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Meet your instructors

• D.G. Sather:
• Technical Fellow, The Aerospace Corporation
• 10 years experience radiation hardened parts & microprocessor design, satellite component/system 

design and test
– Satellite operator experience

• 27 years experience design, construction, acquisition & test of ground systems and stations for a wide 
variety of USG customers

– 2 years as the AF Chief Engineer for AFSCN and Launch Ranges

Donald Sather, Technical Fellow
Aerospace career:
37 years full-time
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Class expectations

•Class is planned to be 2 hours

•There will be a break after about an hour

•Participants should ask questions throughout the presentations

•Please be as active as possible within the constraints of this virtual experience
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Example of Ground System Operations
– NOAA Satellite Operations*

Ground Systems Overview
– Increased awareness and understanding of:

• Satellites ground systems in a system engineering context as they relate to:
– Other ground systems
– Space missions

• Obtain an appreciation for how ground segment capabilities are determined
• Understand the totality of functions which satellite ground segments must perform
• Provide a context for how ground segment architectures are changing

* Reference: https://www.youtube.com/watch?v=TWSua5ysuag

Learning Objectives

Presenter Notes
Presentation Notes
OTR202000317



© 2021 The Aerospace Corporation

Ground Systems Overview

Donald Sather
donald.sather@aero.org

The Aerospace Corporation

Presenter Notes
Presentation Notes
OTR202000317



6

NOAA Satellite Operations  
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Taken from https://www.youtube.com/watch?v=TWSua5ysuag  
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• Understand satellite ground systems in a system 
engineering context as they relate to
– Other ground systems
– Space mission execution

• Obtain an appreciation for how ground segment 
capabilities are determined

• Understand the totality of functions which satellite ground 
segments must perform

• Provide a context for how ground segment architectures 
are changing

Learning Objectives
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Outline

• Scope
– Definitions
– Within space missions
– Within ground systems 

• Functionality
• Modes of operation
• Allocation of functions to achieve the required 

capabilities
• Final Thoughts and Summary

Presenter Notes
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Definitions
• System 

– An integrated set of elements, segments and/or subsystems that accomplish a 
defined objective, such as an air transportation system

• Segment 
– A major product, service, or facility of the system

• Ground Segment 
– That part of a space system for which all elements reside on the ground.  It is a sub-

system within the overall system
• Ground System 

– Used synonymously with Ground Segment
• Ground Site 

– A particular geographical location which contains one or more Ground System 
Elements or Subsystems

• Ground Station 
– An element of a Ground System the function of which is to provide a communications 

link between the ground segment and space segment.  Usually provides both 
up/down communications links.
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Definitions (cont.)
• Ground, Field or User Terminal

– Generally refers to a program/mission specific element that may have any or all 
of the following capabilities: send/receive data, data processing and display. In 
many cases, these terms refer to mobile units deployed in the field

• Facility
– A structure, or set of structures, used to house specific ground system elements 

or subsystems.
• Transportable

– Capable of being deployed and redeployed
– Requires hours to days of setup

• Mobile
– Self-propelled 
– Capable of mission operations while in motion or, more commonly capable of 

mission ops shortly after vehicle stops

Definitions/terminology are unique to each program/development
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Basic Satellite Data Flow Overview [NOAA]

Presenter Notes
Presentation Notes
OTR202000317
From http://directreadout.noaa.gov/Miami04/docs/Darrell_Robertson.pdf
Presentation  entitled NOAA Direct Readout Program given at 
2004 Satellite Direct Readout Conference / December 6-10, 2004
By Darrell R. Robertson  NOAA Satellite and Information Service

GOES: Geostationary Operational Environmental Satellite 
POES: Polar Operational Environmental Satellite 
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Data Collection System (DCS) Data Flows

Presenter Notes
Presentation Notes
OTR202000317
CDA: Command and Data Acquisition
DCP: Data Collection Platform
DOMSAT: Domestic Communications Satellite
DRGS: Direct Readout Ground Station
GTS: Global Telecommunications System 
NOAAPORT: National Oceanic and Atmospheric Administration Port
NWS: National Weather Service
NWSTG: National Weather Service Telecommunications Gateway
UHF: Ultra-High Frequency

From NOAA website: http://www.osd.noaa.gov/ground/DCS_Org_Chart.jpg

From http://www.wcda.noaa.gov/

The Wallops Command and Data Acquisition Station is responsible for ensuring scheduled data flow from NOAA satellites to designated user subsystems. It manages, operates, and maintains the station. The Station executes spacecraft commands and schedules. It acquires, maintains, and distributes a continuous flow of meteorological satellite data. The Station develops and maintains records of Station performance, analyzes system failures, and establishes failure trends and implements corrective action. It prepares and issues reports on system anomalies, maintains station configuration control, and ensures operator and maintenance crew proficiency. The Station plans, designs, and implements system modifications. It tests and evaluates new systems and techniques. The Station assists in developing emergency procedures to safeguard spacecraft health and safety; and executes emergency plans independently in the event of a communications outage with the NESDIS Satellite Operations Control Center. It provides support for other activities requiring assistance. 
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NOAA/NESDIS Integrated Ground Enterprise
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Setting the Stage

• Functionality is the same across all time periods
• Implementation of functionality has evolved
• And, …. continues to radically change/evolve

Current

Domain Driven 
Design, Data 

Driven 
Architecture & 
Event Driven 
Architecture

1960 – 1999

2000 – 2015
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Current Ground Environment
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Legacy Situation – Mission “Stovepipes”

Systems individually procured to fulfill a specific mission -                   
each having their own infrastructure

Vendor X Custom 2 Vendor Y Proprietary Products
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What Drives Change in Ground Systems?

Technology itself is not a driver!
(But it may enable capabilities for new requirements)
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The Pace of Change

• How much opportunity is there for innovation?
– How many satellites are launched per year?

• 91 launches / 207 satellites worldwide in 20171

– Most for established programs
• 33 GEO satellites / 30 were COMSATs  in 20171

– How many devices that use GPS are sold in a year?
• 10’s of Millions possibly 100’s of Millions with “Smart” technology

• Pace of innovation depends upon opportunity in the current 
model

– New Technologies and Architectures are available
• Allow for rapid rate of change without redesigning
• Pace of technology exceeding our ability to update current 

architectures

Pace of change in satellite ground systems is slow
1: Wikipedia – 2017 in Spaceflight page
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Moore’s Law
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		date (X)		Date		$/Mbyte (Y)				Ref:		Page		Company		Size		Cost		Speed		Memory Type		JDR Chip

		1957		1957		411,041,792				Phister 366				C.C.C.		0.00098		392		10000		transistor Flip-Flop

		1959		1959		67,947,725				Phister 366				E.E.Co.		0.00098		64.8		10000		vacuum tube Flip-Flop

		1960		1960		5,242,880				Phister 367				IBM		0.00098		5		11500		IBM 1401 core memory

		1965		1965		2,642,412				Phister 367				IBM		0.00098		2.52		2000		IBM 360/30 core memory

		1970		1970		734,003				Phister 367				IBM		0.00098		0.7		770		IBM 370/135 core memory

		1973		1973		399,360		Jan		PDP8/e User Price List				DEC		12		4680				Core memory 8KwordX12 bit

		1974		1974		314,573				Phister 367				IBM		0.00098		0.3		800		IC Memory for IBM 370/125

		1975		1975		421,888		Jan		Radio-Electronics				MITS		0.25		103		1000		Altair 8800 256 Byte Static Board

		1975.08		1975		180,224		Feb						MITS		1		176				Altair 1K Static Board

		1975.25		1975		67,584		Apr						MITS		4		264				Altair 4K DRAM Board

		1975.75		1975		49,920		Oct						MITS		4		195				Altair 4K Static(2102) RAM Board

		1976		1976		40,704		Jan						MITS		4		159				Altair 4K Static(2102) RAM Board

		1976.17		1976		48,960		Mar						MITS		16		765				Altair 16K Static RAM Board

		1976.42		1976		23,040		Jun						SD Sales		4		90				SD Sales 4K Static Board

		1976.58		1976		32,000		Aug								8		250				8K Static RAM Board

		1977.08		1977		36,800		Feb						TDL		16		575				S-100 16K

		1978.17		1978		28,000		Mar								64		1750				S-100 64K

		1978.25		1978		29,440		Apr								16		460

		1978.33		1978		19,200		May								16		300

		1978.5		1978		24,000		Jul						Extensis		64		1500

		1978.58		1978		16,000		Aug								8		125

		1978.75		1978		15,200		Oct								32		475

		1979		1979		10,528		Jan		Interface Age		124				32		329

		1979.75		1979		6,704		Oct						SD Sales - Jade		64		419				S-100, SD Sales/Jade 64K Kit

		1980		1980		6,480		Jan		Interface Age		121				64		405

		1981		1981		8,800		Jan		Interface Age		141				64		550

		1981.58		1981		4,479		Aug						Jade		64		279.95

		1982		1982		3,520		Jan		Interface Age		135				256		880

		1982.17		1982		4,464		Mar		Microsystems						64		279

		1982.67		1982		1,980		Sep		BYTE				California Digital		256		495

		1983		1983		2,396		Jan		Interface Age		153				256		599

		1983.67		1983		1,980		Sep		BYTE				California Digital		256		495

		1984		1984		1,379		Jan		BYTE		64				384		517

		1984.58		1984		1,331		Aug		BYTE		467		Advanced Computer Products		384		499				IBM PC Board, 384K, $199+6*50		256		79

		1985		1985		880		Jan		BYTE		470		Do Kay		512		440				IBM 512K $199.95+8*29.97

		1985.33		1985		720		May		BYTE		507		Do Kay		512		360				IBM 512K $199.95+8*19.98				8.95

		1985.42		1985		550		Jun		BYTE		505		Do Kay		512		275				IBM 512K $149+8*15.75				5.95		200

		1985.5		1985		420		Jul		BYTE		435		Fortron		512		210				IBM 512K $119+7*13				5.95		200

		1985.58		1985		350		Aug		BYTE		418		Jade		2048		699				2MB J-RAM-2 A&T $699		256		3.95		200

		1985.67		1985		300		Sep		BYTE		444		Jade		2048		599				2MB J-RAM-2 A&T $599		256		2.95		200

		1985.83		1985		300		Nov		BYTE				Jade		2048		599				2MB J-RAM-2 A&T $599		256		2.95		200

		1985.92		1985		300		Dec		BYTE				Jade		2048		599				2MB J-RAM-2 A&T $599		256		2.95		200

		1986		1986		300		Jan		BYTE				Jade		2048		599				2MB J-RAM-2 A&T $599		256		2.95		150

		1986.08		1986		300		Feb		BYTE				Jade		2048		599				2MB J-RAM-2 A&T $599		256		2.95		150

		1986.17		1986		300		Mar		BYTE				Jade		2048		599				2MB J-RAM-2 A&T $599		256		2.95		150

