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Space Situational Awareness Environmental
Effects Fusion System (SEEFS)

SEEFS processes and fuses natural
environmental data with AF space
system performance parameters to
objectively assess natural
environmental impacts for

— Satellite Communications
— Satellite Operations

— Surveillance, missile warning,
and missile defense radar
operations
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— GPS-aided systems (dual
frequency)

SEEFS is an AFSPC/DR program,
managed by SMC/WXT,

with AFRL/VSBX providing the capability




Product/Data

Applications: —

*Situation
Awareness

*Mitigation

*Exploitation %

Project Overview
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Capabilities/Deliverables

SATELLITE COMMUNICATIONS
Environmental Effects Characterization

Deliverable

Capabilities

Effects

SoRBE-Sat

UHF, C, X, Ku Band SATCOM
Solar Radio Burst Effects
Characterization Capability —
receive elements only

*Enables characterization of radio burst
and noise storm effects on UHF, C, X, Ku
band SATCOM

eContributes directly to the capability to
distinguish between man-made and solar
radio induced RFI

eCommunications capability planning and
execution

*Ability to meet jammer attack assessment
timelines

*Ability to effectively plan for assured
communications

*More effective command and control, e.g.
fire support

SatScint

UHF SATCOM Scintillation
Effects Characterization
Capability, includes effects at C
and X band

*Enables characterization of natural
scintillation effects on UHF C, X, Ku band
SATCOM

*Contributes directly to the capability to
distinguish between between man-made
RFI and scintillation induced RFI

eCommunications capability planning and
execution

*Ability to meet jammer attack assessment
timelines

*Ability to effectively plan for assured
communications

*More effective command and control, e.g.
fire support
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Capabilities/Deliverables

| RADAR o
Environmental Effects Characterization
Deliverable Capabilities Effects
SoRBE-Rad *Enables characterization of radio burst and noise *Ability to meet jammer attack

Radar Solar Radio Burst Effects
Characterization Capability

storm effects on surveillance, missile warning and
defense radars

*Contributes directly to the capability to distinguish
between between man-made RFI and solar radio
induced RFI

assessment timelines

*Ability to effectively plan for RFI
effects on radars

*More effective command and
control, e.g. radar sensor tasking

RAC Il

Radar Auroral Clutter Effects
Characterization Capability

*Enables characterization of auroral effects on
Missile Warning, Surveillance, and Missile Defense
Radars

* Contributes directly to the capability to distinguish
between between man-made and auroral induced
clutter

*Ability to meet jammer attack
assessment timelines

*Ability to effectively plan for radar
surveillance outages

*More effective command and
control, e.g. radar sensor tasking

orctassifred—FouUo

RadScint

Radar Scintillation Effects
Characterization Capability

*Enables characterization of natural scintillation
effects on surveillance, missile warning and defense
radars

*Contributes directly to the capability to distinguish
between between man-made and scintillation
induced effects

*Ability to meet jammer attack
assessment timelines

*Ability to effectively plan for
assured surveillance

*More effective command and
control, e.g. radar sensor tasking




.

o

/,////\/

Capabilities/Deliverables

SATELLITE OPERATIONS
Environmental Effects Characterization

Deliverable

Capabilities

Effects

DeepChar/D

Satellite Specific Deep
Charge/Discharge
Effects Characterization
Capability

*Forecast and assess deep charging
effects for specific satellites using
observed energetic electron data

*Characterization of natural
environmental effects on satellite and
payload ops

*Contributes directly to distinguish
between between man-made and
naturally induced anomalies

*Meet satellite attack assessment timelines for
DCS, OCS, and protection of national space
capabilities

eEffectively plan for space environmental effects
*Enhanced anomaly resolution timelines
*Decreased system downtime

*Enhanced satellite operations planning and
execution (satellite vehicle/payload safe-hold
procedures, payload tasking, etc.)

SurChar/D

Satellite Specific Surface
Charge/Discharge
Effects Characterization
Capability

*Forecast and assess surface charging
effects for specific satellites using surface
charge data from space based electron
and ion sensors

*Characterization of natural
environmental effects on satellite and
payload ops

eContributes directly to distinguish
between between man-made and
naturally induced anomalies

*Meet satellite attack assessment timelines for
DCS, OCS, and protection of national space
capabilities

eEffectively plan for space environmental effects
*Enhanced anomaly resolution timelines
*Decreased system downtime

*Enhanced satellite operations planning and
execution (satellite vehicle/payload safe-hold
procedures, payload tasking, etc.)
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SOoRBE
> The Problem - RFI

