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» Show: photographic evidence from our
case study of an Unidentified Aerospace

CONFERENCE ox
Phenomenon (UAP*) report from two g
commercial flights : AWARENESS

» Show: results of orbit modeling used to
confirm this was in fact deploying Starlinks

 Describe: modeling done in a University of
Utah engineering course

 Suggest: making this a standard approach
easily available to pilots and ground
controllers in support aviation safety EMBRYRIDDLE g7/

Asronautical University

JAIAA

* UAP uses Aerospace, Aerial or Anomalous almost interchangeably e mm——
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MUFON* Case # 124190 UNT‘?EVI!E!TY
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* What makes this case study interesting to study and use?

* Multiple eyewitnesses:
3 pilots on one flight and 2 pilots on the other flight

* Aircraft flight data provides latitude, longitude & altitude with time:

« AC536 flying from Maui to Vancouver B.C.
« AC34 flying from Sydney Australia to Vancouver B.C.

* Photographic evidence (iPhone 12) from one of the AC536 pilots:

* Photo 1: 2022-08-10T11:39:08UTC

 Photo 2: 2022-08-10T11:39:24UTC
UTC is Coordinated Universal Time

* An approximately16 sec movie taken between the first and second photos

* Mutual UFO Network (MUFON)
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MUFON Case # 124190

Dolones VII (W7 Aur)

63 Aur
; 34 Gem

Photo 1: zoomed in view

B 0

1.5 degs,
0.8 mi at 30 mi

0.5 mi at 20 mi

Photo 1: 2022-08-10T11:39:08 UTC

Photos courtesy of an anomalous pilot on AC536

Photo 2;
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e Initially analyzed by Dr. Richard
Griffiths at the University of Hawalil

« Misidentified as a UAP, believing that the
Starlinks were not in view of the aircraft

» Subsequent modeling results by Dr.
Doug Buettner at the University of
Utah using The Aerospace
Corporation’s Satellite Orbital
Analysis Program (SOAP)
demonstrated these were the
Starlinks launched earlier that day
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» Since SOAP is only available to Aerospace employees and
their government customers, Dr. Buettner wanted the modeling
redone using publicly available tools

* He offered the following as a project to students in his Space
Mission Engineering course at the University of Utah
» Task 1: Model the SpaceX launch and Starlink locations using

Ansys/AGl’s System Toolkit (STK) after identifying other potential
modeling tools

» Task 2: ldentify tools for (and do) physics-based visualization
(rendering) to provide a photo-realistic cockpit view

* OpenSpace, which is a professional rendering software for the space industry,
was recommended but we chose not to use it due to its complexity




Task 1: Ansys STK Modeling ontversity o)

Necessary modeling info can be obtained
from:
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AC536’s Automatic Dependent

FlightAware
Surveillance—Broadcast (ADS-B) flight data:

FlightAware.com

SpaceX/Starlink launch information: Space BT ELRTE (o)

. aunch Now Spaceflight News and Events
SpaceX debris and Starlink satellite Two- /‘r @
Line Elements (TLES): Celestrak® WCELEST@éﬁ
Falcon 9 launch information (to add fidelity):

SpaceX SPACEX

Logos provided for informational purposes.
7
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 To obtain the required ADS-B data of your flight, we used
FlightAware.com to search for our flight number
* _https://www.flightaware.com/live/flight/ADSB/history
* In our case, this is AC536

Flight/\ware Aly Q = < . Q" rorgotthe fight number?
Products Industries \DS Flight Tracking Community
Air Canada 536 o =
ACAS36 / ACS5358 o
Udsrady socound W s Juil ook : :
ARRIVED 1 HOUR 57 MINUTES AGO Flight Details A i
Gate E82 View track log Track inbound plane
OGG YVR All Baghts between OGG and YVR
KAHULUI, HI VANCOUVER, CANADA  peparture Times
left GATE 21 amved at GATE EB2 ¢, i
Kahului - OGG Vancouver Int| - YYR  Gate Departure Takeoff
09:66PM HST 10:12PM HST
FRIDAY 12'APR'2024 SATU RDAY 13'AP R'2024 Schedusad 10002 HS Schaculed 10:-15PM HSIT
09:55PM HST (10 minutes early) (13 minutes early) 06:43AM PDT



https://www.flightaware.com/live/flight/ADSB/history
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Space Launch Now HOME  LAUNCHES ~  STARSHIP  EVENTS  ASTRONAUTS
Home / Launches / Previous
Reactive mode: : :
| | Previous Spaceflight -... es

