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SPACE OBJECT IDENTIFICATION 

Introduction 

This final report documents the activities and deliverables completed for the Space 
Object Identification Task for the Naval Research Laboratory (NRL) during its 
performance period covering 1 February 1998 through 31 January 1999. 

The source funding for this task was Air Force Research Laboratory/Surveillance 
Technologies Division (AFRL/DEBS). 

The objective of this task, titled "Space Object Identification (SOI)," is to support AFRL 
technology development in electro-optics sensors, algorithms, and processing for SOI. 
The background for performing this task is as follows; The United States Space 
Command (USSPACECOM) has the mission to develop and maintain the Space Order of 
Battle (SOB)/Space Situational Awareness (SSA). This includes the knowledge of where 
all man-made objects in space are, what they are, what their missions and capabilities are, 
and what their current status is. 

This is supported by all source intelligence, which includes SOI techniques and 
processes. SOI provides data that can help determine status, mission and capabilities. 
The SOI data products include radar, optical signatures, and imagery, e.g., Haystack radar 
images. Maui optical imagery, and Maui photometric signatures. 

Task Approach 

The approach for this task was to review in depth the requirements and USSPACECOM 
Long Range Plan to determine top-priority needs. Needs that related to SOI included 
identification and status determination of deep space (DS) objects. Key technologies that 
could make a difference were identified. These included spectral photometry and active 
imaging from the ground. The approaches on how to develop the technologies were 
established. For spectral photometry, this included developing models, predicting 
hypcrspectral signatures from NAIC models, comparing the models with actual 
measurements, and developing the algorithms. 

To further understand how SOI and Space Surveillance, in general, support the 
warfighter. analysis was to be completed using existing requirements documents, mission 
area plans, strategic plans, and other related reports. The result of the analysis were to be 
documented in a Space Situational Awareness briefing, to include Recognized Space 
Picture to support JFC Common Operating Picture (COP), as well as reflecting 
commercial needs. 

Completed Activities and Deliverables 

Schäfer personnel attended the April 1998 Space Control Conference sponsored jointly 
by AFRL and MIT/Lincoln Laboratory (MIT/LL). This conference provides an overview 
by many government and contractor organizations of the work they have accomplished 
over the previous year, primarily in space surveillance. It encompasses both radar and 
electro-optical surveillance capabilities and sensors. Schäfer presented a paper on the use 
of electro-optical sensors for a space-based observation network for space surveillance. 



AFRL/DEB, also gave a briefing on "Space Situational Awareness", developed by 
Schäfer (Att. 1), 

During June 1998, Schäfer provided extensive support in the space surveillance arena to 
the 1998 Air Force Scientific Advisory Board (SAB) Space Control Study. Schäfer 
participated in the review of NRO space surveillance requirements on 1-2 June and as a 
result prepared recommendations for consideration by the SAB. Schafer also participated 
in the two-week summer study on the same topic in Newport Beach, California. Schäfer 
helped review the needs and the requirements for both the military and commercial space 
industry for support from the Air Force Space Surveillance Network. Schäfer developed 
specific technical and programmatic recommendations for the upgrades of this network. 
These needs addressed moving space surveillance to space, upgrades to selected ground- 
based radars, and improvements in the radar/optical sensors that provide imagery and 
signatures that are used to identify and characterize space objects. The SAB will review 
these recommendations and brief them to the senior leaders of the Air Force later this 
year. 

In July 1998 Schäfer updated the "Space Situational Awareness" briefing (Att. 2) to 
include radar as well as electro-optical solutions to the AFSPC deficiencies. It is planned 
that this briefing will be presented to the senior officers at AFSPC and USSPACECOM. 
It includes the results of many detailed Schäfer analyses that drive the needs for future 
electro-optical sensors. 

At the request of AFRL/DEBS, Schäfer personnel traveled to Peterson Air Force Base. 
Colorado, in September 1998 to brief the new AFSPC Space Surveillance Requirements 
branch chief. The briefing topics were "Space Situational Awareness" and "Space 
Observation Network Study." Some revision and updating of existing briefings was 
accomplished prior to the trip. 

In October 1998, also at the request of AFRL/DEBS, Schäfer personnel developed 
briefings and short technical reports addressing the operational utility of Laser Radars. 
The briefings included "HI-CLASS Utility Study Approach" (Att. 3) and "Laser Radar 
(LADAR) Concept and Operational Utility" (Att. 4). The "Space Surveillance 
Requirements" report (Att. 5) summarized the current metrics and SOI user requirements, 
particularly the high accuracy ones that a LADAR system can support. The "List of 
Logistics/Normalization Deliveries" report (Att. 6) described hardware, software, 
operations, training, logistics, and environmental items required of a developing system 
prior to operational use. 

Schäfer developed a briefing on "Color Photometry of Geosynchronous (GEO) 
Satellites." as part of the AFRL/DEBS Signature Program (Att. 7). Schäfer presented this 
briefing on 10 November 98 in Colorado Springs to AFSPC, Space Warfare Center Space 
Battlelab (SWC/SB), and USSPACECOM representatives. A detailed trip report was 
also delivered to AFRL/DEBS, DEPA, and DEBI (Att. 8). On 19 and 23 November 1998, 
Schäfer then supported several follow-on meetings to discuss this technique and the 
SWC/SB SOI In Living Color (SILC) initiative. Schäfer documented and delivered to 
AFRL/DEBS and AFSPC the color photometry observing procedures (Att. 9). 

On 17, 19, and 30 November 1998, Schäfer supported several Maui Integrated Products 
Team (IPT) meetings on the strategic planning of the site's electro-optical and laser 



technologies and systems. 

As part of the AFRL/DEBS Signature Program, in December 1998 Schäfer completed an 
analysis on the projected user requirements (Att. 10) and deliverables to transition a R&D 
Color Photometry Data Exploitation Tool to operational use (Att. 11). In conjunction. 
Schäfer started the development of a roadmap that listed the R&D milestones and 
activities to complete a prototype tool that determine the identification of 
Geosynchronous (GEO) satellites using color photometry. 

After several revisions, Schäfer completed and delivered, in December 1998, the 
condensed and executive summary versions of the "Space Situational Awareness" 
briefing (Att.s 12 and 13). Schäfer provided technical support on developing an approach 
for the AFRL optical assets providing satellite diagnostic imaging for commercial 
entities. 

Schäfer provided technical support at the Space Surveillance-related meetings of the 
Space Control TPIPT, held 28-29 January 1999. Schäfer provided information on several 
AFRL/DEB projects such as color photometry, LADAR systems, Maui electro-optical 
and laser systems. 
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Strong Leadership Support of 
Space Situational Awareness by: 

• National Space Policy 
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systems...and protection of military 
activities 

• USCINCSPACE 
• "Space surveillance is the 'first order 
of business' at USSPACECOM" 

V 
Space Situational Awareness Modernization Needed 



Users of Space Situational Awareness 
Military 
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Treaty Organizations 
• Verify treaty 

*'*" compliance 

Satellite 
Owner/Operators 

• Determine asset 
location 

• Determine asset 
status 

• Assist with 
anomalies 

• Resolve RF1 or other 
interference 

• Avoid collisions 

Warfighters Must Have Situational Awareness 
Source Comparison 

Terrestrial Forces Space Forces 
SA Information                                          Sources Tor SA Sources for SA 

SSN Threat/target locations, motion. IFF         AW ACS 

Traffic control 

Order of battle 

Mobile threats/targets                              JSTARS SSN 

Fixed targets 

Threat/target locations and operations      Rivet Joint National Systems 

from RF intercept 

Target/threat locations                             National systems SSN 

and characteristics National systems 

BM/CI                                                     AOC/JIC CMOC/CTC 

You wouldn't go to war w/o AWACS ... 



Space Situational Awareness Essential to Terrestrial 
Military Operations 

OVERFLIGHT WARNING THREAT WARNING 

•Potential threats to our terrestrial forces and 
operations 

•Potential threats to our space assets that support 
terrestrial SA and Intell Prep of the Battlefield 

•Timing of overflight •Timing of threat 

•Capabilities of ISR systems •Threat characteristics 

•Negation of these threats when necessary •Origin of threat 

EXPLOITATION 

•Space C- capabilities and activities 
used by our adversaries 

ANOMALY RESOLUTION & DAMAGE 
ASSESSMENT 

•Blue space systems used by US Military 

•Assist intcl! collection •Assist routine anomaly resolution 

•Assist damage assessment from natural and 
adversary causes 

Space Situationai Awareness Essential to Counterspace 
Operations 

Pre/During Engagement 
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Recognized Space Picture - Conceptual 

Location & movement of 
space forces 
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t'S/Allicd Mission 
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Terrcstnal CC&D (against red/gray) 
Terrestrial IPB (using blue) 

Space capabilities protection (blue) 
Negation Ops (against red/gray) 

Sources of the Recognized Space Picture Information 
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Transition to describing how the space satellite population 
is evolving vis a vis the needed recognized space picture-- 

I.e. where are we headed in the future 

The environment 

Growing space population 

Reduced ability to know the characteristics, capabilities 
and ops status 

Commercial & dual use of commercial 

Small objects/manned presence 

The force structure 

Challenges to Maintaining the Recognized Space Picture 

•Growth in numbers of space objects 

•Increased complexity of space payloads 

•Military use of commercial space capabihties-Owned/leased 

•Reduced ability to determine the characteristics, capabilities and ops status 

•Small objects and manned presence in space 

•Shrinking force structure 



Growing Space Object Population 

Iridium 
66 LEOs 

Celestri 
GEOs & 
63 LEOs 

-Geostationary-Population 
Today =220 payloads 
Future = 770 payioads iy 

Globalstar 
56 LEOs 

Longitude (° E) 
Source: 
Jane's Space Directory 

Teledesic 
288 LEOs 

Ml ICO 
10 MEOs 

Growing Complexity of Active Payload Operations 
and difficulty of identifying them, in a timely manner 

Multiple, independently 
directed, narrow comm 
beams 
Ability to image far from 
the nadir ground direction 

Orbit adjustments and 
maneuver 

Growth in number and 
capability of foreign and 
commercial ISR systems 
- Optical, radar sigint. 

elint 

Proliferating number of 
launch sites/platforms 
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Space Intelligence Needs & Source Limitations 

Space Control Needs 

ID 
Class and type 

Status 
Is it operational? 

Character izJtion 
I "nmary Secondary 
missions 

Changes 
IX-tailed characteristics 

Information more difficult to obtain 

Past 

SIGINT 

Launch 
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Typing 

encryption 

Future 
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• Anomalous behavior appears to be more frequent 
ADEOS 
Earth watch 
Classified examples 

• MASINT and imaging techniques have not kept pace 

Space Situational Awareness Provides Critical Support to 
US Economic Interests in Space 

Integrated Space "Traffic Control" 

CINCVision--gioba!^ar4ncei^tilisves,i,!ation" 
military use of Iwge commercül investment 
Analogy with imltection of thflsea lanes of OTnm--space lanes in the future 

Detection and location of potential 
conjunctions of space objects 

Identification of safe launch corridors 

US has investment in space 

Support to anomaly resolution 
and post mortem assessments 



Site Closure - future 

Aging Equipment chart 



Many Recent Failures in 
Space Situational Awareness 

SPACE NEWS ■Mir» 

Space Debris Damages 
French Defense Satellite 
»1 LfttNAM) DAVID 

SPAQGHßWß 
European, Russian Satellites 
Have Close Call in Orbit 
By FETCH ft. *SELD!Nq   . 

Che Boston (Blobt 
MISSILE DESTRUCTION RAISES 
FEARS OF SPACE DEBRIS 

SOURCE: By David L. QuoJto. Ok*« SalT 

A Minulcmin missile on i lest flight over the 
Pacific Ocean Ian month was probably destroyed in 
a collision with a piece of space junk, aerospace 
analysts ami spokesmen said yesterday. 

Multiple Classified | 
Examples 

The Washington Post 

Craft? What Craft? Russian Mars Probe 
Already Had Fallen Before Dire Warnings 

THE WALL SIREEl . 
Captr 

Russian space officials said a 
U.S. satellite came within 500 yards of the MIR 
Monday, and die space station's crew, fearing 
collision, waited out its passage in an escape capsule. 
NASA said the Russians were exaggerating the 
seriousness of the incident. 

Other Issues 

Search vs track 

- How to find objects we have not seen belorc or thai have been lost 

■    Undetected, intentional satellite rmneu\er\ 

- Impact of launch site proliferation and lack, of optimally located sites for early 
space ob|ect tracking 

Accuracy 

- Necessary for Space Control (negation I operations 

- Conjunction prediction and subsequent need to maneuver 



We are Losing the Ability to Provide Space Situational 
Awareness 

Shrinking Force Structure 
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Space Situational Awareness 

What is its future? 

Potential Solutions 
Have Been Identified Tor the 
Space Situational Awareness 

Deficiencies 

Recent Studies of Space Surveillance 

CINC'S Vision 

• Space Control Architecture 

• (JAO Report 

• ONMS 

JCS Study 



Study Example 

Optical Network Mission Study (ONMS) 

Developed 
Architectures 
Concepts, and 

Roadmaps 

ONMS Partners 
Operators 
Developers 
Researchers 

Evaluated 
Architectures 
for technology 

and cost 

Space Based SSN 

Mixed Ground and 
Space Based SSN 

Ground Based SSN 

Analyses quantified decreasing capability 

Defined programs to resolve deficiencies 

Identified key ops demos and technology 
development to prepare for force structure 
decisions 

SSA Measures and Solutions 

I .(Kation and Movement 

(Metrics) 

Info content ■ Accuracy 
I how closely can obieel he located 
at Minie lime in the future I 

Timeliness 
(how soon can object 
be tracked I 

Missions/Capabilities/Status 

(Intell for IPB/BDA) 

Info Content 

OPS Technical 
Current        + Construction 

Operations 

Mission 

Status 

ID 

- Characterization 

--Orientation 

- 'Shane 

--Stability 

Timeliness 

Quantity 
(Search capacity, 
how many obiects can 
be tracked in a given 
time period) 

Quantity 

Complementary Solutions 
Complementary Info Content 

Optical 

meines & Intel 

Timeliness- 
(space-based optics) 

Radar 

y 
Timeliness- 

► All-weather, 
day/night ops 

Higlfquantity LEO 
metrics & intel 



Space Situational Awareness Process Flow 

Discovery Metrics 

Track 
NFLs 

Maneuvers IE 
Breakups Catalog 

Lost objects 
Deplovments 

Multiple P/Ls 

ID 

Intel! 

