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From Integration to Orbit: An Insider's Perspective
A Presentation to KARS
By Fred RichardsoAB71J



A Quick
Personal

Introduction

o o T TP >

Member of KARS since 2022iving in Boerne
(Champion Heights)

Married to Joyce since 1973ve have 4 married
children and 14 grandchildren

First Licensed in New Jersey in High School as
WN2ZUM (Novice) / WB2ZUM (General)

Inactive after college until 1998Relicensed in
WA State as AB71J (Amateur Extra)

Electrical Engineer in Aerospace and Defense
industry

I Satellite Integration and Test and Systems
Engineering; Hughes Aircraft CoEl
Segundo, CA & TDY in Kent, WA

I Airborne Early Warning and Control
communications suiteBoeing- Kent, WA

I Satellite IROrbit Testg Space Systems Loral
(now MAXAR TechnologieskPalo Alto, CA

Retired in Dec 2020 and moved to Boerne in
March 2022

FYI: | am much more comfortable whlock
diagramshan | am withschematic diagrams




Why Satellites Matter to Hams

Satellites extend our communication reach beyond line of
sight. A growing number of satellites with Amateur Radio
payloads Is available for use by hams

zﬂ‘ Many hams work in aerospace and satellite related fields or
’y follow space missions

g Understanding the professional side gives insight into ham
satellites



Total # of Active Satellites: 12,509 as of 2 Sep 2025

Total # of orbiting objects (active, defunct, rocket
bodies, debris): ~15,000

GEO: (Communications, Weather, GNSS
augmentation; Military;l Amateur Radiy: 569

o Do Do I>

MEO
A GNSS (Navigatiore.g. GPS): 169
A hoo 0d4dh(KSNXBréatldans dataj f f A
How many P 0 o antuKSN 4
= A LEO
Satellltes A Iridium (Voice/Data): 80
A Globalstar (Voice/Data): 85
are there? A OneWeb (Voice/Data): 651
A STARLINK (Internet): 8,140 (Ultimate Plan:
42,000
A NOAA (Weather): 23
A Others (Including ISS): 405

A HEOWolIniya Tundra, Graveyard): 247 active /
~2,200 inactive

A Amateur Radio (Mostly LEO): 104.Welllll, not
really ¢ Stay Tuned

Information derived fronGGoSatWatchapp &CelesTrackveb site




THATMany?
How crowded
ISSpace?

STARLINK-32738 ; ©12.0°N @

Sky SEIGIHIES

6/24/25

Images taken froniGoSatWatclapp

DIRECTV9S S 1.2°N 101.2°W £ 22

y { Sky 2. Satellites : Settings



A quick word abouGoSatWatchmages

6/29/25 7:38:25PM @)

22,000 miles =
116,000,000 ft
i 0‘ \:l
It would take over 2.3 million 5@-long
satellites laid endo-end to equal 22,000

ECHOSTAR 19 © 0.0°N @ 97.1°W £ 22843 mi

(&) sky 2. Satellites —o Settings




Types of satellites

Classification by MISSON

wCommunicationsSatellite TV, Satellite Radio, Internet Connectivity, Data Connectivity, Enterprise
Networks, Telephony, Industrial & Infrastructure Monitoring, Mobile Satellite Services, Military &
Government Comm, Amateur Radio

wEarth Observation\Weather (GOES); Earth Resources & Environmental monitoring (Landsat); Intelligence;
Disaster Response; Mapping Services; Urban Planning; Agriculture (Worldview/Worldview Legion)

wNavigation(GPS and GPS Augmentation)

wScience/AstronomySpace Environment, Sun, Stars (Hubble, Jim Webb Space Telescope), Planetary
wTlechnology DemaoR&D; test & demo of new systems (Hitulkers; CubeSats)

wHuman Space FligittISS

wHighly Classified and Sensitive Missiahg b F G A2y £ | aaS0G&a¢ o0

Classification by Orbit Type

WGEQ; Geosynchronous/Geostationary (22,000 miles altitude / Circular Orbit in the equatorial plane)
wLEQ: Low Earth Orbit (about 200 to 2000 km altitugi@20 to 1200 miles; usually circular)
WMEO¢ Medium Earth Orbit (about 2000 to 36,000 km altitude; can be circular or elliptical)

wHEQ Highly Elliptical Orbit (term often applied to specific types of elliptical orbits with a 63.4 deg
inclination to equator)




What Is an Orbit?