* Needed launch information

. Space Launch Now used Filter by Agency, Locationsor

here
¢ NASA Space FIIth IS Space Launch Now HOME  LAUNCHES ~  STARSHP  EVENTS  ASTRONAUTS  VEHICLES  #ANDROID

another potential site

Falcon 9 Block 5 | Starlink Group 4-26
 And there are others...

Launch Successful

L-00:00:00:00

August 09, 2022 - 20:14:00 MDT

Instantaneous launch window.



https://spacelaunchnow.me/launch/previous/
https://www.nasaspaceflight.com/2022/08/starlink-4-26/
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« Celestrak provided Two-Line Elements
(TLES) for the Starlinks for STK L ST,
0goO proviaed 1or Intformational purposes.

 Initially, Dr. Kelso, the owner of Celestrak, changed his query
format for us.

« This has recently changed, and our paper Is already out of date!

« The 7XXXX format as documented In the paper no longer
works!

* Now simply use Celestrak’s supplemental data query dialogue,
the NORAD-ID, with a request for 7 to 10 days of data after the
launch date

%CELESTRAK@

SINCE 1985

10
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« Falcon 9 Launch Specs: FALCON 9

. https://www.Sspacex.com/vehicles/falcon-9/ OVE RVI EW

« Day of launch information for Space
Launch Now and others as previously
mentioned HEIGHT
« https://www.spacelaunchnow.com/aslkdfj

DIAMETER

549,054 kg / 1,2

PAYLOAD TO LEO 22,800 kg / 50,265 Ik

PAYLOAD TO GTO 8,300 kg / 18,300

PAYLOAD TO MARS 4,020 kg / 8,860 Ib



https://www.spacex.com/vehicles/falcon-9/
https://www.spacelaunchnow.com/aslkdfj

Task 1: Ansys STK Modeling

« STK’s starting dialogue box
« Selecting Create a Scenario starts the New

Scenario Wizard

The required information is shown below

S5TE: Mew Scenano Wizard

Mame:

Description:

Location:

Starlink4_26Launch

Recreation of the events described by the pilots of AC536

Wehips.eng. utah.eduthomelu 1376180 win_my_documentsi\STK 12

Start: @ 9 Aug 2022 18:00:00,000 LTCG

Stop:

Central Body:

é 29 Mar 2024 18:00:00,000 UTCG

Earth -

[ ] Do not show me this again

A A A AR A A AT AVARAVARMAAMASAMAR AL,
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£ Welcome to STK 4

ﬁ Create a Soenaric

ﬂ Dpen a Soenario b

'ﬁ' Traming and Tutorals

€ Heb X Exit 5TK

[ ] Do not show me this again

Logo provided for informational purposes.
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 To insert an aircraft, click insert
and select "Aircraft” then "Define e 8

BBBBB

Properties” ="

‘‘‘‘‘‘‘‘‘‘‘ arti| @ 9 Aug 2022 18:00:00.000 UTC [
i =] 2D Graphics o NI EOTINEs | e——— L
« A pop up will open and make sure e gl = NN
Contours i i \ Start Time D Set to Today
. T 9 - Range Route Calculation Method: |Smooth Rate v Stop Time D PP
\\\\\\\\ = I
Swath de Altitude L
nnnnnnnnnnnnnnnnnnnnnnnn
[=] 3D Graphics Set Animation Time
° from tnere, you need to cnange | =
y yvu livou LU UlilItANiIve 1 aitudespher
- Vector Eormat...
““ . " . ey W [
your “Start Time” to be the ime | =

aaaaaaaaaa

of the first ADS-B point available

aaaaa
- Model Painting

* Next you want to click insert a point | ==
and fill out the latitude, |Ongitude, | o
altitude, and speed columns. o] e e 8

* Repeat until all ADS-B points
have been entered

13
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* |f done correctly, your aircraft pop up window and 3D viewer
should look like the following

