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A Quick 
Personal 

Introduction

Å Member of KARS since 2022 - Living in Boerne 
(Champion Heights)

Å Married to Joyce since 1973 - we have 4 married 
children and 14 grandchildren

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

Å Inactive after college until 1993 ςRe-licensed in 
WA State as AB7IJ (Amateur Extra)

Å Electrical Engineer in Aerospace and Defense 
industry

ï Satellite Integration and Test and Systems 
Engineering ςHughes Aircraft Co - El 
Segundo, CA  & TDY in Kent, WA

ï Airborne Early Warning and Control 
communications suite- Boeing - Kent, WA

ï Satellite In-Orbit Test ςSpace Systems Loral 
(now MAXAR Technologies) ςPalo Alto, CA

Å Retired in Dec 2020 and moved to Boerne in 
March 2022

Å FYI: I am much more comfortable with block 
diagramsthan I am with schematic 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

Many hams work in aerospace and satellite related fields or 
follow space missions

Understanding the professional side gives insight into ham 
satellites



How many 
satellites 

are there?

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

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

Å GEO: (Communications, Weather, GNSS 
augmentation; Military; 1 Amateur Radio): 569

Å MEO

Å GNSS (Navigation - e.g. GPS): 169

Å hоō όάhǘƘŜǊ ¢ƘǊŜŜ .ƛƭƭƛƻƴέ ςBroadband data): 
28

Å LEO

Å Iridium (Voice/Data): 80

Å Globalstar (Voice/Data): 85

Å OneWeb (Voice/Data): 651

Å STARLINK (Internet):  8,140 (Ultimate Plan: 
42,000!!!)

Å NOAA (Weather): 23

Å Others (Including ISS): 405

Å HEO (Molniya, Tundra, Graveyard): 247 active / 
~2,200 inactive

Å Amateur Radio (Mostly LEO): 104. . . Welllll, not 
really ςStay Tuned

Information derived from GoSatWatch app & CelesTrack web site



THAT Many?  
How crowded 
is Space?

LEO

GEO, MEO, HEO

Images taken from GoSatWatch app



A quick word about GoSatWatch images

22,000 miles = 
116,000,000 ft

Sat Size 
<50 ft

It would take over 2.3 million 50-ft-long 
satellites laid end-to-end to equal 22,000 

miles



Types of satellites

Classification by MISSON

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

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

ωNavigation(GPS and GPS Augmentation)

ωScience/Astronomy: Space Environment, Sun, Stars (Hubble, Jim Webb Space Telescope), Planetary

ωTechnology Demo: R&D; test & demo of new systems (Hitch-hikers; CubeSats)

ωHuman Space FlightςISS

ωHighly Classified and Sensitive Missions όέbŀǘƛƻƴŀƭ !ǎǎŜǘǎέύ

Classification by Orbit Type

ωGEO ς Geosynchronous/Geostationary (22,000 miles altitude / Circular Orbit in the equatorial plane)

ωLEOςLow Earth Orbit (about 200 to 2000 km altitude ς120 to 1200 miles; usually circular )

ωMEOςMedium Earth Orbit (about 2000 to 36,000 km altitude; can be circular or elliptical)

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



What Is an Orbit?

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

Å A balancing act between GRAVITY and the 
ƻōƧŜŎǘΩǎ Lb9w¢L! όǾŜƭƻŎƛǘȅύ

ï 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 
όŘǳŜ ǘƻ ƎǊŀǾƛǘȅύ ǘƻǿŀǊŘ ǘƘŜ ǇƭŀƴŜǘΩǎ ǎǳǊŦŀŎŜΣ ŀƴŘ ǘƘŜ 
ƻōƧŜŎǘ ǿƛƭƭ ŎƻƴǘƛƴǳŜ άŦŀƭƭƛƴƎ ŀǊƻǳƴŘέ ǘƘŜ ǇƭŀƴŜǘΦ

