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Project Objectives

1. Implement physical 2D demonstration that implements a detect, decide, and
react algorithm

a. Detect foreign incoming object in detection space of testing environment
b. Perform state estimation and motion prediction of foreign object

c. Develop control law that determines reaction maneuver, if necessary, in relative frame while
mimicking thruster motion

2. Prove control law against various collision scenarios with physical demo

3. Control law scaled up in simulation to full scale orbital cross-track scenario

Project Overview > Schedule > Test Readiness > Budget >




Baseline Design

5'x8’ Test Area

Launch Ramp \

| IDAR Sensor

Sensor Cage

IGUS Gantry

Electronics
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Baseline Design
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CONOPs

Collision Avoidance System Test bed (CAST)

Concept of Operations

Phase 1: Phase 2: Phase 3: Phase 4:
Sense incoming object Collision detection Path planning and maneuver Positional data feedback
and state estimation implementation and avoidance performance

/N

A -

—
=
e
» — 8

i

Project Overview > Schedule > Test Readiness > Budget > 7




Functional Block Diagram

/

CAST Prototype

A2MB

Scanning
LiDAR

\

Sensor
readings (r,6)

Primary Computer

™~

Guidance, Navigation, and Control Subsystem

=L State Estimator i— 1
1

State | IState
Estimate IEstimate
1| Command (x,y) Maneuver

Arduino
Mega

AlA

Determination

X, Y positiol .
L > Position Plot

I S

5V DC from
laptop

Legend ——> Power Connect
=2 Data Connect
= = =>» Software Connect




Functional Block Diagram

/ CAST Prototype \ / Primary Computer \

120V AC from wall Guidance, Navigation, and Control Subsystem
Sensor
A2M8 "
> . d 0 ]
Ji?llaDtCr Scanning readings (,0) State Estimator 1
P LiDAR |
State IState

12V Power

IEstimate

1| Command (x,y)| Maneuver
Determination

AlA

Supply 36V Power Axduino
Sunpl Mega
upply 3 )

12V Fan X, Y position |

A ____

—| Position Plot
Maneuvering
Subsystem V VY \} Y 5V DC from
Stepper Driver: Stepper Driver: laptop
[ X-axis J [ Y-axis \ /

Legend ——> Power Connect
=3 Data Connect

= = => Software Connect

\—»[ 2 Gantry Limit Switches J 9




Functional Block Diagram
/ CAST Prototype \ / Primary Computer N

120V AC from wall s Guidance, Navigation, and Control Subsystem
ensor
5V DC SA2M.8 readings (r,6) . State Estimat
Adapter canning > ate Estimator N
LiDAR |
State IState
ESlimate IEstimate

12V Power \ 4 Ardui - Command (xy)
Supply 36V Power rduino - 1= ' 2
Mega <
Supply j
12V Fan X, Y position |

| Position Plot

Maneuvering
Subsystem V V¥ Yy VY ‘ 5V DC from
; Stepper Driver: J [ Stepper Driver: k laptop /

Maneuver
Determination

I S

kX

X-axis Y-axis
Steps & Steps & -
é direction § W direction y %
E [ X-axis Stepper J [ Y-axis ] g
< Motor Stepper Motor > Legend —> Power Connect

————> Data Connect
—[ X-axis Encoder ] [ Y-axis Encoder ]— = = => Software Connect

I Y position

X position

»( 2 Gantry Limit Switches | 10

N




Levels of Success (1/3)

Project
Element

Test
Environment

Detection

Level 1

Testbed is capable of
creating a 1D collision
trajectory (no miss
scenario)

Able to detect moving
object (>50mm
sphere) with an

incoming heading at

speeds up to 0.25 m/s

Level 2

Testbed is capable of
1D collision with
variations in approach
speed

Able to detect moving
object (>50mm
sphere) with an

incoming heading at

speeds up to 0.5 m/s

Level 3

Testbed is capable of
2D collision scenario
with variations in
approach speed and
heading

Able to detect moving
object (>50mm
sphere) at speeds up
to 1 m/s with a
heading +/- 10° of
centerline