Bas A
Routs Propagator: | GreatArc v Central Body: Earth Import from File...
Attitude
ighting
und ... - o= Altitude Reference
Start:| @ 50_Project AnalysisStart Time
v
Stop:| & 10 Aug 2022 13:15:08.654 UTCG Reference: 'WGS84 v
Attributes m
Route v
M Update Map Graphics
Contours Ellipsoid Height
Route Calculation Method: |[Smooth Rate
Lighting
Swath Latitude Speed Acce Time Turn Radius
Ground ... 20.8936 eg 00000010 km/sec | 0.00000000 |9 Aug 2022 18:00:00.000 0000 km
20.89366900 deg 0 0 km/sec | 0.00000000 10 Aug 2022 0000 km
= 0.00000010 km/s 0.00000281 |10 Aug 2022 08: 168580000 km

20.89366900 deg |-
89354100 deg

00154300 km/sec | 0,00000000 |10 Aug 202 1.68580000 km
000360161 |10 Aug 2022 08:20
0.00000000 |10 Aug 2022 08:

0.00400247 |10 Aug 2022 (

64100 deg

20.889933

: 00 deg
Proximity -

s 20.89 deg 0.00000000 |10 Aug 2022 08:

= 89067800 deg 0.00000000 |10 Aug 2022 08: 1.68580000 km
“ovaria.. 20.89120100 deg |- 0.00495062 |10 Aug 2022 11.68580000 km
Mode 20.8916090 0.00000000 |10 Aug 2022 0

Offsets 0.00094596 |10 Aug 2022 08: 3

0000 km
1.68580000 km

11.68580000 km

Contours

0.01953510 |10 Aug 2022
0.016/ 10 Aug 2022 08:
0.01245193 |10 Aug 2022 08:
0.00000000 |10 Aug 202
0.00173101 |10 Aug 2022 08:2
0.00000000 |10 Aug 2022 08:
0.00038365 10 Aug 2022 08:

9

Suifi [ Clicking on map changes current point Arc Granularity: | 0.572958deg @
Temporal

Advanc...

Zones

o Flight path creation results from STK.

14
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« Using the TLE’s from Celestrak, to add them into the STK scenario
« Select insert then select “Satellite” and “From TLE file”

« After selecting “Insert”, you will be prompted to select a TLE file

« Another window will pop up prompting you to select the Satellite to
add. For this scenario, you will select all of them

Insert From Satellite Database X
Insert STE Dbj{:'\ls e Database Search Options Propagation TLE Source
Select An Object To Be Inssrted: Select A Method: [£155C Number I:l Modiy...
Scenario Objects C, From Standard Object Database Advanced Filter. ..
# Aircrafl @.l‘-‘.l-.—w. Targel EEL”:“ Wizard Search
& Chain “4, Constellation Ergload GPS Constelaton
g o =1 ~
5 Coverage Definiion {8 Fadility @F’ ofn GRS Alimana: Common Name 55CMNumber  Official Name TLE Epoch (UTC) e
B Ground vehide #F Launch Vehide From 5P3 File STARLINK-4304 53414 STARLINK-4304 10 Aug 2022 11:50:42.000 23
if Missile g Place lf:rlFrnm External Ephemeris File {.e) STARLINK-4476 53419 STARLINK-4476 10 Aug 2022 13:15:42,000 22
[ -{ ey 88 From TLE Fi= STARLINK-4479 53415 STARLINK-4479 10 Aug 2022 13:36:42.000 22
3 = SateliteColiection % Sat=llite - / STARLINK-4480 53416 STARLINK-4480 10 Aug 2022 13:37:42.000 22
Sip & Target (= From Satellte File {.za) STARLINK-4481 53418 STARLINK-4481 10 Aug 2022 13:37:42.000 2z
&l volumetric M. From STK Data Federate STARLINK-4454 53417 STARLINK-4484 10 Aug 2022 11:50:42,000 22
STARLINK-4430 53409 STARLINK-4430 10 Aug 2022 13:37:42.000 23
Attached Objects x Insert Default STARLINK-4431 53408 STARLINK-4431 10 Aug 2022 13:37:42.000 b
o [Z] Defre Properties STARLINK-4432 53410 STARLINK-4492 10 Aug 2022 13:36:42.000 23
&3 Antenna A Figure Cf Merit STARLINK-4485 53412 STARLINK-4496 10 Aug 2022 13:36:42,000 %z
a Radar ﬁ: [feceiver STARLINK-4497 53411 STARLINK-4497 10 Aug 2022 13:36:42,000 22
‘ = ) STARI TNK-4408 53434 STARI TNK-4498 10 Aun 2022 13:37:42.000 yr
B sencor IZ) Transmitter < >
Total: 52 Unique: 52 Selected: 0
[ Insert Options
Inzert satelites from a two ne element file
. Color: Iil Time Period. .. [[]create Constellation from Selected Satellites
Central H&d'g,'! Earti b [ Auto Select Color Name:

[_]Do not show me this again Edit Preferences. .. Cosa Help Insert Close Help
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* Done correctly, your 3D and 2D windows will look like these ones

& Starlinkd_26Launch - STK 12 - 3D Graphics 1 - Farth : a X
File Edit View Insert Analysis Scenario  Utilities Window RT3 Help

H-2RO0 ¥ 9 F B-V-8, 2,8 c P PEOEN ¢
: 1% AN DS R BB | 9aug2022 1506000

o0

Object Browser v a

= K& 5

— | @ 30 Graphics 1 - Earth =] ) |
¥ BN 608 P RRAIIB 772780, 0.0

Earth Inertial Axes
9 Aug 2022 13:00:900.000 Time ‘Step: 10.90 sec

v @ 30Gaphc | [ 2D Graphc

Timeline View 1 v a

B @ @ slavity v 2 Bd¢ | B Scenric Analysis Perice + Sl | X DRX | €
yzl mo«‘?o?l 070((202‘2 . 05 Feb 2023 . ' mw‘lﬂz} WIM‘ZDZS ' ZQMHL.
09 Aug 2022 18:00:00.000 3 o 07 Dec 2022 05 a0 20 023

& starlinkd_26Launch Avallabilityint

tarlinkd_26Launch - Earth ( 5)

ANSANSANSANSANSZANS AN AN AN ANSVANS AN ZANS VAN ZANS VAN AN
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* Upon completion, the STK scenario Is basically done

* A“zoom to” the aircraft and you will see the Starlink train in basically
the same part of the sky as seen in the case study photos

Our final modeling results from Ansys STK.
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* Originally tasked to identify PROS & CONS of available rendering
tools capable of physics-based modeling we reviewed OpenSpace,
Autodesk 3ds Max, and Blender

« Ultimately selecting Blender 4.0 due to its price (free) and the broad user
community available online in addition to our original perception that
physics-based modeling should be straightforward

blender

18
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* The final step is to create a blender model to better visualize
what the pilots saw

* The following steps are needed

Add an aircraft model
Add the earth

Add lighting

Add Starlinks

blender

Select Add Object obal v v D iy (s v @y 30000 - T
Options v

T r Perspective
22 (1) Collection | Cube

Mode  XYZ Euler v

Scale X 1.000
Y 1.000

z 1.000 o e

> Delta Transform

> Relations

. B ) @ Playback v Keying v View < @& Start 1 End 250 Collections
Logos provided for informational purposes. Biender 4.0 startup screen ! : : i
//\ Z Z Z £ Z Z Z pd Z 2 Z Z Z Z Z £ Z Z Z Z




#aN

ZPyo) UNIVERSITY

mu 2N\ of HAWAI'I

Task 2: Blender Visualization Modeling oty &) IS

OF UTAH

« Use a free airplane model online (our paper documents which one)
» Blender will not accept all CAD files, may need to convert the CAD file
 Import the plane model, this will be set at the center of the scene
* This makes orientation and adding additional elements much simpler
« Scale the plane to the correct size.
« All units will be in km, a Boeing 737 is 30 meters long.
« Add a spherical representation of the Earth using a “UV Sphere” *
* In the Item tab, change the Dimensions to 12,742 m (diameter), and the z
location to -6,371 m plus the airplane’s altitude
* Right click the sphere and select shade smooth
« Add Earth satellite imagery
 In shading, create a new node
« Attach an image texture node with the satellite imagery of your choice
« Change the background color to black
« Rotate the Earth to approximately align with the position and heading of aircraft