Sun emitting:
1) background radio noise

¥ 2) a solar radio burst
(not in-line with receiver)
3) the burst {in-line with receiver)

,,
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SEEFS Products — SORBE-Sat

" Site- -Specific (SATCOM) - Overhead View Product

UNCLASSIFIED

Solar Radio Burst Effects
Receiver View - Mock-A
MNetwork: SATCOM-MOCK-A

Yalid Time Data Age MNOWCAST
Mon Aug 30 14:17:25 20047 [RIEELY WATCH

Solar Burst
RFI
Yulnerability
Time:

30/1358 to
3014105
ENDED

Site Location:
Lat: 38.83
Lon: -104.82

SCOFPE WIEWY RECEIVER WIEWY

Operating Causative | Potential Solar Yulnerability Dimensions Potential
Frequency Lobe RFI|SNR] Azimuth | Elevation |Range  SolarRFI

[ 20000MHz | Main | 140 | 2136102186 | 534tos84 | NA  UO°
Side 1 11.0 1981 to 2321 3910719 A _

Side 2 LTT P A, P A P Moderate
Rear LTT A P A, rA | NSRETE

500 MWHE klain 21.0 212 6to 2186 5324 to 584 (RPN MISC

Side 1 LTT A RPN ML LTT = |SNR|

Side 2 LTT (RPN (RPN (RPN Less than

Rear LTT Pl A, P A P A threshold

GLOBAL TEXT SOLAR FEEDBACK STATUS Last5 Runs=30/1405 30/1405

VIEWW SUMMARY DATA FORM MATRIX 301404 29/2349 29/2249
UNCLASSIFIED
Product Generation Time: Update Interval:
ARCHIVE Mon Aug 30 14:17:25 2004 1800 min or less HELP
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SEEFS Products — SoORBE-Rad

Site-Specific (Radar) - Overhead View Product

UNCLASSIFIED

Solar Radio Burst Effects
Receiver View - Site 1 (RADAR)
MNetwork: Network 1

Data Age

“alid Time
23 min

24 JAan 2005 180225

NOWCAST
VWARNING

: e

g

_

SCOPE WIEWY

EECEMNER WIEWY

Site Location:

Click on an cperating frequency to go to its Receiver View display.

Operating ‘Causative | Potential Solar

“ulnerability Dimensions

Solar Burst
RFI
“WVulnerability
FPeriod:

2AMN T3S o at
least 2413027
M-
PROGRESS

Lat: 38.0
Lon: -105.0

Zun Track ™
Fosition *

Terminator

Side2

A

P,
[ I A
| A
| A,

- Potential

Frequency| Lobe RFI |SNR]| Azimuth Elevation |Range Solar RFI

"""""""""" R DrzamiaEme Levels
. | sees

Moderate

Less than
threshold

Sidez | | A [ A
Rear | LTT | A, [ A [ mNA |
GLOBAL TEXT SOLAR FEEDBACK STATUS Last5 Runs=24/1800 24/1754
VIEW SUMMARY DATA FORM MATRIX 24/1751
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Radar Auroral Clutter
The Problem

=
Auroral “clutter” *=g™ is feedback on radar
due to dynamic fields and precipitating
energetic particles in the aurora (and

SAPS).
° |t occurs Where: M cl netIC fl A0 Iln (grey)
. with estimated \aurors
— the beam and geomagnetic AN
field lines are perpendicular . precipitation (green)

— and auroral particle turbulence is
substantial (or SAPS strength)

— strongest where most turbulent

* highest densities & velocities
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* on half wavelength scales R

* It canresult in observations of false targets
(1 obs), tracks (2+ obs), even anomalous
launch or impacts (enough obs for the
calculation)

Straight:line
radar signal
ropagatio




SEEFS Products — RAC
Site-Specific (Radar) - Overhead View Product

SIMULATED UNCLASSIFIED

Radar Auroral Clutter Valid Time Data Age NOWCAST

Overhead View - FYLINGDALES )
Network - net3 9 Feb 2003 04512 18 minutes FORECAST

Fader Site +
Radar Fan : :
CLUTTER ZoNE [
Potential Clutter
Elevation { £49) /=
SAPS Boundory mim e

Auroral Beundary mes
DMSF Input Points B

Day/Night Terminator s

Enviromental Intensity

Relative Aurora SAPS
Level (log10 e-#flux) (misec)

Moderate 7.70-7.94 600-799

Unclassified — FOUO

CONFIDENCE LEVEL
3510 80 %
CLUTTER ZONE DIMENSIONS
Latitude x Longitude
MN59-67 x E342- 14

Range(km) x Azimuth x Elevation
530-1481 % 304- 48 x 0- 17

Input Data
KP=20
MAG
Product Generation Time: Update Interval:
NETWORK VIEW 9 Feb 2003 05102 10 Minutes
ARCHIVE FEEDBACK HELP Send hdaill

SIMULATED UNCLASSIFIED



Scintillation
The Problem

* What is lonospheric Scintillation?