Level 4

N/A

Able to detect moving
object (>50mm
sphere) at speeds up
to 2 m/s with a
heading +/- 20° of
centerline

Project Overview >
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Levels of Success (2/3)

Project
Element

State
Estimation

Avoidance

Level 1

Able to return
estimation of state at
current time and
predict forward to
point of collision

System can avoid a
collision (without
tracking acceleration
profile input)

Level 2

2 sigma prediction
covariance driven to
within an avoidable

region

Avoidance maneuver
follows acceleration
profile with <15%
error

Level 3

70% confidence
dynamic consistency
chi-squared
hypothesis testing
passes

Avoidance maneuver
follows acceleration
profile with <10%
error

Level 4

95% confidence
dynamic consistency
chi-squared
hypothesis testing
passes

Avoidance maneuver
follows acceleration
profile with <5% error

Project Overview >
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Levels of Success (3/3)

Project

Level 1 Level 2 Level 3 Level 4
Element
Control law simulated
for any 2D collision
profile capable of N/A N/A
being represented on
testing environment

Control law simulated

Testbed for 1D collision profile

Simulation represented on testing
environment

Control law
Control law scaled performance
Application N/A N/A up to a single full improved upon using
Simulation scale orbital results from full-scale
crosstrack scenario orbital maneuver

scenario results

Project Overview > Schedule > Test Readiness > Budget > 13




Critical Project Elements and Updates

CPE Updates

e Baseline electronics wiring complete (encoder labeling proved incorrect)
Electronics e  First gantry movement 2/16
e PCB ordered

Sensing Sensor damaged by mounting (return granted)

e Test environment assembled and tested
Mechanical e Designed and printed sensor guard
e  Gantry control demonstrated

State Estimation Transitioning from LKF to EKF

Control Algorithm N/A

Maneuver Planning | N/A

Project Overview > Schedule > Test Readiness > Budget > 14
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Gantt

Chart

MARCH 2021

APRIL 2021 MAY
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AIAA abstract i Current day

Efec[ronfcs wiring

PCE finalization

I

PCRB delivery
PCB Assembly

| | Electronics box integration

Cable routing solution

1
_ Software-hardware integration
1

Algorithm optimizations

TRR due

Subsystem level testing
Subsystem integration

System level testing
AIAA Paper Drafting

Last machining day

AlAA paper

Important Dates

03/05 - Transition to system level
03/11 - Collision scenario testing
03/18 - Miss scenario testing
03/25 - Near miss scenario testing
03/26 - Last machining day

04/02 - Scaling application

Prepare for expo/symposium
SFR Drofting
Industry Symposium
SFR due
Project Final Report Drafting

Project Final Reports

Key

Testing
Logistics
Manufacturing
Electronics
Software
Margin

Critical Path

16




17



Component Level Testing

Component Level Subsystem Level System Level
Sensor Test Feb 8th Command & Control Test Feb 17th Collision Scenario March 11th
Ramp Test Feb 18th Gantry Position Test Feb 22th NEES/NIS Testing March 11th
Table / Rolling Test Feb 18th Gantry Velocity Test Feb 26th Miss Scenario March 18th
Latency Test Feb 27th Gantry Acceleration Test Feb 26th Control Law Scaling March 18th
Software Unit Testing | Feb 28th Gantry Vibration Test March 3rd gggﬁgﬁggble March 25th
Sensor / Software Test March 3rd
Gantr)_/ Thrust Curve March 4th
Matching
Project Overview > Schedule > Test Readiness Budget > 18




lear Sensor Completed

Requirements: DR 2.1, 2.1.2, 2.2 -
Detect an object of at least 50 mm
(1.96") diameter at the scale of our
testbed, within bounds

Expected Results: 95 x 60 inch
testbed. Ability to detect object within
minimal (100mm inset) bounds

Results: 2” diam ball detected in
orange, with the 85 x 52 inch bounds,
short length sensed to be 60.2 inch.

