7 - SKADI Simulated Position

Objective:
● Prove VR simulated position over time matches that 

of ski jump 
Plan:
● Output VR simulated position with timestamps at 3-4 

points 
● Compare timestamp of simulated positions to 

timestamp of true position from camera data
● Camera footage from both 

○ 360° 1st Person POV and 
○ External camera footage

Required Hardware:
● VR Simulation

Required Measurements:
● VR simulated position with timestamps

Pass Criteria:
● At a given position, difference in timestamps is less 

than 300 milliseconds 29

FR1: The simulator shall  provide visual cues correlating to the phase in jump.
DR1.1: The visual cue shall be synced to within ±300 milliseconds of the physical cue.

Successful Test Case
Empirical Position
VR Simulated Position

t0 t1 t2 t3

Failed Test Case

Overview Schedule Test 
Readiness Budget



● Objective:
○ Prove that visual cues and physical cues are in sync, and that both accurately correspond to 

motion on a real ski jump ramp
● Plan:

Recap of System Validation: Synchronicity Test Campaign
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FR1: The simulator shall  provide visual cues correlating to the phase in jump.
FR2: The simulator shall provide force and motion cues correlating to the phase in jump.

Component 1: Empirical 
Data on Real Ski Jump 
Slope

Component 2: Simulated Data in VR 
Experience

Component 3: 
Empirical Data on SKADI 
Training Simulator Platform

Begun UpcomingCompleted

Overview Schedule Test 
Readiness Budget



Budget
Section Outline

● Budget Breakdown

● Planned Costs

○ Steamboat Trip 

● Completed Purchases

● Planned Purchases
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Budget Breakdown
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Planned Costs
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Big Ticket Items

$354.76 x 2 = $709.52

$994.00 x 2 = $1988
$1239.74

$428.00

$1430.00
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At Risk Items 

● Pneumatic Cylinder - damage during testing
○ Have 2, system can work with one

● Pressure Regulator - damage during testing
○ Have 2, system can work with one

● Distance Sensors - fry during testing
○ Triple bought

● MOSFET 
○ Double bought

● Power Supply - fry during testing
○ Double bought

● Custom Metal Pieces - miscut during fabrication
○ Bought extra length for margin of error
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Remaining Budget

Overview Schedule Test Readiness Budget



37

Steamboat Trip
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Completed Purchases

All items listed have been procured
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Planned Purchases

Kitronyx sensors have been procured
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Fall…………………………….. ($4955.26)

Spring…………………………..($2326.67) 

Remaining……………………..$1968.09

Steamboat……………………. ($749.98)

Overview Schedule Test Readiness Budget
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Backup Slides Section Outline
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user1 = athlete 
performing the simulation

user2 = coach/person 
controlling simulation and 
attached to harness

arduino1 = arduino 
attached to bluetooth 
receiving signal from 
Oculus

arduino2 = arduino 
sending voltages to 
pneumatics 



Mechanical 
Tests Section Outline

● Structural Load Test
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Test 4 - Structural Load Test (Before and After Modification)

● Objective: 
○ Verify lifting structure can support full expected load

● Plan:
○ Raise lift to a specified height
○ Place a weight on the platform
○ Incrementally increase weight until 600 lbs or plastic deformation occurs
○ Perform test at lowest and highest heights, as well as height corresponding 

to struts angled at 45 degrees
● Required Hardware:

○ Lift
○ 600 lbs of weights

● Pass Criteria:
○ Lift does not plastically deform at any point during testing process
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FR 3: The simulator shall be able to support the forces generated when used by the full range of Nordic 
USA athletes.



Pneumatic 
Tests Section Outline

● Arduino Output
● Power Supply Component
● Distance Sensor Component 
● Pressure Regulator Component
● Static Bore Position System
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Test 8 - Arduino Output

● Objective:
○ Ensure the Arduino can output the correct analogue signal from a 

DAC port  
● Plan:

○ Connect the Arduino to a computer via USB
○ Upload an analogue voltage profile to the Arduino
○ Execute the program and record the voltages from pin DAC1 using 

pin A1
○ Compare desired and measured voltages

● Required Hardware:
○ Arduino Due
○ Jumper wire
○ Laptop
○ USB cord

● Pass Criteria:
○ The Arduino is measured to output the correct analogue voltage 

profile, ok if amplitude is scaled down
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FR 2: The simulator shall provide force and motion cues correlating to the phase in jump. 



Test 9 - Power Supply Component 

● Objective: 
○ Verify the power supply can generate the necessary 

voltage for our system
● Plan:

○ Connect power supply to wall outlet using edison to bare 
wire adapter

○ Measure output voltage using electronics lab multimeter
● Required Hardware:

○ Power supply
○ Edison to bare wire adapter
○ Multimeter

● Pass Criteria:
○ The output maintains a DC voltage above 12V
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FR 2: The simulator shall provide force and motion cues correlating to the phase in jump. 