— Highly variable ionospheric

density can distorta S ATCOM or radar

signal as it moves through the ionosphere, to/from a satellite or target

Causesrapid, random variationsin
amplitude, phase, and/or polarization
along affected SATCOM signal path

Physical effect issmilar to
visual twinkling of starlight
or heat shimmer over a hot

e C 7 ‘ ScmtlllatlonReglon
e e degrades downlink to”

RESULT: SATCOM Signal Fades

road surface caused by
atmospheric turbulence

- lonosphere

SATCOM Receiver
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SEEFS Products — SatScint
Satellite Constellation (Global) View Product

Point to Area
Scintillation

Overhead View - SAT 1
Mission - SATELLITE
CONSTELLATIONS

Valid Time
29 Mar 2005 0900 7

Data Age
minutes

NOWCAST

BOM = 24
F o
40N :

20N [T

405

-
I 1

Dy /Might
Ter}tr*lr{ihgtcr

Mognetic

OBSERVED  FADE[4b] CLIMO

1.2 - 4.1 (e ak)
l:‘ 4.1 - 101 (ad) l:‘
. =101 (Sewere)

nuntor

COMSAT
Faotprint

37| i COMSAT Location €

Ground Sensor Info.

N — GED GPs - 3
....... Lost Repert

Green < 1 Hr

Tellow 1=2 Hr

Red > 2 Hr

280E 300E

1
J40E ZE0E 20E

: . ) :
40E B0E 80E

CONFIDENCE LEVEL

3Z0E
25.79% to 70.00%
Satellite: SAT 1 (0.0, 345.0) F10.7=0.0
KP=3.0
SSN=200.0
| MISSION SELECTION  ENVIRONMENTAL IMPACTS GLOBAL VIEW FEEDBACK  HELP
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SEEFS Products — RadScint
Site-Specific - Overhead View Product

SIMULATED UNCLASSIFIED
Radar Scintillation -
Overhead View - CLEAR 17 nghz%ngq;Soz ggg trii‘:uths FORECAST
Network - net2 NOWCAST
Radar Site +
Radar Fan
[)A Cps Fan —_
........... Auroral Boundary === O
.
DMSP Input Points € @)
LL
Day,/Might Terminator = I
©
Scintillation Level 2
Intensity Relative Fade )
(S4) Level (dB) %
> 90 EEEEy 100 5
70-89  [IStrong’| 7599 ‘:Z)
50-79 Modetate 5.0-74
25-49  [Weak 2549
00-24 USRNSSR 0024
i 2908 218t ..280E s 48R CONFIDENCE LEVEL
0to75%
AZEI Plot . Z00M-
A=/E| All Sl View Radar Site: CLEAR { N64.30, E210.80) CONFIDENCE \nput Data
ALT (KM) [1000 =] Freq (MHz) [420 =] KP = 6.3 (ACE)
SSN: 64
Choose radar site Choose Network Product
|3) clear v[ |2) nEt? v[ NETWORK VIEW Generation Time:
17 Jan 2005 11302
| ARCHIVE | FEEDBACK | HELP | Send Maill
SIMULATED UNCLASSIFIED
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Satellite C
T4 The Pro

narging
nlem

Under certain conditions, energetic
electrons can buildup on orin a
satellite, resulting in satellite
charging.

If charging is substantial AND __a
discharge mechanism exists, the
resulting discharge can cause
physical damage and/or phantom
commands to the satellite.

Surface charging takes place rapidly,
and is due primarily to eV — KeV
electron fluxes.

Deep (internal) charging takes hours
to days, and is due to MeV electron
fluxes/fluences.