*Sphere is modeled with UV coordinates, which are blender Cartesian coordinates

20
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Task 2: Initial Blender Modeling

Add a Blender Cube (to simulate a Starlink satellite)
* Modified the dimensions so it's as tall as the
airplane is long, and as wide as it’s fuselage.
Exact scale was hard to achieve!
Change the surface material properties of the cube
« We used emission to simulate the rectangle
reflecting light, surface was glass Bidirectional
Scattering Distribution Function (BSDF)
Change the location to a relative location using STK
coordinates
« Azimuth-Elevation-Range (AER) (initially obtained
from STK) to XYZ coordinate conversion
 If the reflection angle was calculated, that can
also be added here
Copy/paste new rectangles, change their relative
location for each satellite

U RO\ UNIVERSITY
THE 4 of HAWAI'l®
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1000.000

Backface Culling

Blend Mode Opaque

Shadow Mode Opaque

Screen Space Refraction
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* Add a sun object
* Size didn’t affect luminosity
 Position the sun accurately

 Attach new sun object to “Sun Position”
iIn “World Properties” (may need to
enable “"Sun Position™” in “Preferences”)

« Adjust the date, time, and “North Offset”
to the time of the photograph and the
model airplane heading

« Set the distance to a very far away value
» Set the “Strength” in “Data Properties”

« Added a small amount of light in the cockpit
so the windows are visible

aterjal Praoperties Model

L Z Z - Z Z Z Z Z Z Z Z Z Z Z Z Z s Z Z 22
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« [nitially, we had to move the distance of the satellites much closer to the aircraft to ensure we
could see them after rendering!
« After the term was over, Dr. Buettner modified our models to run visualization experiments
* He moved the satellites out to their correct relative distances from AC536
« And wanted to see if they were visible with and without the solar arrays being deployed

j:s blender j:s blender

Solar arrays not deployed Solar arrays deployed

« After running “lots” of rendering experiments some of results are provided on the next few
pages
23
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Solar arrays deployed

e)blender
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Solar arrays NOT deployed

e)blender
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* We ran into a lot of challenges while creating these models
* Inserting ADS-B data into STK was a quite difficult

« STK was unable to model Starlink deployment from Falcon 9
upper stage (as near as we could tell)

 Blender’s fidelity with the satellites at the correct distance did not
allow us to replicate the photos

 No accurate Starlink CAD models to use

 And many others
« SpaceX doesn’t provide much information about Starlink deployment
 How are satellites released from second stage? When do solar
arrays deploy? When do ion engines fire? SpaceX transparency
could be improved to facilitate modeling.
27
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* We accurately modeled the SpaceX/Starlink satellite train using both
Aerospace’s SOAP and Ansys’ STK to demonstrate that this was
likely the source of the UAP report

o Starlink train was in the right place at the right time and able to duplicate the
gap structure viewed in the movie

* Documented an approach in our paper that provides a viable
method to provide a priori information to pilots and ground
controllers about the visibility of deploying Starlink satellites

 Information provided to us during multiple reviews indicate that some pilots
consider this as a safety risk

 Numerous recommendations were made regarding what would be needed
to adopt this approach

28




For More Detai

 Dr. Buettner and
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SCU 2024 Conference on UAPs, May 31 to June 2
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will be providing a one-hour long talk at the hybrid

AAPC’

Anomalous Aerospace Phenomena Conference
Bridging the Gap: Bringing Scientists, Government and Academia Together to Better Understand UAP

Huntsville Alabama - May 31 to June 2, 2024

* Register @ https://scu.regfox.com/2024-scu-aapc-?t=AAPC2024

29
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 Technically, this is a 3LE, the first line is the name of the "thing’ in orbit.

- On the previous page, this was a list of two 3LEs. Orbit modeling software can
typically ingest the entire list of 3LEs.

* Here, this is STARLINK-G4-26 STACK.

- Stack indicates it's the payload “stack” ... eventually the “stack” spreads out...
- Single indicates it's the 2"d stage rocket body

STARLINK-G4-26 STACK
1 72000C 22097A 22222.104277778 .00079168 0000040 13040-3 O 09
2 72000 53.2190 249.4977 0077526 44.7868 32.1202 15.96675264 19)

Q This is the Two-Line Element Portion

- How to read TLEs =

33




Orbit modeling: What's in a TLE???