Characterize Maintain SOB 

Assess 

AFSPC deficiencies 

SC-2 Inadequate force» far 
complete space «it awareness 

SC-3 Inadequate forces for SOB 

Deep Space 
>  Tracking 

Capacity/Coverage 
CEO Status Change Detection 

!,'';•■       "        GEOtotell  '': \ 

■         '•• SOI/MPACoverage ;-- 
Near Earth Timelines* 

'         J V.V#.^-:--^,U.-J 
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' SC-7 High cost of OlcM of 
; SSMMWN'^-.■■;;. 
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: object catalog      ;■:■■/-'■'.^■';^;/v:''r^. 
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Source  1907 AFSPC Space Control MAP (SSA deficiencies in lop 10 SC list) 



Deep Space Capacity/Coverage - Issues 

Deep Space Population Growing 

Catalog = 1577 
Active and high drag  = 737 
Inactive with low drag = 840 

Today's Coveraee/caoacitv is inadequate 

Courtesy: StnCom 

Military Implications 

• Inability to monitor comm 
- C2             1    Frequent 
- Intel data J   complaints by users 

• Increasing potential for collision 
• Uncertainty in adversary coverage 

- Conn» for C2 

- Missile detection 
- Intel collection 

Deep Space Capacity/Coverage - Solutions 

I pdated 
requirements 
Distinguish tracking 

needs by object type 
and orbit class 

Smart 
surveillance 
Step-Stare vs tracking 

individual objects 
Smarter tasking/tracking 

1995 2000 

Current/programmed 

2005 2010 2015 

Additional 
sensors 
CCDs 
Small telescopes 
Exclusion zone sensors 
Global coverage 

Payoffs 

Fewer "Lost" Objects 

Current location info for 
intelligence exploitation 

Less time "wasted" 
searching for lost objects 

More complete catalog 

Lower collision potential 

2020 2025 



SOI Capabilities in GEO Are Inadequate 

Deficiencies In GEO 
Space Control Needs 

ID 
Class and type 

Status 
Is it urxiatmml? 

Characterization 
I'nrrwyii'cuTdiry 

missions 
Specific capabilities 
Changes 
Detailed characteristics 

Current Capability In GEO 

Haystack Range Profiles 

Coverage limited to 
Haystack 

Haystack Images 

• Limited to few % of SOB 

• limited to Haystack 
coverage 

• No imaging capability for 
•arth stable satellites 

ifHrnHp+if**? namim'JW1'^'»» 

Visible Photometry 

Limited ID & status 
determination 

— stable/unstable 

Solutions for GEO SOI Needs 

Space Control SOI Needs 

• ID 
- Class and type 

• Status 
- Is H operational? 

• Anomaly resolution 

• Characterization 
- Primary/secondary 

missions 
- Changes 

Solutions 

' Improve photometric data 
collection and exploitation 
- brightness 
- color 
- polarimttry 
- space-based 

' Exploit NMD X-band 
radars to extend coverage 
- Range profiles 
- Imaging (rotating objects) 

1 Extend GEO imaging to 
earth-stable objects 
- Space-based fly-by 

Payoffs 

• More accurate status 
determination 

• Potential for identification 
and orientation assessment 

• Improved GEO coverage 

• Improved anomaly 
resolution and damage 
assessment 

■ Detailed mission/capability 
characterization 



GEO Intell Improvement Example: 
Exploit Color Photometry 

Representative GEO Satellites 

o 

Color Photometry Facilitates ID 
Red   2 

is 

Blue •' 

Multiple GEO 1 
Satellites • 

** 
A 

0 2        0 4         06    . 08           1            12 

IT 

GEODSS 
has color 

filter 
locations 

Blue Red 

Blue/Visible intensity ratio 

Pavoffs 

Contributes to Identification 
Permits exploitation 

Potential for orientation detection 
Improved status determination 

Better estimates of ops use 

Help Reduce Mistaking 

Exploit High-Power X-Band Radars to Improve GEO 
SOI Coverage (Range Profiling) 

■ Haysiock ousting)      ■ Havt Stare (programmed)        ■ NMD X-Band« (future) 

120 180 120 60 0 60 



GEO Intell - Solutions 
(Imaging) 

Today 

Future Imaging 
GB optical 
SB optical 
GB/SB radar! bistatic) 

Imaging Concepts can provide adequate resolution 
for status and characterization 

PavolTs 

Accurate Status Determination 
Aware of military use 
Timely exploitation 

Mission/capability characterization 
Military utility known 

Can take actions to avoid 
Secondary missions identified 

Historically a weak area 

Anomaly resolution/damage assess 
Support problem identification 

and resolution - eg MII.STAR 
Assess damage and potentially 

determine origin - natural etc 

Near Earth Surveillance- Issues 
(Maneuver Detection, Rapid Orbit Determination & Size Problems) 

Limited Observation Opportunities from Terrestrial Sites 
Metrics Imaging 

Increasing * of "Surveillance" satellites with maneuver capability 
Increasing Revisit Time ==> SATRAN no longer sufficient 

Smaller satellites Time -* 
UroMing number of launch facilities 

Military Imnlications 

Inability to know when/where 
adversary can observe our 
actions, troop location 
- Lower mission success 
- Higher casualties 

Inability to know when/where 
adversary does observe 
our actions, troop location 

Increased probability of 
collision 

Critical at sliuttle/ISS 
altitudes 
Historical examples 



Near Earth Timeliness 
Metrics 

Solutions 

■ Space-based Electro-optic surveillance 
■ Upgraded ground-based radar fence 

Near Term Ons Dcmos/Exus to Validate 

ASSET 

Wide Field of View Sensors 

Detailed analyses of ground based/space 
based alternatives 

Current knowledge of all 
foreign recce spacecraft 
locations 
- Low risk of exposure of 

critical military 
operations 

Decreased probability of 
collision 

Better tip-off to new 
spacecraft and/or new 
capabilities 
- Limit earlier problems 

SOI Capabilities in LEO Are Inadequate 

Space Control SOI Needs 

• ID (class and type) 

• Status 
- I* It operational? 
- What is It doing? 

• Characterization 
- Primary/secondary 

missions 
- Changes 

• Anomaly resolution 

Current Capability in LEO 

WB Radar Images 

Optical Images 

Deficiencies in LEO 

ID limited 
- Inadequate size and 

shape information for 
small satellites (< 1 m) 

Status determination 
limited by radar coverage 

- No theater coverage 

Characterization 
Inadequate 
- Resolution inadequate 

for detailed 
characterization 

Anomaly resolution 
limited for small 
satellites 



Near Earth Timeliness - Solutions 
Theater Satellite Imaging Radar 

Fixed Imaging Radars 
(Haystack, GBR-P, HAX, ALCOR, MMW) 

Imaged swath 
Military Zone 

■VMcm 
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Theater Radars 

Transform to 
Theater Radar 

Real-time 
processing 

S/C status 
Ops monitoring 
Targeting info. 

Satellite Mission & Payload Assessment (MPA) 
Image Resolution Requirement 

Problem: Current satellite image resolution is inadequate to assess small satellite MPA. I 
Challenge: To Improve satellite Image resolution by hardware and data processing enhancements | 

Urge Satellite 
(>1S m In Linear Dimension) 

Medium Sited SatalltM 
(IS-Sm) 

Small Satellite 
(S-2.5 m) 

-30 resolution cells needed 
for size and shape assessment 

Mini Satellite 
(2.5-0.6 m)  tumclti 
nUoSAT 

Kompsat 
Tachut-2 
EarlyBlrrl.1 

Sl.p-4 
Mstl-3 

Resolution 
required: 16 cm 

Resolution 
required: 8 cm 

Resolution 
required: 2 cm 

Resolution required: >50 cm 

n Currant fcrtagmg capablMy 

Um* ol Currtrrt capaMIHy 

Lj Bvyond Currant capablllTy 
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Satellites Imaging Solution 
Radar Resolution Improvements < 

50 
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1.5- 

Haysiack 
(25 cm 

Resolution)      MMW 
(12 cm 
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MOTIF CIS GEMINI 

.: POM initiatives needed to meet small 
satellite challenge 

HAX (12 cm Resolution) 
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{x2 fmprotf©n»ntJ>: 

AEOS 

''■■■'■''■■ i t i i i I i i i i i i  i i i I i 

1970 1980 

: Bwdwtdth Extrapolation 

1990 2000 2010 

MSSS 

Near Earth Intell - Solutions 

Recent ADONIS Image 

Hubble 

GEMINI -Advanced Imaging Concepts - Computer Simulations 
Target at 440 km, daylight 

Raw Bispectrum MFBD Phase 
Diversity 

Super Res 
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Potential Solutions to AFSPC Deficiencies 

SC-2 Inadequate forces for 
complete space sit. awareness 

New Surveillance Technique«" 
. -\ Improved Algorithms 

f^SC-7 High cost of O&MoT 
? SSN/MWN 
f Upgrade Sense« ': .'* 

New Operations      ■_ 
Selective Automation 

•': -3 Inadequate forces for SOB 

' .{. '--., ? '    Sensor Upgrades_::A -, 
t» .*-*.: i s,;/NewSOITechniques^-- 

J   % 
f " < -    - "    '      , * 
£ SG0 Unable to maintain small | 
tobject'catalog^*1 ;' ?'^s|sS;" -L^^'^, • * 

New Sensors & New Algorithms 

Summary 

SSA crital to warfighter 

Current/programmed force structure 
inadequate to do the job 

Potential solutions have been identified 

• Send money 
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V 
Space Situational Awareness Modernization Needed 

SI 



Users of Space Situational Awareness 
Military 

NCA 
• Warn civilian 

population of 
danger 

Warflgtiter Regtooal 
C1NC« 

- Avoid / exploit 
adversary 

• Survril enemy 
• Deny Enemy 

US CINCSFACE       ^. 
• CtHintenpace 

operations 

Intel 
• Acuve pjytaadi 
• Ground lystem Ops 

$ 

Civil/Comm'l 

<C. 

% 

V: 
Activities 

•.Detect mim 

• Petecf nt* foreign taunebn P 
»Overflight prtdictiaB^lJ^^I^J^ 
»Detect 

NASA 
■^^     • Shuiüe/lSS collision 
»■ avoidance 

» Detect, track, ch«i^erfi»;Hv'3:.;V V'"- 
operational iah 'W. *>&*'?_> 

• ProvWe information to maintain SOB. 

4 * Predict, Detect & Track Re-entri« j. 

Treaty Organizations 
• Verify treaty 

compliance 

Satellite 
Owner/Operators 

• Determine asset 
location 

• Determine asset 
status   ' 

• Assist with 

anomalies 
• Resolve RFI or other 

interference 
• Avoid collisions 

Warfighters Must Have Situational Awareness 
Source Comparison 

Terrestrial Forces Space Forces 
SA Information                                       Sources for SA Sources for SA 

SSN Threat/target locations, motion. IFF         AWACS 

Traffic control 

Order of battle 

Mobile threats/targets                                JSTARS SSN 

Fixed targets 

Threat/target locations and operations      Rivet Joint National Systems 

from RF intercept                              National Systems 

Targct/lhrcat locations                             National systems SSN 

and characteristics National systems 

BM/C4I                                                     AOC/JIC CMOC/CIC 

Warfighters wouldn't go to war without AWACS ... 



Space Situational Awareness Essential to Terrestrial 
Military Operations 

OVERFLIGHT WARNING 

•PulentiaJ threats to our terrestrial forces and 
operations 

•Timing of overflight 

•Capabilities of ISR systems 

THREAT WARNING 

•Potential threats to our space assets that support 
terrestrial SA and Intell Prep of the Battlefield 

•Timing of threat 

•Threat characteristics 

•Origin of threat 

EXPLOITATION 

•Space C: capabilities and activities 
used by our adversaries 

•Assist intell collection 

ANOMALY RESOLUTION & DAMAGE 
ASSESSMENT 

•Blue space systems used by US Military 

•Assist routine anomaly resolution 

•Assist damage assessment from natural and 
adversary causes 

Space Situational Awareness Essential to Counterspace 
Operations 

Pre/During Engagement 
Cuuntrrepacc Protection 
Threat detection, location, characienzaiion  /* 

Dim.1 AMCHI 

U-cr Srutc A.SAT 

Cwlf rspaff Negation 
Target tracking, characienzaiion, 
and confirmation 

Imaging 

fj 

x". DcMpn. ct instruct it m 
MutcnaU 
Aimpninu 
Vulnerabilities 



Recognized Space Picture 

Locution movement and status of space 
forces (military, civil, commercial) 

(I'S and foreign) 

C aUlog of »puce 
objects/orbits 

(Ground System* 

Space threats & 
cents 

fc> 

fS/Allicd Mission 
Planning/Kxecution/Assessment 

Terrestrial CC&D (against red/gray) 
Terrestrial 1PB (using blue) 

Space capabilities protection (blue) 
Negation Ops (against red/gray) 

Space Environment 
(including debris) 

Sources of the Recognized Space Picture Information 

Intell 
Systems 

Satellite 
Owner/operators 

Open 
Literature 



Challenges to Maintaining the Recognized Space Picture 

• Growth in numbers of space objects 

• Increased complexity of space payloads - multiple payloads/spacecraft 

• Military use of commercial space capabilities-Owned/leased 

• Small objects and manned presence in space 

• Human presence in space 

> Shrinking force structure 

■ Reduced ability to determine the characteristics, capabilities and ops status 

■ Launch platform diversity - numbers/locations, ground/sea/air launch 

Growing Space Object Population 

0) .o 
E 
3 z 

Geosynchronous Population 

Today = 220 payloads 
Future =770 payloads 

(I Ü X kill Ulli 111 «■«■«J Mi !(■>■>■ l»> IM li m |M|1<M|1 t "'l 

R      S       S       S       8       8 

-i w\ Source; 
LOngitUde (° E) IWXJane"* Spare Directory 

Globalstar 
56 LEOs 



Growing Complexity of Active Payload Operations 

Growth in number and 

capability of foreign and 

commercial ISR systems 

- Optical, radar, sigint. 
elint 

Ability to image far from 

the nadir ground direction 

- "Where is it looking 
now1" 

Multiple, independently 

directed, narrow comm 

beams 

Orbit adjustments and 

maneuver 

1000 

100 

z 
£  10 

o 
in 
tu 

0.1 

■ US Civil         A ROW Civil 

■ Non-US Reconnaissance 
|SMALLSAT(<500kg)| 

I—«  

BRIDGES 

■ 
A 

A 

,,            SURFACE SHIPS 

AIRCRAFT 

^                      1 
■ 

■■A 
■ IBM 

A 
A 

• 

it VEHICLES 
ARTILLERY 

■       nR 

1970  197S  1980 1985  1990 
YEAR 

1995  2000  2005 

Space Intelligence Needs & Source Limitations 

Space Control Needs 

ID 
CL*& mi typi- 

st* tut 
l> it i^vrati<*MP 

OurActeriution 
I1mTMrv><'arAiu1Y 

IXtulcd cKiracHTLstio 

Information more difficult to obtain 

Past 

SIGINT 

Launch 
Vehicle 
Typing 

encryption 

Future 

- ► 

Unique © 

© 

General Purpose 

-0 
•© 

L-© 

■ Anomalous behavior appears to be more frequent 
ADEOS 
Earthwatch 
Classified examples 

• MASINT and imaging techniques have not kept pace 



U.S. Economic Interests in Space Need 
Space Situational Awareness 

CINC Vision 
"Global Partnerships" 

U.S. Military Leverages Huge 
Commercial Investment 

Integrated Space 'Traffic Control" 
and "Accident Investigation" to protect "Space 

Lanes for Commerce" 

T 
Detection and location of potential 
conjunctions of space objects 

Identification of safe launch corridors Support to anomaly resolution 
and post mortem assessments 

"$38 billion business today, $171 billion in less than a decade" 
(International Spare Industry Report. May 7 1998) 

Site Closures 

®   Rrcrnl SSA site IOM» 

Intel! 
Systems 

® Other sites under consideration 
-•primary mission change 

aging equipment 

Satellite 
Owner/operators 

Open 
Literature 



Aging Equipment 

GEODSS Vidicon Photomultiplier Tubes - 1970's technology 

- 1970s technology 

- Virtually impossible to obtain replacements 

Eghn 

- Aging lubes 

- Dedicated manufacturing lines 

- 1970s computers 

HAX-MIT/LL 

- Specialized tubes 

- One vendor 

Many Recent Failures in 
Space Situational Awareness 

SPACE NEWS 

Space Debris Damages 
French Defense Satellite 
ft* IMWAIO DAMP 

SPACE NEWS 
European, Russian Satellites 
Have Close Call in Orbit 
Bt renai* SELDOM 

(The Boston <&tobe 
m»k IF. itnm 

MISSILE DESTRUCTION RAISES 
FEARS OF SPACE DEBRIS 

SOUtCBlyOavUL 

A Mintteroan missile on s ten aifht over the 
Fxdfc Ocean last mondi was probably destroyed! 
a collision wiih a piece of space junk, aerospace 
analysts and spokesmen said yesterday. 