Gantry Walls

| Rolling Ball

| Miscellaneous
Ramp

Sensor
-Bounding Box

Project Overview > Schedule
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Latency Testing [ Completed

Requirements: DR 1.3, 3.3 - avoidance Time
. . Process Latency Source Mean Result
algorithm, maneuvering hardware, & sensor Allotment
capable of communicating data during test . .
Main Loop | Receive Sensor Data - 0.009+7.8e-5ms
Expected Results: Avoidance a|gorithm and Estimation/Prediction Step - 0.09+0.01 ms
communications are faster than process time
and sampling time Total 0.25ms 0.099+0.01ms
Maneuver | Matlab Maneuver Sending - 3.95+0.2ms
Results: Maneuvering process is faster than
. . Arduino Command - 0.055+0.001ms
maximum maneuver process time of 6.3ms Received and Stored
. . . Arduino Step Dela - 1.500+0.001ms
Main loop execution is faster than sensor At
sampling rate of 0.25ms, all sensor data can be
Total 6.3 ms 5.50+0.2ms

received and processed
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Subsystem Level Testing

Component Level Subsystem Level System Level

Sensor Test Feb 8th Command & Control Test Feb 17th Collision Scenario March 11th
Ramp Test Feb 18th Gantry Position Test Feb 22th NEES/NIS Testing March 11th
Table / Rolling Test Feb 18th Gantry Velocity Test Feb 26th Miss Scenario March 18th
Latency Test Feb 27th Gantry Acceleration Test Feb 26th Control Law Scaling March 18th
Software Unit Testing | Feb 28th Gantry Vibration Test March 3rd gg:r?g:)iggble March 25th

Sensor / Software Test March 3rd

Gantry Thrust Curve March 4th

Matching

Project Overview > Schedule > Test Readiness

> Budget
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Thrust Curve Matching

In Progress

. . vs Time v, vs Time a_vs Time
Requirements: DR 4.2, 4.3 - Confirm that o , 002 — —
. . 0.35 Projected 0.02 Projectad Projected
the gantry can follow a representative input / /
. — ) @ 0018 "‘Q
thrust curve to an appropriate degree of M E € o1
02 > o °
error.
,/
U'IU 01 02 03 U'mzu 01 02 03 UU 01 02
Procedure: Command gantry to follow Tme s Tme e
. L . X ve Time vivsTime - @ivsTime
input position and velocity curves. — — ”_U —
Compare actual position vs time to P -
m | ) f //// :E';u_msm ) %
odeled el - 05
S/ 0.01827 o
Expected Results: Less than 5% 02205 _
0.155 q_1555 0.156 0.155 E_I'ISSS 0.156 0.155 E.l.1555 0.156
cumulative error on acceleration e e e
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Component Level Subsystem Level System Level
Sensor Test Feb 8th Command & Control Test Feb 17th Collision Scenario March 11th
Ramp Test Feb 18th Gantry Position Test Feb 22th NEES/NIS Testing March 11th
Table / Rolling Test Eeb 18th Gantry Velocity Test Feb 26th Miss Scenario March 18th
Latency Test Feb 27th Gantry Acceleration Test Feb 26th gg;ti:]cg HER March 18th
. . Gantry Vibration Test March 3rd g isi
Software Unit Testing | Feb 28th y NEED CQ”'Slon March 25th
Scenario
Sensor / Software Test March 3rd
Gantr)_/ Thrust Curve March 4th
Matching

Project Overview > Schedule > Test Readiness > Budget > 23




Full System Tests Overview

Requirements: All (emphasis on DR 1.3, 2.7,
3.3, 4.2, 4.3) - Confirm that system can avoid a
collision as designed.

Procedure: Roll incoming object on various
colliding and non-colliding trajectories. Confirm
system collision avoidance with expected
maneuver (or lack thereof).