Å YŜǇƭŜǊΩǎ ŀƴŘ bŜǿǘƻƴΩǎ laws state that all 
orbits follow elliptical* paths

* NOTE:  Parabolic and Hyperbolic orbital trajectories 
όάŦƭȅ-ōȅǎέύΣ ƛƴ ǿƘƛŎƘ ŀƴ ƻōƧŜŎǘΩǎ ǾŜƭƻŎƛǘȅ ŜȄŎŜŜŘǎ 
άŜǎŎŀǇŜ ǾŜƭƻŎƛǘȅέ ǿƛƭƭ ƴƻǘ ōŜ ŀŘŘǊŜǎǎŜŘ ƘŜǊŜ



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

A: Vertex- 1

B: Vertex- 2

C: Co-Vertex-1

D: Co-Vertex-2

[A-B]: Major Axis = 2a
[C-D]: Minor Axis

F1: Focus-1

F2: Focus-2

Center: Mid-Pt of 

Major & Minor Axes

For point P lying 

anywhere on the ellipse: 

[F1-P] + [F2-P] = 2a 

(constant)

c

Eccentricity, Ὡ ὧȾὥ

A circle is a special case 

of an ellipse with F1 & F2 

both at the Center

Thus c=0 and e=0

R

[Center-A]: Semi-Major Axis = a

[Center-C]: Semi-Minor Axis

Major axis



A WHAT???
A: Vertex- 1

B: Vertex- 2

C: Co-Vertex-1

D: Co-Vertex-2

[A-B]: Major Axis = 2a
[C-D]: Minor Axis

F1: Focus-1

F2: Focus-2

Center: Mid-Pt of 

Major & Minor Axes

For point P lying 

anywhere on the ellipse: 

[F1-P] + [F2-P] = 2a 

(constant)

c

Eccentricity, Ὡ ὧȾὥ

A circle is a special case 

of an ellipse with F1 & F2 

both at the Center; c=0 

thus e=0

R

[Center-A]: Semi-Major Axis = a

[Center-C]: Semi-Minor Axis

Major axis

Semi Latus 

Rectum



Orbit Types Visualized

Note:  GEOSTATIONARY orbits are circular, 
but the one depicted here looks elliptical 
because the observer is viewing from an 
oblique perspective relative to the 
equatorial plane.

Orbits around Earth are elliptical, with the 
the center of the Earth located at one Focus 
of the ellipse

T ςτ Ὤὶί

Ὕ ςτ Ὤὶί

Ὕ ωπ άὭὲ

(Maximum Speed)

(Minimum Speed)

(Constant Speed)

Ὕ ρς Ὤὶί



Orbital 
Elements

Å Orbital elementsare theparametersrequired to 
uniquely define a specificorbit in space and time

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

ï Two to describe its size and shape (ellipse)

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

ï One to describe the speed of orbital motion

ï Two to describe the position of the orbiting 
satellite around its orbit as a function of time

Å 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

ωEarth Orbit ς 9ŀǊǘƘΩǎ ƎǊŀǾƛǘŀǘƛƻƴŀƭ Ŏƻƴǎǘŀƴǘ ŀǎǎǳƳŜŘ
ωwŜŦŜǊŜƴŎŜ tƭŀƴŜΥ 9ŀǊǘƘΩǎ 9ǉǳŀǘƻǊƛŀƭ tƭŀƴŜ

ωReference Direction: Direction to a specific point on 
ǘƘŜ άŎŜƭŜǎǘƛŀƭ ǎǇƘŜǊŜέ  ς5ŜŦƛƴŜǎ ȊŜǊƻ ά[ƻƴƎƛǘǳŘŜέ
ω¢ƛƳŜ wŜŦŜǊŜƴŎŜΥ ά9ǇƻŎƘέ ςDate/Time at which time 

dependent satellite parameters apply

Assumptions

ωSemi-Major Axis, a (km) - Size

ωEccentricity, e (ratio) - Shape

ωInclination, i (deg) ςAngle between Ref (Equatorial) 
Plane and Orbit Plane

ωw!!bΣ Ҡ όŘŜƎύ ςAngle between Ref Direction and 
Ascending Node (Right Ascension of the Ascending 
Node)

ωArgument of Perigee, (deg) ςAngle between 
Ascending Node and Perigee (Periapsis)

ωMean Anomaly, ɹ (deg) ςAngle between Perigee and 
ǘƘŜ άƳŜŀƴέ Ǉƻǎƛǘƛƻƴ ƻŦ ǘƘŜ ǎŀǘŜƭƭƛǘŜ ŀǘ 9ǇƻŎƘ