Multiple Classified j 
Examples:   ' 

The Washington Post 

Craft? WhatCfaft? Russian Mars Probe 
Already Had Fallen Before Dire Warnings 

THE VJUJ. STREET . ■    Mpar •■:•-..-.■ 
Russian space officials said a 

U.S. satellite came within 500 yards of the MIR 
Monday, and the space station's crew, fearing 
collision, waited out its passage in an escape capsule. 
NASA said the Russians were ■ exaggerating the 
seriousness of the incident. .        ;/-J . 



Other Questions 

• How to discover objects not seen before, objects that have been lost, and 
unexpected events in space 
- Undetected, intentional satellite maneuvers, deployment 
- Break-ups. re-entnes 

• impact of launch site proliferation and lack of optimally located sites for early 
space object tracking 

• How to minimize maneuvers needed to avoid potential conjunctions 

• What arc the SSA needs for future counterspace operations - protection & 
negation 

• How to improve ephemeris prediction efficiency 

We are Losing the Ability to Provide Space Situational 
Awareness 

Shrinking Force Structure 

Inadequate 
Modernization 

Growing Space Population 

Decreasing 
O&M capabiUt) 

Intelligence Source Limitations 
Past future 

General Purr* 11 

r-O 
■*-© L0 

Space Situational Awareness 

""-^ When will it break? 

Xy 



Recent Studies of Space Surveillance 

• CINC'S Vision 

• Space Control Architecture 

• GAO Report 

• ONMS 

• OJCS Study 

Study Example 

Optical Network Mission Study (ONMS) 

ONMS Partners 
Operators 
De\-eIopers 
Researchers 

Evaluated 
Architectures 
for technology 

and cost 

Developed 
Architectures 
Concepts, and 

Roadmapc 

Space Based SSN 

Mixed Ground and 
Space Based SSN 

Ground Based SSN 

Analyses quantified decreasing capability 

[X'fined programs to resolve deficiencies 

Identified key ops demos and technology 
development to prepare for force structure 
decisions 



SSA Measures and Solutions 

Location and Movement 
(Metrics) 

Info content - Accuracy 
(how closely can object be located 
at some time in the future) 

Timeliness 
(how soon can object 
be tracked) 

Missions/Capabilities/Status 
(Intell for IPB/BDA) 

Info Content 

Ops Technical 
Current 

Operations 

- Construction 

• Characterization 

Mission - Orientation 

Status ■Shape 

ID -Stability 

/ 
Quantity 

Timeliness 

Quantity 
(Search capacity: 
how nian> objects can 
he tracked in a given 
tune period) 

Complementary Solutions 
Complementary Info Content 

Optical 

Tnneliness- 
(space-based optics) 

7 
High quantity GEO 
metrics & intel 

Radar 

:nau; 

Timeliness- 
► All-weather, 

day/night ops 

Hign quantity LEO 

metrics & intel 

Space Situational Awareness Process Flow 

National Command 
Authority 
Higher Headquarters 
International Agencies 

Ptcteion MflKinq 

Sat Strategic Obfecttve* 
Set Mission Objectives 
Assess Field Reports 
Inlertace w«h Other CMC« end Command 
Authorities 
Set Rules of Engagement 
Determine Neit Course**) of Action 
Issue Tasluny/f ollow-up Tasking  

Reporting tt Tasking 

Maintain SHuatipnal 
Awareness 

• Threat Warning 
• Missile Warning / 

Space Launch 
• NUDET 

• Space Control 
■ Counterspace 
• NMD 

• Space Operations 
• Launch Operations 
■ Satellite Operations / 

C4I and Proctsslna 
.Reporting 

Operations Planning 
Assessment of Sensor 
Reports 
Recommend Courses of 
Action 
Maintain Databases 

/ 

Maintain Order of Battle 
Task Sensors 
Weapon Systems 
Resource Allocation 
Mission Assessment 

Spore Info 
CUfflorner» 

Eventfsi 
Missile/Space Launch 
Satellite Maneuver 
Satellite Status Change 
Space Object Break-up 
Re-entry 
AS AT Attack 
Satellit* Interference 
Ground Nod* Attack 
Natural Events 
Pre-Attack indications 

Tasking 

^asking 

Sensing 

Ops Planning 
Detect 
Track 
Locate 
Characterize 
Process 
Report 

Reporting 

SOB 

Databases 

Execute 
Readiness (traln/eierclse) 
Routine Operations 
Execute Responses 
Response Assessment 
Assess Resources 
Process 
Report  



AFSPC Deficiencies Related to SSA 

SC-2 Inadequate forces for 
complete space sit awareness 

Deep Space  '. 
1 "   ,.   Tracking 
.Capacity/Coverage • • 

OEÖ Statui Change Detection . 

SC-3 Update for Space Order of 
< Battle 

,. ; QEO tntell 

';'    v V\SOI/WUWCoverage;:. >^-\ 
f- " ": i'v*hleif;Eardi:TimelineM">;v':t,''- 

SC-7C*M for Threat 
Warning and Space 
Surveillance 

SC-13 Process Orb« of 
Unique Space Assets 

, SC-9MainUinSmaO Object!; 
Catalog    ..,::'.:;  \,u;":-; 

F. SC-12 Operator Training for 
J Space Control   . 

SC-14 Lack of Standardized] 
Tools for Theater Space Ops.^; 

i SG-15 NoCoDiiäon Advisories 

SC-16 No Detection of NEC's: 

Source: 1997 AFSPC Space Control MAP 

Deep Space Capacity/Coverage - Issues 

Deep Spare Population Growing 

1Mt       3000       WO»       1010       Mt»       3030       302» 

> 50"* of drrp space catalog; art 
inactitr with low drag 

Today's Coverage/capacity is inadequate 

Current Requirements 
1 or 2 tracks/day per object 
Independent of object orbit or type 

Results 
"Requirements" tracks/day » capability 

Military I run Mentions 

Inability to monitor comm 
- C2 1    Frequent 
- Intel data J complaints by users 

Increasing potential for collision . 
Uncertainty in adversary coverage 
- Comm for C- 
- Missile detection 
- Intel collection 



Deep Space Capacity/Coverage - Solutions 

Updated 
requirements 
Distinguish tracking 

needs by object type 
and orbit class 

Smart 
surveillance 
Step-Stare vs tracking 

individual objects 
Smarter tasking/tracking 

Notional •- Requires Additional Analysis 

Additional 
sensors 
CCDs 
Small telescopes 
Exclusion zone sensors 
Global coverage 

Pavofls 

Fewer "Lost" Objects 

Current location info for 
intelligence exploitation 

Less time "wasted" 
searching for lost objects 

More complete catalog 

Lower collision potential 

SOI Capabilities in GEO Are Inadequate 

• Covaraga limrtad to Haystack vtowtng 

Inadequate _„ 

Viaibla Photomatry 
i"i»iain <iWw/W 

ViaiM« Photomatry 

Inadequate 

Limited ID & status 
determination 

— «table/unstable 

Viaibla Photomatry 

-r«, 

6 
••c 
.§ 

None 

Haystack Images - 

1PIS jjjv^ft?'-» U&M *&&%3 

* No Imaging of earth stable 
satellites (>70% of SOB) 

None 



Soace Control SOI Needs 

Solutions for GEO SOI Needs 

Solutions                                   £S*2ffs 

* ID 
- Class and type 

• Status 
- Is It operational? 

• Anomaly resolution 

* Characterization 
- Primary/secondary 

missions 
- Changes 
- Specific capabilities 
- Detailed 

characteristics 

• Improve photometric data 
collection and exploitation 
- brightness 
- color 
- poiarimetry 
- space-based 

• Exploit NMD X-band 
radars to extend coverage 
- Range profiles 
- Imaging (rotating objects) 

• Extend GEO imaging to 
earth-stable objects 
- Space-based fly-by 

• More accurate status 
determination 

• Potential for identification 
and orientation assessment 

• Improved GEO coverage 

• Improved anomaly 
resolution and damage 
assessment 

• Detailed mission/capability 
characterization 

GEO Improvement Example: 
Exploit Color Photometry for ID/Status Determination 

Representative GEO Satellites Color Photometry Facilitates ID 
Red   2i 

Multiple GEO 
Satellites 

** 

02        04        °6   »   08 

Blue 

Help Reduce Mistaking 

Can be 
done from 
GEODSS 
or space 

Red 
Blue/Visible intensity ratio 

Pavofis 

Contributes to Identification 
Permits exploitation 

Potential for orientation detection 
Improved status determination 

Belter estimates of ops use 



Exploit High-Power X-Band Radars to Improve GEO 
Coverage (Range Profiling for ID/Status Determination) 

■ Haystack (existing)     ■ Have Stare (programmed) 

120 180 120 60 

NMD X-Bands (future) 

0 60 

GEO Intell - Solutions 
Imaging for ID, Status, Characterization and Anomaly Resolution 

Today 

Future Imaging 
GB optical 
SB optical 
GB/SBradartbislatic) 

Imaging Concepts can provide adequate resolution 
for status and characterisation 

Pavoffs 

Accurate Status Determination 
Aware of military use 
Timely exploitation 

Mission/capability characterization 
Military utility known 

Cm take actions to avoid 
Secondary missions identified 

Historically a weak area 

Anomaly resolution/damage assess 
Support problem identification 

and resolution - eg MILSTAR 
Assess damage and potentially 

determine origin - natural etc 



"~  Near Earth Surveillance- Issues 
(Maneuver Detection, Rapid Orbit Determination & Characterization Problems) 

Limited Observation Opportunities from Terrestrial Sites 
Metrics Imaging 

jATcoa-MMw 

'<^z ~*L 

Increasing # of "Surveillance" satellites with maneuver capability 
Decreasing Revisit Time =» SATRAN no longer sufficient 

Smaller satellites Time -* 
(irowing number of launch facilities 

Military Implications 

Inability to know when/where 
and how well adversary can 
observe our actions, troop 
locution 

Lower mission success 
Higher casualties 

Inability to know when/where 
and how well adversary 
does observe our actions, 
troop location 

Near Earth Timeliness - Metric Solutions 

• Space-based Electro-optic surveillance 
• Upgraded ground-based radar tence 

Near Term Ons Demos/Ems lo Validate 
Concents 

HEAT 
ASSET 
Wide Field of View Sensors 
Detailed analyses of ground based/space 
based alternatives 

PavolT 

Current knowledge of all 
foreign recce spacecraft 
locations 

Low risk of exposure of 
critical military 
ope rations 

Decreased probability of 
collision 

Better tip-off to new 
spacecraft and/or new 
capabilities 
-   Limit earlier problems 



Space-based Visible Space Surveillance 

SBV proves technology and conops 

Sciw* Field lit Ri-ranl 

Streak Detection 

7       *    . 

•MO taa Ml* Oft«. Sansora ■> \mmm Plan* 

4 ball constellation 

Dedicated or piggy-back or another host (e.g. SB1RS 
Low) 

Build on SBV conops 

MPA Capabilities in LEO Are Inadequate 

Space Control Needs 

■ ID (class and type) 

• Status 
- Is It operational? 
- What is It doing? 

• Characterization 
- Primary/secondary 

missions 
- Changes 

• Anomaly resolution 

Current Capability in LEO 

WB Radar Images 
Deficiencies In LEO 

• ID limited 
- Inadequate size and 

shape information for 
small satellites (< 1 m) 

• Status determination 
limited by radar coverage 
- No theater coverage 

• Characterization 
Inadequate 
- Resolution inadequate 

for detailed 
characterization 

• Anomaly resolution 
limited for small 
satellites 

• Timeliness Insufficient 



Image Resolution Requirements for Characterization 

Problem: Current satellite image resolution Is Inadequate. 
Challenge: To improve satellite Image resolution by hardware and data processing enhancements 

Large Satellite 
(>15 m in Linear Dimension) 

Resolution cells needed tor 
size/shape assessment 

Radar - 30 
Optical - 10 

Mini Satellite 
(2.5-0.6 m) EamElM 

UoSAT 
Kompsat 
T«chut-2 
rUrtyfllrd-l 

SHp-4 
Mall-3 

Resolution required: 
Radar - 50 cm 
Optical - 1.5 m 

Resolution 
required: 

Radar- 16 cm 
Optical - 50 cm 

Resolution 
required: 

Radar - 8 cm 
Optical - 25 cm 

Resolution 
required: 

Radar - 2 cm 
Optical - 6 cm 

O Currant anagmg capability 

Umlt of Currant capability 

O Bayond Currant capability 

Near Earth Timeliness - Solutions 
Theater Satellite Imaging Radar for ID/Status 

Fixed Imaging Radars 
(Haystack, GBR-P, HAX, ALCOR, MMW) 

Imaged swath 
Military Zone 

IToMcm 

NUrtv nr« inupinf. ulrllilfft will he available li> pmenlu! 
*J*cr\j/ic* 

hwral Approach; 
■     IVIcrrnine itTupinp utrllilc |HHntinf UMnf. 

Imaf a)| riaWt m tlKatn ic |. TH AAD-I** Rail* i 

\aaiil aita rrwaumai vax-Uar akakit a»idjai 

Theater Radars 

Transform to 
Theater Radar 

Real-time 
processing 

• S/C status 
• Ops monitoring 
• Targeting Info. 



Satellites Imaging Solution 

50 

25 - 

E 

o j 

31 
o 
en 
s 
tr 

12.5- 

6 - 

3 - 

1.5- 

Haystack 
(25 cm 

Resolution)      MMW 
(12 cm 

Resolution) 

Gemini- 15 cm 

Gemini 
AEOS - 7 cm 

HAX (12 cm Resolution) 

Rang* lor optical resolution » 300 • 750 km 

I  i  I  i  i  i  i  I  i  i  I  I  I  i  i  I  i  i  i  i  I  I  I  I  I 
1970 1980 

: Bandwidth Extrapolation 

1990 

AEOS 

Future 

I  I  I  I  I  I i  i  i  i  i 

Small Satellite 
Challenge 

Haystack 1 cm 
upgrade 

Daytime AEOS 
Du«l-B«nd-OBR 
Adv. Processing 

2000 2010 

Near Earth Imaging - Optical Solutions 

MSSS Recent Gemini - Tyler Image 

Starfire Optical Range Imagery 

1.5 m telescope with adaptive optics, post 
processed by ERIM 

Hubble 



Near Earth Imaging - Optical Solutions 

SEASAT Images from Starfire Optical Range 1.5m telescope with Adaptive Optics 

IHPVSJH BK f% - 

Advanced Multi-frame Image Reconstruction Algorithm 
(ERIM International, Ann Arbor, Ml) 

Potential Solutions to AFSPC Deficiencies 

SC-2 Inadequate forces for 
complete space fit. awareness   ' 
■ New Surveillance Technique« '■'-■'■ 

Improved Algorithms        •' 

/:-r^;r^   ,_r „. 
f SC-7] 
i ssN/MW^f:;■>;. '-.?>■,';'; 
f- - ,;, rUpgialeSeniot».,' S* 
*.'.' '-ijSNe^OpwaioatvJ-Si- 
f"' ■ ■ 0' Selective Automation':' 

' SC-3 Inadequate forces for SOB 

v^-^T^"'^ Sensor Upgrades "•' ,*   ..' 
'. *•' '';   New SOI techniques   * 

1<-Y7?i*l<*J*XZ*~- 

* SC-9 Unable to maintain small 
^object catalog - -><•"' 
lr    ,<! 5« <j&*f ,   *"" "A- y ' 
5' rWSeiiJÄ?&:New' Älgraimmi-Ä * 
(K,j.'t>^; ,'-j»..-'.'-*,-M5-"«'.'-:*«:R?v.,:..   ■:■-:,   ■'. 