A An Orbit is a closed*, curved path an object
(satellite) follows around a central body
(planet or other massive body)

A Abalancing act between GRAVITY and the
202S0OuQa LboweL! 00St
I If an object is given sufficient inertia in a lateral
direction relative to a planet, its motion will carry it
around the planet faster than it falls downwards
ORdzS 02 3INIX@gAuUeyL u2gl NR
202S00 gAftt O2yuAydzS a¥l
A Y S LIIS/NX ab S lawsfate @t all
orbits followelliptical* paths

* NOTE: Parabolic and Hyperbolic orbital trajectorie
cadtacvz AY gKAOK |y 20
aSaol LIS @Sst20Aueé¢ ogAff

w

<




What is an Ellipse?
(A Type of Conic Section)

A: Vertex- 1 A Zl? r pﬁlenrtepo:zl Itrt]1ge ellipse:
B: Vertex- 2 Y yw pSe:

C: Co-Vertex-1 ' [F1-P] + [F,-P] = 2a

P
D: Co-Vertex-2 R . (constant)
[A-B]: Major Axis = 2a _ _
[C-D]: Minor Axis Major axis
F,: Focus-1 l c
F,: Focus-2 . F; y Centerl s
- > | <« o
a a
Center: Mi_d-Pt of Minor axis—s
Major & Minor Axes
D e e
: Eccentricity, Q o
[Center-A]: Semi-Major Axis=a | v A circle is a special case
[Center-C]. Semi-Minor Axis of an ellipse with F; & F,

both at the Center
Thus ¢=0 and e=0



AWHAT?7?7?

: For point P lying
g: xsxgi: ; Ay anywhere on the ellipse:
C: Co-Vertex-1 : [F1-P] + [F,-P] = 2a

: R o 1= P (constant)
D: Co-Vertex-2 Semi Latus .
[A-B]: ngorAX|_s = 2a Rectum
[C-D]: Minor Axis Majoronrs
F,: Focus-1 l c
F,: Focus-2 . F; 7 Center.( i

-« a > | a x

Center: Mid-Pt of
Major & Minor Axes

Minor axis —|

D o

, Eccentricity, Q ¥
[Center-A]: Semi-Major Axis=a | v A circle is a special case
[Center-C]. Semi-Minor Axis of an ellipse with F; & F,

both at the Center; c=0
thus e=0



Orbit Types Visualized

Orbits around Earth are elliptical, with the APOGEE (Minimum Speed)
the center of the Earth located at one Focus
of the ellipse

Y ¢ TQI i

TUNDRA

Note: GEOSTATIONARY orbits are circular,
but the one depicted her&ookselliptical

because the observer is viewing from an
obligue perspective relative to the
equatorial plane.

MOLNIYA
pcQ

GEO MBD 4~

T ¢1Q1 i
(Constant Speed)

PERIGEE (Maximum Speed)



Orbital

Elements

Orbital elementsare theparametersrequired to
uniquely define a specifirbit in space and time

In general, eight parameters are necessary to
unambiguously define an arbitrary orbit.

I Two to describe itsizeandshape(ellipse)

I Three to describe therientation of the
plane of the orbit and the orientation of the
orbit on that plane.

I One to describe thepeedof orbital motion

I Two to describe th@ositionof the orbiting
satellite around its orbit as a function of time

In practice, only six parameters need to be
explicitly specified for orbits around the Earth



https://en.wikipedia.org/wiki/Parameter
https://en.wikipedia.org/wiki/Orbit

Classical
Keplerian

Elements

wEarth Orbitc9 F NI KQ&a 3INF GAGF GA2Y I f

WWSTFSNBYOS tflySY 9FNIKQa 9|

uReference Direction: Direction to a specific point on
UKS aOStSZDIFAYSAEIKESBE o 2\