Six Keplerian Elements



(Right Ascension)

(RAAN)

(REF)



Reporting 
Orbital 

Elements: 
Element Sets 
όάElsetsέ ƻǊ 
άKepsέύ

Purpose

ωEnable users on the ground to properly 
point ground antennas to satellite (or 
simply to know where to look to catch a 
glimpse of a visible satellite)

ωSupport mission ops planning such as 
station keeping or orbit trim maneuvers

Report Format ς Two-Line 
9ƭŜƳŜƴǘ {Ŝǘǎ ό¢[9Ωǎύ

ωWidely recognized standard format used 
by NASA, NORAD, and others, including 
ARRL



Decoding a TLE
ZCZC SK58
QST de W1AW
Keplerian Bulletin 58 ARLK058
From ARRL Headquarters
Newington, CT, July 25, 2025
To all radio amateurs

SB KEP ARL ARLK058
ARLK058 Keplerian data

Special thanks to AMSAT-NA (AMSAT.ORG) for the following Keplerian data.

Decode 2-line elsets with the following key:
1 AAAAAU 00 0 0 BBBBB.BBBBBBBB .CCCCCCCC 00000-0 00000-0 0 DDDZ
2 AAAAA EEE.EEEE FFF.FFFF GGGGGGG HHH.HHHH III.IIII JJ.JJJJJJJJKKKKKZ
KEY: A-CATALOGNUM B-EPOCHTIME C-DECAY D-ELSETNUM E-INCLINATION F-RAAN
G-ECCENTRICITY H-ARGPERIGEE I-MNANOM J-MNMOTION K-ORBITNUM Z-CHECKSUM

0 AO-7
1 07530U 74089B 25206.54527303 -.00000029 00000-0 10583-3 0 9999
2 07530 101.9944 211.3000 0012486 36.0796 94.9552 12.53690402319586
0 ISS
1 25544U 98067A 25206.42513046 .00012218 00000-0 22104-3 0 9996
2 25544 51.6348 117.5476 0002053 115.0064 245.1138 15.50086892521092

Launch Info: Launched 1974; 89th successful launch of 1974; piece B

Mean Motion
Å Number of Orbits per Day
Å Used to derive Semi-Major Axis

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


Orbital 
Period

Å bŜǿǘƻƴΩǎ ƭŀǿǎ ƻŦ Ƴƻǘƛƻƴ ŀƴŘ ƎǊŀǾƛǘŀǘƛƻƴ ǎǘŀǘŜ ǘƘŀǘ ǘƘŜ 
period of an orbit ς the time it takes for a satellite to 
complete one revolution around the central body ς is a 
function of the size of the orbit

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

Specifically:  Ὕ ς“

Where:
Ὕ ὖὩὶὭέὨ
ὥ ὛὩάὭάὥὮέὶ ὃὼὭί

Ὃ ὋὶὥὺὭὸὥὸὭέὲὥὰ ὅέὲίὸὥὲὸ of Central Body
ὓ ὓὥίί έὪ ὅὩὲὸὶὥὰ ὄέὨώ

Å LEO: ωπ ὸέ ρςπ άὭὲ

Å GEO: ςτ Ὤὶί

ï This also means that the closer a satellite is to 
the central body, the faster its orbital speed



Orbit Types Visualized

Note:  GEOSTATIONARY orbits are circular, 
but the one depicted here looks elliptical 
because the observer is viewing from an 
oblique perspective relative to the 
equatorial plane.