Summary 

• SSA critical to warfighter 

• Current/programmed force structure 
inadequate to do the job 

• Potential solutions have been identified 

• Investment decisions required 

Mean =    2.78 davs 737 RSOs 
St. dev =    2.4 days 

Mean =    3.85 days 840 RSOs 
Si. dev =    3.0 days 

Deep Space Catalog Tracking Frequency 

Today's approach to tracking: mean time between tracks 
• Active payloads and objects 

with perigee height < 600 km 

• Inactive objects with 
perigee height > 600 km 

Recommended Approach 
• Por 215 Active. non-US - one track per day (78 Rus & PRCand 137 Row) 

• For 108 active. US - maintain vigilance lor protection (some of 137 Row may require 
protection) 

• For 840inactive, high perigee - reduce tracking frequency to > 30 days 

Hl$:h accuracy dala & tilth accuracy orbits 

l-ttnp-lenn propapated cicnvnl sc( 

• I ;.>i H 14 inactnc. low pongee   reduce tracking Irequency in - 10 days 

Less time tracking 
Inactive, high perigee 

more time to support 
search and protection 



Strategy for Additional Deep-Space Objects 

Category                                                    Action 

170 Losi cataloged objects                            Search (Electro-optical) 

200 Exclusion list objects 

4M) Lost analyst objects                                Search (EO) 

15 Low eccentricity analyst objects            Reduce tracking frequency to 30 days 

2x> Midi eccentricity analyst objects 
Reduce tracking frequency to 10 days 

Total additional 1130 

Today's HEO Object Population 
(30 cm and Larger) 

By Orbit Type Active vs Inactive 

l.l<MVI<t« 

EEO GPS-type orbits GEO orbits 
■ Active payloads 

■ Inactive Objects with perigee height > 600 km. 

D inactive objects with perigee heights < 600 km. 

Population expected to double in 18 years 
Most growth expected in inactive objects 

Catalog = 1577 
Active and high drag   = 737 
Inactive with low drag = 840 



Lost HEO Objects are a Near Term Processing / 
Organization Problem 

Today's approach to tracking: mean time between tracks 
Active payloads and objects 
with perigee height < 600 km 

Inactive objects with 
perigee height > 600 km 

■ Mean = 2.78 days   737 RSOs 
□ St. dev = 2.4    days 

_ Mean = 3.85 days    840 RSOs 
* St. dev = 3.0    days 

Recommended Approach 

• For 215 Active. non-US - one track per day (78 Rus & PRC and 137 Row) 

• For 108 active. US - maintain vigilance for protection (some of 137 Row may require 
protection) 

• For 840 inactive, high perigee - reduce tracking frequency to > 30 days 

High accuracy data & high accuracy orbits 

Long-iemi propagated element set 

• For 414 inactive, low perigee - reduce tracking frequency to TBD 

Less time tracking 
Inactive, high perigee 

more time to support 
search and protection 

HEO Capacity / Coverage 

Catalog maintenance capacity:     Inadequate sensor capacity with today's 
processing / organization but adequate for recommended approach 

Implementation required 
- Shift in thinking tor Catalog Maintenance 

- Processing outside of SPADOC 
Processing Implementation 

Protection / prevention capacity 

Improvements required 
- Limited capacity of radars 
- Weather limitations ot ground-based optical 
- Space-based optical or distributed ground-base1 

optical may be needed 

GEO Belt Coverage 



X-Band Radar Application Example: 
GEO New Foreign Launch (NFL) Identification 

NFL Wide Band Range Profile 

RCS,   o - 
dBim-15 - 

-30 

22112 
93.03.23 

20:41 

Relative Range, m 

Closest Matches from Data Base 
20391 

d = 0.31 0 - 93.12.02 
•15-    20:27 
-30- Jiil, 

RCS.     0 - 
dBsm-15- 

-30 

21111  Best Match 
93.03.23 

20:32 

,IMMIL 'ßKI. 
10 20 30 

d = 0.36 

Relative Range, m 
10 20 30 
Relative Range, m 

Deep Space Situational Awareness Architecture 
Changes for The Future 

Comply Ic CEO Coverage for Metrics 
Space-Based Optical Sensor 

High Capacity Deep Space tracking 
with new sensors and algorithms 

tCCPs) 
(Small telescopes) 

X 
Space-based and Ground-Based Optical Imagery Timely GEO SOI with High Power 

X-band Radars 
Havstack. Have Stare. NMD X-Band 



LEO Space Situational Awareness Architecture 
Changes for The Future 

Space Based Sensors for Timely LEO Theater Imaging for Real-time 
Maneuver Detection and Orbit Detection of Hostile Operations 

Determination 

Imaged swath 
Military Zone 

Radar Resolution Upgrades for Small 
Satellite Characterization 

AEOS 

Recommendation 

Available from R. Benedict 



Actions 

Available from R. Benedict 

Debris 

•    NASA Requirements 

-   Required : Catalog of > 5 cm.- sized RSOs with perigee 
altitudes < 600 Km 

-   Goal : Catalog of > 1 cm.- sized RSOs with perigee 
altitudes < 600 Km. 

•    Principal Technical Challenges 

-   Timely discovery : Large search area and detection sensitivity 
needed 

-   Tracking : High accuracy sensors needed 
-   Accurate Orbits for threat objects 

: Near-real-time atmospheric drag modeling 
needed 

-   Cataloging : - 5000 RSOs for > 5 cm. - feasible at present 
- 50000 RSOs for > 1 cm. - new paradigm 
required 



Debris Solutions : Low altitude 

5 cm. network 

- FPS-85 and COBRA DANE for discovery 

- Precision sensors for follow-up 
• Radars 

- MI1R.IIAX.TR.ADEX. HAVE STARE, 

• Optical 

Large tdesropes 

- LADAK 

1 cm. network 

- Upgraded NAVSPASUR needed for discovery 

- Precision radars for follow-up 
• Radar 

- HAVE STARE. Haystack. GBR-0 

• Optical 
Largr Irlnrupes 

- LAUAR 

- New cataloging paradigm : include only RSOs that are in conjunction 
with space station 

- Near-real-time atmospheric drag modeling essential 

Experimental work required to refine/optimize options 

Growing Complexity of Active Payload Operations 

Growth in number and 
capability of foreign and 
commercial ISR systems 

- Optical, radar sigint. 
clinl 

Ability to image far from 
the nadir ground direction 

- "Where is it looking 
now''" 

Multiple, independently 
directed, narrow comm 
beams 

Orbit adjustments and 
maneuver 

1000 
I  US Civil ▲ ROW Civil 

I Non-US Reconnaissance 
ISMALLSAT (<500 kg)| 

.SPOT-SA 

1970  1975  1980  1985  1990  1995  2000  2005 
YEAR 



Debris Solutions: High eccentricity orbits 

Debris population unknown 
- Density measurements needed to quantify threat 
- Haystack radar, ETS, upgraded GEODSS, Starfire and AEOS available for 

measurements 

Optical systems are preferred solution 

- 1 meter class for 5 cm. network 

- 3 meter class for 1 cm. 

- Multiple systems (-5) needed 
- Haystack and HAVE STARE can also provide follow-up 



Schäfer 

WORKING DRAFT 

HI-CLASS Utility Study Approach 

2Nov98 

Linda L. Crawford 

Sctisfer Study Objective 

• To evaluate the operational use of a HI-CLASS system to 
support Space Situational Awareness tasks and 
requirements 
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Study Approach 
s-"3' e* Task 1: Allocate Operational Tasks/Requirements 

• Review the Space Surveillance/Space Control documents 
- 1995 AFSPC Space Surveillance Requirements Document 

- 1997 Space Control MAP 
- 1998 USSPACECOM Space Control Capstone Requirements Document ■ 

Space Surveillance Annex - draft 
- 1998 AFSPC/DOYO Requirements/Mission Area Assessment -draft 

-   Meeting with AFSPC/DOYO and DRCS scheduled for 10 Nov 

• Allocate applicable ones to HI-CLASS 
- High accuracy data generation and prediction, precision conjunction 

prediction support, debris tracking, sensor calibration, imagery data 

• Document requirements summary in technical report 

Study Approach (cont) 
~___^_ Task 2: Host High Accuracy Data Workshop  

• Host a high accuracy data workshop 
- Determine how the highest accuracy orbital data can be obtained 
- Determine how that data supports the operational tasks and requirements 
- Start with Requirements Summary (Task 1) 

• Have 2 or 3 meetings (one day each separated by a month) 
- First (and second, if required) meeting: Discuss workshop objective, 

needs/visions of future applications, have participants brief techniques for 
obtaining high accuracy data 

>■ E.g., advanced astrodynamic algorithms, precise data collection 
systems (HI-CL ASS, other ladar systems), available software 

- Last meeting: Present results 
» Summary of high accuracy needs 

» Summary of high accuracy projects 
• Current, Future 

» Recommendations 

• Document workshop results in technical report 
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1                                        Study Approach (cont) 
-" m3' Sr         Task 2: Host High Accuracy Data Workshop (cont) 

• Suggested Participants 
- SWC/AE (Dr. Liu, Dr. Kaya, Dr. Snow, Mr. Morris, Mr. Daw) 
- USSPACECOM/AN (Col Alfano, LtCol Vallado - Dec 98) 

- NAVSPACECOM/N6 (Dr. Schumacher) 
- Naval Research Laboratory (Dr. Coffey, Dr. Gilbreath) 

- AFRL 
>• VS (Capt Sabol Dr. Burns) 

•> DEBS (Dr. Matson) 
- Draper Laboratory (Dr. Cefola) 
- MIT/LL (Dr. Gaposchkin, Dr. Czerwinski) 

- Support Contractors 
•> Schäfer - Ms. Crawford 

» SAIC/CoSpgs - Mr. Larson 
» ITT/CoSpgs - Mr. Barker, Mr. Wallner 

» GRC/CoSpgs - Dr. Hoots, Mr. Neal 
». CSA/CoSpgs - Mr. Roehrich 

Study Approach (cont) 
Task 3: Interface with Developer Contractor 

• Provide technical support to program development 
- Ensure no duplication of effort 

- Establish synergy between activities 

• Attend major technical meetings for information exchange 
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^ Study Approach (cont) 
~   3* Sr Task 4: Develop Concept of Operations  

• Determine role of the HI-CLASS system 
- Based on requirements summary, -workshop findings, and current project 

specification/task order 
- Include capabilities (eg., data collection, data processing), logistics, 

documentation, etc. 

• Develop a high level CONOPS on HI-CLASS' utility in 
meeting the operational tasks/requirements 

• Document CONOPS in technical report 

Study Approach (cont) 
SchafBr Task 5: Develop Roadmap  

• Document activities to ensure the system being developed 
shows operational utility 

• Suggest experiments (and approaches) to demonstrate 
potential of HI-CLASS 
- Accurate metric data collection and generation 

- Imagery 
» Range resolved and Doppler 
>> Day/night 

» Low elevation angle 
- Responsiveness to tasking 

» Metric and Imagery 

- Debris tracking 
- Sensor calibration 

• Document roadmap and experiment activities in technical 
report 
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^ Study Approach (cont) 
SC'"3*er Task 6: Develop HI-CLASS Briefing 

• Develop and present HI-CLASS Briefing 
- Results of study 
- Advocate system 

» Operational demonstrations/experiment results 
» Utility 

Schäfer Summary of Task Deliverables 

• HI-CLASS Requirements Summary Technical Report 

• High Accuracy Requirements Workshop Technical Report 

• HI-CLASS CONOPS 
• HI-CLASS Roadmap 

• HI-CLASS Briefing 
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Schsfsr Estimated Schedule, LOE, Travel 

• Study Duration - six months (1 Nov 98 - 1 May 99) 
• Tasks Schedule/Level of Effort 

- Task 1: Allocate Requirements/Tasks - between 1-30 Nov 98,40 hrs 
- Task 2: Host High Accuracy Workshop - between 1J an - 15 Apr 99,120 

hrs 
- Task 3: Interface with developer contractors - between 1J an - 1 May 99, 

40 hrs 
- Task 4: Develop CONOPS - between 1 Dec 98 -1 Feb 99,40 hrs 

- Task 5: Develop Roadmap - between 1 - 28 Feb 99,40 hrs 

- Task 6: Develop Briefing - between 1 - 31 Mar 99,40 hrs 

• Travel 
- 2 trips, 2 days to Colorado Springs 

- 1 trip, 4 days to Maui 

Schäfer Summary 

• Study approach has been developed 
- Resources have been identified and most are readily available 

- Schedule and LOE are estimates 
>• Long lead time is the High Accuracy Workshop 

• Schäfer is ready to start with AFRL/DEBS concurrence 
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DRAFT 

1.0      INTRODUCTION 

This report will document the following: 

a) the operational roles and concept of operations of how the HI-CLASS system can 
support user requirements and tasks in the areas of Space Surveillance and Space 
Control. 

b) the activities that must be completed to determine the operational utility of the HI- 
CLASS system, and 

c) the required milestones in the development of the HI-CLASS system to transition to 
an operational surveillance asset. 
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DRAFT 

2.0      BACKGROUND 

2.1 System Description 

The HI-CLASS (High Performance Co2 Ladar Surveillance Sensor) is a wide bandwidth, 
wavelength agile ladar radar under development in phases to determine the operational 
utility of such technology to support user requirements. The system has several modes of 
operations: 

a) ladar that addresses acquisition and tracking, illumination, return signal detection and 
processing to establish target range, range rate, angular position, and imaging data of 
satellites. 

b) lidar that pertains to detection and classification of vapor species via characteristic 
spectral absorption of ground backscater of transmitted C02 radiation. 

2.2 Air Force Space Command's Space Surveillance Mission 

The Space Control Mission has a task to provide Space Situational Awareness (SSA) via 
Space Surveillance Operations. Space Surveillance Operations has the following tasks: 

a) Provide Battle Management/Command and Control (BM/C2) for space surveillance 
forces 

b) Monitor Space through the collection, processing, and assessing of data, as well as 
maintain the databases. This task has several sub-tasks as follows: 
1) Detect and tract Resident Space Objects (RSOs) 
2) Collect data for the Space Order of Battle (SOB) 
3) Detect and track Near Earth Objects (NEOs) 

c) Analyze data and inform space users, to include Theater Operations, Space 
Operations, Intelligence Needs, and Treaty Monitoring. 

d) Support Counterspace to include Protection and Negation. 