STARLINK-G4-26 STACK
1 72000C 22097A <22222.1042777]

.00079168

00000+0
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13040-3 O
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01|02|03|04]|05]|06]|07|08|09|10|11]|12]|13]|14|15|16|17|18|19]|20]|21|22|23|24|25| 26|27 28|29 32|33(34|35|36|37|38|39|40|41|42|43|44|45|46|47|48|49|50|51|52|53|54|55|56|57|58|5a|60|61|62|63|64|65|66|67 (68|60
il 2|s5|s]aja]u g(glol6|7]aA ols|l2|6]|a s|1]7]|a]2 2 ololofo[2]1]8]2 o/lojofofo ] 1({1|/6|/0]6 a ] 2(9f2]7
i 3 4 5 B 7 g 10 11 E 13 14

Field | Columns Content Example

1 01 Line number 1

2 03-07 Satellite catalog number 25544

3 08 Classification (U: unclassified, C: classified, S: secret) [12] U

4 10-11 International Designator (last two digits of launch year) 98

5 12-14 International Designator (launch number of the year) 067

6 15-17 International Designator (piece of the launch) A

7 19-20 Epoch year (last two digits of year) 08 PriOI’ tO |aunCh, th|S iS the antiCipated IaunCh year

8 |21-32 | Epoch (day of the year and fractional portion of the day) 26451782528 and UTC day number fraction. If the launch is

9 34-43 First derivative of mean motion; the ballistic coefficient [1%] -00002182 Scrubbed (yah' thls happens A LOTI)

10 45-52 Second derivative of mean motion (decimal point assumed) (13] 00000-0 : . |

11 54-61 B* the drag term, or radiation pressure coefficient (decimal point assumed) [12] -11606-4 Then th IS Wi ” be u pdated )

12 | 63-63 Ephemeris type (always zero: only used in undistributed TLE data) [14] 0

13 | 65-688 Element set number. Incremented when a new TLE is generated for this object.[' | 292

14 69 Checksum (modulo 10) 7

/ https://en.wikipedia.org/wiki/Two-line_element_set 34
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Flight Track Log - Related Links

+ Live Flight Tracker (ACAS3E)
« Flight %= ACAS536 20-Mar-2024 (OGG [ PHOG-CYVR)

Data can now be copied
into an Excel Spreadsheet

Times and Time Zones

All times are in EDT time to prevent confusion due to time zone crossing. See the ACAS3E flight status page for this
flight to view local times or setup timezone preferences in your user account.

Altitude = 00000 ft
Speed =000 mph

40000 ft 00 mph
= [ ] [ ]
NOTE the time zone is EDT! ,
400 mph
20000 ft
200 mph
10000 ft
ot 0 mph
04:30AM it 05:30AM D6-00AM D6:30AM 07-00AM 07-30AM 08:00AM 08:30AM 09:00AM 09:30AM 10:00AM
Time (EDT) Latitude Longitude Course Reporting Facility
Sat 04:09:17 AM  Departure OGG) @ Friday 10:09:17 PM HST 7 FlightAware ADS-B (OGG / PHOG)
Sat 04:09:17 AM 20.9080 -156.4226 - 340 162 186 250 =z FlightAware ADS-B (OGG / PHOG)
Sat 04:09:33 AM 209182 -156.4164 t21° 163 188 1,075 2206 ™ FlightAware ADS-B (OGG / PHOG)
SE 0400 51 A 209340 -156.4134 T6° 185 213 1,500 1,191 ™ ﬂghtAware ADS-B (OGG / PHOG)
Sat 04:10:07 AM 209483 -156.4123 T 4° 204 235 1,750 1,021 () FlightAware ADS-B (OGG / PHOG)
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Case Study: MUFON case #124190

» ADS-B data provided by SCU’s Science Advisor, Dr. Sarah Little
- Dr. Little used a FlightRadar24 Gold account, that provides 1yr of historical data