Orbits around Earth are elliptical, with the 
the center of the Earth located at one Focus 
of the ellipse

T ςτ Ὤὶί

Ὕ ςτ Ὤὶί

Ὕ ωπ άὭὲ

(Maximum Speed)

(Minimum Speed)

(Constant Speed)

Ὕ ρς Ὤὶί



Orbit 
Determination

Å Elsets ƎǊŀŘǳŀƭƭȅ ƎǊƻǿ άǎǘŀƭŜέ ŘǳŜ ǘƻ 
orbit perturbations and must be 
periodically updated

Å 5ŜǘŜǊƳƛƴŀǘƛƻƴ ƻŦ ŀ ǎŀǘŜƭƭƛǘŜΩǎ 
orbital elements by measurement 
of its range, range rate, and angular 
position over time from specific 
ƭƻŎŀǘƛƻƴǎ ƻƴ 9ŀǊǘƘΩǎ ǎǳǊŦŀŎŜ

Å NORAD tracks orbits of thousands 
of orbiting objects using radar, and 
publishes elset results

Å Satellite operators track their 
ǎŀǘŜƭƭƛǘŜǎΩ ƻǊōƛǘǎ ǳǎƛƴƎ ǘƘŜƛǊ ŎƭƻǎŜŘ-
loop ranging systems and highly 
directional ground system antennas



Where can TLEs be found?

ÅObtaining TLEs

ïGoSatWatch app

ïcelestrack.org web site

ÅSee next slide

ïAmateur Radio satellites 

ÅARRL Keplerian Bulletins

ÅAmsat.org web site



CelesTrak.org Elsets



What do you do with them?

www.dishpointer.com

For sky watching ς where 
and when to look for visible 
satellites (mostly LEO orbits)

Heavens Above web site; GoSatWatch app

Lots of other resources for this ςElsets are 
transparent to the user

For ground antenna pointing 
angles (Az/El) and Tracking

Real-time tracking: Gpredict (Win, Mac, 
Linux); SatPC32 (Win)

Direct-to-Home (e.g. DirecTV, Dish) fixed 
dish pointing to GEO: www.dishpointer.com
or resources provided by the DTH provider

http://www.dishpointer.com/


GEOSTATIONARY 
SATELLITES



The GEO 
Sweet Spot

Å άD9hέ ǳǎǳŀƭƭȅ ƳŜŀƴǎ D9h{¢!¢Lhb!w¸ ƻǊōƛǘΣ ōǳǘ Ŏŀƴ ŀƭǎƻ ǊŜŦŜǊ ǘƻ 
GEOSYNCHRONOUS orbit

Å GEOTATIONARY Orbit (First proposed by Arthur C. Clarke) 

ï Circular (Eccentricity close to 0)

ï Equatorial Orbit Plane (Inclination close to 0)

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

ï {ŀǘŜƭƭƛǘŜΩǎ Ǉƻǎƛǘƛƻƴ ƛƴ ǘƘŜ ǎƪȅ ƛǎ ŀƭƳƻǎǘ ŀ ŦƛȄŜŘ Ǉƻƛƴǘ

ï Ideal for continuous coverage (TV, broadband, QO-100)

ï RF footprint = wide coverage zone ς approximately 40% of 
ǘƘŜ ŜŀǊǘƘΩǎ ǎǳǊŦŀŎŜ ƛǎ ǾƛǎƛōƭŜ ŦǊƻƳ D9h{¢!¢Lhb!w¸

Å GEOSYNCHRONOUS orbit:

ï Orbit Period = 23hrs, 56mins, 4sec

ï Satellite returns to the same spot in the sky at the same 
time each day

ï Example ς Tundra Orbit (HEO) as in first 3 Sirius Satellite 
Radio sats

Å All GEOSTATIONARY orbits are also GEOSYNCHROUS, but not 
vice-versa



Orbit Types Visualized

Note:  GEOSTATIONARY orbits are circular, 
but the one depicted here looks elliptical 
because the observer is viewing from an 
oblique perspective relative to the 
equatorial plane.

Orbits around Earth are elliptical, with the 
the center of the Earth located at one Focus 
of the ellipse

T ςτ Ὤὶί

Ὕ ςτ Ὤὶί

Ὕ ωπ άὭὲ

(Maximum Speed)

(Minimum Speed)

(Constant Speed)

Ὕ ρς Ὤὶί

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

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


GEO Orbit Animation



Getting from 
Here. . .