Expected Results: Incoming object is
sensed and trajectory predicted in time for
maneuver to react to potential collision

To Be Completed

2D Collision Live Scenario

Y distance(m)

0.5

X distance(m)

1.5

Project Overview > Schedule >

Test Readiness >

Budget
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http://drive.google.com/file/d/1WxlAVvH8wmt-dqyLikCofkmH_kpA294R/view

Full System Test Scenarios

Miss Scenario

Test cases involve changing aspects of the incoming object’s trajectory
0.4m 0.1m,
n o DR
Near-Collision Scenario

Collision Scenario

Schedule

> Test Readiness >

> 25

Budget

Project Overview >




Full System Tests Matrix

. : : : Near-Collision
Collision Scenarios Miss Scenarios :
Scenarios
: e Ramp 0.4 m off e Ramp 0.1 m off
e Ramp along centerline . :
(head on) centerline (head on) centerline (head on)
Inputs e 05m/s,1mls, 1.5 e 05m/s,1m/s, 1.5
e 05m/s,1m/s,1.5m/s, 2 : . : .
) ) . m/s, 2 m/s incoming m/s, 2 m/s incoming
m/s incoming velocity . :
velocity velocity
Svstern maneuvers to avoid obiect System does not maneuver, System maneuvers to avoid
Expected Results y . . ) object and associated 20 associated 20 covariance to
and associated 20 covariance . . . .
covariance are avoided reduce probability of collision
Outputs Encoder position information and video recordings

e System remains fully functional after repeated tests
Requirements e No reorientation maneuver required for sensing
e Test system produces force capable of avoiding 2o ellipse

Project Overview > Schedule > Test Readiness > Budget > 26




Control Law Scaling [ o Be Completed

Requirements: DR3.1, DR3.2 - Perform
state estimation from sensor data with <2¢ / L)
uncertainty, collision probability detection ?

y-Sensor Orientation
z-Sensor Orientation

from sensor readings -
- - ED
Procedure: Once control law is validated at
small scale, simulation is run at large scale 5
. 5
Expected Results: Required sensor range, i 0
Xm s g Y (m}

sampling rate, available thrust, scan rate to
successfully avoid collision

Project Overview > Schedule > Test Readiness > Budget > 27
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Cost Plan

3100 3000 100 0
-125 <50 (Fasteners + Cable
Management)
10 0 TRR Budget

-311 *Refund upon return
-368 *Doesn’t include returns

($4224 with returns)
-368

Project Overview > Schedule > Test Readiness -




30



31



Launching Mechanism & Table [ Completed |

Rationale: Ensure near linear motion of ball
on test environment for accurate state
estimation. Ensure accurate and precise
launching of ball.

Equipment/Facilities: Ball, Ramp,
Assembled Base Structure

Procedure: Launch the ball 5 times from the
same position on ramp, record test on video.
Track ball frame by frame to obtain position
vs time data.

Requirements: DR 1.1,1.2,1.5

Budget > 32

Project Overview > Schedule




Launching Mechanism & Table [ Completed

Risk Reduction: State estimation
will be accurate.

Expected Results: Velocity
deviation < 5% of initial.

Results: Further testing needed at
low speed

e 23m/s-PE=2.17+£04 %
e 1.1m/ls-PE=48+04%

Ball velocity rolling on MDF, Modelled and Expiremental;

1.8 T
Velocity Model
Test 1
Test 2
16
Test 3
Test 4
14
12
1 -
08
06
O 4 1 1 1 1 1 1 1 1 1
0 0.2 0.4 0.6 0.8 1 1.2 1.4 1.6 1.8 2

X distance (to sensor) (m)

Project Overview > Schedule

> Test Readiness > Budget > 33




NEES/NIS Testing [ ToBe Completed
Requirements: DR3.2 - Perform state 3'3' e G :J.S@umek—
estimation from sensor data and ensure the | % 0 e
results are within a 95% confidence interval ~ *[ ,°° % . F

g32(” °0 o S A Or-. o ©
Procedure: Both sensing and state £ b0 owS o ° “ o ’
estimation should be done on multiple 2.l ° °© 00 0 0% @p°
scenarios (varying angles) with NEES/NIS O% 5 o ’
tests performed, plot measurement errors 26_5) . o o ) ©

24 - ~
5
Expected Results: Both the state and the . , , o . . . . .
] 100 200 300 400 500 600 T00 800

measurements result in chi squared tests

within_ 95% bounds

Time [s]

* Example Plot

Project Overview

Schedule

Test Readiness

2

>

Budget

> 34




Software Unit Testing | Completed

Rationale: Verify that individual functions e — o

processing Cam =
behave as expected. ] wporventes
Procedure: Each function used is tested for . .}.,-.-,,,

Calculations

Yes

expected inputs and outputs.