		1986.25		1986		300		Apr		BYTE				Jade		2048		599				2MB J-RAM-2 A&T $599		256		2.95		150

		1986.33		1986		190		May		BYTE				JDR		3072		568.5				JDR AT Multifuntion $199.95+49.95+318.60		256		2.95		150

		1986.42		1986		190		Jun		BYTE				JDR		3072		568.5				JDR AT Multifuntion $199.95+49.95+318.60		256		2.95		150

		1986.5		1986		190		Jul		BYTE				JDR		3072		568.5				JDR AT Multifuntion $199.95+49.95+318.60		256		2.95		150

		1986.58		1986		190		Aug		BYTE				JDR		3072		568.5				JDR AT Multifuntion $199.95+49.95+318.60		256		2.95		150

		1986.67		1986		190		Sep		BYTE				JDR		3072		568.5				JDR AT Multifuntion $199.95+49.95+318.60		256		2.95		150

		1986.75		1986		190		Oct		BYTE				JDR		3072		568.5				JDR AT Multifuntion $199.95+49.95+318.60		256		2.95		150

		1986.92		1986		190		Dec		BYTE				JDR		3072		568.5				JDR AT Multifuntion $199.95+49.95+318.60		256		2.95		150

		1987		1987		176		Jan		BYTE		477		JDR		3072		528.5				JDR AT Multifuntion $139.95+49.95+3*36*2.95		256		2.95		150

		1987.08		1987		176		Feb		BYTE				JDR		3072		528.5				JDR AT Multifuntion $139.95+49.95+3*36*2.95		256		2.95		150

		1987.17		1987		157		Mar		BYTE		383		Pine		3072		471				Pine 3MB Multifunction $147+108*3		256		2.95		150

		1987.25		1987		154		Apr		BYTE				JDR		4096		614.7				JDR MCT-ATRAM 4MB $149.95+39.95+4*36*2.95		256		2.95		150

		1987.33		1987		154		May		BYTE				JDR		4096		614.7				JDR MCT-ATRAM 4MB $149.95+39.95+4*36*2.95		256		2.95		150

		1987.42		1987		154		Jun		BYTE				JDR		4096		614.7				JDR MCT-ATRAM 4MB $149.95+39.95+4*36*2.95		256		2.95		150

		1987.5		1987		154		Jul		BYTE				JDR		4096		614.7				JDR MCT-ATRAM 4MB $149.95+39.95+4*36*2.95		256		2.95		150

		1987.58		1987		154		Aug		BYTE				JDR		4096		614.7				JDR MCT-ATRAM 4MB $149.95+39.95+4*36*2.95		256		2.95		150

		1987.67		1987		163		Sep		BYTE				JDR		3072		488.47				JDR MCT-ATMF 3MB Multifunction		256		2.95		150

		1987.75		1987		133		Oct		BYTE		322		Advanced Computer Products		3072		399				AST Advantage AT w/3MB		256		2.95		150

		1987.83		1987		163		Nov		BYTE				JDR		3072		488.47				JDR MCT-ATMF 3MB Multifunction		256		2.95		150

		1987.92		1987		163		Dec		BYTE				JDR		3072		488.47				JDR MCT-ATMF 3MB Multifunction		256		2.95		150

		1988		1988		163		Jan		BYTE				JDR		3072		488.47				JDR MCT-ATMF 3MB Multifunction		256		2.95		150

		1988.08		1988		182		Feb		BYTE				JDR		3072		546.82				JDR MCT-ATMF 3MB Multifunc $169.90+3*36*3.49		256		3.49		150

		1988.17		1988		199		Mar		BYTE				JDR		3072		596.5				JDR MCT-ATMF 3MB Multifunc $169.90+426.60		256		3.95		150

		1988.33		1988		199		May		BYTE				JDR		3072		596.5				JDR MCT-ATMF 3MB Multifunc $169.90+426.60		256		3.95		150

		1988.42		1988		199		Jun		BYTE				JDR		3072		596.5				JDR MCT-ATMF 3MB Multifunc $169.90+426.60		256		3.95		150

		1988.5		1988		505		Jul		BYTE				JDR		3072		1514.5				JDR MCT-ATMF 3MB Multifunc $169.90+3*36*12.45		256		12.45		150

		1988.58		1988		505		Aug		BYTE				JDR		3072		1514.5				JDR MCT-ATMF 3MB Multifunc $169.90+3*36*12.45		256		12.45		150

		1988.67		1988		505		Sep		BYTE				JDR		3072		1514.5				JDR MCT-ATMF 3MB Multifunc $169.90+3*36*12.45		256		12.45		150

		1988.75		1988		505		Oct		BYTE				JDR		3072		1514.5				JDR MCT-ATMF 3MB Multifunc $169.90+3*36*12.45		256		12.45		150

		1988.83		1988		505		Nov		BYTE				JDR		3072		1514.5				JDR MCT-ATMF 3MB Multifunc $169.90+3*36*12.45		256		12.45		150

		1989.92		1989		505		Dec		BYTE				JDR		3072		1514.5				JDR MCT-ATMF 3MB Multifunc $169.90+3*36*12.45		256		12.45		150

		1989		1989		505		Jan		BYTE				JDR		3072		1514.5				JDR MCT-ATMF 3MB Multifunc $169.90+3*36*12.45		256		12.45		150

		1989.08		1989		505		Feb		BYTE				JDR		3072		1514.5				JDR MCT-ATMF 3MB Multifunc $169.90+3*36*12.45		256		12.45		150

		1989.17		1989		505		Mar		BYTE				JDR		3072		1514.5				JDR MCT-ATMF 3MB Multifunc $169.90+3*36*12.45		256		12.45		150

		1989.25		1989		505		Apr		BYTE				JDR		3072		1514.5				JDR MCT-ATMF 3MB Multifunc $169.90+3*36*12.45		256		12.45		150

		1989.42		1989		344		Jun		BYTE				JDR		3072		1032.82				JDR MCT-ATMF 3MB Multifunc $169.90+3*36*7.99		1024		24.95		120

		1989.5		1989		197		Jul		BYTE		316		Unitex		4096		789				Unitex RAMII-EMS - 4MB $249+36*15.00		1024		19.95		120

		1989.58		1989		188		Aug		BYTE		302		Unitex		4096		753				Everex RAM II 4M-EMS $249+36*14.		1024		19.95		120

		1989.67		1989		188		Sep		BYTE				Unitex		4096		753				Everex RAM II 4M-EMS $249+36*14.		1024		13.95		120

		1989.75		1989		128		Oct		BYTE		340		Unitex		8192		1023				Bocaram AT 8MB - $159+72*12		1024		13.95		120

		1989.83		1989		117		Nov		BYTE				Unitex		10240		1169				Everex RAM 10,000 10MB $179+90*11.		1024		13.95		120

		1989.92		1989		113		Dec		BYTE				Unitex		8192		905				Bocaram AT 8MB - $149+72*10.50		1024		11.95		120

		1990		1990		106		Jan		BYTE				Unitex		8192		851				Bocaram AT 8MB - $149+72*9.75		1024		11.95		120

		1990.17		1990		98		Mar		BYTE				Unitex		8192		786				Bocaram AT 8MB - $149+72*8.50		1024		11.95		120

		1990.33		1990		98		May		BYTE				Unitex		8192		786				Bocaram AT 8MB - $149+72*8.50		1024		11.95		120

		1990.42		1990		90		Jun		BYTE				Unitex		8192		716				Bocaram AT 8MB - $140+72*8.00		1024		11.95		120

		1990.5		1990		83		Jul		BYTE				Unitex		8192		662				Bocaram AT 8MB - $140+72*7.25		1024		11.95		120

		1990.58		1990		81		Aug		BYTE				Nevada		8192		649				Bocaram AT Plus 8MB - $649		1024		11.95		120

		1990.67		1990		72		Sep		BYTE		488				8192		572				Bocaram AT Plus 8MB - $140+72*6.00		1024		11.95		120

		1990.75		1990		59		Oct		BYTE		343		IC Express		1024		59		80		1Mx9-80 SIMM @ $59		1024		11.95		120

		1990.83		1990		51		Nov		BYTE		453		IC Express		1024		51		80		1Mx9-80 SIMM @ $51		1024		11.95		120

		1990.92		1990		46		Dec		BYTE		388		IC Express		1024		45.5		80		1Mx9-80 SIMM @ $45.50		1024		7.95		120

		1991		1991		45		Jan		BYTE		393		IC Express		1024		44.5		80		1Mx9-80 SIMM @ $44.50		1024		7.95		120

		1991.08		1991		45		Feb		BYTE		335		IC Express		1024		44.5		80		1Mx9-80 SIMM @ $44.50		1024		7.95		120

		1991.17		1991		45		Mar		BYTE		374		AMT International		1024		45		100		1Mx9-100 SIMM @ $45		1024		7.95		120

		1991.25		1991		45		Apr		BYTE		373		AMT International		1024		45		100		1Mx9-100 SIMM @ $45		1024		7.95		120

		1991.33		1991		45		May		BYTE		356		AMT International		1024		45		100		1Mx9-100 SIMM @ $45		1024		7.95		120

		1991.42		1991		44		Jun		BYTE		398		IC Express		4096		175		80		4Mx9-80 SIMM @ $175		1024		6.89		120

		1991.5		1991		44		Jul		BYTE		333		IC Express		4096		175		80		4Mx9-80 SIMM @ $175		1024		6.89		120

		1991.58		1991		41		Aug		BYTE		321		IC Express		4096		165		80		4Mx9-80 SIMM @ $165		1024		6.89		120

		1991.67		1991		46		Sep		BYTE		375		Microprocessors Internatinal		4096		185		80		4Mx9-80 SIMM @ $185		1024		6.95		100

		1991.75		1991		45		Oct		BYTE		306		Microprocessors Internatinal		4096		180		80		4Mx9-80 SIMM @ $180		1024		6.95		100

		1991.83		1991		40		Nov		BYTE		401		Nevada		4096		159		80		4Mx9-80 SIMM @ $159		1024		5.49		100

		1991.92		1991		40		Dec		BYTE		316		Nevada		4096		159		80		4Mx9-80 SIMM @ $159		1024		5.49		100

		1992		1992		36		Jan		BYTE		380		AMT International		4096		145		80		4Mx9-80 SIMM @ $145		1024		5.49		100

		1992.08		1992		36		Feb		BYTE		316		AMT International		4096		145		80		4Mx9-80 SIMM @ $145		1024		5.49		100

		1992.17		1992		36		Mar		BYTE		332		AMT International		4096		145		80		4Mx9-80 SIMM @ $145		36864		179.95		80

		1992.25		1992		35		Apr		BYTE		318		Sii Micros		4096		139				4Mx9-?? SIMM @ $139		36864		179.95		80

		1992.33		1992		30		May		BYTE		342		AMT International		4096		120		80		4Mx9-80 SIMM @ $120		36864		179.95		80