. . . To Here



Thor-7 
Launch 

Operations

Guiana Space Centre, French Guiana
Å Thor-7 Satellite Transport to Launch Base (Left)

Å Ariane-5 Launch Vehicle On-Stand with Thor-7 
(Center)

Å Liftoff! (Right)



From Launch Site to GEO via GTO

ÅNo, not a Pontiac muscle car; GTO = Geostationary 
Transfer Orbit

ÅLaunch Vehicle upper stage deploys satellite into a 
highly elliptical, intermediate orbit
ï Perigee of a few hundred miles altitude

ï Apogee of 22,236mi altitude = GEO altitude

ï Inclined orbit (usually) - determined by launch base latitude

ï Satellite  deployment marks end of Launch Ops

ï Sets up a fuel-efficient transition to GEO orbit

Å{ŀǘŜƭƭƛǘŜ aƛǎǎƛƻƴ hǇǎ ǘŜŀƳ ǘƘŜƴ ƛƴƛǘƛŀǘŜǎ άhǊōƛǘ 
wŀƛǎƛƴƎέ hǇǎ ǘƻ ŀŎƘƛŜǾŜ ǘƘŜ ƛƴǘŜƴŘŜŘ D9h ƻǊōƛǘ



Orbit 
Raising

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

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

ï Per Pre-planned, detailed Mission Sequence

ï Network of Tracking Stations providing:

Å Telemetry, Tracking and Command (TT&C)

Å Coverage for key orbit raising events

Å Key events ς for bi-prop propulsion system

ï Initial acquisition of telemetry signal; health 
assessment

ï Solar array deployment ς Power Positive

ï Attitude control via bi-prop RCS thrusters

ï Orbit Determination

ï Apogee Maneuver Firings (AMFs) ς typically 3 to 
achieve GEO ς uses Main Satellite Thruster

ï Trim Maneuver Firing (TMF) ς to position the satellite 
άƛƴ ǘƘŜ ōƻȄέ ς Uses smaller RCS thrusters

ï Wheel Spin-up/Establish Wheel Mode attitude control

ï Deployment of Communications Repeater Antennas

ï Approximately 10 days to complete

Å Ready for In-Orbit Test (IOT) ς sometimes called In-Orbit 
commissioning



Apogee 
Maneuver 
Firing



Orbit Raising of Echostar XVII (Jupiter-1)



On-Station 
Operations



Orbit Control ς Stationkeeping

Å Various forces act on a GEO satellite that gradually perturb 
its orbit (and its attitude)
ïLunar and Solar gravitational fields
ïά[ǳƳǇƛƴŜǎǎέ ƻŦ 9ŀǊǘƘΩǎ ƎǊŀǾƛǘŀǘƛƻƴŀƭ ŦƛŜƭŘ
ïSolar Wind (high speed charged particles)
ïSolar Pressure (photons)

Å These forces gradually change the orbital elements 
resulting in an oscillating figure-8 movement as well as drift 
away from its assigned location which grow over time

ÅLŦ ƭŜŦǘ ǳƴŎƻǊǊŜŎǘŜŘΣ ǘƘŜ ǎŀǘŜƭƭƛǘŜΩǎ ƳƻǾŜƳŜƴǘ ǿƛƭƭ ǘŀƪŜ ƛǘ 
ƻǳǘǎƛŘŜ ƛǘǎ ŀǎǎƛƎƴŜŘ άōƻȄέΥ bκ{ ŀƴŘ 9κ² stationkeeping 
needed

Å Use of bi-prop or electric propulsion for corrections
Å Stationkeeping fuel budget affects satellite lifespan
Å All of this also necessitates regular updating of the TLEs



Stationkeeping ά.ƻȄέ



Attitude Control - Pointing

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

Å Most GEO satellites use 3-axis stabilization
ï Momentum wheels (spinning flywheels) for 

storage and adjustment of angular momentum 
in all 3 axes.

ï Gyros or Star Trackers to detect small attitude 
changes

ï Closed-loop control system to modulate 
momentum wheel speed (angular momentum) 
to counteract attitude changes

Å Wheel speeds eventually creep up or down 
towards max or min useful limits: saturation
ï²ƘŜŜƭǎ Ƴǳǎǘ ōŜ άŘŜǎŀǘǳǊŀǘŜŘέ ǳǎƛƴƎ ǘƘŜ w/{ 

thrusters ς usually performed autonomously



Satellite 
Design

Satellite Bus
Satellite Payload



Satellite Bus

Å Perform all functions required to support all satellite operations in orbit

Å Satellite Bus Subsystems

ïSatellite Structure

ïPower Subsystem ς Solar Arrays, Batteries & controllers

ï Thermal Control ς Temp sensors, heaters, heat pipes, radiators

ïPropulsion Subsystem ς MST, RCS (or electric thrusters)