Simulation
running?

Maneuver direction
calculation

]

Use lookup table to plot
avoidance trajectory

'

Send motor commands

Expected Results: Every function tested,
p . y Update plot with |
every test passing.

positional feedback
Project Overview > Schedule > Test Readiness > Budget > 35

Risk Reduction: Reduction in required
debugging time for final program.




Software Flowchart

In Progress
Sensor data
processing Completed
MNP State estimation
Initialization
Y
Probability
Calculations
Yes
Simulation
running?
Is collision
N pr;:zt:g:ty Maneuver direction
o :
\ Hree—t calculation
bounds? *
End Use lookup table to plot
avoidance trajectory
Send motor commands
Update live plot with | |

positional feedback

Project Overview Schedule Test Readiness Budget 36




Command and Control / Position [ Comeleted

Rationale: FR 4, DR 4.2, 4.3 - Confirm that
the gantry can be accurately controlled and
encoder positional feedback data is accurate.

Procedure: Move gantry, compare actual
position to position measured by encoders.
Verify full range of gantry.

Expected Results: 1.04m x 1.08m
maneuvering area

Project Overview > Schedule > Test Readiness > Budget > 37




Command and Control / Position [ Comeleted

Risk Reduction: Gantry will be able to
maneuver and avoid collision.

Homing Test Results (2 Hz Sampling)

o
©

bl

o
oo
T

e
N
T

Results: Verified ability to control gantry,
verified maneuvering area, verified
encoder feedback at full gantry range.

o
(=2}
T

Y Position [m]
o
'S

0.3+ |
Actual Encoder
Position Position 0.2} i
. 0.1 |
X AXis 1.07m 1.01m
0 - 1 I |
Y Axis 1.02m 1.02m 0 0.2 0.4 0.6 0.8 1

X Position [m]

Project Overview > Schedule > Test Readiness > Budget > 38




Velocity / Acceleration | Completed

Speed Estimate for X-axis

-Improve technology, reduce costs

Requirements: FR 4, DR 4.2, 4.3 - Confirm

the gantry be moved at velocities and drylin® E drive technology - speed drylin
accelerations that will allow for tracking of a i e
representative thrust curve ——————— ’; ::
Equipment/Facilities: Gantry/Electronics p—
S060
Procedure: Move gantry at max g%z: // \\
acceleration, compare spec'd acceleration to ;“’ // \\
. " N

acceleration measured by encoders. Perform o ow e tw  zm 2w sm sw

Zeit/ time [s)

along both axes.

|9US plastics for longer life®
Project Overview > Schedule > Test Readiness > Budget > 39




Velocity / Acceleration

Risk Reduction: Gantry is capable
of tracking the thrust curve that was
designed for.

Expected Results:
Speed - 553 rpm
Acceleration - 9.6 rev/s"2

Results:
Speed - 560 rpm
Acceleration - 56 rev/s”2

Completed
SpeedProfile{pn SpeedFeedback{pm)
1400 1400
1120 1120
840 840
560
280
-280 -280
-560 -560
-1120 -1120
-1400 -1400
0 10 20 £ 41 51 61 7 82 92 102

Project Overview > Schedule

> Test Readiness > Budget > 40




Gantry Vibration Resonance | nProgress

Rationale: DR 2.5, 2.7 - Confirm ability to Expected Vibration Response

sense while gantry is moving. 005} © Simuated Data
0.04 — Actual Ball

Procedure: Run gantry through full | T e Ty

- . . . 0.021 % X.-’ ¥ g >§ x :(( m\
motion sweep while sensing a stationary E oot . VR o s \\
ball. Compare sensor measurements A VT . x wﬂyﬁ x|
O 901t x X ot

sensor model. - oo NN s /
- T Few K R
0.03 f e T

Expected Results: o0l

Mean(x) = 0.02m, Mean(y) = 0.00 m oosf | | | | | |

Std(x) = 0.027m, Std(y) = 0.015 m BV

Project Overview > Schedule > Test Readiness > Budget > 41




Software / Sensor Integration

Rationale: DR 2.1-2.4, 2.6, 3.1, 3.2 - Verify that
the live sensor data properly results in a state
estimation for a possible collision.