		1992.42		1992		33		Jun		BYTE		406		AmRam		4096		130		80		4Mx9-80 SIMM @ $130		36864		179.95		80

		1992.5		1992		34		Jul		BYTE		351		AmRam		4096		134		80		4Mx9-80 SIMM @ $134		36864		179.95		80

		1992.58		1992		31		Aug		BYTE		324		Worldwide		4096		124		70		4Mx9-70 SIMM @ $124		9216		39.95		100

		1992.67		1992		27.5		Sep		BYTE		350		AMT International		4096		110		80		4Mx9-80 SIMM @ $110		9216		39.95		100

		1992.75		1992		26.3		Oct		BYTE		321		AMT International		4096		105		80		4Mx9-80 SIMM @ $105		36864		149.95		80

		1992.83		1992		26.3		Nov		BYTE		346		AMT International		4096		105		80		4Mx9-80 SIMM @ $105		36864		149.95		80

		1992.92		1992		26.3		Dec		BYTE		302		AMT International		4096		105		80		4Mx9-80 SIMM @ $105		36864		149.95		80

		1993		1993		33.1		Jan		BYTE		307		Cititronics		16384		529				4Mx36-?? SIMM @ $526		36864		149.95		80

		1993.08		1993		27.5		Feb		BYTE		269		Memory Superstore		4096		110		70		4Mx9-70 SIMM @ $110		36864		149.95		80

		1993.17		1993		27.5		Mar		BYTE		239		Memory Superstore		4096		110		70		4Mx9-70 SIMM @ $110		36864		149.95		80

		1993.25		1993		27.5		Apr		BYTE		245		Memory Superstore		4096		110		70		4Mx9-70 SIMM @ $110		36864		149.95		80

		1993.33		1993		27.5		May		BYTE		263		Memory Superstore		4096		110		70		4Mx9-70 SIMM @ $110		36864		149.95		80

		1993.42		1993		30		Jun		BYTE		249		AMT International		1024		30		100		1Mx9-100 SIMM @ $30		36864		149.95		80

		1993.5		1993		30		Jul		BYTE		266		AMT International		1024		30		100		1Mx9-100 SIMM @ $30		36864		149.95		80

		1993.58		1993		30		Aug		BYTE		245		AMT International		1024		30		100		1Mx9-100 SIMM @ $30		36864		149.95		80

		1993.67		1993		30		Sep		BYTE		267		AMT International		1024		30		100		1Mx9-100 SIMM @ $30		36864		149.95		80

		1993.75		1993		36		Oct		BYTE		260		LA Trade		4096		144		80		4Mx9-80 SIMM @ $144		36864		159.95		80

		1993.83		1993		39.8		Nov		BYTE		360		First Source International		4096		159		70		4Mx9-70 SIMM @ $159		36864		159.95		80

		1993.92		1993		35.8		Dec		BYTE		280		West Coast Micro		4096		143		70		4Mx3x3-70 SIMM @ $143		36864		159.95		80

		1994		1994		35.8		Jan		BYTE		290		West Coast Micro		4096		143		70		4Mx3x3-70 SIMM @ $143		36864		159.95		80

		1994.08		1994		35.8		Feb		BYTE		250		West Coast Micro		4096		143		70		4Mx3x3-70 SIMM @ $143		36864		159.95		80

		1994.17		1994		36		Mar		BYTE		251		Nevada		4096		144		80		4Mx9-80 SIMM @ $144		36864		159.95		80

		1994.25		1994		37.3		Apr		BYTE		270		La Trade		4096		149		80		4Mx9-80 SIMM @ $149		36864		154.95		80

		1994.33		1994		37.3		May		BYTE		238		La Trade		4096		149		80		4Mx9-80 SIMM @ $149		36864		154.95		80

		1994.42		1994		37.3		Jun		BYTE		320		La Trade		4096		149		80		4Mx9-80 SIMM @ $149		36864		169.95		60

		1994.5		1994		38.5		Jul		BYTE		239		Nevada		4096		154		80		4Mx9-80 SIMM @ $154		36864		169.95		60

		1994.58		1994		37		Aug		BYTE		226		Nevada		1024		37		100		1Mx9-100 SIMM @ $37		36864		169.95		60

		1994.67		1994		34		Sep		BYTE		244		Pacific Coast Micro		4096		136		70		4Mx9-70 SIMM @ $136		36864		169.95		60

		1994.75		1994		33.5		Oct		BYTE		259		Pacific Coast Micro		4096		134		70		4Mx9-70 SIMM @ $134		36864		159.95		70

		1994.83		1994		32.3		Nov		BYTE		324		Pacific Coast Micro		4096		129		70		4Mx9-70 SIMM @ $129		36864		159.95		70

		1994.92		1994		32.3		Dec		BYTE		264		Pacific Coast Micro		4096		129		70		4Mx9-70 SIMM @ $129		36864		159.95		70

		1995		1995		32.3		Jan		BYTE		256		Nevada		4096		129		80		4Mx9-80 SIMM @ $129		36864		159.95		70

		1995.08		1995		32		Feb		BYTE		202		First Source International		4096		128		70		4Mx9-70 SIMM @ $129		36864		159.95		70

		1995.17		1995		32		Mar		BYTE		212		First Source International		4096		128		70		4Mx9-70 SIMM @ $129		36864		159.95		70

		1995.25		1995		31.2		Apr		BYTE		254		Pacific Coast Micro		16384		499		70		4Mx36-70 SIMM [72 pin] @ $499		9216		37.95		80

		1995.33		1995		31.2		May		BYTE		222		Pacific Coast Micro		16384		499		70		4Mx36-70 SIMM [72 pin] @ $499		9216		37.95		80

		1995.42		1995		31.1		Jun		BYTE		286		First Source International		16384		498		70		4Mx36-70 SIMM [72 pin] @ $498		36864		135.29		80

		1995.5		1995		31.2		Jul		BYTE		213		Pacific Coast Micro		16384		499		70		4Mx36-70 SIMM [72 pin] @ $499		1.00E+05		619		70

		1995.58		1995		30.6		Aug		BYTE		190		Pacific Coast Micro		16384		489		70		4Mx36-70 SIMM [72 pin] @ $489		1.00E+05		619		70

		1995.67		1995		33.1		Sep		BYTE		306		Future Micro		16384		529		70		4Mx36-70 SIMM [72 pin] @ $529		1.00E+05		619		70

		1995.75		1995		33.1		Oct		BYTE		214		Future Micro		16384		529		70		4Mx36-70 SIMM [72 pin] @ $529		3.00E+05		1199		70

		1995.83		1995		30.9		Nov		BYTE		286		First Source International		16384		494		70		4Mx36-70 SIMM [72 pin] @ $494		3.00E+05		1199		70

		1995.92		1995		30.9		Dec		BYTE		244		First Source International		16384		494		70		4Mx36-70 SIMM [72 pin] @ $494		1.00E+05		699		70

		1996		1996		29.9		Jan		BYTE		186		First Source International		16384		478		70		4Mx36-70 SIMM [72 pin] @ $478		1.00E+05		689		70

		1996.08		1996		28.8		Feb		BYTE		217		Worldwide		16384		460		70		4Mx36-70 SIMM [72 pin] @ $460		1.00E+05		689		70

		1996.17		1996		26.1		Mar		BYTE		170		First Source International		8192		209		70		2Mx36-70 SIMM [72 pin] @ $209		36864		133.95		70

		1996.25		1996		24.7		Apr		BYTE		196		Worldwide		16384		395		70		4Mx36-70 SIMM [72 pin] @ $395		36864		129.95		70

		1996.33		1996		17.19		May		BYTE		195		Worldwide		32768		550		60		8Mx36-60 SIMM [72 pin] @ $550		no JDR ads anymore

		1996.42		1996		14.88		Jun		BYTE		186		First Source International		8192		119		70		2Mx36-70 SIMM [72 pin] @ $119		Byte appears to be

		1996.5		1996		11.25		Jul		BYTE		180		Worldwide		16384		180		60		4Mx32-60 SIMM [72 pin] @ $180		going downhill in

		1996.58		1996		9.06		Aug		BYTE		164		Worldwide		16384		145		60		4Mx36-60 SIMM [72 pin] @ $145		subscriptions, etc.

		1996.67		1996		8.44		Sep		BYTE		192		Worldwide		16384		135		60		4Mx36-60 SIMM [72 pin] @ $135

		1996.75		1996		8		Oct		BYTE		181		First Source International		16384		128		70		4Mx36-70 SIMM [72 pin] @ $128

		1996.83		1996		5.25		Nov		BYTE		210		First Source International		8192		42		70		2Mx32-70 SIMM [72 pin] @ $42

		1996.92		1996		5.25		Dec		BYTE		177		First Source International		8192		42		70		2Mx32-70 SIMM [72 pin] @ $42

		1997		1997		4.63		Jan		BYTE		153		First Source International		8192		37		60		2Mx32-60 SIMM EDO [72 pin] @ $37

		1997.08		1997		3.63		Feb		BYTE		169		Memory On-Line		8192		29		60		2Mx32-60 SIMM EDO [72 pin] @ $29

		1997.17		1997		3		Mar		BYTE		167		Memory On-Line		8192		24		60		2Mx32-60 SIMM EDO [72 pin] @ $24

		1997.25		1997		3		Apr		BYTE		166		Memory On-Line		8192		24		60		2Mx32-60 SIMM EDO [72 pin] @ $24

		1997.33		1997		3		May		BYTE		147		Memory On-Line		8192		24		60		2Mx32-60 SIMM EDO [72 pin] @ $24

		1997.42		1997		3.69		Jun		BYTE		163		Memory On-Line		16384		59		60		4Mx32-60 SIMM EDO [72 pin] @ $59

		1997.5		1997		4		Jul		Pcmag		401		Miami Int'l		8192		32		70		2Mx32-? SIMM EDO [72 pin] @ $32		last Byte

		1997.58		1997		4.13		Aug		Pcmag		416		Bason Memory Warehouse		8192		33		70		2Mx32-? SIMM FPM [72 pin] @ $33

		1997.67		1997		3.63		23-Sep		Pcmag		306		Miami Int'l		16384		58				???

		1997.75		1997		3.41		21-Oct		Pcmag		339		Miami Int'l		32768		109				???