W AYS wSTSNEPADTme at Whidgh i &
dependent satellite parameters apply

Six Keplerian Elements

wSemiMajor Axis, a (km)Size

wEccentricity, e (ratio) Shape

winclination,i (deg)¢ Angle between Ref (Equatorial)
Plane and Orbit Plane

wv! I b3 KAngl&bBt@aken Ref Direction and
Ascending Node (Right Ascension of the Ascending
Node)

wArgument of Perigee, (deg)c Angle between
Ascending Node and Perigee (Periapsis)

wMean Anomaly! (deg)g Angle between Perigee and |
UKS aYSlFyeée LR2aAuAzy 2F UKS



6 Main Orbital Parameters
satellite ;Y periapsis

a semi-major axis
e eccentricity

| inclination of orbit (REF)
(Right Ascension) (tllt) @)

(2 longitude of
ascending hode (RAAN)

® argument of the
periapsis
v mean anomaly of FJ

epoch

iincﬁnaﬁon

ascending node



Reporting

Orbital N
: wEnable users on the ground to properly

Elements: point ground antennas to satellite (or
Element Sets simply to know where to look to catch a

glimpse of a visible satellite)

w Support mission ops planning such as
(')Ke ps U station keeping or orbit trim maneuvers

O Elsets

Report Format Two-Line
9t SYSyid {S80a 6¢]
wWidely recognized standard format used

by NASA, NORAD, and others, including
ARRL




Decoding a TLE

ZCZC SK58

QST de W1AW

Keplerian Bulletin 58 ARLKO058

From ARRL Headquarters

Newington, CT, July 25, 2025 Mean Motion

To all radio amateurs A Number of Orbits per Day

SB KEP ARL ARLKO058 A Used toderive SemiMajor Axis
ARLKO058 Keplerian data

Special thanks to AMSANA AMSAT.ORQGor the folloying Keplerian data.

Decode Aine elsetswith the following key:

1 AAAAATJ 00 ®0 BBBBB.BBBBBBBB .CCCCCC{OMm00060 0 DDDZ

2 AAAAA EEEREEEE FFFRFFFF GGGGGGG HHH.HHHH 1111111 33.3JJJJJIIKKKKKZ

IKICLINATIONRAAN
RBITNUM-EZHECKSUM

Launch Info: Launched 1974;“89uccessf;§l launch of 1974, piece B

0 AG7/

1 07530
2 07530 10
0ISS

1 25544U 98067A 25206.42513046 .00012218 0aDRA1043 0 9996

2 25544 51.6348 117.5476 0002053 115.0064 245.1138 15.50086892521092

19944 211.3000 0012486 36.0796 94.92523690402319586


https://arrl.informz.net/z/cjUucD9taT0zMzkzNjQ2JnA9MSZ1PTUyMDM1NzMwOSZsaT0zOTA0Njg1NA/index.html

A bSgilz2yQa flga 2F Y2iA2y YR
period of an orbitg the time it takes for a satellite to
complete one revolution around the central bodys a
function of the size of the orbit

i The larger the semimajor axis (or radius of a
circular orbit), the longer the period

Orbital Specifically:"Y q“F

Where:

Pe riod Y boieen
W YQ4& Qd @ Qi
'O O WL QO WwE R4 twmdeniral Body
D D IiEi Qe 04 £0dw
A LEO: wm p camQs '
A GEO: ¢ 1Qi i
T This also means that the closer a satellite is to
the central body, the faster its orbital speed

/

o




Orbit Types Visualized

Orbits around Earth are elliptical, with the APOGEE (Minimum Speed)
the center of the Earth located at one Focus
of the ellipse

Y ¢ TQI i

TUNDRA

Note: GEOSTATIONARY orbits are circular,
but the one depicted her&ookselliptical

because the observer is viewing from an
obligue perspective relative to the
equatorial plane.

MOLNIYA
pcQ

GEO MBD 4~

T ¢1Q1 i
(Constant Speed)

PERIGEE (Maximum Speed)



Orbit
Determination

ElsetsSINJ Rdzl f £t & 3INRBG
orbit perturbations and must be
periodically updated
5SGSNYAYLFGAZ2Y 2F |
orbital elements by measurement

of its range, range rate, and angular
position over time from specific
f20F0A2Yya 2y 91 NIK
NORAD tracks orbits of thousands

of orbiting objects using radar, and
publisheselsetresults

Satellite operators track their
al0SttAGSaqQ 2NbPAGA
loop ranging systems and highly
directional ground system antennas




Where can TLEsS be found?