Procedure: Run headon scenario where the
sensor detects a rolling ball and the software
performs the state estimation.

Expected Results: Forward prediction
covariance is driven to an avoidable region
through sensor data. 366mm radius with 1.2s
to collision

In Progress

Y distance(m)

X distance(m)

Project Overview > Schedule >

Test Readiness > Budget >
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Sensor Protector
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Status Overview

‘ Completed

Assemble Gantry

In Progress

Manufacture sensor mount
‘ Future Work

‘ Manufacture ramp AS:ﬁ‘r’?g:;Zs:tng Wiring management ‘— Eliminated

Mechanical

Manufacture base
structure Integrate electronics into

enclosure

Establish sensor
communication Move gantry via Arduino

command |

gt gant‘ry izl Full System Integration
acceleration profile |

Establish Arduino
communication

Software

Establish limit switch &
motor communication

Establish Arduino-motor
connection

Integrate encoder
feedback in motor control

Integrate encoders with
LVDS chip

Wire stepper motors, [
Arduino, power supplies & ~‘ Design/build PCB l—
stepper drivers

Electronics

Verify limit switch operation
& voltage divider

Project Overview > Schedule > Test Readiness > Budget > 44




Timing Delays

Object sent at gantry;
live test begins

Scanning for

incoming object

Sensor data sent to
primary computer

Legend
Hardware Action

Data Transfer = <__ End

UART |

| Primary computer |

State estimation
calculations

Check for need of
maneuver

Generate maneuver

command

Thrust profile
calculation

Motor command sent
1o driver

Mators

| Arduing |

Step delay

calculation Saving thrust profile

: Clock rate: 16 MHz :

A J

Maneuver commands
sent to Arduing

Computation v s ~ P——
(T T - -
‘ r \‘
Motor actuation Motor motion »  Gantry motion Live test end )
‘ A i
I J —
T e L3 R
PID control - Encoder information | | | Motor motion
implementation returned to driver tracking
| RAS-422
|10 Mops_| [Encoders |
. . . . Critical Project Requirements ' ! Verification and Project
Project Overview Design Solution ) q Risk Analysis ) 46

Elements

and Satisfaction

Validation

Summary




Timing Delays

Accounting for major time delays:

Action Location Expected Timespan
Transfer of sensor data to primary computer Sensor-primary computer connection | 0.1 ms
State estimation; maneuver check and generation Primary computer 2ms
Thrust profile pull Primary computer 2ms
Thrust profile transfer to Arduino Primary computer-Arduino connection | 0.13 ms
Saving thrust profile Arduino Negligible
Step delay calculation Arduino 1.4 ms
Generation of motor commands Arduino Negligible
Total: | 5.63 ms
Our need: T = (1 — e~!)(maximum distance) (1= e 1)(0.5V2) — 0.063 s
e Ourprocesstime constantis... ' (maximum speed) - (5V2) -

e Our delay time (applying a 10% sampling rule) is thus... T4 =0.1T), = 0.1(0.063) = 0.0063 s = 6.3 ms
Back

. . : . Critical Project Requirements . : Verification and Project
Project OverV|ew> Design Solut|0n> Elements > and Satisfaction > RS GAIEWEE > Validation > Summary 47




Timing Delays

Object sent at gantry;
live test begins

Scanning for

incoming object

Sensor data sent to
primary computer

Legend
Hardware Action

Data Transfer = <__ End

UART |

| Primary computer |

State estimation
calculations

Check for need of
maneuver

Generate maneuver

command

Thrust profile
calculation

Motor command sent
1o driver

Mators

| Arduing |

Step delay

calculation Saving thrust profile

: Clock rate: 16 MHz :