Support includes 

a) providing updated orbital parameters and overflight notification of space-based 
reconnaissance satellites 

b) supports missile warning by assisting in the correlation of Reentry Vehicle detections 
(by associating them with reentering space objects or errant launches) and the 
location, tracking, and impact prediction of errant ballistic (sub-orbital) trajectories. 

c) provides common-reference locations and course of US and foreign space assets to 
military forces for use in the friendly exploitation of those assets. 
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DRAFT 

d) forwards data to numerous agencies involved in intelligence collection operations or 
who   are   conducting   Scientific   and   Technical   (S&T),   Mission   and   Payload- 
Assessment (MPA), Strategic and theater Indications and Warning (I&W), and 
operational intelligence evaluations. 

e) Support to Orbital Safety (collisions with other orbiting objects and accidental laser 
illumination), Early Orbit Determination (EODET), space system or geophysical 
anomalies assessments. 

f) timely and accurate detection, tracking, identification, processing, reporting, and 
analysis of activities, and changes in operational status and orbits for SOB payloads . 

Space Surveillance Operations are accomplished through a network of world-wide 
sensors, command and control (C:) facilities, intelligence centers, and associated 
computers, processing and communications support. The Space Surveillance Network 
(SSN) includes many of the surveillance assets that support Space Surveillance, but the 
mission is augmented by other centers such as the North American Aerospace Defense 
Command (NORAD)/United States Space Command (USSPACECOM) Combined 
Intelligence Center (CIC). 



Space Surveillance Requirements 
Working Paper 

Linda L. Crawford 

Background 

Between 1958 and 1993 there were approximately 70 space surveillance-related 
documents. In 1993 AFSPC started activities to review the current Space Surveillance 
Network (SSN) and its requirements, and to develop a Space Surveillance Mission Area 
Plan (MAP), as part of the AF Modernization Process. . The MAP process included 
identifying the mission needs, developing operational requirements and operational 
concepts/tasks, evaluating the ability to accomplish the tasks using current and future 
systems. 

AFSPC compiled from the prior requirements documents and user inputs the AFSPC 
Space Surveillance Requirements Document (SSRD), dated 10 Jul 95. This document is 
a "system of system" level requirements document and lists Space Surveillance Network 
(SSN) requirements in terms of type of data (metrics, intel), quantity, quality, and 
timeliness. The document was provided by AFSPC to USSPACECOM to support the 
development of a USSPACECOM Space Control (that includes Surveillance) Capstone 
Requirements Document (CRD). 

USSPACECOM developed a Space Control Mission Need Statement (MNS), which 
includes Space Surveillance, Counterspace, and National Missile Defense. 
USSPACECOM then followed up by developing the Space Control CRD, which 
referenced the AFSPC SSRD. This CRD, dated 20 Mar 98, is in the validation process. 
The CRD stated that a Space Surveillance Annex, using an updated version of the SSRD, 
would be developed (status unknown). 

In summary, the primary Space Surveillance requirements documents are (this set of 
documents is still valid for any follow-on requirements analysis): 

1) AFSPC Space Surveillance Requirements Document (SSRD), 10 Jul 95 
- has quantitative timeliness, accuracy, quantity, and type of data requirements 
- augment with NASA's orbital debris requirements 

2) USSPACECOM Space Control Mission Need Statement (MNS), 1997 
- no qualitative requirements - five pages maximum 

3) USSPACECOM Space Control CRD, draft, 20 Mar 1998 

4) USSPACECOM Space Surveillance Annex to Space Control CRD 

5) AFSPC 1997 Space Control MAP, Sep 97 
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Another set of requirements (most included in the 1995 SSRD, but not in as much detail) 
are listed in the Updated Requirements for SSN SOI Sensors letter from 
USSPACECOM/J2FS - also has attached the SOI Statement of Need (1989). 

The USSPACECOM Instruction 10-40, Space Surveillance Operations, is considered a 
"lower level operational requirements" document. There are some timeliness 
requirements (e.g., get SOI out within certain time period), but here are no accuracy 
requirements. This instruction has not been used in any MAP processes. 

Another reference document is the 1997 Optical Mission Network Study (ONMS) that 
looked at the surveillance requirements, SSN optical force structure, deficiencies from 
the 1997 MAP, and derived several architectures to mitigate deficiencies. In turn the 
MAP referenced the ONMS solutions in its document. 

The 1997 Space Control MAP Space Surveillance deficiencies with proposed generic and 
specific solutions to mitigate the deficiencies are listed below: 

#SC-2 - inadequate forces for complete space situational awareness (deep space metrics- 
capacity, timeliness) 

— new surveillance techniques (step-stare) 
~ improved algorithms 
— new sensors (X-band radars, space-based sensors, CCDs) 

#SC-3- inadequate forces for Space Order of Battle (metrics-accuracy; SOI/MPA- 
capacity/coverage, near earth timeliness, GEO imaging) 
- sensor upgrades (X-band radars, ground-based imager, GEO imager) 
- new SOI techniques (spectral photometry) (why not LADAR) 

#SC-7-high cost of O&M (decreasing capability for increasing cost) 
— upgrade sensors 
— new operations (space based sensors) 
- selective automation (small telescopes) 

#SC-9-unable to maintain small object catalog (inadequate sensor sensitivity and object 
correlation) 
~ new sensors (S-band radar fence, large aperture optics, LADAR) 
- new algorithms (radar/optical correlation) 

#SC-ll-lack of processing for unique/high interest orbits (reentries, tethered satellites, 
multi-day orbits) 
~ new sensors (LADAR) 
— new algorithms (multi-day, tethered, decay) 

#SC-15-no collision advisories (accuracy, debris tracking) 
- new/upgraded sensors (X-band radar fence, upgrade NAVSPACE fence, small 
telescopes) 
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#SC-16-no detection of Near Earth Objects (NEOs) (earth crossing asteroids) (inadequate 
sensor sensitivity and capacity) - note: this deficiency on the books but not well 
supported 

The table lists the specific surveillance requirements from the SSRD that are associated 
with high accuracy data, imaging resolution, and collision warning support. 

Task 
Maint RSO Catalog 
Support Intel 
Support Intcl/SOB 
Support Intel 
Support Intel 
Support Negation 
Support On-Orbit 
Support Qn-Orhit 

Originator 
NASA R&D 
NAIC 
CIC/NAIC 
HI-CLASS-Maui 

Owner/Operator 
NASA 

Requirement 
Orbital accuracy .I7km -active payload 
For selected payloads, predict position 
Imaging - resolution 
Orbital position .09km radial at 460 km 

Orbital position 
Orbital position 
Shuttle/ISS conjunction predictionJkm predict 2 hr 

Page 
40 
47 
48 
49 
50 
56 
61 
65 

Note: There is an updated NASA requirement for debris tracking and collision warning 
support (and is to be included in the USSPACECOM annex. 
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LIST OF LOGISTICSrNORMALIZATION" DELIVERABLES 

To Transition an R&D Project to Operational 
Category Deliverable Reference Description 

Software Software 
Development Plan 
(SDP) 

MIL-STD 498 
DID/Template 

Presents a sound approach for conducting a software 
development effort to include new development, 
modification, reuse, reengineering, maintenance, and all 
other activities resulting in software products. 

System/Subsystem 
Specification 
(SSS) 

MIL-STD 498 
DID/Template 

Covers how the design meets the specifications and be 
testable; also includes an operational concept on how the 
system will be used. 

Interface 
Requirements 
Specification 
(IRS) 

MIL-STD 498 
DID/Template 

Provides requirements on interfacing to other 
CSCIs/systems. 

System 
Requirements 
Specification 
(SRS) 

MIL-STD 498 
DID/Template 

Specifies the requirements for a CSCI and the methods to 
ensure that each requirement has been met. Note: the IRS 
contents can be part of the SRS. 

System/Subsystem 
Description 
Document 
(SSDD) 

MIL-STD 498 
DID/Template 

Provides the system-wide design decisions/system 
architectural design; should also include description of 
databases, if applicable. 

Software Design 
Description (SDD) 

MIL-STD 498 
DID/Template 

Covers CSCI requirements, consistent with CSCI-wide 
design decisions. 

Interlace 
Description 
Document (IDD) 

MIL-STD 498 
DID/Template 

Describes the interface characteristics of one or more 
systems, subsystems. Hardware Configuration Items 
(HWCIs). Computer Software Configuration Items (CSCIs). 
manual operations, or other system components. 

Software Test Plan 
(STP)/Software 
Test Description 
(STD) 

MIL-STD 498 
DID/Template 

Describes in a combined STP/STD the test plan, 
preparations, test cases, and test procedures for a sound 
approach to testing all requirements. 

. 
System Test 
Results (STR) 

MIL-STD 498 
DID/Template 

Covers all planned test cases; provides results, and shows 
evidence that the system meets its requirements. 

Software Version 
Description (SVD) 

MIL-STD 498 
DID/Template 

Identifies the version of each software component (file, unit, 
CSCI. etc.) delivered and changes, if applicable. 

1 Software Products 
i Specification 
|(SPS) 

MIL-STD 498 
DID/Template 

References the executable software, source files, and 
software support information, including "as built" design 
information and compilation, build, and modification 
procedures. 

Executable 
software and 
source files 

N/A Includes all software necessary for execution. Version 
exactly matches version that passed testing. 

Software User 
Manual (SUM) 

MIL-STD 498 
DID/Template 

Describes software installation, input/output, and how to 
use. 

Computer 
Operation Manual 
(COM) 

MIL-STD 498 
DID/Template 

Describes how to operate the computer system that hosts the 
software. 

Y2K AF/AFSPC 
STD Test Cases 

Completes Year 2000 assessment and certification that 
svstem is Y2K survivable (Y2K compliant is a goal). 
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WORKING DRAFT 

LIST OF LOGISTICS/"NORMALIZATION" DELIVERABLES (cont) 

To Transition an R&D Project to Operational 
Category Deliverable Reference Description 

Hardware Mechanical 
Design Definition 
Document 

Describes the mechanical design approach to include 
technical, environmental, or volumetric constraints. 

Mechanical 
Engineering/Fabri 
cations Drawings 
Package 

Level II Contains a complete drawing package, from which the 
hardware can be fabricated without a priori knowledge. 

Optical 
Engineering 
Packaee 

Includes optical design definition, ray trace, prescription, 
sensitivities and tolerances, and performance analysis. 

Electronic Boards 
Package 

Includes design, schematics, parts list, programming 
instructions, electronic interface control descriptions, and 
physical board layout. 

Operations System Tech 
Manual - 
Operations 

MIL-PRF- 
38314 (USAF) 

Describes how to operate the system to meet mission 
requirements, includes description, functions, procedures 
(emergency, operating, contingency), limitations. 

System Tech 
Manual - 
Corrective 
Maintenance 

MIL-PRF- 
38314 (USAF) 

Describes how to diagnose and complete corrective 
maintenance on the system. 

i 
Preventive 
Maintenance 
Procedures/Inspect 
ions 

■} Provides the preventive maintenance procedures and 
inspections to be completed periodically. 

Training Training Plan Contractor 
format 

Develops plan on how training will be completed for both 
for Operations and Maintenance (O&M) personnel. 

Training Guide Contractor 
format 

Develops guide/teaching aid to use during training of O&M 
personnel. 

Training 
(Certification) 

Completes training (and certification) to operate and/or 
maintain the system. 

Logistics              | Special Support 
• Equipment . 

Identify/provide specialized equipment/tools to 
operate/maintain system. 

Spares/Parts List Identified by critical/non-critical (to mission support), long 
lead time, custom or standard benchstock item. 

Identification Tags Identifies and tags all system parts, consistent with site 
identification scheme (MEDL numbers). 

F-CA/PCA Complete functional and physical configuration audits. 

Environmental Environmental 
Assessment 
Report 

Provides assessment of environmental items. 

AF Form 813 Submits certification of environmental compliance. 

MSDS Industry STD Provides on site information on materials. 

1 Hazardous 
I Materials 

Ensure process is in place to identify, manage, and dispose 
of hazardous materials. 

OSHA review Ensures compliance. 

Note: This list is based on AFSPC and current MSSS Operations, Maintenance, and Support Contract SOW requirements 

levied on the AFRL/DEBI GEMINI Sensor System at MSSS in 1998 (reference: Feb 1998 GEMINI Operational 

Transition Plan, jointly signed by AFRL/DEB and AFSPC/DRC). 
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Schäfer 

Color Photometry of GEO Satellites 

AFRL/DEBS Signatures Program 
10 November 1998 

Presented by 

Dr. Mara Payne 

Schäfer Corp. 

Schäfer Agenda 

• Space Situational Awareness Overview 
• Color Photometry 
• SOI In Living Color (SILC) Demonstration 
• Summary 
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Schafer        Space Situational Awareness (SSA) 

Provide SSA via Space Surveülance Operations 
(under Space Control Mission) 

SS-I  Pro»ideBM7C2 for Spare Sur%eillanee 

Forces 

SS-I Monitor Spare - rollert, process, and 

men data/maintain databases 

Z l   iMtil/lraik Ri-wrUtit N|Wir Objrrls. (RStKt 

[X-icvi ar» ' km <*KVI> 

L^l^fair / oufufc ' dntcmavwr utfak* 

ZZ Coiltrl delator »»parr lh-d»r ofHaluV iStlH' 
Utrkxi nr* tivcifn LtuoUm 

tub ^i.irvijii"«»! .*t>V' 

2J» Detrrt and track Near Earth Objects (NEOil 

SS-3 Analyze data and inform Spare Users 

3.1 Support Theater Operations 

Pnivior ttverflipbl noiilkai*« 
AxuiJ theater ukucautm» ami warning 

3.2 Support Spacr Operations 

Ulcnuly wie Lunch «ml i^cnmnft window» 
On-ortm dcpkiymenLv rendezvous, and noeralmtu 
AIMM am mil) rvviluthTi 

PnivKle noxiac ivtnul data to select owner/opcraii» 

3.3 Assist Intelligence Needv 

tWlvO-'po^vwrnttrh. «ml SOI'unui-in*: iLw.i 

3.4 Assist Treaty Monitoring 

Identity country nl onjfin 
Predict / monitor deuiy* and re-entne». 
Demi weapon» of HUM deuna.ixm m »pace 

SS-4 Support Counterspare 

4.1  Protection 

Detect / warn i4 threats 

AMIS! Ibfval ami nM-CVcni uteunvni 

4J Negation 

Identity / track, taryeb 
Auutj mtuk» cflccuveneu twemnaw 

Vninr   IW7 AFSPC Space Control MAP 

Schäfer    We Are Losing the Ability to Provide SSA 

Shrinking Force Structure 
Site —"      Inadequate 
Closures Modernization 

krducrd 
Budgets 

Decreasing 
(»4M capabilil) 

Diminishing 
Products 

Limiting Intelligence Sources 
Past Future 

l'ntu,uc © 
-© 
-0 

encryption  ■*■ 

->- 

Ge- neral Purr. 

r© 
-© 

Growine Space Pooulation 

-^ 
NWI«. 

^>^"                                               ■>-,_- 
Av>-'                    ^^-^ 

, "^~"^                                             V-..  U.-.I-. 

* 

Space Situational Awareness 

When will it break? 
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Schäfer Surveillance Deficiencies Related to 
Space Situational Awareness 

. SC-2 Inadequate forces for- 
■ . ccmpletear^.rJrÄy"Si^*»*| 

.^;si)eeji'SpcSiijä^rpiSSj 
■' Capaary/CbvwogW'vr';.; 

GEÖ>tä^j^f^eI>eli«tiös:| 
'"' - 1*1\nö'rrÄy"Reto!uS^^IS 

SC-9 Cannot Maintain Small 
Object Catalog 

Debris precision data 

J 

'■'■:^^"-'''^.:P;'vt.v* 
;  SC-3 Inadequate forces for 
,'. .'Space Order of Battle' :>•';.' 