- Note that the data is in UTC
- While scrolling down, a

THEu

UNIVERSITY

OF UTAH

xpanding the “Position” column

UNIVERSITY
of HAWAI'I

HILO

A B C D E F G H C

136 1.66E+09|2022-08-10T10:35:027 |ACA536 |34.03508,-146.503952 37000 11.2776 499( 0.256707556 46
137 1.66E+09|2022-08-10T10:44:227Z |ACAS536 (34.94759,-145.31012 37000 11.2776 511| 0.262830824 46
138 1.66E+09|2022-08-107T10:44:597 |ACA536 |35.004589,-145.240067 37000 11.2776 476 0.244875344 39
139 1.66E+09|2022-08-10T10:54:07Z |ACA536 |[35.824635,-144.129379 37000 11.2776 A468| 0.240759792 47
140 1.66E+09|2022-08-10T11:03:40Z |ACA536 |[36.655186,-142.951508 37000 11.2776 467 0.240245348 48
141 1.66E+09|2022-08-10T11:13:167Z |ACA536 |[37.485031,-141.738785 37000 11.2776 466| 0.239730904 48
142 1.66E+09|2022-08-10T11:41:537 |ACA536 |39.803783,-138.11734 37000 11.2776 4491 0.230985356 49
143 1.66E+09|2022-08-10T11:42:137 |ACA536 |[39.825115,-138.085541 37000 11.2776 4491 0.230985356 37
144 1.66E+09|2022-08-10T11:51:397 |(ACAS36 |40.77491,-137.149582 37000 11.2776 450 0.2314998 35
145 1.66E+09|2022-08-10T12:01:04Z |ACAS36 |[41.758778,-136.242462 37000 11.2776 447 0.2299564068 35
146 1.66E+09|2022-08-107T12:10:487 |ACAS36 |(42.73772,-135.283798 37000 11.2776 448 0.230470912 36

AC536_2d008340 _alice rg  geoid height 2023-08-09  AC536  Photo UTCs + < C——
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Stop: @ 10 Aug 2022 11:38:10.000 UTCG

Ib @ JumpTo:lTop £

Start: @ 10 Aug 2022 11:38:06.000 UTCG

7 sl @)

~
Aircraft-Aircraftl-To-Satellite-STARLINK-4304 53414, Satellite-STARLINK-4304 534141, Satellite-STARLINK-4476 53419, Satellite-STARLINK-4476_
Aircraftl-To-STARLINK-4304 53414 - AER reported in the object's defamlt AER frame
Time (UTCG) Azimnth (deqg) Elevation (degqg) Range (km)

10 Ang 2022 11:38:06.000 335.711 3.532 1446,1125971

10 Ang 2022 11:38:07.000 335.998 3.51% 1447.434472

10 Ang 2022 11:38:08.000 336.284 3.506 1448,788890

10 Ang 2022 11:38:09.000 336.569 3.493 1450.176127

10 Ang 2022 11:38:10.000 336.853 3.47%9 1451.5%6091
Min Elevation 10 Ang 2022 11:38:10.000 336.853 3.47%9 1451.5%6091
Max Elevation 10 Ang 2022 11:38:06.000 335.711 3.532 1446,112971
Mean Elevation 3.5086
Min Range 10 Ang 2022 11:38:06.000 335.711 3.532 1446.112971
Max Range 10 Ang 2022 11:38:10.000 336.853 3.479 1451.596091
Mean Range 1448.821710
Alrcraftl-To-STARLINKE-4304 534141 - AER reported in the object's defaunlt AER frame

Time (UTCG) Azimuth (deg) Elevation (deg) Range (km)

10 Ang 2022 11:38:06.000 335.711 3.532 1446,112571

10 Ang 2022 11:38:07.000 335.998 3.519 1447.434472

10 Ang 2022 11:38:08.000 336.284 3.506 1448 .788890

10 Ang 2022 11:38:09.000 336.569 3.493 1450.176127

10 Ang 2022 11:38:10.000 336.853 3.479 1451.596091
Min Elevation 10 Ang 2022 11:38:10.000 336.853 3.479 1451.596091
Max Elevation 10 Ang 2022 11:38:06.000 335.711 3.532 1446,1125971
Mean Elevation 3.506
Min Range 10 Ang 2022 11:38:06.000 335.711 3.532 1446,1125971
Max Range 10 Ang 2022 11:38:10.000 336.853 3.47% 1451,.5%6091 b
< >
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