		1997.83		1997		3.25		18-Nov		Pcmag		315		LA Trade		32768		104				8Mx32-? SIMM EDO [72 pin] @ $104

		1997.92		1997		2.16		16-Dec		Pcmag		329		Computer America Inc		32768		69				8Mx32-? SIMM EDO [72 pin] @ $69

		1998		1998		2.16		20-Jan		Pcmag		277		Computer America Inc		32768		69				8Mx32-? SIMM EDO [72 pin] @ $69

		1998.08		1998		0.91		24-Feb		Pcmag		261		Computer America Inc		32768		29				8Mx32-? SIMM EDO [72 pin] @ $29

		1998.17		1998		0.97		10-Mar		Pcmag		302		Computer America Inc		32768		31				8Mx32-? SIMM EDO [72 pin] @ $31

		1998.25		1998		1.22		21-Apr		Pcmag		258		Computer America Inc		32768		39				8Mx32-? SIMM EDO [72 pin] @ $39

		1998.33		1998		1.19		26-May		Pcmag		294		Computer America Inc		32768		38				8Mx32-? SIMM EDO [72 pin] @ $38

		1998.42		1998		0.97		30-Jun		Pcmag		296		Computer America Inc		32768		31				8Mx32-? SIMM EDO [72 pin] @ $31

		1998.58		1998		1.03		Aug		Pcmag		388		Computer Services		32768		33				4Mx64-? DIMM SDRAM @ $33

		1998.67		1998		0.97		22-Sep		Pcmag		279		Computer Services		32768		31				8Mx32-? SIMM EDO [72 pin] @ $31

		1998.75		1998		1.16		20-Oct		Pcmag		293		Computer Services		32768		37				8Mx32-? SIMM EDO [72 pin] @ $37

		1998.83		1998		0.84		17-Nov		Pcmag		286		Discount Memory		32768		27				8Mx32-? SIMM FPM [72 pin] @ $27

		1998.92		1998		0.84		1-Dec		Pcmag		390		Discount Memory		32768		27				8Mx32-? SIMM FPM [72 pin] @ $27

		1999.08		1999		1.44		9-Feb		Pcmag		263		Memory Liquidators		32768		46				8Mx32-? SIMM FPM [72 pin] @ $46

		1999.13		1999		0.84		23-Feb		Pcmag		226		Discount Memory		32768		27				8Mx32-? SIMM FPM [72 pin] @ $27

		1999.17		1999		1.25		23-Mar		Pcmag		261		Tiger Systems		65536		79.99				64 MB DIMM PC-100 @ $79.99

		1999.25		1999		1.25		20-Apr		Pcmag		277		TigerDirect.com		65536		79.99				64 MB DIMM PC-100 @ $79.99

		1999.33		1999		0.86		25-May		Pcmag		273		TigerDirect.com		65536		54.99				64 MB DIMM PC-100 @ $54.99

		1999.5		1999		0.78		Jul-99		Pcmag		323		TigerDirect.com		131072		99.99				128 MB DIMM PC-100 @ $99.99

		1999.67		1999		0.87		21-Sep		Pcmag		222		www.crucial.com		131072		111.14				128 MB DIMM PC-100 @ $111.14

		1999.75		1999		1.04		19-Oct		Pcmag		219		www.crucial.com		65536		66.49				64 MB DIMM PC-100 @ $66.49

		1999.83		1999		1.34		16-Nov		Pcmag		247		www.crucial.com		131072		170.99				128 MB DIMM PC-100 @ $170.99

		1999.92		1999		2.35		1-Dec		Pcmag		287		www.crucial.com		131072		300.59				128 MB DIMM PC-100 @ $300.59

		2000		2000		1.56		18-Jan		Pcmag		14		Crucial Technology		65536		99.89				64 MB DIMM PC-100 @ $99.89

		2000.08		2000		1.48		18-Feb		Pcmag		18		Crucial Technology		65536		94.49				64 MB DIMM PC-100 @ $94.49

		2000.17		2000		1.08		21-Mar		Pcmag		214		StarSurplus.com		65536		69				64 MB DIMM PC-100 @ $69

		2000.25		2000		0.84		18-Apr		Pcmag		16		Crucial Technology		65536		53.99				64 MB DIMM PC-100 @ $53.99

		2000.33		2000		0.7		9-May		Pcmag		254		StarSurplus.com		131072		89				128 MB DIMM PC-100 @ $89

		2000.42		2000		0.9		27-Jun		Pcmag		18		Crucial		65536		57.59				64 MB DIMM PC-100 @ $57.59

		2000.5		2000		0.77		Jul		Pcmag		228		StarSurplus.com		131072		99				128 MB DIMM PC-133 @ $99

		2000.58		2000		0.84		Aug		Pcmag		18		Crucial		65536		53.99				64 MB DIMM PC-100 @ $53.99

		2000.67		2000		1.07		1-Sep		Pcmag		18		Crucial		65536		68.39				64 MB DIMM PC-133 @ $68.39

		2000.75		2000		1.12		3-Oct		Pcmag		18		Crucial		65536		71.99				64 MB DIMM PC-133 @ $71.99

		2000.83		2000		1.12		7-Nov		Pcmag		18		Crucial		65536		71.99				64 MB DIMM PC-133 @ $71.99

		2000.92		2000		0.9		5-Dec		Pcmag		19		Crucial		65536		57.59				64 MB DIMM PC-133 @ $57.59

		2001		2001		0.75		2-Jan		Pcmag		19		Crucial		65536		47.69				64 MB DIMM PC-133 @ $47.69

		2001.08		2001		0.46		6-Feb		Pcmag		90		Crucial		131072		59.39				128 MB DIMM PC-133 @ $59.39

		2001.17		2001		0.046		6-Mar		Pcmag		99		Crucial		131072		59.39				128 MB DIMM PC-133 @ $59.39

		2001.25		2001		0.38		3-Apr		Pcmag		178		StarSurplus.com		131072		49				128 MB DIMM PC-133 @ $49

		2001.33		2001		0.39		8-May		Pcmag		85		Crucial		131072		49.49				128 MB DIMM PC-100 @ $49.49

		2001.42		2001		0.3		12-Jun		Pcmag		207		StarSurplus.com		131072		39				128 MB DIMM PC-133 @ $39

		2001.5		2001		0.35		Jul		Pcmag		143		Crucial		262144		89.99				256 MB DDR PC2100 @ $89.99

		2001.5		2001		0.27		Jul		Pcmag		196		iMemoryM		262144		69				256 MB DIMM PC-133 @ $69

		2001.58		2001		0.19		Aug		Pcmag		169		StarSurplus.com		262144		49				256 MB DIMM PC-133 @ $49

		2001.67		2001		0.19		4-Sep		Pcmag		215		StarSurplus.com		262144		49				256 MB DIMM PC-133 @ $49

		2001.75		2001		0.17		16-Oct		Pcmag		60		Crucial		131072		21.59				128 MB DIMM PC-133 @ $21.59

		2001.77		2001		0.15		30-Oct		Pcmag		161		Crucial		131072		18.89				128 MB DIMM PC-133 @ $18.89

		2002.08		2002		0.13		12-Feb		Pcmag		47		Crucial		262144		34.19				256 MB DIMM PC-133 @ $34.19

		2002.08		2002		0.21		12-Feb		Pcmag		47		Crucial		262144		53.09				256 MB DDR PC2100 @ $53.09

		2002.25		2002		0.19		9-Apr		Pcmag		133		StarSurplus.com		524288		99				512 MB DIMM PC-133 @ $99

		2002.33		2002		0.193		7-May		Pcmag		132		StarSurplus.com		524288		99				512 MB DIMM PC-133 @ $99

		2002.42		2002		0.33		30-Jun		Pcmag		68		Crucial		131072		42.29				128 MB DIMM PC-133 @ $42.29

		2002.58		2002		0.193		2-Aug		Pcmag		49		Crucial		262144		49.49				256 MB DIMM PC-133 @ $49.49

		2002.75		2002		0.193		1-Oct		Pcmag		115		Crucial		262144		49.49				256 MB DIMM PC-133 @ $49.49

		2003.17		2003		0.176		25-Mar		Pcmag		95		NewEgg.com		262144		45				256MB DIMM DDR-2100 @ $45

		2003.25		2003		0.076		22-Apr		Pcmag		133		StarSurplus		524288		39				512MB DIMM PC-133 @ $39

		2003.58		2003		0.129		19-Aug		Pcmag		54		Crucial		524288		65.99				512MB DIMM SDRAM @ $65.99

		2003.67		2003		0.143		Set16		Pcmag		64		Crucial		524288		72.99				512MB DIMM SDRAM @ $72.99

		2003.75		2003		0.148		1-Oct		Pcmag		54		Crucial		524288		75.99				512MB DIMM SDRAM @ $75.99

		2003.83		2003		0.16		25-Nov		Pcmag		82		Crucial		524288		81.99				512MB DIMM PC-133 @ $81.99

		2003.99		2003		0.166		30-Dec		Pcmag		37		Crucial		524288		84.99				512MB DIMM PC-133 @ $84.99

		2004		2004		0.174		Jan		Pcmag		143		NewEgg.com		524288		89				512MB DIMM DDR-3200 @ $89

		2004.08		2004		0.148		17-Feb		Pcmag		78		NewEgg.com		524288		76				512MB DIMM DDR-3200 @ $76

		2004.17		2004		0.146		16-Mar		Pcmag		115		NewEgg.com		524288		75				512MB DIMM DDR-3200 @ $75

		2004.33		2004		0.156		4-May		Pcmag		19		NewEgg.com		524288		80				512MB DIMM DDR-3200 @ $80

		2004.42		2004		0.203		8-Jun		Pcmag		19		NewEgg.com		524288		104				512MB DIMM DDR-3200 @ $104

		2004.5		2004		0.176		July		Pcmag		19		NewEgg.com		524288		90				512MB DIMM DDR-3200 @ $90

		2005.25		2005		0.185		12-Apr		Pcmag		24		NewEgg.com		1048576		189				2x 512MB DIMM DDR-3200 @ $189

		2005.42		2005		0.149		7-Jun		Pcmag		20		NewEgg.com		1048576		153				1GB DIMM DDR PC-3200Pro

		2005.83		2005		0.116		8-Nov		Pcmag		67		NewEgg.com		1048576		119				1GB DIMM DDR2 -533 @ $119

		2005.92		2005		0.185		6-Dec		Pcmag		139		NewEgg.com		1048576		189				2x 512MB DIMM DDR-4800 @ $189

		2006.17		2006		0.112		21-Mar		Pcmag		66		NewEgg.com		2097152		229.81				2x 1GB DIMM DDR-500 PC4000 @ $229.81		OCZ Gold

		2006.33		2006		0.073		25-May		Web				NewEgg.com		2097152		148.99				2x 1GB DIMM DDR2-667 @ $148.99 incl shipping		OCZ Gold

		2006.5		2006		0.082		23-Jul		Web				NewEgg.com		1048576		83.99				1GB DIMM DDR2-667 @ $83.99		Kingston

		2006.67		2006		0.073		1-Sep		Web				NewEgg.com		2097152		149.99				2x 1GB DIMM DDR2-667 @ $179.99-rebate+shipping		OCZ Gold

		2006.75		2006		0.088		5-Oct		Web				NewEgg.com		2097152		179.98				2x 1GB DIMM DDR2-667 @ $214.99-rebate+shipping		PQi

		2006.83		2006		0.093		25-Nov		Web				NewEgg.com		2097152		199.99				2x 1GB DIMM DDR2-800 @ $199.99 incl shipping		G Skill