LOCAL TIME DEPENDENCE OF ANOMALIES

¥ DSP LOGIC UPSETS /
O DSCS |1 RGA UPSETS 22 /
¥ INTELSAT IV 23 V1
O INTELSAT I = 0
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SEEFS Products — SurChar/D
Geostationary Constellation View Product

SIMULATED SECRET

Satellite Charging/Discharging Valid Time NOWCAST
Constellation View - C03 18 Mar 2003 0000Z FORECAST

SUR Charging
Satellite

MSM 31.62 keV Electron Flux ¥ DEP Charging
CE

Geosyne ER=0.6  —

Enviromental Intensity

MSM
(loglO
#em"2/s/srkeV)

Moderate 451050
e EORGHEIN
Very Weak _
INPUT DATA
INDEX |VALUE AGE(Hrs)
KP| 4.70 0.0
APIS| 19.13 0.0
GEOSTATIONARY APISMVI| 200 0.0
GLOBAT, AP| 39.00 0.0
SSIN| 43.00 0.0
SUMEEF | 30.70 0.0
EQE| 5932 0.0

Relative
Level

Unclassified — FOUO

Choose Spacecraft ENVIRONMENTAL DATA MODEL FLY-THRU Choose Constellation Product Generation Time:
I SFACECRAFT 'l I INFUT DATA, j I 11 DEF 'I I 303 VI Wed Jun 15 17:45:55 2005
ARCHIVE | FEEDBACK HFLP Send Madl

SIMULATED SECRET




SEEFS Satellite Surface & Deep
Charging/Discharging (Char/D)

SURFACE CHARGING Kp, Ap, SSN{ ACE, DMSP, LANL/I\/IPA Aurora
Model [Hardy], Korth MPA urvey odel, Magnetospher je“Specification
Model, NASCAP-2K-\Real-Time Model, Surface_ﬂCharglng " Decision Aid

DEEP CHARGING: LANL/SOPA, NOAA/GOES, N’.AA/POIEE;"CF%R——-ESE_I,_E_,_
SOPA Survey Model [O’Brien], Electron Radiation Bel t Forecast Models,
Neutron Count Rates, Deep Charging/Discharging DeCl _ sion Aid
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O 5 10 15 20
UT(hrs)

1996 Day 215: MSM e- & H+ Spectra

Potentials

wolts
-=000

-3200
-3400

-3600
-3800
4000
-4200
~4400
-4600
-4800
-5000
-5200
-5400
-5600
5800
-5000
6200
-5400

NASCAP-2K: Satellite Description &
“Real-Time” Surface Charging Model

BT [T T T T,

#/(cm2—sec—sr—KeV)

Chassis Potential (V)

-800 -

-700

-600 -

-500 -

-400 -

-300 ~

-200 -

SEEFS Char/D Surface Potential
Specification for DSCS Spacecraft

100 -

*

*
*
*
*

-100 ~ .
0 M—Q

—-+-DSCS

e = s

21500 21510 21520 21530 21540 21550 21560 21570 21580

Day of 1996

21590
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SEEFS Mockup:
Mission Selection Menu

MISSION SELECTION MENU

« STRATEGIC
O EARLY WARNING

» EARLY WARNING RADARS

n SATELLITE COMSTELLATIONS

o SPACE SURVEILLAMCE

= SPACE SURVEILLANCE RADARS >

» FIECTRO-OPTICAL SITES

« TACTICAL
Select a Mission

© OPERATIONS from a Category on
S the left

—

ES

.
O subcatd
= MISSI0MT
w MISSI0MN2
= MIESI0MNT
O subcst?
= MISSI0MNS

= MIESI0MNS

MAIN MENU FEEDBACK HELP
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Example: Space Surveillance Radars

Y
& Mission Summary

T

%%//\/

SECRET - SIMULATED

7 HOUR ENVIRONMENTAL IMPACT - SPACE SURVEILLANCE RADARS MISSION

Hours to be Displayed FROM |—3 v| TO |3 v| UPDATE

5 2 P +1 +2 +3
Global View Display I =

O

2

O

RECEIVER VIEW DISPLAY L

Mouse Ower Timeframe to Wiew Available Impact Products I

SITE NAME -3 -2 -1 CURRENT +1 +2 +3 Environmental 8
BMEWS 2 I I e Efect =
SEVERE 8

PAVE PAWS 2 [ | MINIMAL 3
c

>

NO DATA

BMEWS 2 FAN . I N
AN-FPS-85 I I S [

MAIN MENU MISSION SELECTION FEEDBACK HELP

SECRET - SIMULATED



Example: Radar Auroral Clutter
Network View

SECRET - SIMULATED

Global View - SPACE Product Generation Time Valid Time
SURVEILLANCE RADARS

NOWCAST

2005051916387 2005051916387

SECRET — SIMULATED

Environmental
Effects
Fossibla

-

SEVERE

75 MODERATE

MIMIMAL

Unclassified — FOUO

MO DATA

Terminator

iMouse aver site 1o view available site impact products

EMEWS 2 FAN AN-FPS-85

FAVE PAWS 2

|
| MAIN MENU MISSION SELECTION ENVIRONMENTAL IMPACTS FEEDBACK HELP
SECRET - SIMULATED




Example: Radar Auroral Clutter
Recelver View

SECRET - SIMULATED

Radar Auroral Clutter

Reciever View - BMEWS 2 Valid Time Data Age
Mission - SPACE 9 Feb 2003 DB0BZ 999 minutes NOWCAST
SURVEILLANCE RADARS
Rodar Site -
Rodar Fan