ïAttitude Control Subsystem

ï Telemetry, Command, and Ranging Subsystem ς Command Receivers, 
Command & Telemetry Processors, Telemetry Transmitters, Antennas

ïMain Satellite Processor



Satellite Payload

Å ¢ƘŜ άtŀȅƭƻŀŘέ ƻŦ ŀ ŎƻƳƳǳƴƛŎŀǘƛƻƴǎ ǎŀǘŜƭƭƛǘŜ ƛǎ ǳǎǳŀƭƭȅ 
called a Repeater ς there can be multiple repeaters on 
one satellite
ï C-Band, Ku-Band, Ka-Band Repeaters
ï Repeaters dedicated to specific geographic regions

Å Each repeater is comprised of a set of channels called 
Transponder channels, or simply Transponders
ï Each transponder operates at a unique frequency, 

and/or antenna polarization, and/or antenna beam
ï wŜŎŜƛǾŜǎ ŀƴ άǳǇƭƛƴƪέ ǎƛƎƴŀƭΣ ǘǊŀƴǎƭŀǘŜǎ ƛǘ ǘƻ ǘƘŜ 
άŘƻǿƴƭƛƴƪέ ŦǊŜǉǳŜƴŎȅΣ ŀƳǇƭƛŦƛŜǎ ƛǘΣ ŀƴŘ ǊŜ-transmits

Å Antenna feeds and Reflectors provide the required receive 
and transmit coverage beam patterns

Å Repeater components include Low Noise Amps (LNAs) 
and/or Receivers,  Downconverters, Upconverters, 
Linearizing Amps, Travelling Wave Tube Amps (TWTAs) 
and/or Solid-State Power Amps (SSPAs), filters, 
multiplexers, redundancy, switching



Example C-band Payload Summary Description

Å Standard C-band Payload

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

ï Fixed ASEAN coverage optimized for KEY 

ISLANDS

Å Extended C-band Payload

ï Twelve 36 MHz transponders with 4 MHz 
spacing on V & H polarizations

ï Fixed ASEAN coverage optimized for KEY 
ISLANDS

OMT

ASEAN

Pol H

4:2 Rx Matrix
LO : 2225 

MHz

4:2
DOCON 
Matrix

LO : 3025 
MHz

Pol V

6 ch IMUX
14:12 TWTA 

75 W
Redundancy 

Ring

14:12 TWTA
90 W

Redundancy 
Ring

6 ch IMUX

12 ch IMUX

12 ch IMUX

6 ch OMUX

6 ch OMUX

12 ch OMUX

12 ch OMUX
+ Tlm

ASEAN Ext Tx H

ASEAN Ext Tx V

ASEAN Tx H

ASEAN Tx V

Switch 
matrix 

2:4

16:12 TWTA
90 W

Redundancy 
Ring

Tx

Tx

OMT

Extended C band

TC

TC

TC

TC

TC

TC

Telemetry

Command



Example Ku-band Payload Summary Description
ï Nine 72 MHz transponders with 8 MHz spacing

ï Two fixed receive beams from Indonesia and NE Asia

ï Three fixed transmit beams to Indonesia, NE Asia and East Indonesia

Ku-Band Frequency Plan

Uplink Frequency Plan

LO = 1248 MHz

(TBC)

V

H

1

72MHz

3

72MHz
5

72MHz
7

72MHz

9

72MHz
11

72MHz

13750

2

72MHz

4

72MHz

6

72MHz

8

72MHz

10

72MHz
12

72MHz

8 MHz 

Channel Spacing

NE Asia

14000 14250 14500

V

H

1

72MHz

3

72MHz
5

72MHz

Switchable

Downlink Frequency Plan
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Satellite Antenna Example



Example
High Throughput 
Satellite (HTS)

Jupiter-2 (Echostar XIX)
Internet Connectivity



J2 User and Gateway Ka-Band Spot Beam Coverage

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

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