		2006.99		2006		0.092		21-Dec		Web				NewEgg.com		1048576		93.98				1GB DIMM DDR-400 @ $88.99 + 4.99 shipping		Wintec

		2007		2007		0.082		28-Jan		Web				NewEgg.com		1048576		83.98				1GB DIMM DDR-400 @ $78.99 + 4.99 shipping		PQi

		2007.08		2007		0.078		28-Feb		Web				NewEgg.com		1048576		79.98				1GB DIMM DDR2-800 @ $74.99 + 4.99 shipping		Patriot

		2007.17		2007		0.066		15-Mar		Web				NewEgg.com		2097152		134.98				2x 1GB DIMM DDR2-667 @ $129.99 + 4.99 shipping		Wintec





mcost

		



Cost of Memory $/Mbyte



tcount

		Processor		Date of introduction		Transistor count		Manufacturer

		Intel 4004		1971		2.30E+03		Intel

		Intel 8008		1972		2.50E+03		Intel

		Intel 8080		1974		4.50E+03		Intel

		Intel 8088		1979		2.90E+04		Intel

		Intel 80286		1982		1.34E+05		Intel

		Intel 80386		1985		2.75E+05		Intel

		Intel 80486		1989		1.20E+06		Intel

		Pentium		1993		3.10E+06		Intel

		AMD K5		1996		4.30E+06		AMD

		Pentium II		1997		7.50E+06		Intel

		AMD K6		1997		8.80E+06		AMD

		Pentium III		1999		9.50E+06		Intel

		AMD K6-III		1999		2.13E+07		AMD

		AMD K7		1999		2.20E+07		AMD

		Pentium 4		2000		4.20E+07		Intel

		Barton		2003		5.43E+07		AMD

		AMD K8		2003		1.06E+08		AMD

		Itanium 2		2003		2.20E+08		Intel

		Itanium 2 with 9MB cache		2004		5.92E+08		Intel

		Cell		2006		2.41E+08		Sony/IBM/Toshiba

		Core 2 Duo		2006		2.91E+08		Intel

		Core 2 Quad		2006		5.82E+08		Intel

		G80		2006		6.81E+08		NVIDIA

		POWER6		2007		7.89E+08		IBM

		Dual-Core Itanium 2		2006		1.70E+09		Intel

		Quad-Core Itanium Tukwila (processor)[1]		2008		2.00E+09		Intel





tcount

		



Date

Transistors
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Hard Drive Costs
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Greater than Exponential?

Latest Data Point: 
12/13/2019 12TB=$167

12/8/2017 Amazon 8 TB=$144  / 12/8/2018 10TB = $149

Presenter Notes
Presentation Notes
OTR202000317

Updated the cost of a hard drive


6/5/09 Hitachi 1TB Serial-ATA Hard Drive for $70 (ZipZoomFly.com) == 1.5E03 MB/$
12/20/2016 6 TB for $157
12/08/2017 8 TB for $144
12/5/2018 10 TB for $149
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Challenges
• Startup through initial delivery of systems too long a duration

– System obsolete, antiquated, and/or non-responsive by time of delivery
• Maybe even more so with software due to Information Assurance and Risk Management

– Equipment refresh necessary immediately after IOC
– True operational needs not addressed

• CONOPS has changed 
• Mission focus has changed

• End goal is to provide an operationally suitable system in a “short” time span that 
can address current operational needs

• Drives the use of new architectural concepts
– SOA, Event-Driven and Data-Driven architectures
– Agile SW, DevOps, CI/CD, …

Presenter Notes
Presentation Notes
OTR202000317
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Space Mission Architecture

• Space mission architecture includes all elements 
required to conduct a space mission

Space Segment

GROUND SEGMENT

Mission

Tutorial Focus

Presenter Notes
Presentation Notes
OTR202000317
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Ground Systems Taxonomy

Satellite
Operations

Launch
Support

End-user
Equipment

Cooperative Non-Cooperative

Counter Comm System
Counter ISR System

Space Related Non-Space Related

Public Safety C3
Aerosol Detection

Ground Systems

Presenter Notes
Presentation Notes
OTR202000317
ISR	Intelligence, Surveillance and Reconnaissance 
C3	Command, Control, and Communications
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An Antiquated (?) Systems View (pre-2016)

Most systems were viewed as having three fundamental 
segments for implementation

OPERATIONAL ENVIRONMENT (examples)

undersea sea surface subterranean terrestrial atmospheric space

PLATFORM (examples)

submarine destroyer missile silo tank bomber satellite

MISSION ASSETS (examples)

torpedo missile ICBM gun bomb ir sensor

Presenter Notes
Presentation Notes
OTR202000317
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A Simple Systems View
Applied to Satellite Ground Systems 

• Operational Environment – Terrestrial (usually) 
 

Buckley AFB, Colorado
Cosmonaut Yuri Gagarin

Courtesy US Air Force

Presenter Notes
Presentation Notes
OTR202000317
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A Simple Systems View (Old Paradigm)
 Applied to Satellite Ground Systems 

• Operational Environment – Terrestrial (usually)

• Platform – Facilities (fixed and mobile)

People Hardware

THE  SATELLITE
LATITUDE  AND
LONGITUDE
ARE  CHANGED
INDIVIDUALLY
DURING   SET UP
CONFIGURATION
AS  IN THE 

FOLLOWING
EXAMPLE:
(A BLINKING
LIGHT
INDICATES
AN   ENTRY
FOR  THAT
FIELD  IS
REQUIRED.)

ProceduresComputer 
programs

Communications 
Links

InfrastructureBuildings Antenna FacilitiesShelters & Vans

•  Mission Assets
 

Cloud

Presenter Notes
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A Simple Systems View (New Paradigm)
 Applied to Satellite Ground Systems 

• Operational Environment – Air, Land and Sea

• Platform – Facilities (fixed and mobile)

People Hardware

THE  SATELLITE
LATITUDE  AND
LONGITUDE
ARE  CHANGED
INDIVIDUALLY
DURING   SET UP
CONFIGURATION
AS  IN THE 

FOLLOWING
EXAMPLE:
(A BLINKING
LIGHT
INDICATES
AN   ENTRY
FOR  THAT
FIELD  IS
REQUIRED.)

ProceduresComputer 
programs

Communications 
Up/Down/XLinks

InfrastructureBuildings AntennasShelters & Vans

•  Mission Assets
 

Cloud

Cloud Communications 
Up/Down/XLinks

Presenter Notes
Presentation Notes
OTR202000317
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Operational Environment

How are the number and locations of 
ground assets determined?

Presenter Notes
Presentation Notes
OTR202000317
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Drivers for Number & Location of Ground Assets

• Primary Considerations (Mission)
– Orbital Regime (HEO, LEO, MEO, GEO)
– Ephemerides (altitude, inclination, period, etc.)
– Views to / from satellites
– Number of satellites to be contacted
– Required contact duration
– Number of contacts per satellite
– Availability of inter-satellite links

Presenter Notes
Presentation Notes
OTR202000317
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Satellite Orbit Regimes Compared

LEO  MEO  HEO GEO

FBK: Fairbanks, AK
VTS: Vandenberg AFB
GTS: Guam
McM: McMurdo Sound

LEOMEO HEOGEO

Presenter Notes
Presentation Notes
OTR202000317

RESOURCES

GEO	Geosynchronous Orbit
HEO	Highly Elliptical Orbit
LEO	Low Earth Orbit
MEO	Medium Earth Orbit
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Comparison of Contact Times

FBK LEO60
VTS LEO60
GTS LEO60
McM LEO60
FBK LEO98
VTS LEO98
GTS LEO98
McM LEO98
FBK HEO
VTS HEO
GTS HEO
McM HEO
FBK MEO
VTS MEO
GTS MEO
McM MEO

Presenter Notes
Presentation Notes
OTR202000317

LEO60 – 600 inclination
LEO98 – sun synchronous 980
HEO – apogee in northern hemisphere
MEO - GPS
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Comparison of Contact Times (cont.)

FBK SIRIUS

VTS SIRIUS 

GTS SIRIUS

McM SIRIUS

FBK GEO45

VTS GEO45

GTS GEO45

McM GEO45

FBK GEOS

VTS GEOS

GTS GEOS

McM GEOS

Presenter Notes
Presentation Notes
OTR202000317

SIRIUS – the only geosynchronous HEO ever launched
GEO45 – GEO inclined at 45 degrees at 135W
GEOS – 135W
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Effects of Orbit Regime on Site Design

GEO

MEO

LEO

larger

smaller

more

less

more

less

fewer

more

slower

faster

fewer

more

Earth’s Surface

Number of ground stations may change with the availability of inter-satellite links

Presenter Notes
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Old Paradigm Mission Control Center

Presenter Notes
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Old Paradigm Mission Data Chain

Exploitation
  - image/product enhancement
  - fusion
  - change detection
  - pattern/target recognition
  - expert systems
  - analyst support tools/displays
  - data mining 

Archive

Data Conditioning/Preprocessing
  - communication artifact removal
  - sensor artifact removal
  - calibration
  - time tag

Mission Product Generation
  - mission algorithms
  - analyst support tools/displays
  - quality control/product validation
  

The portion of the mission data chain that 
resides within a space system (vs. external to 
that system) varies by space system

Data Capture
- RF to digital 
conversion
- Antenna control

Dissemination

  

Message Generation

Communication Networks 
Broadcasts

Data/product extraction

Electronic distribution Media Generation

Package Delivery

Product Request 
Management

Presenter Notes
Presentation Notes
OTR202000317

RF 	Radio Frequency 

RF to digital sub-functions
 Demodulation 
 Demultiplex
 Analog to Digital Conversion
 Bit Synchronization
 Switching
 Decoding
 Decryption
 Decompression
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New Paradigm Mission Control Center

Presenter Notes
Presentation Notes
OTR202000317

Taken from: http://cliparts101.com/free_clipart/37431/Man_at_Computer_4

Note on website: Welcome to ClipArts101.com site with Free Cliparts. You can download free vector clipart free in SVG, WMF, EMF formats, to help us do visit our sponsors to keep us running.
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Architectures

SOA
Event Driven
Data Driven

Presenter Notes
Presentation Notes
OTR202000317
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Potential Architectures

Data Driven Layered Architecture Service Oriented Architecture

Event Driven Architecture

Presenter Notes
Presentation Notes
OTR202000317
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Network Architecture

• The design of the network architecture includes:
– Physical components
– Functional organization
– Configuration
– Operational principles and procedures
– Communications protocols
– Description of products and services

Presenter Notes
Presentation Notes
OTR202000317

https://en.wikipedia.org/wiki/Network_architecture
Image courtesy of creately.com
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• SOA is an architectural style for developing and integrating enterprise 
applications as services across the enterprise

• Many variations, but standard principals are:
– Provide services over the network through a communications protocol
– Separates functions into services
– Different services can be combined to functionally represent a large software 

application
– Services are shared across the network (remote or local)
– Can quickly add or remove services
– Services Properties:

• Represent an activity with a specified outcome
• Is self-contained
• Is transparent to consumers of the service (machine or human)
• Separately deployed and maintained

• Example:
– What was a “mission” is now separate services to point antennas, tune receivers

Move away from application centric architecture models

Service-Oriented Architecture (SOA)
Current Path for Many

Presenter Notes
Presentation Notes
OTR202000317

From: https://en.wikipedia.org/wiki/Service-oriented_architecture, 26 Dec 2019
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• Event Driven Architecture is an architectural style that enables real-time 
enterprise operations through detection processing, and consumption of 
events to identify and react to threats and anomalies

• This architecture has four parts 
– Generate events through sensing a state change and sending a notification

• Message has a header identifying the event (metadata)
• A message body that contains details of the state change that was detected

– Propagate the message though a communications protocol
• Can be either a broadcast or direct notification

– Detection of the event message and starting an appropriate response
• Response can be a display on a screen or a email/text message

– Notification of the consequences to the event
• This step is not required in all cases

• Being used by the Commercial SATCOM industry
– i.e. detect a telemetry parameter change and sent a text message to a technician

An event driven architecture can be overlaid on a SOA (SOA 2.0)

Event Driven Architecture

Presenter Notes
Presentation Notes
OTR202000317

https://en.wikipedia.org/wiki/Event-driven_architecture
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• Three basic rules
– Virtualize the Data

• Leave large data sets where they are 
• Bring data computation to the data to maximize the performance

– Information Quality
• Turn data into information
• Deliver high quality information to the users as rapidly as possible

– Idea is to use the analysis for more effective decisions
• Input new data
• Process the data consistent with older data
• Make the data available across the enterprise

– Interpret the data for action
– Let the data speak for itself

• Do not try and fit the data into preconceived notions
– Do not analyze to fit past patterns

• Be able to scale with demand

Think data first, not processes

Data Driven Architecture

Presenter Notes
Presentation Notes
OTR202000317

www.enterpriseappstoday.com/print/business-intelligence/3-rules-for-data-driven-architecture.html
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Processes Start Automatically

Exploitation
  - image/product enhancement
  - fusion
  - change detection
  - pattern/target recognition
  - expert systems
  - analyst support tools/displays
  - data mining 

Archive

Data Conditioning/Preprocessing
  - communication artifact removal
  - sensor artifact removal
  - calibration
  - time tag

Mission Product Generation
  - mission algorithms
  - analyst support tools/displays
  - quality control/product validation
  

Potential to use an event driven architecture that 
is data centric, so processes start automatically

Data Capture
- RF to digital 
conversion
- Antenna control

Dissemination

  

Message Generation

Communication Networks 
Broadcasts

Data/product extraction

Electronic distribution Media Generation

Package Delivery

Product Request 
Management

Presenter Notes
Presentation Notes
OTR202000317
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Outline

• Scope
– Definitions
– Within space missions
– Within ground systems 

• Functionality
• Modes of operation
• Allocation of functions to achieve the required 

capabilities
• Final Thoughts and Summary

Presenter Notes
Presentation Notes
OTR202000317
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Mission Assets

What functions are required? 
What operational modes need be supported?
How are functions allocated?

Presenter Notes
Presentation Notes
OTR202000317
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Mission Management
Planning and scheduling what the 

space system will do

Asset Command and 
Control

Commanding the space asset to 
perform its mission and monitoring 

what it does. Controlling and 
monitoring ground assets.

Mission Data Chain

Doing something with what the 
space asset produces

Archive
Simulation  

Test   
Training

Communications

Maintenance
Facility Management

Administrative Services
User Services

Security
Information Infrastructure

Supporting Functions
Enabling the execution of the primary functions

Primary Functions

Ground System Functional View

Presenter Notes
Presentation Notes
OTR202000317
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Mission Management
Functions

• System planning
• Constellation management
• Payload planning, tasking, and 

scheduling
• Housekeeping planning and 

scheduling
• External resource scheduling
• Maintenance planning and 

scheduling

• Processing and distribution 
planning and scheduling

• Ground resource planning and 
scheduling

• Schedule dissemination
• Performance 

evaluation/reporting
• Performance assessment
• Report generation
• Tasking feedback

Mission 
Management

Asset 
Command 
and Control

Mission 
Data Chain

Supporting Functions

PRIMARY FUNCTIONS

Presenter Notes
Presentation Notes
OTR202000317
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What is Planned/Scheduled When
System Planning [years to months]

- constellation management
- infrastructure modifications

Near Term Plan [weeks]
 - external resources
 - space and ground resources
 - ground maintenance
 - satellite maneuvers

Future Daily Planning [days]
 - SOH activities
 - payload operations
 - PED activities
- ground operations

Daily Schedule [hours]
- “final” baseline schedule 
for space and ground 

Near Real Time Replan [hours to minutes]
- anomaly response
- ad hoc tasking

Real Time Replan [minutes to seconds]
- anomaly response
- tip/cue response

E
X
E
C
U
T
I
O
N

years … months … weeks … days … hours …minutes  …seconds

Presenter Notes
Presentation Notes
OTR202000317
PED 	Processing, Exploitation, Dissemination
SOH 	State of Health
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Space Asset Command and Control
Functions

• Satellite Command and Control
– Telemetry processing
– State of Health Telemetry Analysis
– Telemetry Display and Distribution
– Command Generation and Verification
– Anomaly Detection, Isolation, Resolution
– Commanding
– Space System Situation Awareness
– Ground System Status
– Ground System Configuration

• Ephemeris and Attitude
– Tracking
– Ephemeris Determination
– Ephemeris Prediction
– Attitude Estimation
– Attitude Maneuver Support
– Station keeping
– Maneuver Planning

• System Control and Status
– System Situation Awareness
– Ground Resource Management

• Space to Ground Communications
– A/D Conversion
– Encoding
– Encryption/Decryption
– Modulation/Demodulation
– Upconversion
– Amplification
– Antenna Control

• Sustaining Engineering and Anomaly 
Response

– Sustaining Engineering
• Subsystem experts
• Short and Long Term Trending
• Calibration Support
• Factory Support
• Anomaly Support
• Manage Consumables
• Space HW Testbeds

– Anomaly Response
• Define Contingency Workarounds
• Isolate Cause
• Define and Checkout Response

Mission 
Management

Asset 
Command 
and Control

Mission 
Data Chain

Supporting Functions

PRIMARY FUNCTIONS

Presenter Notes
Presentation Notes
OTR202000317
Definitions:
Ephemeris:  table giving the coordinates of a celestial body at a number of specific times during a given period
Telemetry: The science and technology of automatic measurement and transmission of data by wire, radio, or other means from remote sources, as from space vehicles, to receiving stations for recording and analysis

Modulation: The variation of a property of an electromagnetic wave or signal, such as its amplitude, frequency, or phase
Demodulation:The conversion of a modulated carrier wave into a current equivalent to the original signal.  Also called detection 

Multiplex: Relating to or being a system of simultaneous communication of two or more messages on the same wire or radio channel; To send messages or signals simultaneously using a multiplex system

Encryption: To put into code or cipher
Decryption: To decode
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(Generic) Telemetry, Tracking and Command Subsystem

• Why have a TT&C Subsystem?  All satellite systems must have 
means of collecting satellite health and status and the means to 
control various subsystems and payloads

Mission
Control
Center

Remote
Tracking
Station

Satellite

Landlines 
or

SATCOM 

Range 
Determination

Command Data

Telemetry Data

Telemetry: Health & Status 
Data from S/C Subsystems 
and Payload(s)

Command: Signals to effect operation of 
and configure changes to S/C 
subsystems and/or payload(s)

Tracking: The determination of 
orbital parameters from angular 
position, range and/or range 
rate measurements

What’s involved
 in TT&C?

Presenter Notes
Presentation Notes
OTR202000317
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Old Paradigm Mission Data Chain

Exploitation
  - image/product enhancement
  - fusion
  - change detection
  - pattern/target recognition
  - expert systems
  - analyst support tools/displays
  - data mining 

Archive

Data Conditioning/Preprocessing
  - communication artifact removal
  - sensor artifact removal
  - calibration
  - time tag

Mission Product Generation
  - mission algorithms
  - analyst support tools/displays
  - quality control/product validation
  

The portion of the mission data chain that 
resides within a space system (vs. external to 
that system) varies by space system

Data Capture
- RF to digital 
conversion
- Antenna control

Dissemination

  

Message Generation

Communication Networks 
Broadcasts

Data/product extraction

Electronic distribution Media Generation

Package Delivery

Product Request 
Management

Presenter Notes
Presentation Notes
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RF 	Radio Frequency 

RF to digital sub-functions
 Demodulation 
 Demultiplex
 Analog to Digital Conversion
 Bit Synchronization
 Switching
 Decoding
 Decryption
 Decompression
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Mission Data Chain
 Functions

• Mission Processing
– Data Capture
– Data 

Conditioning/Preprocessing
– Mission Algorithms
– Message Generation
– Analyst Support
– Situation Awareness
– Quality Control/Product 

Validation
• Data Product Distribution

– Data/Product Extraction
– Exploitation
– Electronic Dissemination
– Media Generation

• User Element
– Data Reception
– Data Processing
– Data Analysis
– Data Exploitation
– Help Desk

Mission 
Management

Asset 
Command 
and Control

Mission 
Data Chain

Supporting Functions

PRIMARY FUNCTIONS

Presenter Notes
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Simulation
• Satellite
• On-board Processors
• Payload
• Ground
• External Interfaces

Test
• Maintenance Testing
• “Certification Testing”
• External Interface Testing

Training
• Training Courseware
• Launch Rehearsal
• System Orientation
• Exercise Support
• Operator
• Maintenance Personnel
• Technical Instructions

Maintenance
• HW
• Flight SW
• Ground SW

Administrative Services
• Business Management
• Secretarial Support
• Personnel
• Office Automation

Information Infrastructure
• Process Control
• Data Management
• Network Management
• Logging and Reporting
• Internal Interface Management
• Message Handling
• Common Support Applications
• User Interfaces
• Information Security
• Operating System Services
• Middleware
• General Utilities

Facility Management
• Land and Structures
• Power
• Environment Control
• Physical Security Systems
• Fire Protection

Security Services
• Information Security
• Physical Security
• Crypto Management
• Cyber Security

Ground Communication
• Satellite Links
• Communication Control
• Commercial Land Links
• DISA Resources
• Networks (LAN,WAN,VPN,…)
• Voice Nets, VTC
• Web Connections

Archive
• Command and Telemetry
• Mission Data/Product
• System Logs
• Databases

Supporting Functions
Enabling the execution of the primary functions

Presenter Notes
Presentation Notes
OTR202000317

DISA 	 Defense Information Services Agency
HW 	 Hardware
LAN	Local Area Network
S/C	 Spacecraft
SW 	 Software
VTC 	 Video Teleconference
WAN 	 Wide Area Network
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Amazon Ground Station (AGS)