< & -I        ■■-*'!■.>.;• ,       ~     ■   .■ 

fv •'■>'. GEO Intel data':'i':'V; 
: ■:'■>'■" SQVMPA Coverage, ;;<V 
!v^::^,?Hear!^SriSlffieliriess 

SC-11 Cannot Process Orbits 
of Unique/Hi-Interest Assets 

(decaying, tethered, muDti-day, 
hi- eccentricity satellites) 

Precision data, algorithms 

SC-16 No Agreement or 
Capability for 

Detection/Tracking of Near 
Earth Objects (NEC's) 

SC-7 High Cost O&M for 
Threat Warning and 
Space Surveillance 

Automation/Upgrades 
Sensor Calibration 

Atmospheric Characterization 

SC-15 No Collision Advisories 

Accurate data predictions with 
complete space catalog 

Source: 
1997 AFSPC Space Control MAP 

Schäfer     Potential Solutions for GEO SOI Needs       ^p 

SOI Needs Potential Solutions                               Pavoffs 

• ID • Improve photometric data * More accurate status 
- Class and type collection and exploitation 

- brightness 
determination 

• Status 
Is it operational? 

- color 
polarimctry 

- space-based 

• Potential for identification 
and orientation 
assessment 

* Anomaly resolution 
• Exploit NMD X-band radars 

to extend coverage • Improved anomaly 
- Range profiles resolution and damage 

* Characterization - Imaging (rotating objects) assessment 
- Primary/secondary 

missions 
- Changes 
- Specific 

• Ground based optical 
imaging (e.g. GUNT) 

■ Space Based optical 

* Improved GEO coverage 

• Detailed 
capabilities 

- Detailed 
characteristics 

• Extend GEO radar imaging 
with SB fly-by 

mission/capability 
characterization 

S.«iv Oracjl Nrtv*vtMi*MnStuJy(ONM5). »W7 
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ichafsr Current SOI Capabilities in GEO 

Inadequate 

Coverage limited to Haystack viewing    | .-,. 

Haystack Range Profiles f~^'% 

J-AAI*M/    NW*„ 

Inadequate 

6 
.§ 

5 

f 
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Visible Photometry 

None 

Visible Photometry 

Limited ID & status 
determination 

— stable/unstable 

«yiWl JW s  l »^wVwi^i^liMly >i»i«'lwWl'«fVw 

Visible Photometry 

no      wo    i« 

V 
Haystack Images 5 
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Schäfer        Current Optical Capabilities in GEO 

Stable Unstable 
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Or is it? 

• Some features on payload or panels cause brightness fluctuations. 
■ Low confidence in status determination using this data. 
• Status determination limited to stable vs. unstable. 

• Single visible bandpass. 
• Magnitudes not well calibrated. 
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Schäfer Color Photometry Technique 

• Can we get more information from color (spectrum)? 

• a.k.a. Multi-Spectral Photometry 
• Origins: Astronomical Photometry 
• Definition: Measurement of the apparent brightnesses of an object in 

various wavelength bands in the optical or infrared regions of the 
spectrum 

Solar Spectrum   

01 mcrontm yisib!e_RegJpn„ 

12 3 4 

Wavelength (microns) 
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Schsfer Recent AFRL Research 
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I 
TASAT simulations provided clues trat color 
photometry nuy facilitate identification of CEOs. 
Simulated spectra showed different features that 
corresponded to class of satellite 
Color photometry created from these spectra 
showed even more distinguishing characteristics. 
Observations were needed to prove these data 
could be obtained. 

Simulated Spectra 

Ideal Orbit, Winter Solstice, SPA = 28.3 
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Simulated Color Photometry 
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Multiple GEO 
Satellites 
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Blue/Visible Intensity ratio 
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Schäfer Capilla Peak Observations 

10 satellites 

Sohdaridjd 1-22911 

SolidJridad:-23313 

Anik I 1 - 21726 

Anik 1 2 - 21222 

I MIS 1-22930 

I M!S 2-23192 

I XiS.1-23598 

AMSC 1 - 23553 

(AUr 4-20946 

Spjcnwt 4-21227 

CSlar 

LMAS MM) 

3 different 
payloads 

Anik 

GI-: Salami 5000 
Solidaridad 

• Dr. Steven Gregory, IPA, astronomer at University of New Mexico 
• Investigated these satellites in Fall 1996 - Summer 1997 
• Current data set: late Spring 1998 - end of FY 99 

Schäfer Current AFRL Experiments 

dpi Ha Peak Observations 
using a Gaussian Classifier 

& ■ 

Results of Principal Component Analysis 
using a Gaussian Classifier 
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Probability of Correct ID = 79.26 % Probability of Correct ID = 100 % 

• Color photometry data on 10 different satellites with 3 different payload types. Some of 
which are in a cluster. 

• Pattern recognition algorithms have aided discrimination of payloads. 
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Schsfsr Pattern recognition (PR) Algorithms 

Measured Data Feature Space Qass Membership Space 

• PR can be defined as an information reduction, information mapping, or 
information labeling process. 

• The mapping reflects our choice of measurement system. 
• In realistic cases, the feature space regions overlap by some amount. 

Schäfer Current Status of Color Photometry 

• Payoffs from color photometry technique 
- Contribute to identification (permits exploitation) 
- Improved status determination 

>• Potential for orientation detection 

>•  Better estimates of ops use 
- Help reduce mistagging 

• AFRL/DEBS Signature Program plans limited color photometry data 
collection on GEOS over FY99. 

• AFRL/DEPA GEODSS Multi-Spectral Data (GMSD) program plans 
to finish analysis of color photometry data collected from GEODSS - 
Socorro. 

• These efforts insufficient to bring technique to operational readiness. 
•  NEED MORE DATA 

• To exploit differences in signatures to optimize photometric technique 
(filters, phase angles, algorithm development). 
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Schafer    "' SILC 

Objective 
- Demonstrate the capability of multi-spectral (color) photometry to identify 

deep space satellites during cross tagging situations and multi-spectral 
photometry's capability to evaluate the operational status of the Space 
Order of Battle (SOB). 

Benefits: 
- Collaboration between 3 branches of AFRL (DEBI, DEBS, DEPA) 

•• Resources 

» Expertise 

» Timeliness 

- Synergy 

» Shared data, algorithms, and lessons-learned would facilitate 
development of color photometry technique. 

- SILC will address operational transition of this technique. Diverse AFRL 
programs will not. 

Schäfer Summary 

• Known SOI deficiency for GEO satellites. 

• Color photometry is potentially a solution for mistags and an 
additional capability for ops status. 

• Color photometry sponsored by AFRL Directed Energy Directorate. 

• SWC/Space Battlelab SILC plans to demonstrate operational utility. 
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Date:     12 November 98 

From:    Dr. Mara Payne, Ms. Linda Crawford 

To:        Mr. Stan Czyzak, AFRL/DEBS 

Cc:        Dr. Dave Voelz, Ms. Lee Kann, AFRL/DEBS 
Ll. Darrell Phiilipson, AFRL/DEPA 
Mr. Paul Kervin, AFRL/DEBI 
Dr. Darryl Sanchez, UPR 

Re:       Trip Report, Color Photometry Briefing at Combined Intelligence Center (CIC), Peterson AFB, 
CO, 10 November 98 

Dr. Payne provided a briefing to AFSPC and USSPACECOM on the AFRL Color Photometry efforts, 
concentrating on the recent data collected at the Capilla Peak observatory, and how the technique relates to 
the Space Warfare Center/Space Battlelab (SWC/SB) SOI in Living Color (SILC) initiative (see attachment 
I). SWC/SB also had a summary briefing of SILC (see attachment 2) with a primary objective of soliciting 
user support. Recently SWC/SB completed a "rack and stack" of the SB initiatives and SILC is on the 
"bubble" as to whether it gets funded. 

The following were in attendance: 

USSPACECOM/J2V - Col Gendron 
USSPACECOM/J2F - Col DeLoughery (CIC Cmdr), Maj Lutz, TSgt Fields 
SWC/SB - Col Bivins (SB Cmdr). LtCol Wright (Dep Cmdr), Capt Trimble (SILC POC) 
AFSPC/DRCS - LtCol Smith 
AFSPC/DOI - Mr. Pease, Capt Scars (Intel section for Ops) 
ICACS 
Schaler Corp. - Mr. Boykin, Ms. Crawford. Dr. Payne 

Dr. Payne presented her briefing, which included how the color photometry technique supports some of the 
Space Siiuational Awareness deficiencies, as identified by the 1997 Space Control Map. She showed that 
the limited set of collected data was highly successful in identifying the type of payload. Maj Lutz during 
the briefing continually stressed the need for such a technique and stated that the number of mistagged deep 
space objects has increased to 157r of which mistagged GEO objects were approximately 34%. 

LtCol Smith stated that he favors the completion of the SILC demonstration and sees the results dovetailing 
into the GEODSS CCD Upgrade program, for which funding has been allocated starting in FY00. If 
successful, he felt that color photometry requirements could be included in the A-Specification of the 
GEODSS CCD Upgrade program with a low cost impact. LtCol Smith said that DRCS would coordinate 
with the GEODSS CCD Upgrade program acquisition agency, ESC (Boston). The color filter wheels are 
already on the GEODSS telescopes, but currently have clear glass in them. 

This schedule is consistent with Col Bivins' desire to complete the demonstration within 6 months, with 
results completed in 9-12 months.   There was a concern about the time period (FY99), since this 
demonstration was planned to be a joint effort between SWC/SB and AFRL/DE (DEBI, DEBS, DEPA) 
with DEBI FY99 funds. 

However, LtCol Smith suggested that the SILC demonstration be changed to use the larger aperture 
telescopes at Maui (the 1.2m. 0.8m, and 3.6m) versus the RAVEN small telescopes. He was concerned that 
the capabilities of the small telescopes would not be sufficient to demonstrate the technique successfully. 
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He stated that AFSPC would support the allocation of those larger telescopes for the demonstration. This 
suggested re-direction needs to be discussed with Mr. Kervin, AFRL/DEBI (Maui). He was also concerned 
that the use of RAVEN would confuse the SILC initiative with the SOA initiative completed last year. 
Space Surveillance Network Optical Augmentation (SOA) was the small telescope augmentation Battlelab 
initiative with AFRL/DEBI. 

Another discussion was held on the analysis tool to process the data. The CIC representatives stated that 
they wanted a tool that processed the data quickly, was semi-automated (in making assessments), was 
logistically supportable (documentation, releases), and was a separate program from IDASS/IDPS, but 
could be hosted on the same Silicon Graphics (SGI) (IRIX operating system) platform.   Eventually, they 
could see a utility of being able to use these data in IDASS for S&T analysis, but were concerned that 
IDASS look too long to set up and execute. LtCol Smith suggested that CIC document their user 
requirements for the color photometry analysis tool. 

With unanimous support from the attendees (and especially from the CIC), Col Bivins directed that a team 
be assembled to develop a briefing for the Jan 99 General Officers Advisory Group (GOAG) that is to 
include the operational benefit of color photomclry/SILC and the cost of implementing color photometry 
techniques on the operational GEODSS system. Capt Trimble was established as the POC for contacting 
the organizations, assigning tasks, and collecting the information. He plans on having a telecom/VTC next 
week to kick off this effort.1 

Dr. Payne was asked to provide technical support, specifically how will the operational procedures at 
GEODSS change in collecting the color photometry data, and how long will it take per track. A concern 
was raised that if the time increased substantially, the time available for metrics data collection on 
GEODSS would decrease. TSgt Fields stated that the E-0 systems are tasked for SOI tracks monthly as 
follows: Socorro - 70; Maui - 70, Diego Garcia - 170, TOS (Spain) - 100. Also needed is the number of 
signatures required to populate an operational database (to include different types of payloads and phase 
angles). 

SWC/SB will be sending a letter to AFSPC/DOY asking for the specific user needs and deficiencies that 
this technique would mitigate. Note: After the meeting. Dr. Payne and Ms Crawford provided copies of the 
briefings and a synopsis of the discussion to Maj Brandstrom, AFSPC/DOYO. 

In summary, it was apparent that this color photometry technique, developed at AFRL, has strong support 
with AFSPC and USSPACECOM users. This is an excellent opportunity to have an AFRL R&D project 
become operational. We recommend that AFRL/DEBS. AFRL/DEBI, and AFRL/DEPA strongly support 
the SILC team efforts and the users' suggestions for modifying the demonstration. 

We are available to support every aspect of this demonstration, from providing technical information for 
the briefing and demonstration preparations, collecting and analyzing the data during the demonstration, to 
upporting the development of a quick response color photometry analysis tool. V 

Atch I: Color Photometry of GEO Satellites 
Atch 2: Space Battlelab Proposed Initiative: Space Object Identification in Living Color 

Capt Trimble scheduled a VTC at 1300 on November 17, 1998. 



DRAFT 

Color Photometry Data Collection Procedure 

1. Preparation and Set-Up (Sunset/Dusk) - Total time = 30 minutes 
Telescope and computer prep - no special needs - 

The telescope is assumed to be up and running, focused, and boresighted. We spend 
approximately 2 hours converting the 2 line element sets to right ascension/declination coordinates 
that are used by the telescope using SATTRACK. 

Sky flat-field frames through all filters (CCD calibration) - 15 minutes 
This procedure must be performed during twilight if the sky is used. Alternative: dome flat- 
fielding could be performed, but a uniformly-illuminated screen in the dome would have to be 
constructed for each telescope. 

Bias frames (CCD calibration) - 15 minutes 

2. Observing Time (Stellar) 
Once-A-Month - Fully calibrated night - Total time = 30 minutes (for a 6 hour night) 

Flux calibration star - all filters (B,V,R,I) - observe 1 hour apart- 1 second exposure - 
Time per ob = 5 minutes 

Regular night - Total time = 15 minutes (for a 6-8 hour night) 
Flux calibration star - all filters (B,V,R,I) - observe 4 hours apart- 1 second exposure - 
Time per ob = 5 minutes 

3. Observing Time (Satellites) 
All filters - Average time per ob = 3 minutes 
Average time between obs (to find satellite) = 2.3 minutes 

02/19/99 From the Desk of Dr. Mara Payne 
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WORKING DRAFT 

COLOR PHOTOMETRY DATA EXPLOITATION TOOL (CPDET) 

Requirements/De iverables To Transition an R&D Project to Operational Use 

Category Deliverable Reference Description 
Performance- 
Interopera- 
bility and 
Standards 

Interface 
Control 
Document 
(ICD) 

AFSPCI 60-102 

Draft Technical 
Requirements 
Document (TRD) 
for Sensor 
Exploitation 
Tools (5 Dec 97) 

1 - Uses Space Surveillance Astrodynamic Standards 

2 -Can ingest, parse, display, and output Flexible Image 
Transport System (FITS) formatted data (there may be 
improvements to FITS, such as filter information) 

3 - Can format the data/file to be compatible for input to other 
data exploitation tools (such as IDPS and IDASS). 

4 - Has the capability to interface to the existing networks and 
communications links for automated data input and output 

Performance- 
Data Display 
and Interface 

Draft Dec 97 
TRD 

1 - Has simultaneous data display; has capability to plot more 
than four main bands and the ability to interactively select 
which signatures to display at any one time (each FITS file 
can have four or more separate signatures). 

2 - Allows user to selectively display all, some, or none of the 
signatures independently, and perform some elementary 
measurements, such as allowing the user to select start and 
stop times and report the time (or pixels) between the user 
selected points; report the data value as the user moves a 
cursor along the signature, zoom control, etc. 