A Obtaining TLEs

I GoSatWatchapp

| celestrack.orgveb site
ASee next slide

I Amateur Radio satellites
AARRL Keplerian Bulletins
AAmsat.orgwveb site

( gnator 1974-0898B
Numt 7530
Active
il Period 115 minutes
899 mi

)ate September 4, 2025

fime 2:05:49AM CDT

pocl 0.3

t Number 999

Number 32469

per Day 12.54
114.86 min

1 07530U 740898 25247.29571624 -

00000026 00000-0 12951-3 0 9999

207530 101.9976 252.4926 0012024

318.2956 53.4295 12.53691228324694




CelesTra

NORAD GP Element Sets
Current Data
Current as of 2025 Sep 04 14:07:32 UTC (Day 247)

A New Way to Obtain GP Data (aka TLEs)
2LE || OMM XML || OMM KVN || JSON || JSON PP || CSV

Supplemental GP Data

Special-Interest Satellites
Last 30 Days' Launches [5 88
Space Stations 5 5
100 (or so) Brightest [3 68

Active Satellites (3 E8
Oldest B8 | Docked B8

Analyst Satellites =) &8
Russian ASAT Test Debris (COSMOS 1408) [3 &8
Chinese ASAT Test Debris (FENGYUN 1C) 5 B8
IRIDIUM 33 Debris & B8
COSMOS 2251 Debris & B8
W & Earth Satellites
Weather 5 88

NOAA & 88 GOES B8
Earth Resources [5) 88

Search & Rescue (SARSAT) 5 & Disaster Monitoring (3
Tracking and Data Relay Satellite System (TDRSS) £ 88
ARGOS Data Collection System & 88
Planet 3 58 Spir
Communications Satellites
Active Geosynchronous

Movers &8

GEO Protected Zone B & Plus [3 88

Intelsat 5 B8 SES B &
Eutelsat [5 E8 Telesat (3 &8
Starlink & B8 OneWeb [ 88
Qianfan & & Hulianwang Digui 5 88
Kuiper 588 Iridium NEXT B 88
Orbcomm (3 B Globalstar [& B8
Amateur Radio & 52 SatNOGS 388
Experimental Comm (& & Other Comm & &8
Navigation Satellites
GNSS B E

GPS Operational & B8 GLONASS Operational & &8
Galileo B E8 Beidou B B8
Satellite-Based Augmentation System (WAAS/EGNOS/MSAS) (& &
Navy Navigation Satellite System (NNSS) () &8
Russian LEO Navigation & B8
Scientific Satellites

Show 25 °v entries

International
Designator

1988-0918 @
1989-077A 8
1990-079A &
1991-0548 @
1993-0038 @
1993-056A ()
1994-009A ()
1995-003A B
1995-0358 &
1995-0604 &
1996-020A
1996-053A 8
1996-070A B
1997-050A B
1997-065A &
1998-0068 B
1999-0098 &
1999-053A &
1999-063A B
2000-016A &
2000-024A B
2000-0344 [
2000-0594 &)
2000-0654 B
2000-0674 B

Notes:

NORAD
Cataleg *
Number
19548
20253
20776
21639
22314
22787
22988
23467
23613
23712
23839
24307
24674
24936
25019
25153
25639
25924
25967
26107
26356
26388
26554
26575
26580

K.orglsets

Active Geosynchronous
Current as of 2025 Sep 04 14:07:32 UTC (Day 247)
Latest GP (TLE format) Data

Element Set Age (days)

- 5-10  10-15 15-20 20-25  25-30 -

i o WU
(km) (km)