Ground Station as a Service
Note: used as an example not an endorsement of AGS

Presenter Notes
Presentation Notes
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• A global network of ground stations in close proximity to AWS data centers
– Ground station here is the fixed antenna and software to digitize the received signal
– Data is stored at the data center or distributed to a location prescribed by the user 

over Amazon’s private global network

• The pay-as-you-go system
– You must be an AWS subscriber

• Provides access to the cloud and antenna scheduler
– You pay for minutes used to receive data from the satellite pass or time to transmit
– Includes transport and storage of the data
– You can process your data in the AWS Cloud or in your own processing facility

• Amazon will help with uploading your signal processor into the cloud
– Allows you to control, collect, ingest data, or send commands to orbiting satellites

• Without owning any antennas or ground station infrastructure

• Effectively makes the Ground Station a service

Amazon Ground Station
aka AWS Ground Station

Presenter Notes
Presentation Notes
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https://aws.amazon.com/ground-station/getting-started/
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Ground Station as a Service

Exploitation
  - image/product enhancement
  - fusion
  - change detection
  - pattern/target recognition
  - expert systems
  - analyst support tools/displays
  - data mining 

Archive

Data Conditioning/Preprocessing
  - communication artifact removal
  - sensor artifact removal
  - calibration
  - time tag

Mission Product Generation
  - mission algorithms
  - analyst support tools/displays
  - quality control/product validation
  

Dissemination

  

Message Generation

Communication Networks 
Broadcasts

Data/product extraction

Electronic distribution Media Generation

Package Delivery

Product Request 
Management

AWS
Ground

Ground Station as a Service: Use the AGS as
a service and just schedule contacts for uplink and
data collection.

Presenter Notes
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CI/CD:
Continuous Integration / Continuous Delivery

OR
Continuous Integration / Continuous Deployment

Presenter Notes
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• The practice of merging all developers working code into the code base 
several times a day
– A master code base is required for all source code
– Integration of the new and changed code needs to happen often enough that it does 

not stray far from the code base
• Keep the number of errors small and manageable

– A build server and automated tests are used to look for integration conflicts and bugs
• Ideally this is an automated process that is part of a “pipeline”
• Every merge should be completely built and tested to ensure a working baseline is maintained

– CI is often part of a combined CI/CD process
• Benefits:

– Detect and fix bugs early and not at the end of development
– Constantly updating the delivered code into a new delivery version
– Provides flexibility to meet growing operator mission “needs”

• Challenges:
– A lot of upfront work to create an automated test suite and automated build server
– The process to merge working code from a large development team is complex

Continuous Integration 
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• Goal is to build, test, and release software more often and more frequently
– Aim is to reliably release the software at any time
– Allow for more incremental updates with a repeatable process
– Continuous deployment provides updates automatically vice a schedule or request
– DevOps can be the result of a continuous delivery process

• Build and test process typically uses a “pipeline” to track the development
– All aspects of the process are visible to all team members
– Team members are notified of problems as soon as they occur
– The process allows any version of software that has completed the process 

successfully to be delivered
• Benefits:

– Quicker more reliable deliveries
– Improved efficiency and quality

• Challenges:
– Not all elements of quality can be verified with automation
– Some customers, telecom and medical for example, require “do no harm” testing 

before deployment

Continuous Delivery
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Areas Benefiting from CI/CD

Exploitation
  - image/product enhancement
  - fusion
  - change detection
  - pattern/target recognition
  - expert systems
  - analyst support tools/displays
  - data mining 

Archive

Data Conditioning/Preprocessing
  - communication artifact removal
  - sensor artifact removal
  - calibration
  - time tag

Mission Product Generation
  - mission algorithms
  - analyst support tools/displays
  - quality control/product validation
  

Areas that can benefit from CI/CD delivery of initial 
code base and for incremental improvements

Data Capture
- RF to digital 
conversion
- Antenna control

Dissemination

  

Message Generation

Communication Networks 
Broadcasts

Data/product extraction

Electronic distribution Media Generation

Package Delivery

Product Request 
Management
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Agile Software Development
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• Agile software development:
– A set of principles for software development

• Requirements and Design are developed iteratively - Eat the Elephant in small bites
• Uses cross-functional teams - Experts in their areas of expertise
• Continuous Improvement of the developed code - Many short development cycles
• Has rapid and flexible response to change - Can roll in changes on the next cycle

• Agile Teams should be reluctant to commit to locked time, resources, and 
scope  
– Agile work practices are iterative and incremental

• The goals of Agile developments:
– Reduce up front documentation
– Focus on developing working code

The principles for agile development have been around since ~1957

What is Agile Software Development?
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Agile Development Methods

• Agile Developments should apply:
– Daily automated testing to developed code
– Continuous integration and test

• Applications of agile process include Dev/Ops, Data Analytics, Big, Data, and 
Data Science/DataOps

Agile methods Plan-driven methods Formal methods
Senior developers Junior developers(?) Senior developers

Requirements change often Requirements do not change 
often Limited requirements, limited features

Small number of developers Large number of developers Requirements that can be modeled

Culture that responds to change Culture that demands order Extreme quality

Presenter Notes
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DevOps

• Common definition:
– Set of processes to reduce the time from defining a change to a system 

and the change being placed into operations with high quality
– Multiple definitions and contexts

• Common goals with agile and lean methods
– DevOps address the gap between developers and IT operations
– Agile/lean address the gap between developers and users of the 

software

• DevOps is commonly used with CI/CD
– Pipelines for development
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Areas Benefiting from Agile Development

Exploitation
  - image/product enhancement
  - fusion
  - change detection
  - pattern/target recognition
  - expert systems
  - analyst support tools/displays
  - data mining 

Archive

Data Conditioning/Preprocessing
  - communication artifact removal
  - sensor artifact removal
  - calibration
  - time tag

Mission Product Generation
  - mission algorithms
  - analyst support tools/displays
  - quality control/product validation
  

Areas that can benefit from agile development of 
initial code base and for incremental improvements

Data Capture
- RF to digital 
conversion
- Antenna control

Dissemination

  

Message Generation

Communication Networks 
Broadcasts

Data/product extraction

Electronic distribution Media Generation

Package Delivery

Product Request 
Management
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Cloud
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• On-demand availability of computer resources, such as data storage and/or 
computing without responsibility for the resources
– Designed to achieve economies of scale

• e.g. security costs are shared across many users
– Avoid or minimize up front infrastructure costs

• No need for knowledge or expertise to set up an infrastructure
– A virtual computing and storage service

• Three types of clouds
– Public
– Private
– Hybrid

• Three basic service models per NIST
– SaaS – Software as a Service
– PaaS – Platform as a service
– IaaS – Infrastructure as a Service

NIST – National Institute of Standards and Technology

Cloud Computing
Using other peoples hardware
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Cloud Types

Private Public Public

Public

Public

Hybrid
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Using the Cloud in the Mission Data Chain

Exploitation
  - image/product enhancement
  - fusion
  - change detection
  - pattern/target recognition
  - expert systems
  - analyst support tools/displays
  - data mining 

Archive

Data Conditioning/Preprocessing
  - communication artifact removal
  - sensor artifact removal
  - calibration
  - time tag

Mission Product Generation
  - mission algorithms
  - analyst support tools/displays
  - quality control/product validation
  

Many areas of the network can be based in a 
cloud environment that is transparent to the 
network and users

Data Capture
- RF to digital 
conversion
- Antenna control

Dissemination

  

Message Generation

Communication Networks 
Broadcasts

Data/product extraction

Electronic distribution Media Generation

Package Delivery

Product Request 
Management
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Big Data and Data Mining
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• Use of predicative analytics, user behavior analytics, or other data analytics to 
extract additional insight from data sets
– Seldom used to describe the size of a data set
– Used to spot business trends, prevent disease, increase security, improve decision 

making
• Big data sets are a moving target, what was once a large data set is now 

considered normal or small
– Data in big data sets is typically produced continually

• The focus of big data is unstructured data sets
– Text, images, audio, video, and the use of data fusion

• Acoustics, vibration, pressure, current, voltage, controller data from a satellite
– Real or near-real time information delivery 

• Big data Technologies
– Machine learning and cloud computing
– Database storage

Big Data
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• Using virtual machines and expert systems
• Mine sustainment databases to predict part failure
• Take burden off of humans in analysis

– Identify key elements and flag events for operators
• Trending data flow and patterns
• Learn the “personality” of hardware, software, or systems

– Determine out-of-family behavior
– Capture degradation during aging process
– Anomaly investigation
– Memory leak or storage nearing limits

• DoD and IC are newcomers to harvesting Big Data

Reduce the latency from data to information

Some Current Big Data Initiatives
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• The goal is to extract patterns and knowledge from large sets of data
– Due to size of the data sets the process is automated with ML and statistics

• Looking for previously unknown or hidden patterns in the data
– Sequential patterns – similar groups or structures in the data
– Anomaly detection – out-of-family or errors that require further study
– Predicative Analytics – hardware or software degradation or failure rates
– Decision support – hardware or software upgrades 

Data Mining
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Big Data in the Mission Data Chain

Exploitation
  - image/product enhancement
  - fusion
  - change detection
  - pattern/target recognition
  - expert systems
  - analyst support tools/displays
  - data mining 
  - Poorly Trending Data

Archive

Data Conditioning/Preprocessing
  - communication artifact removal
  - sensor artifact removal
  - calibration
  - time tag

Mission Product Generation
  - mission algorithms
  - analyst support tools/displays
  - quality control/product validation
  

Big Data and Data Mining now allow for new 
and different uses of the current data to 
provide more information to the end users.  
The end users can also reach in and mine the 
data with various architecture elements.

Data Capture
- RF to digital 
conversion
- Antenna control

Dissemination

  

Message Generation

Communication Networks 
Broadcasts

Data/product extraction

Electronic distribution Media Generation

Package Delivery

Product Request 
Management
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Artificial Intelligence / Machine Learning
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• AI is the ability to interpret external data, learn from this data, and use that 
learning to achieve goals and tasks through adaptation

• Due to increased processing power AI becoming mainstream
– Used by many commercial companies, i.e. Google and Microsoft
– Expert Systems were the first form of AI simulating knowledge experts
– Now AI is used in medical and logistical fields 
– Self-driving vehicles is pushing the state-of-the-art for AI

• Examples include:
– Deep Blue – more of an expert system than AI

• In 1997 beat reigning chess champion at a game of chess
– Kinect body-motion interface for Xbox
– IBM Watson

Artificial Intelligence (AI)
Learning or Problem Solving
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• Use of algorithms and statistical models to perform tasks with instructions
– Subset of Artificial Intelligence
– Unsupervised learning to form models and predictive analytics are two categories 

used in business
• e.g. does an image contain certain object(s)

– Used in Self-Driving cars to steer clear of people
• Feed the algorithm telemetry data and look for patterns that do not fit

– Predictions based on trends

• Algorithms and models may require training data
– For self-driving cars need images with and without people

• ML and AI are sometimes combined with Big Data and Data Mining
– Sift through large amounts of data to highlight data sets for humans 

Machine Learning (ML)
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AI and ML use in the Mission Data Chain

Exploitation
  - image/product enhancement
  - fusion
  - change detection
  - pattern/target recognition
  - expert systems
  - analyst support tools/displays
  - data mining 
  - Poorly Trending Data

Archive

Data Conditioning/Preprocessing
  - communication artifact removal
  - sensor artifact removal
  - calibration
  - time tag

Mission Product Generation
  - mission algorithms
  - analyst support tools/displays
  - quality control/product validation
  

AI can be used to preprocess received data, 
do data exploitation and product generation, 
and trend data in real time or from the archive.  
All of these actions can be done automatically 
in the background or initiated by operators. 