A J

Maneuver commands
sent to Arduing

Computation v s ~ P——
(T T ~ -
‘ r \‘
Motor actuation Motor motion »  Gantry motion Live test end )
‘ A i
I J —
T e L3 R
PID control - Encoder information | | | Motor motion
implementation returned to driver tracking
| RAS-422
|10 Mops_| [Encoders |
. . . . Critical Project Requirements . : Verification and Project
Project Overview Design Solution ) q Risk Analysis ) 48
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Timing Delays

| Primary computer |
Object sent at gantry; Scanning for Sensor data sent to State estimation Check for need of Generate maneuver ‘ Thrust profile
live test begins incoming object primary computer calculations maneuver command ‘ calculation
UART T
| _115Kbps : Clock rate: ~1.6 GHz |

Unknown data packet size.

_ Speed unknown but can be easily found.
Estimated transfer speed: 0.1 ms

Estimated speed: 2 ms
(No slower than main loop)

Main loop iteration rate currently ~900 Hz.

Final rate estimated at ~500 Hz.
Resultant iteration speed: 2 ms

Back

. . : : Critical Project Requirements . : Verification and Project
FlEEe OverV|ew> Design Solut|0n> Elements > and Satisfaction > RS GAIEWEE > Validation > Summary 49




Timing Delays

Thrust profile estimated size: 8 kB

Transfer rate: 480 Mbps
Resultant speed: 0.13 ms

I Arduino | X l
Step delay A Maneuver commands
calculation Saving thrust profile sent to Arduino
. i USB20 !
i, Clock rate: 16 MHz {480 Mbps

Using instruction clock cycle lengths with clock rate...
Theoretical calculation speed: 1.4 ms

. . : : Critical Project Requirements . : Verification and Project
A SO > DS Sl > Elements > and Satisfaction > RS GAIEWEE > Validation Summary

Back
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Timing Delays

At the lowest level, mechanical and
electrical components add negligible
additional time delays.

Motor command sent <
to driver

I Motors

Y \
Motor actuation  —1» Motor motion Gantry motion Live test end ]
A /
h / _
PID control | Encoder information _ | |  Motor motion
implementation returned to driver tracking

S i RS-422 | )
| Drivers | {_10Mops_: Encoders

. . : : Critical Project Requirements . : Verification and Project
PrOJectOverV|ew> Design Solut|on> Elements > and Satisfaction > RS GAIEWEE > Validation > Summary o1




Timing Delays

Action Location Expected Timespan
Transfer of sensor data to primary computer Sensor-primary computer connection 0.1ms
State estimation and maneuver check and generation Primary computer 2ms
Thrust profile pull Primary computer 2ms
Thrust profile transfer to Arduino Primary computer-Arduino connection 0.13ms
Saving thrust profile Arduino Negligible
Step delay calculation Arduino 1.4 ms
Generation of motor commands Arduino Negligible
Transfer of motor commands to drivers Arduino-driver connection Negligible
Motor actuation Drivers Negligible
Motor motion Motors 0
Motor motion tracking Encoders 0
Encoder information returned to driver Encoder-drivers connections Negligible
PID control implementation Drivers Negligible
Updated motor actuation Drivers Negligible
Updated motor motion Motors 0
Gantry motion Gantry 0
Total: | 5.63 ms
Back
: ' : . Critical Project Requirements : : Verification and N
Project Overview Design Solution Elementi‘, anquatisfaction Risk Analysis Validation 52




Eall is Moving —_—>

Maneuver Start Command

Legend

Hardware Action
Data Transfer < End >

Hardware

Computation

| Sensor |

Scanning for
incoming object

Primary computer

Send Acceleration
Profile
3.85ms

A4

Acceleration profile
zent to Arduino

Primary computer

Sensor data sent to Receive and Process State
primary computer Sensor Data Estimation/Prediction . Loop Restarts
0.008ms 0.08ms \\‘n._
Estimated Total Time: 0.099ms
Arduino

- i '\-u.\

Read and save Step delay Motor command sent 3
acceleration profile computation fo driver il
0.055ms 1.50ms \\"m.__q_ ;_./"/

Estimated Total Time: 5.50ms

o

J
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