TORS 3Q, 1,436.07 12.82 35,938 35,634 -48.8 g [es

FLTSATCOM 8 (USA 46) Q. 1,436.23 12.50 35,803 35,775 1255 e [EFEIN

SKYNET 4 O 1,436.11 13.43 35,814 35,760 333 ee SN

TDRS 50, 1,435.99 14.11 35,833 35,736 1675 ee NN

TORS 6.C, 1,436.07 14.18 35,832 35,740 457 ee [N

UFO 2 (USA 95) O 1,436.13 11.80 35,800 35,775 287 B _

USA 99 (MILSTAR-1 1) O, 1,436.12 17.19 35,794 35,760 -90.0 e |

UFO 4 (USA 108) O 1,436.11 9.67 35,803 35,770 1723 pe SR

ToRS 70, 1,436.19 13.50 35,827 35,750 89.0 . |

USA 115 (MILSTAR-1 2) O 1,436.08 13.97 35,794 35,778 -120.0 [STER Y

INM

w TORS 3

INM

INM

o

UFO

* Drifting > 0.1°/day (drift rate shown in parent
@ Link to additional information
Q Link to custom search query for related news,
BB Link to table for SupGP (TLE format) data (if ¢

@ Link to raw GP (TLE format) data

@ and B in the International Designator column
1= Link to plat of longitude of the ascending nods

Showing 1 to 25 of 569 entries

1 19548U 88091B  25247.09350105 -.00000292 00000+0
2 19548 12.8209 342.8836 0036015 341.8771 3.5795

FLTSATCOM 8 (USA 46)

1 20253U 89077A  25246.88454434 -.00000362 00000+0
2 20253 12.5017 352.8687 0003264 180.8075 253.4896

SKYNET 4C

1 20776U 90079A  25246.95807553 .00000133 00000+0
2 20776 13.4342 351.7513 0006433 242.8948 126.9200

TDRS 5

1 216390 91054B  25246.49016484 .00000092 00000+0
2 21639 14.1062 355.8768 0011603 238.9308 117.0492

TDRS 6

1 22314U 930@3B  25247.25451616 -.00000289 00000+0
2 22314 14.1763 359.1608 0011018 185.9232 204.4150

UF0 2 (USA 95)

1 22787U 93056A  25246.95729552 .00000130 00000+0
2 22787 11.7962 5.0797 0003008 219.5096 132.0495

USA 99 (MILSTAR-1 1)

1 22988U 94009A  25246.86238044 -.00000194 00000+0
2 22988 17.1892 30.7683 0001694 163.6659  9.2427

UFO 4 (USA 108)

1 23467U 95083A  25247.12846295 -.00000018 00000+0
2 23467 9.6706 14.1369 0003921 153.9507 33.9711

TDRS 7

1 23613U 95035B  25246.86771227 -.00000230 00000+0
2 23613 13.4964 350.1481 0009020 97.2521 297.2007

USA 115 (MILSTAR-1 2)

1 237120 95060A  25246.92772740 -.00000014 00000+0
2 23712 13.9674 5.8376 0001895 152.6389 38.7979

INMARSAT 3-F1

1 23839U 96020A  25247.13288296 .00000082 00000+0
2 23839 10.0013 49.1896 0007663 135.1076 41.3238

INMARSAT 3-F2

1 24307U 96053A  25247.03858922 -.00000069 00000+0
2 24307 9.2041 56.7722 0006622 104.9170 275.0375

INMARSAT 3-F3

00000+0 @ 9998
1.00273419122518

00000+0 @ 9992
1.00262706257693

00000+0 @ 9993
1.00270626128026

00000+0 @ 9994
1.00279297124832

00000+0 @ 9995
1.00273953119545

00000+0 @ 9994
1.00269390115679

00000+0 @ 9998
1.00270441 30086

00000+0 @ 9994
1.00270670112080

00000+0 @ 9990
1.00264943110382

00000+0 @ 9996
1.00272897 30016

00000+0 @ 9999
0.99996454107390

00000+0 @ 9990
0.99975708106067



What do you do with them?