Data Capture
- RF to digital 
conversion
- Antenna control

Dissemination

  

Message Generation

Communication Networks 
Broadcasts

Data/product extraction

Electronic distribution Media Generation

Package Delivery

Product Request 
Management
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Outline

• Scope
– Definitions
– Within space missions
– Within ground systems 

• Functionality
• Modes of Operation
• Allocation of functions to achieve the required 

capabilities
• Final Thoughts and Summary
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Modes of Operation

• Normal Operations
• Prelaunch
• Launch and Early Orbit
• Handover
• Contingency
• Test /Exercise /Rehearsal
• Maintenance
• Transition

• Ground Systems must have 
the capacity and capability to 
simultaneously support several 
of these operational modes

• Examples of mode unique 
requirements
– Factory Connectivity
– Launch Complex Connectivity
– Support for unusually large crews
– Parallel operations
– Non-Interference
– Scenario Generation
– Transportable ground station
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Mode Unique Requirements ( 1 of 4)

Normal Operations Mode
Activities Supported

- operational planning
- nominal operations

Special needs/considerations 
- baseline functional architecture

Factory Support

Payload Engineers
Payload Analysts

SV Bus Engineers
         SV Bus Analysts

Off-line Analysis
Real-Time Operations

Ground & Communications  
Controllers

Mission Ops Director
SV Bus Director

Payload Director

Mission Operators

Presenter Notes
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Mode Unique Requirements (2 of 4)

Prelaunch Mode 
• Activities Supported

– Integration and Test support
– Compatibility testing
– End-to-end testing
– Early Orbit Test planning
– Operational procedure development 

and checkout
– Rehearsals 

• Special needs/considerations
– Telemetry and command 

connectivity to SV factory and 
launch complex

– Simulators
– Resources to support development 

and launch preparations

Launch and Early Orbit Mode
• Activities Supported

– Launch and Early Orbit Test crew 
status monitoring and analysis

– Anomaly detection and response
– Early Orbit Test planning and 

execution

• Special needs/considerations
– Additional crew connectivity and 

analysis capabilities
– Factory connectivity
– Augmented space to ground links

Courtesy U.S. Air Force
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Mode Unique Requirements ( 3 of 4)

Handover Mode
• Activities Supported

– transfer of command and control 
(SCA) for space asset

• Special needs/considerations
– synchronization of systems
–  communications connectivity 

Survivable/Endurable Mode

Contingency Mode
• Activities Supported

– troubleshooting
– anomaly response
– SV recovery
– GS reconfiguration

• Special needs/considerations
– backups (commanding, telemetry 

processing, functional nodes)
– augmented space to ground 

connectivity
– simulations
– analysis capabilities
– logging

Anomaly Resolution Team
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Mode Unique Requirements (4 of 4)

Test/Exercise/
 Rehearsal Mode
• Activities Supported

– non operational 
execution    of system 
functionality and 
interfaces (partial to full 
system)

– identification of system 
products as non-
operational

– external identification of 
system non-operational 
activities

– drivers, simulators

Maintenance Mode
• Activities Supported

– checkout of upgrades/fixes in     
an operational-like environment

– Troubleshooting

• Common 
needs/considerations

– access to space asset data
– access to system external 

interfaces
– non interference to system 

operations

• Mode –unique needs/ 
considerations

– installation of HW & SW 
upgrades/fixes

Transition Mode
• Activities Supported

– migration to new GS  
instantiation 
(facilities, HW, SW, 
architecture

• Mode –unique needs/ 
considerations

– parallel operations

Presenter Notes
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Outline

• Scope
– Definitions
– Within space missions
– Within ground systems 

• Functionality
• Modes of operation
• Allocation of functions to achieve the required 

capabilities
• Final Thoughts and Summary
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Ground Segment Interfaces

• Hierarchical description does not show relationship 
between segments

• Relationship to other System Segments and Elements

Presenter Notes
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This figure shows, in block diagram form the different segments and key (common) Elements and some of the interfaces between these.


TT&C	Telemetry, Tracking, and Control



88

Generic Space System (Old Paradigm)

User
Elements

Ground
Station

Comm Relay
Satellite

Mission Control
Center

Backup Mission
Control Center

User
Terminal 

External
C&C

Mission
Satellite 

Mission
Satellite 

Launch Range (LS)

Presenter Notes
Presentation Notes
OTR202000317



89

Allocation of Functions to Elements

Mission 
Management

Asset 
Command & 

Control

Mission 
Data Chain Support

Ground 
Stations

Control 
Centers

User 
Elements

Mission 
Management

Asset 
Command 
and Control

Mission 
Data Chain

Supporting Functions

PRIMARY FUNCTIONS
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Generic Space System (New Paradigm)

Users

Ground
Station

Comm Relay
Satellite

Control
Center(s)

C&C

Mission
Satellite 

Mission
Satellite 

Launch Range (LS)
  [Fixed & Mobile]
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Note: We have various colors and styles of blank [world] maps, so download your favorite...
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Allocation of Functions to ?

Mission 
Management

Asset 
Command 
and Control

Mission 
Data Chain

Supporting Functions

PRIMARY FUNCTIONS

Mission 
Management

Asset Command 
& Control

Mission 
Data 

Chain
Support

Don will address allocations in the next set of material
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Outline

• Scope
– Definitions
– Within space missions
– Within ground systems 

• Functionality
• Modes of operation
• Allocation of functions to achieve the required 

capabilities
• Final Thoughts and Summary
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Fundamental Differences Between Ground Segments 
and Launch & Space Segments
• Major failures occurring after launch in launch & space segments  

– In general,  cannot be corrected
– Represent major financial losses to taxpayers or commercial venture
– Represent major capability losses which may take years to replace
– Receive extensive negative media coverage

• Major ground system failures
– Can be corrected
– Seldom (never?) contribute to total mission loss
– Seldom receive media coverage
– Most (all?) systems are delivered and made operational  with known (but 

non-critical) failure modes
• So launch and space systems hardware and software are built and 

tested to criteria and oversight which is much more robust than is used 
for ground systems  
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Dramatic Space-related Results of Inadequate Software Testing

• In December of 1999 NASA Mars Polar Lander failed due to software problems that caused improper functioning of retro rockets utilized by the Lander as it entered the Martian atmosphere.*
• In October of 1999 the $125 million NASA Mars Climate Orbiter spacecraft was believed to be lost in space due to a simple data conversion error. It was determined that spacecraft software used certain data in English units that should have been in metric units. *
• In April of 1999 a software bug caused the failure of a $1.2 billion U.S. military satellite launch, the costliest unmanned accident in the history of Cape Canaveral launches. *
•Software bugs in a Soviet early-warning monitoring system nearly brought on nuclear war in 1983, according to news reports in early 1999. The software was supposed to filter out false missile detections caused by Soviet satellites picking up sunlight reflections off cloud-tops, but failed to do so. Disaster was averted when a Soviet commander, based on what he said was a '...funny feeling in my gut', decided the apparent missile attack was a false alarm. The filtering software code was rewritten.*
• On June 4 1996, the maiden flight of the Ariane 5 ended in failure. … Although the failure was due to a systematic software design error….*

*www.softwareqatest.com
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Old Paradigm Functional Needs
• Site(s)

– Identification
– Acquisition

• Facilities (fixed, non-fixed)
– Design 
– Construction
– Turnover
– Maintenance
– Enhancements

• System(s)
– Operational

 Design
 Development
 Testing
 Deployment
 Turnover
 Maintenance
 Enhancements

– Training
– Sustainment

• Operations & System 
Maintenance Staff

– Number needed
– Skill Set
– Selection 
– Training
– Relocation
– Replacement

• External Interfaces
– Identification
– Definition
– Stability
– Availability
– Changes

• Depot 
– Scope
– Location
– Facility
– Staff

• Site Activation (fixed)
– System installation
– Furnishings

• Furniture
• Floor coverings
• Office machines

– Utility hookup & activation
– Initial expendables
– Expendables resupply
– Waste disposal
– System maintenance
– Building maintenance
– Grounds maintenance
– Security Staffing
– Documented procedures

.

.

.

Training facility
Operational backup
Upgrade development & test
Sustainment management
Replacement parts testing
Software troubleshooting & repair
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New Paradigm Functional Needs

• Functional needs may be accomplished by services
• Transparent services are separately deployed and maintained
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Dramatic Space-related Results of Inadequate Software Testing

• In December of 1999 NASA Mars Polar Lander failed due to software problems that caused improper functioning of retro rockets utilized by the Lander as it entered the Martian atmosphere.*
• In October of 1999 the $125 million NASA Mars Climate Orbiter spacecraft was believed to be lost in space due to a simple data conversion error. It was determined that spacecraft software used certain data in English units that should have been in metric units. *
• In April of 1999 a software bug caused the failure of a $1.2 billion U.S. military satellite launch, the costliest unmanned accident in the history of Cape Canaveral launches. *
•Software bugs in a Soviet early-warning monitoring system nearly brought on nuclear war in 1983, according to news reports in early 1999. The software was supposed to filter out false missile detections caused by Soviet satellites picking up sunlight reflections off cloud-tops, but failed to do so. Disaster was averted when a Soviet commander, based on what he said was a '...funny feeling in my gut', decided the apparent missile attack was a false alarm. The filtering software code was rewritten.*
• On June 4 1996, the maiden flight of the Ariane 5 ended in failure. … Although the failure was due to a systematic software design error….*

*www.softwareqatest.com
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So what do you require?

The network and technological elements 
discussed can be tailored to provide a variety 
of different and functional Ground Stations 
depending on your mission needs.
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Summary

• Provided a system engineering view of ground systems, 
segments, and subsystems

• Examined the environment within which ground 
systems operate

• Identified necessary ground system functions
• Showed current ground functions not tied to physical 

entities
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…. but the ground must be usable
 before the satellite can launch!

Ground Station in Australia*

Delta IV Launch** 

*Picture courtesy of U.S. Air Force
**Picture courtesy of Wikimedia Commons
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