Performance- 
Data 
Processing 

Draft Dec 97 
TRD 

1 - Has the capability to input photometric color magnitudes 
versus phase angle (or time) curve. 

2 - Has the capability to examine/provide combination of 
color photometry for the color measurements and phase angle- 
based measurements for the brightness relationship 

3 - Provides the ability for automated statistical probability 
determination of satellite/payload identification. 

Performance- 
Data 
Management 

Draft Dec 97 
TRD 

1 - Capable of performing database comparisons (i.e., 
compare new data with existing data); allows searches and 
sorts on various features of the different data sets (e.g.. look at 
all signatures over time for one satellite under certain 
astronomical conditions) 

Software Computer it 
Sottware 
Resources 

Draft Dec 97 
TRD 

MIL-STD 498 
(or replacement 
STD) 

1 - Stand-alone tool, hosted on Silicon Graphics platform 
running under UNIX operating system (IRIX) 

2 - No proprietary code, except COTS. 

3 - Developed code and database using established 
programming standards and maintained under a configuration 
management tool. 

4 - Modular design to allow for future tool enhancements, 
such as additional types of data input (i.e., radiometric) and 
data analysis (i.e., spectral analysis of time series signature). 

User Interface. 
Displays. 
Output 

HSISTD 1 - Compliant with latest Human Systems Integration (HSI) 
standard 

02/19/99 
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WORKING DRAFT 

COLOR PHO' 

Requirements/De 

rOMETRY DATA EXPLOITATION TOOL (CPDET) (cont) 

iverables To Transition an R&D Project to Operational Use 
Category Deliverable Reference Description 
Software Requirements 

and Design 
Documentation 

MIL-STD 498 
(or replacement 
STD) 
DID/Template 

1 - System/Subsystem Specification (SSS)- How the design 
meets the specifications and be testable; also includes an 
operational concept on how the system will be used. 

2 - System Requirements Specification (SRS) or Interface 
Requirements Specification (IRS) - Provides requirements on 
interfacing to other CSCIs/systems (can include in SSS) 

3 - System/Subsystem Description Document (SSDD) - 
Provides the system-wide design decisions/system 
architectural design; also includes description of databases. 

4 - Software Design Description (SDD) - Covers the CSCI 
level design and decisions (can include in SSDD) 

5 - Interface Description Document (IDD) - Describes the 
interface characteristics of one or more systems, subsystems. 
Hardware Configuration Items, Computer Software 
Configuration Items (CSCIs), manual operations, or other 
system components. 

Software 
Testing 
Documentation 

(note: can 
replace or be 
subset of DT&E 
documentation) 

MIL-STD 498 
(or replacement 
STD) 
DID/Template 

1 - Software Test Plan (STP) / Software Test Description 
(STD) - Describes the test plan, preparations, test cases, and 
test procedures for testing all requirements. 

2 - System Test Results (STR) - Covers all planned test cases: 
provides results, and shows that the system meets its 
requirements. 

Software 
Description 

MIL-STD 498 
(or replacement 
STD) 
DID/Template 

1 - Software Version Description (SVD) or Version Release 
Package (VRP) - Identifies the version of each software 
component (file, unit, CSCI, etc.) delivered and changes, if 
applicable. 

2 - Software Products Specification (SPS) - References the 
executable software, source files, and software support 
information, including "as built" design information and 
compilation, build, and modification procedures. 

Executable 
software and 
source files 

AFSPC-AFMC 
MOA - Software 
Normalization, 
16Feb93 

Includes all software necessary for execution. Version exactly 
matches version that passed testing and will be under 
configuration control/management. 

Operations 
Documentation 

MIL-STD 498 
(or replacement 
STD) 
DID/Template 

1 - Software User Manual (SUM) - Describes software 
installation, input/output, database structure, how to use the 
tool, guidelines for analysis of results, error messages, and 
normal processing notifications. 

2 - Computer Operation Manual (COM) - Describes how to 
operate the computer system that hosts the tool. 

3 - Mathematical/Algorithmic Description Document 

02/19/99 



WORKING DRAFT 

COLOR PHOTOMETRY DATA EXPLOITATION TOOL (CPDET) (cont) 

Requirements/De iverables To Transition an R&D Project to Operational Use 
Category Deliverable Reference Description 
Training Training Plan Developer format Develops plan on how training will be completed for both for 

Operations and Maintenance (O&M) personnel. 

Training Guide Developer 
format 

Develops guide/teaching aid to use during training of O&M 
personnel. 

Initial Training Developer format Completes training to operate and/or maintain the system. 
Training shall include all command and control functions, 
system familiarization, procedures and low level system 
malfunction analysis, data processing, data editing, data 
validation, classification control, and data transmission. 

Logistics Special Support 
Equipment 

Identify/provide specialized equipment/tools (software or 
hardware) to operate/maintain system (if applicable) 

Spares/Parts 
List 

Identified by critical/non-critical (to mission support), long 
lead time, custom or standard benchstock item. 

Maintenance 
Agreements 

Draft Dec 97 
TRD 

For delivered software and hardware, support agreement (s) in 
place and effective for at least one year after certification 

Functional and 
Physical 
Configuration 
Audit 
(FC A/PC A) 

AFSPC-AFMC 
MOA 

Verifies that the tool functions and that it matches the 
physical description detailed in the documentation. The 
results shall be included in the SVD/VRP. 

Security Accreditation DOD DIR & 
STD 5200.28 

Adequate security and access controls as per criteria 
established by user and in directive/standard. 

, Testing Svstem Testing 
(DT&E) 

1 - DT&E Plan/Procedures - Describes the test plan, 
preparations, test cases, and test procedures for testing all 
system-level requirements (from the specification). 

2 - DT&E Report - Covers all planned test cases; provides 
results, and shows that the system meets its requirements. 

i Y2K Testing AF/AFSPC STD 
Test Cases 

Completes Year 2000 assessment and certification that system 
is Y2K survivable (Y2K compliant is a goal). 

Operational 
Utility 
Evaluation 
(OUE) Testing 

1 - OUE Plan/Procedures - Describes the lest plan, 
preparations, test cases, and test procedures for testing OUE. 
(to be completed by user) 

2 - OUE Report - Covers all planned test cases; provides 
results, and shows that the system meets OUE. (to be 
completed by user). 

Note; The developing agency supports OUE by providing 
the results from DT&E and providing technical support 
during OUE conduct. 

Certification Certification Space and 
Missile Payload 
Assessment 
System (SMPAS) 

Based on OUE results, successfully complete certification 
criteria and added to the operational SMPAS. 

02/19/99 



WORKING DRAFT 

COLOR PHOTOMETRT DATA EXPLOITATION TOOL (CPDET) 

Rough Order of Magnitude (ROM) Cost 

Reference: Draft CPDET Requirements/Deliverables to Transition to Operational Use, 8 Dec 98 

Performance/Deliverable Summary Assumptions LOE (hrs) Est. Cost 
Operational Color Photometry Data Exploitation 
Tool Development 

1. Input/Output 
- input/output ICD-defined data formats, files, 
messages (SSN, other tools - IDPS, IDASS) 
- interface to existing networks/links for automatic 

data input/output 

2. Data Display and Interface 
- Select signatures to display, up to four plots, display 
data value/time, zoom, etc. 

3. Data Processing 
- with input of photometric color magnitudes vs. 

phase angle (or time), develop brightness relationship 
- provide the ability for automated statistical 
probability determination of satellite/payload 
identification 

4. Data/Database Management 
- perform comparisons, searches, sorts, database 
utilities 

5. Software 
- compatible to SMPAS. SGI platform/IRIX 
- use programming standards 
- maintained under CM tool 
- modular design for future tool enhancements 
- HSI user interface standards 

Mathematical 
algorithms and 
prototype tool 
developed during SILC 
time period 

Computer and software 
purchased for 
development, testing, 
configuration 
management (CM), and 
maintenance 

GEODSS CCD Upgrade 
program includes 
support of color 
photometry data 
collection (anticipated 
changes include ops 
procedures/calibration, 
reduction of raw data on 
site to derive four color 
magnitudes/time change 
in message 
header/possible format 

Scientist 6 -500 

SysAnlyt4 - 1000 

Prgrnr 3- 1000 

Labor 
-$195K 

HAV 
- $20K 

SAV (operating 
system, DBMS, 
Development 
Tools, CM Tool) 
-S30K 

Logistics 

1. Provide Special Support SAV & HAV Tools 
2. Develop Spares/Parts List 

1 3.     Establish Maintenance Agreements (SAV & 
HAV) 

4.     Conduct FCA/PCA 

One year of HAV and 
SAV COTS maintenance 
support 

Assumes COTS, no 
critical spares/no spares 
purchased 

Prgmr3- 100 Agreements - 
$10K 

Labor - $6K 

Security Accreditation Support Customer is 
responsible; developer 
only provides support 
and ensures tool meets 
security directives 

SysAnlyt4 - 100 Labor - $8K 

12/15/98 
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WORKING DRAFT 

COLOR PHOTOMETRY DATA EXPLOITATION TOOL (CPDET) (CONT) 

Rough Order of Magnitude (ROM) Cost 

Reference: Draft CPDET Requirements/Deliverables to Transition to Operational Use, 8 Dec 98 

Performance/Deliverable Summary 
Software Process and Documentation 

1. Conduct PDR/CDR 

2. Complete documentation 
a - System/Subsystem Specification (SSS) 
b - System Requirements Specification (SRS) (includes 
Interface Requirements Specification (IRS)) 
c - System/Subsystem Description Document (SSDD) 
d - Software Design Description (SDD) 
e - Interface Description Document (IDD) 
f - Software Test Plan (STP) / Software Test Description 
(STD) 
g - System Test Results (STR) 
h - Software Version Description (SVD) or Version 
Release Package (VRP) 
i - Software Products Specification (SPS) 
j - Sottware User Manual (SUM) 
k - Computer Operation Manual (COM) 
I - Mathematical/Algorithmic Description Document 
m - DT&E Plan/Procedures 
n - DT&E Report        
Testing/Certification 

1. Conduct CSCI/System Testing 
2. Conduct DT&E (includes Y2K) 
3. Support OUE Support 
4. Support Ops SAV Certification 
Training 

1. 
■> 

Develop Training Plan and Guide 
Conduct Initial Training 

Technical Mectings/Management/Misc. Support 

TOTALS 

Assumptions 
Tailored MIL-STD 498 
formats and process, 
with government 
approval 

Some documents 
combined, with 
government approval 
(e.g., STP/STD and 
DT&E; SRS and IRS) 

Customer to complete 
OUE and SAV 
certification developer 
to provide support, as 
required 

Training includes O&M 
areas, will be on-the-job 
training, and will use the 
SUM/COM as training 
materials 

As required 

LOE (hrs) 
Scientist 6- 100 

SysAnlyt4 -500 

Tech/Prgr 1-1000 

Admin Spt - 750 

SysAnlyt4 -100 

Prgmr 3 - 200 

Tech/Prgr 1 - 200 

SysAnlyt4  - 100 

Prgmr 3- 150 

Tech/Prgr 1-150 

Admin Spt- 100 
Scientist 6- 100 

Sys Anlyt 4-300 

Prgmr 3 - 350 

Admin Spt - 200 

Est. Cost 
Labor - $97K 

Labor - $25K 

Labor -$23K 

Labor-S50K 

Travel - $20K 

Expendables - 
$10K 

Labor - $390K 

Other - $90K 

Total - $480K 

12/15/98 



WORKING DRAFT 

COLOR PHOTOMETRY DATA EXPLOITATION TOOL (CPDET) (CONT) 

Rough Order of Magnitude (ROM) Cost 

Reference: Draft CPDET Requirements/Deliverables to Transition to Operational Use, 8 Dec 98 

Labor costs derived from GSA Contract categories and rates 

Category Rate/hour 
Technical Specialist/Admin Support/Programmer 1 - High School/Associate degree S27 
System Engineer/Programmer 3 - Technical BS degree with 2 years experience $59 
System Engineer/Analyst 4 - Technical BS (MS preferred) degree with 5 years experience 
System Engineer/Analyst/Scientist 6 - Technical MS/PhD degree with 10 years experience 

$76 
$120 

12/15/98 



Space Situational 
Awareness 

Essential for 
Military Operations 

1 Dec 98 

Air Force Research Laboratory 
Surveillance Technologies Branch 

AFRL/DEBS 
Stan Czyzak 
DSN 246-4845 

Background 

Military use of all classes of 
space systems is increasing 

I'S/Allicd 
Potential Advcrsarv 

U.S. economic interests in 
space growing rapidly 

Infrastructure for maintaining 
control of space is shrinking 

Strong leadership support of Space 
Situational Awareness by: 

• National Space Policy 
- "Modernize Space Surveillance.to 

ilelect...char:icteri/.e threat lu US space 
M.stems...and protection of military 
activities" 

• USC1NCSPACK 
- "Space surveillance is the 'llrst order «f 

linsincss' at USSPACKCOM" 
- "Global partnerships'* leveraged with 

commercial for Integrated Space "Traffic 
Control" and "Accident Investigation** to 
protect "Space Lanes for Commerce" 

Space Situational Awareness Modernization Needed 



Users of Space Situational Awareness 

Military 

• Warn civilian* (if ^"" 
danger 

WarfljEhtrrRegloMl 
Terrestrial CINCi    . 

adversary * 
• Surveil/deny enemy 4 
• Warn K-A threat  4 

idunafC 

Civil/Comm'l 

IS aNCSFACE 
• Onrtfcnpaix Or» -rf 

Protect, negate ^ 
Asaen 5 
itunaftfartkc       3  

laid 
• Active pay toads ^- 
• Gnwnd *)«em Opt    ^. 