Test 10 - Distance Sensor Component

● Objective:
○ Verify the lidar sensor can accurately measure distance in the intended 

environment
● Plan:

○ Connect lidar sensor to arduino
○ Place lidar sensor under lift
○ Simultaneously start reading lidar measurements and start timer on laptop
○ Move a reflector to 3 set positions at set times
○ Analyze lidar output accuracy and latency

● Required Hardware:
○ Lidar sensor
○ Arduino Due
○ Laptop
○ Meter stick
○ 1 piece of white printer paper
○ Lift

● Pass Criteria:
○ Lidar sensor measures distance to within 1 cm
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FR2: The simulator shall provide force and motion cues correlating to the phase in jump. 



Test 11 - Pressure Regulator Component

● Objective:
○ Ensure pressure regulator can move the cylinder rod

● Plan:
○ Set up pneumatic system excluding load and analogue input
○ Vary input voltage between 0-10V
○ Record change in rod position between each voltage application

● Required Hardware:
○ Pressure regulator   
○ Pneumatic cylinder
○ Air compressor
○ Pneumatic piping
○ Power supply
○ Arduino Due/ Voltage Boost Equipment
○ Laptop
○ Meter stick

● Pass Criteria:
○ Pneumatic rod position moves according to applied voltage level
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FR 2: The simulator shall provide force and motion cues correlating to the phase in jump. 



Test 12 - Static Bore Position System (Unloaded/Loaded)

● Objective:
○ Test pneumatic system’s ability to maintain a static 

position.

● Plan:
○ Set up full pneumatic system (not connected to lift)
○ Input constant voltage to pressure regulator
○ Use meter stick to record position of pneumatic rod 

before and after voltage application

● Required Hardware:
○ Pressure regulator
○ Pneumatic cylinder
○ Air compressor
○ Pneumatic piping

● Pass Criteria:
○ Desired position of pneumatic rod is accurate 

within 1 cm after voltage application
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FR 2: The simulator shall provide force and motion cues correlating to the phase in jump. 

○ Reset pneumatic system and connect to lift
○ Input constant voltage to pressure regulator
○ Use meter stick to record position of pneumatic rod before and 

after voltage application

○ Power supply
○ Arduino Due
○ Lidar sensor
○ Laptop
○ Meter stick
○ Lift 



Software Tests Section Outline

● Oculus Application Success
● Oculus to PC Communication
● GUI Start Button Behavior 
● GUI Status Updates 
● Actuators Triggered
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Test 13 - Oculus Application Success

● Objective:
○ Oculus Quest 2 app internally behaves as expected 

● Plan:
○ Upload app to Oculus using Oculus Developer Hub
○ Open app, should show a start menu
○ Press start on menu

● Required Hardware:
○ Oculus Quest 2 

● Pass Criteria:
○ When start is pressed the view should transition to a ski 

jump 
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FR 1: The simulator shall provide visual cues correlating to the phase in jump.



Test 14 - Oculus to PC Communication

● Objective:
○ Oculus Quest 2 can successfully send command to a PC via 

bluetooth + arduino
● Plan:

○ Have C++ program output signal when it receives bluetooth cue
○ 2 people - one on Oculus and one by PC 
○ Have person on Oculus open app and press button to connect

● Required Hardware:
○ PC
○ Oculus Quest 2 

● Pass Criteria:
○ The PC will receive the signal and send an output right after the 

button is pressed 
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FR 1: The simulator shall provide visual cues correlating to the phase in jump.



Test 15 - GUI Start Button Behavior

● Objective:
○ Start in GUI triggers C++ executable

● Plan:
○ Have C++ program output signal when it receives start cue
○ Open GUI and terminal simultaneously 
○ Press button on GUI 

● Required Hardware:
○ PC

● Pass Criteria:
○ C++ program outputs as expected when GUI is triggered 
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FR 1: The simulator shall provide visual cues correlating to the phase in jump.



Test 16 - GUI Status Updates

● Objective:
○ GUI status updated appear at the right times

● Plan:
○ Run through all steps of GUI (actuators need not be 

connected) 
○ Check status updates as different aspects are being 

executed
● Required Hardware:

○ PC 
○ OQ2

● Pass Criteria:
○ The status updates match up with the correct stage of the 

simulation
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FR 1: The simulator shall provide visual cues correlating to the phase in jump.



Test 17 - Actuators Triggered

● Objective:
○ Actuators begin motion when arduino controlling receives 

command
● Plan:

○ Set up actuator to arduino connection
○ Run C++ code that should start actuators with a specified 

signal
● Required Hardware:

○ PC
● Pass Criteria:

○ Actuators start moving

58

FR 1: The simulator shall provide visual cues correlating to the phase in jump.
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