For Sky WatChlng Wher_e_ Heavens Above web site; GoSatWatch app
and When tO IOOk fOI’ V|S|b|e Lots of other reﬂiources for thisElsets are

. . t t
satellites (mostly LEO orbits) "~

Realtime tracking: Gpredict (Win, Mac,

For ground antenna pointing Linux: sabc32 (win)

Directto-Home (e.g. DirecTV, Dish) fixed

ang|eS (AZ/EI) and TraCking dish pointing to GEQuvw.dishpointer.com

or resources provided by the DTH provider



http://www.dishpointer.com/




A aD9hé¢ dzadzZ tffte YSIya D9h{¢! ¢Lhb
GEOSYNCHRONOUS orbit
A GEOTATIONARY Orbit (First proposed by Arthur C. Clarke)
i Circular (Eccentricity close to 0)
I Equatorial Orbit Plane (Inclination close to 0)

I Orbit period = 23hrs, 56mins, 4sec (Mean Motion close to
1.0027)¢ corresponds to 1 SIDEREAL day

The GEO i {FGSttAGSQa LRAAGAZY AY GKS

I ldeal for continuous coverage (TV, broadband;1D0O)

S t S t I RF footprint = wide coverage zogapproximately 40% of
Wee pO GKS SIFENIKQa adza2NFI OS A& OA &R
A GEOSYNCHRONOUS orbit:

T Orbit Period = 23hrs, 56mins, 4sec

i Satellite returns to thesame spot in the skyt the same
time each day

i Example; Tundra Orbit (HEO) as in first 3 Sirius Satellite
Radio sats

A All GEOSTATIONARY orbits are also GEOSYNCHROUS, but not
viceversa




Orbit Types Visualized

There is an excellent video on YouTube that illustrates several of these orbit types
https://www.youtube.com/watch?v=PZAkiXNJlgecott Manley

Orbits around Earth are elliptical, with the APOGEE (Minimum Speed)
the center of the Earth located at one Focus 3 L,
of the ellipse TUN\SRAC t

Note: GEOSTATIONARY orbits are circular,
but the one depicted her&ookselliptical

because the observer is viewing from an
obligue perspective relative to the
equatorial plane.

MOLNIYA
pcQ

GEO MBD 4~

T ¢1Q1 i
(Constant Speed)

PERIGEE (Maximum Speed)


https://www.youtube.com/watch?v=PZAkiXNJIqc

GEO Orbit Animation




Getting from
Here.




. To Here




Th()r_7 Guiana Space Centre, French Guiana
A Thor7 Satellite Transport to Launch Base (Left)

Lau nCh A Ariane5 Launch Vehicle G&tand with Tho7
(Center)

Operations | 4 Lo right



From Launch Site to GEO via GTO

A No, not a Pontiac muscle car: GTGeostationary
Transfer Orbit

A Launch Vehicle upper stage deploys satellite into a

highly elliptical, intermediate orbit

I Perigee of a few hundred miles altitude

I Apogee of 22,23éni altitude = GEO altitude

I Inclined orbit (usually) determined by launch base latitude
|

|

- Satellite deployment marks end of Launch Ops
- Sets up a fuegfficient transition to GEO orbit

A{lIGStEEtAGS aAaaizy hLla GSI°
wkAadaAy3¢ég hlLla G2 FF OKASGOS



Orbit

Raising

A Mission Ops conducted from the Mission Control Center
(MCC) by the Mission Team

i Mission Director, Flight Directors, Ops Engineers,
Mission Specialists

I Per Preplanned, detailed Mission Sequence
i Network of Tracking Stations providing:
A Telemetry, Tracking and Command (TT&C)
A Coverage for key orbit raising events
A Key events; for bi-prop propulsion system

i Initial acquisition of telemetry signal; health
assessment

Solar array deploymeratPower Positive
Attitude control via biprop RCS thrusters
Orbit Determination

Apogee Maneuver Firings (AMEgypically 3 to
achieve GEQuses Main Satellite Thruster

I Trim Maneuver Firing (TME}o position the satellite
Ay ( K@seswsmdlet RCS thrusters

i Wheel Spirup/Establish Wheel Mode attitude control
i Deployment of Communications Repeater Antennas
i Approximately 10 days to complete

A Ready for IFOrbit Test (I0T sometimes called WOrbit
commissioning



Apogee

Maneuver
Firing




Orbit Raising oEchostaiXVIl (Jupitedl)

2012-07-05 12:18 EchoStar XVII

0.00km/s 18,368km




On-Station
Operations




Orbit Controlg Stationkeeping

A Various forces act on a GEO satellite that gradually perturb
Its orbit (and its attitude)