;* v "^J&iyjajwg 

Activities 

> Di-tect and mwUtw «praobjeitr.;'•" 
• Detect new foreign launcher;?; ^- £:; 

f Drt«!t/w«rmrfthrT«t»tos«tdHt« 

• Detect track, characterize . 
■ ■pentkmal salettftts 'U/ '^■^■^üf 
► Provide Information to matatatn SOB,; 

NASA 
• Shuttle/ISS collision 

■vui dance 

m^.  Treaty Organizations 
m^.   • Treaty compliance 

Satellite 
«^ .   Owner/Operators 
1-ll^    • Asset kx-atkin/sutus 

• Anomalies 
• RF1 or other 

interference 
• Collisions at launch 

and Is space 

* rYwUrt.detert& track ra-«trte«; 

Recognized Space Picture 

Location movement and status of space 
forces (military, civil, commercial) 

(I'S and foreign) 

Space Forces' 
Capabilities      Characteristics 

• IMINT         H •  Construction 
• SIG INT        ■ •  Protection 
•   WcjihCT            H •  Anti-iam 
*  Surveillance 1 •  Hardening 

H •  Maneuver 
*  Weapons       ^H •  Dclcnse.s 
• Ops status •  Users 

(tit a log of\pacc 
uhjrctVorbitv 

(•mund SvMeim 

/ 
Space threats & 

even Li 

rS/Mliyd Mission 
INannint^Ku-ciition/Assessment 

Intel Systems 

Satellite Owner /Operators 

Open Literature 

Space Environment 

(including debris) 

Terrestrial CC&D (against red/gray) 
Terrestrial lntell Prep of Battlefield (using blue) 

Space capabilities protection (blue) 
Negation Ops (against red/gray) 



We are Losing the Ability to Provide 
Space Situational Awareness 

Shrinking Force Structure 

Silt ~~     Jnadequ.tt 
Closures Moderniulion 

Decreasing 
OftM capabililt 

Reduced | 
Budgets fT        I 

Diminishing 
Product 

Limiting Intelligence Sources 

Past Future 

I rmrypcit.il I    -----*► 

Uuinvh 
Vrtuilc >© 

(kwn! Purpnw 

Growing Space Population 

H: 

Limiting 
Coverage 

OicJBoston (globe 

.- »OUCT % fl-ni; ft—, a«*»* 

VMkOkMktiMAMpMIr, 

TW WMfctapai PHI 

Craft? What Craft? Russian Mut Probe 
Already Had FBUCT Before Dire Wanupgt 

Near Earth Surveillance Timeliness Issues 
Metrics (Maneuver Detection & Rapid Orbit Determination), 

Status & Characterization Problems 

Limited Observation Opportunities from Terrestrial Sites 
Metrics IfPflfiing 

Increasing t of "Surveillance** satellites with maneuver capability 
Decreasing Revisit Time «-» SATRAN no longer sufficient 

Smaller satellites Time -* 
(>rowing number of launch facilities 

Military Implications 

• Inability to know when/where and 
how well adversary can and does 
observe our actions, troop 
location 

- Lower misMwi ^uevt-^s 
- Higher msu;illtes 

• liKibilily to provide accurate and 
short notice collision warnings 

• Inability to rapidly respond to 
changes in regional areas of 

interest 



Deficiencies Related to 
Space Situational Awareness 

SC-2 Inadequate forces for 
complete Space Situational 

Awareness 

Deep Space Tracking 
Capacity/Coverage 

GEO Suuus Change Detection 

SC-3 Update for 
Space Order of Battle (SOB) 

GEO lmell 
SOI/MPA Coverage 

Near Earth Timeliness 

SC-7 High cost of O&M for 
Threat Warning and Space 

Surveillance 

SC-9 Unable to maintain 
Small Object Catalog 

• SC-12 Ibnitnloperator > ■ 
training for Space Control > 

SC-13 Lack of processing for 
unique/high interest orbits 

SC-14 Lack of trandardJTrd s 
; tools for Theater Space Ops - rning 

SC-16 Limited detection & 
surveillance of Near Earth 

Objects (NEOs) 
'      O Deficiencies Addressed 

Snutvc: I9V7 AFSPC Space Gmiriil MAP 

Potential Solutions 
to SSA Deficiencies 

SC-2 Inadequate forces for 
completeSSA 

New Surveillance Technique« 
Improved Algorithms : 

New Sensors        *: 

SC-3: Inadequate forces tor SOB 

Sensor Upgrades .-%■' 
New SOI Techniques , 

i    SC-7 High cost or o&M or 
;       Threat Warning 4 Space 

:
; Surveillance 

f .     ':''' Upgrade Sensors - 
i -   -        New Operations 

Selective Automation 

SC-9 Unable to maintain small 
object catalog'■'■.;;','■/', 

High Sensitivity & Accurate Sensors 
''■    NewAlgorilfims*  .-,-': 

' SC-13 Lack of processing for 
unique/high Interest orbits '\ ■ 

<      .   Additional,Advanced K;'; 

t,,- Astrodynamical B • 
'f.", ■':'    Sensor Upgrades'.' '..5/■,■'■ 

SC-16 Cannot do NEO 
detection & surveillance 

Laige'Aperture Sensors \ 
*•" New Algorithms • 



Summary 

• SSA critical to warfighter 

• Current/programmed force structure 
inadequate to do the job 

• Potential solutions have been identified 

• Investment decisions required 



Space Situational 
Awareness 

Essential for 
Military Operations 

1 Dec 98 
Air Force Research Laboratory 

Surveillance Technologies Branch 
AFRL/DEBS 
Stan Czyzak 
DSN 246-4845 

Background 

Military use of all classes or 
space systems is increasing 

CS/Allicd 
Potential Adversarv 

U.S. economic interests in 
space growing rapidly 

Inrrastructure for maintaining 
control of space is shrinking 

7 

Strong leadership support of Space 
Situational Awareness by: 

• .National Space Policy 
- "Modernize Space Surveillancctn 

dctcct...characteri/.e threat to US space 
M stems...and protection of military 
activities" 

• I SCINCSPACK 
• "Space surveillance is the 'first order of 

business' at ISSPACF.COM" 
• "(ilolial partnerships" leveraged »ill) 

coniniereial for Integrated Space "Traffic 
Control" and "Accident Investigation" to 
protect "Space Lanes for Commerce" 

I 
Space Situational Awareness Modernization Needed 

I'S 



Users of Space Situational Awareness 

Military 
NCA 
• Warn civiliins of 

danjer 

WtrflKhtrr RegtoMl 
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■ AM«d/exphm 
advenary 
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• Ouflunpaoe Ops ■ 

Pn«ccL neyaie 
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rfenufe/arilu 

• Aoivc payfawds        ^™ 
• GfiwnJ lyoem Opt 

■ Detect,tracfc,dmmrterh«  "^ ;V£-:"- 
operational latcUilc* 

• PretMelnTbrinälioa tonuüBfainSpW 

Civil/Comm'l 
NASA 
• Shuttlc/lSS collision 

avoidance 

^.   Treaty Organizations 
Treaty compliance 

Satellite 
^' Owner/Operaton 
• Asset location/sums 
• Anomalies 
•RFlorother 

Interference 
• CulltelaB it launch 

and tu space 

► Predict, detect *V'track t«-eotriet^. 

Recognized Space Picture 

Location movement and stains of spate 

lorers (military, mil, commercial) 

(t'S and foreign) 

M 

Space Forces' 

Capabilities      Characteristics 

(«tab»]! of space 
ohjceU/orbiL* 

(• round S\Mrms 

Space threats & 
etents 

• 1MINTH •  Ciwistrucinwi 
•  S1GINT        ■ •  ProlcctHm 
•  Weather        ^H •  Anti-jam 
•  Surveillance 1 •  Haideninj; 

H •  Maneuver 
*  Wcap»>n.\       ^H •  Defenses 
•   Ops suilus      ^M •  Users 

\   / 
I'S/Mlird Mission 

Terrestrial CC&D (against red/gray) 
Terrestrial Intel! Prep of Battlefield (using blue) 

Space capabilities protection (blue) 
Negation Ops (against red/gray) 

Sources 
Intel Systems 
Satellite Owner/Operators 
Open Literature 

<afMHV   Space Environment 
(including debris) 



Challenges to Maintaining the 
Recognized Space Picture 

• Growth in space object population 

• Increased complexity of space payloads - multiple payloads/spacecraft 

• Source limitations to determine the characteristics, capabilities and ops status 

• Military use of commercial space capabilities-owned/leased 

• Small space objects and manned presence in space 

• Shrinking force structure and site closures 

• Aging (1970s) equipment with limited replacements 

• Diversity in launch platforms- numbers/locations, ground/sea/air launch 

Growing Satellite Population 

Low Earth Orbit (LEO)/Middle Karth Orbit (MEO) 
Iridium 

M> LEOs 
Tried CSK 
288 LEOs 

Geosynchronous (GEO) 

••"ti^-iv-f^l-^-W 

iwia 
t 1 * * I I g Ml 1 R *' 

g      8      8       i 
Fulun» (n«xt 10 y*ar») 
Current 

R    s    t    : 

Longitude (* E) 
I   s I  1 

kmn-r   /Wt hme « Spare Ihr, 



Growing Capability of Active Payload Operations 

(iron th in number and 
capability of foreign and 
commercial INK systems 

- Optical, radar, SICINT, 
HUNT 

Ability to iniacc Tar from the 
nadir ground direction 

- "Where is il liHikinu now?" 

Multiple, independently 
directed, narrow conini 
beams 

Orbit adjustments and 
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We are Losing the Ability to Provide 
Space Situational Awareness 

Shrinking Forcy Structure 
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Closures Modernization 
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Diminishing 
Products 
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Limiting Intelligence Sources 

Past future 
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Deficiencies Related to 
Space Situational Awareness 

SC-2 Inadequate forces for 
complete Space Situational 

Awareness 

Deep Space Tracking 
Capacity/Coverage 

GEO Status Change Detection 

SC-3 Update for 
Space Order of Battk (SOB) 

GEO Intel! 
SOI/MPA Coverage 

Near Earth Timeliness 

SC-7 High cost of O&M for 
Threat Warning and Space 

Surveillance 

SC-9 Unable to maintain 
Small Object Catalog 

«SC-12 Limited Operator - 
S Training for Space Control 

SC-13 Lack of processing for 
unkjue/high interest orbits 

SC-14 LacktfStarÄatxed'l: 
Tools for Theater Space Ops 1 

SC-16 Limited detection & 
surveillance of Near Earth 

Objects (NEOs) 

SC-15 No collision warning 

r     LZ3 Deficiencies Addressed 
SiHjrcc: 1M97 AFSPC Space Cnnir»! MAP 

Issues and Solutions 

Deep Space 

- Metric tracking coverage and capacity 

- Status and change detection capability 

- Characterization 

Near Earth 

- Timeliness - metrics and status 

- Characterization capability 



Inadequate Deep Space Metric 
Tracking Coverage and Capacity 

Deep Space Population Growing 

MM      MM      MIO      Mit      MM      NH 

Militiirv Imnlications 

Inability to monitor communications 
- C- \      Frequent 
- Intel data      /      complaints In users 

Increasing potential for collision 
Uncertainty in adversary coverage 

- (nmni for C2 

- Missile detection 
- Intel collet lion 

Potential Solutions 

• Update tracking by object type/class 

• Do smart surveillance (Step-Stare, Tasking) 

• Add sensors (CCDs, small telescopes, 

exclusion zone sensors, global coverage) 

I*ewer "lost" objects 
- Current location for intelligence, exploitation 
- Less time "wasted" se 
- More complete catalog 
- Lower collision potential 

Inadequate GEO Status 
and Change Detection Capability 

Military Implications Potential Solutions 

* Range I'rofiles coverage limited 
t» Haystack tiewim* 

• Limited ID & Status 

-   ttNihle photometry 
(stable/unstable» 

> No imapiny of earth stable 
*alcllUeM7M'r. ufSOll* 

• Improve photometric data 
collection and exploitation 

- brightness 

- color/spectral 

- polarunctn 

- space-based (SBI 

• Exploit NMD X-band radara to 
extend ctt\ crage 

- Range profiles 

- Ima|[in|[ (rotating objects) 

• Develop ground-based (GBl 
optical imaging (e-g„ GLINT) 

• Add SB optical capability 

< Extend CEO GB radar imaging 
wilhSBnVbY 

1 More accurate $tatns/ID 

-   Reduces mistaking 

• Potential fur identification & 

• Improved GEO co\eraye 

■ Improved anomaly resolution 
and damage assessment 

■ Detailed mission/capability 
characterization 



Color Photometry Technique 
Near Term Solution 

* Measures the apparent brightness of an object in various 
wavelength bands (optical or infrared) of the spectrum 
— Facilitates identification of GEO payload types 
— Coupled with pattern recognition algorithm 

Solidjnüjit 

GStar 
1 M V- vii» 

Observations using a 
Gaussian Classifier 

Results of Principal Component 
Analysis using a Gaussian Classifier 

■,#-•-< 

-£'. 

* u 
Anik Probability of Correct ID- 79% 

GE Satcom 5(XX) 
Probability of Correct ID - 99 % 

Limited GEO Intell Capability 
Imaging for ID, Status, Characterization 

and Anomaly Resolution 

Military Implications 

• Inability to know II), 
status & mission \uth 
sufficient confidence 
loci* (insufficient image 
resolution 

Tod» 

Potential Solutions 

future Imagine 
GB optical 
SB optical 
GB/SB radarihisiitic) 

• A ecu rule Status Determination 
- Awarr i>rmilitary use 
- Timeh exploitation 

• Mission/capability characterization 
- Military ulilil> known 

- Can take actions to uwiid 
- Secondary missions identified 

- Historically a weak area 

• Anomaly resolution/damage assess 
- Support pruliU'in idvnl ill va lion 

and resolution - e.g., MILSTAR 

Assess damage and potentially 
di'lermine origin - natural, vie. 



Near Earth Surveillance Timeliness Issues 
Metrics (Maneuver Detection & Rapid Orbit Determination), 

Status & Characterization Problems 

Limited Observation Opportunities from Terrestrial Sites 
Metrics Imagine 

Increasing » of •'Surveillance" satellites with maneuver capability 
Decreasing Revisit Time mm> SATRAN no longer sufficient 

laller satellites Time -+^^^^■^■afaj^B 
(■rowing number of launch facilities 

Military Implications 

• Inability to know when/when* and 
how well adversary can and does 
observe our actions, troop 
locution 

- I.uwer mission success 
- Higher casualties 

• Inability to provide accurate and 
short notice collision warnings 

• Inability to rapidly respond to 
changes in regional areas of 

Current LEO Characterization Capabilities 

Radar 

WB Radar Image 

Narrowband Radar Signature 

Military Implications 

- Inadequate si/c and shape information 
fur small satellites (< I ml 

Status determination limited bv radar 

No theater co\era|:e 
1 Inadequate characterisation 

- Resolution inadequate fur detailed 
charactcri/jlitin 

1 Limited anomaly resolution for small 
satellites 

1 Insufficient timeliness 

Potential Solutions 

Optical imaging assets - Maul, Starfir 
Daytime imaging 
Advanced imaging algorithms 

Kev Question: When & how well will forces he imaged 

Optical 

Maui Image 

Starfire Image 

X 



Near Earth Timeliness Issues 
Potential Solutions 

Metric 

Space-based electro-optic suneillanee 
Upgraded CB S- or X-band radar fence 

W 

\   r 

^f    * 

Current kiHiuk'<If:tr i»f furei; 
spacecraft locutions 
-    I.iiu risk of exposure uf critical 

military operations 
Dtxn-.isct! probability ol" collision 
Metier lip-ofTIo IHM spacecrulVeapabi lilies 

Limit earlier problems 

Status & Characterization 

* Theater Satellite Imaging Radars with fixed imaging 
radars (Haystack, CBR-P, HAX, ALCOR, MMW) 
- 1 cm imaging capability 

Daytime imaging (radar & optical) 

Military Zone 

Potential Solutions 
to SSA Deficiencies 

SC-2 Inadequate forces for 
;''..' complete SSA~-:'-r' •'/■., 

New Surveillance Technique» 
Improved Algorithms ■ ■ 

New Sensor»   ■';'■" 

i'SC-3: Inadequate force« for SOB 

' '■•Sensor Upgrade» -.v-i"'- 
(.   \s\     New SOI Technique« . 

:' SC-7 High cost of O&M of 
;   Threat Warning & Space 

Surveillance 

Upgrade Sensors 
New Operations   • 

Selective Automation : 

SC-9 Unable to maintain «man 
'" ,,  object catalog :*'.'." ' 

High Sensitivity. & Accurate Sensors 
■■ ■ ■ * v t* NewWpjrilhm«*": '■'-:'/*■>•* 

SC-13 Lack of processing tor.^ 
' aak|ue/hifh Interest orbits } ■ 

.   Additional. Advanced-. ;v 
' Aerodynamical Formülnfion«' g" 

Sensor Upgrade«,. •->,«*j* 

SCil6,Caimot4iiNEO 
' detection*surveillance . 

'■   Large Aperture Sensors ... 
,' ,M;Nc#-A|gWlbmsV,' 



Summary 

SSA critical to warfighter 

Current/programmed force structure 
inadequate to do the job 

Potential solutions have been identified 

• Investment decisions required 