Site: BMEWS 2 { 54,4000, -1.5000 )

CLUTTER ZONE [
Fotential Clutter
Elevation { 4% 7=

SAPS Boundary ——

Auroral Boundary memm

DMSP Input Paints &5
Day/Might Terminator ==

Environmentol Intensity

. Aurorg
FEeval” A0S (m/sec)

CONFIDENCE LEVEL
55.0% to 99%

Scope View Receiver Yiew Input Data = ACE
KP=90
Clutter Zone Dimensions
| Latitude | Longitude | Range(km) | Azimuth | Elevation
|  461to 542 | 2847 to 2969 | 595210 12340 | 347010 330 | 00 to 180
| MAIN MENU ~ MISSION SELECTION  ENVIRONMENTAL IMPACTS  GLOBAL VIEW FEEDBACK  HELP
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Example: Radar Auroral Clutter
Zoom View

SECRET - SIMULATED

Radar Auroral Clutter

Reciever View - BMEWS 2 Valid Time Data Age
Mission - SPACE 9 Feb 2003 06067 999 minutes NOWCAST
SURVEILLANCE RADARS
Radaor Site -
Readar Fan F F

Site: BMEWS 2 { 54.4000, -1.5000) _ZOOM

CLUTTER ZOME [
Potential Clutter
Elevation { £4%1 7

5AFS Boundary — mee=
Auroral Beundary e

DMSP Input Points €
Day/Might Terminator ==

Environmeantol Intensity

Rﬂg}we (k?f f {m/sec}
9 — 8.2 B0D-999

CONFIDENCE LEVEL
55.0% to 99%

Scope View ) Receiver View Input Data = ACE
KP=9.0
Clutter Zone Dimensions
| Latitude | Longitude | Range(km) | Azimuth | Elevation
| 46110542 | 284710 2069 | 5952 to 13340 | 347010 330 | 00 to 180

MAIN MENU

MISSION SELECTION

ENVIRONMENTAL IMPACTS

GLOBAL VIEW FEEDBACK HELP
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Example: Radar Auroral Clutter
Scope View

= WULATED
Radar Auroral Clutter
Reciever View - BMEWS 2 Valid Time Data Age
Mission - SPACE 3 Feb 2003 06067 399 minutes NOWCAST
SURVEILLANCE RADARS
C _ Rodar Site -
ag - Rodar Fan
L ] CLUTTER ZONE [
= a0 — Potential Clutter
E - 4 Elevettion { £4°% 7 O
£ L ]
g S ] SAPS Boundary — ee= >
@ [ ] O
- 4 Auroral Boundary me= LL
20 =
r = 1 DMSP Input Points €D I
- sl o : S i i i 9
4] 1 L L L = w0 L L L Day/Might Terminator == o)
C T T T T T T T T T T ] Ll:
L B Environmantol Intensity 7)
I ] Aurgrg 2]
Eog - ity 2] Relative (lgq1D e— ©
o e ] el O™ (/o) ©
S vt ; c
B 9 .
" qco0 - 3 \\n ity . )
gL S~ ;
E0O - ST =
ok . . . . . . . . . . ]
B0 Z10 240 270 360 a0 60 30 120 1EC 130
AZIMUTH
Site: BMEWS 2 ( 54.4000, -1.5000 ) ZOOM CONFIDENCE LEVEL
55.0% to 999%
Scope View  Receiver Wiew
Input Data = ACE
KP=9.0
Clutter Zone Dimensions
| Latitude | Longitude | Range(km) | Azimuth | Elevation
| 461 to 542 | 2847 to 2069 | 5052 1o 13340 | 3470to 330 | 00 to 180
| MAIN MENU  MISSION SELECTION  ENVIRONMENTAL IMPACTS  GLOBAL VIEW FEEDBACK ~ HELP




Summary

e SEEFS builds upon previous ionospheric impact
products (OpSEND)

SEEFS adds products for spacecraft and solar impact s

Unclassified — FOUO

e SEEFS addresses commander’s needs, yet retains
iInformation needed at operator level

Goal: Space Weather effects integrated into existin ¢
command & control systems