I Lunar and Solar gravitational fields ] o
i af dzYLIAYy Saa¢e 2F 91 NUKQa 3N JA U
I Solar Wind (high speed charged particles)

I Solar Pressure (photons)

A These forces gradually change the orbital elements _
resulting in an oscillating figut@ movement as well as drift
away from its assigned location which grow over time

ALT €STQ dzy O2NNBOGSRY GKS_al
2dziaA RS Aua | aaaA dsjaohrkeepiag2z E € Y
needed

A Use of biprop or electric propulsion for corrections

A Stationkeepinduel budget affects satellite lifespan

A All of this also necessitates regular updating of the TLES

Pal Nt v P e



\\

Stationkeepingt . 2 E €

north .
nominal
satellite

r”:'-m deg—1>+"position
equator 0.15 O D.]E\

west

east \dég deq
/‘I—-mﬁ dng
satellite

_ | diameter of
stationkeeping south
i VSAT

heam



Attitude Control- Pointing

A Satellite Attitude is crucial for maintaining
correct antenna pointing and solar array
orientation

A Most GEO satellites usesZis stabilization
I Momentum wheels (spinning flywheels) for
storage and adjustment of angular momentum
in all 3 axes

I Gyros or Star Trackers to detect small attitude
changes

I Closedoop control system to modulate
momentum wheel speed (angular momentum)
to counteract attitude changes

A Wheel speeds eventually creep up or down
towards max or min useful limits: saturation

i 2KSSfa Ydad 060S GRSa&al 0dzNI G
thrusters¢ usually performed autonomously




/

SIS
Design

Satellite Bus
Satellite Payload

\



Satellite Bus

A Perform all functions required to support all satellite operations in orbit
A Satellite Bus Subsystems

I Satellite Structure

I Power Subsystermq Solar Arrays, Batteries & controllers

I Thermal Controf Temp sensors, heaters, heat pipes, radiators

I Propulsion SubsysteqiMST, RCS (or electric thrusters)

i Attitude Control Subsystem

I Telemetry, Command, and Ranging Subsystigdommand Receivers,
Command & Telemetry Processors, Telemetry Transmitters, Antennas

T Main Satellite Processor



Satellite Payload

¢KS atleéf2FrRé 2F + O2YYdzyA Ol (2
called a Repeater there can be multiple repeaters on
one satellite

I GBand, KeBand, KeéBand Repeaters
I Repeaters dedicated to specific geographic regions

Each repeater is comprised of a set of channels called
Transponder channels, or simply Transponders

i Each transponder operates at a unique frequency,
and/or antenna polarization, and/or antenna beam
i wSOSA@YSa Iy adzZJ Ayl1é aAray
AOR2gyt Ayl é TNBI dzSyfdmendits | Y LI A
Antenna feeds and Reflectors provide the required receive
and transmit coverage beam patterns

Repeater components include Low Noise Amps (LNAS)
and/or Receivers, Downconverters, Upconverters,
Linearizing Amps, Travelling Wave Tube Amps (TWTAS)
and/or SolidState Power Amps (SSPASs), filters,
multiplexers, redundancy, switching



Example C-band Payload Summary Description

A Standard C-band Payload

I Twenty Four 36 MHz transponders with 4
MHz spacing on V & H polarizations

Command

i Fixed ASEAN coverage optimized for KEY

ASEAN Bxt TxH
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Example Kidpand Payload Summary Description

i Nine 72 MHz transponders with 8 MHz spacing
T Two fixed receive beams from Indonesia and NE Asia
T Three fixed transmit beams to Indonesia, NE Asia and East Indonesia

IMUXL

6chIMUX

Kuband Indonesian & East Kuband North East Asia
Indonesian




Satellite Antenna Example

SOUTH
+Y-axis

EAST
+X-axis




Example
High Throughput
Satellite (HTS)

Jupiter2 (EchostaiXlX)
Internet Connectivity




J2 User and Gateway 8and Spot Beam Coverage

Uplinks: 28 to 30 GHz
Downlinks: 18 to 20 GHz

Forward: GW Up / User Down
Return: User Up / GW Down



