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SECTION 1

1.0 Introduction. The DMSP Program Management Directive (Ref 1) directs the

DMSP Systems Program Office to "...plan and cacry out a program of DMSP
technologiéal development to satisfy DOD requirements. ...All technological
development goals and SON requirements will be consolidated in a Defense
Meteorological Satellite System (DMSS) system requirements document and
assessed against Block 5D capabilities to establish technological and
development priorities ...” The DMSP Technology Development Plan has been
prepared to fulfill this directive. "The JCS Statements of Requirements¥*,....
will be used as goals (these documents are unrestrained by resource
limitations) for technological development. Current DMSP priorities as stated
in MJCS 195-81%*% and operational impacts of DMSP data loss .... will also be
used as a guide. A Statement of Operational Need (SON) must be wvalidated
prior to the initiation of any full-scale development effort ...." (Ref 1).
1.1 Purpose. The DMSP Technology Development Plan (TDP) provides in ecne
top-level document a road map for the development of necessary new technology
to facilitate meeting all the validated environmental user reqhirements.
These requirements for remote sensing from a DMSP spacecraft platform are
previously described in the DMSS System Requirements Document {SRD) published
on 14 December 1983 as volume 1 (unclassified) and volume II (classified). As
stated in the SRD, the TDP is the third document to be published in the set.
The TDP reviews user validated requirements versus DMSP 5D-2 and 5D-3
capabilities, identifies the unfulfilled requirements up to that time frame,
and discusses concepts that, if implemented, could satisfy the requirements.
The TDP also prioritizes sensor technology development in order to establish a
base for the eventual design of new sensors to meet those unfulfilled

requirements. This document can be used for detailed technology planning,

* Ref 2
** Ref 3
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Program Objective Memorandum development, or to define new program starts.
Major changes to spacecraft, spacecraft subsystems and ground system segments
are identified and briefly discussed.

1.2 Document Format. This document has been written in a format which is
easily updated. As new concepts evolve, they can be presented as alternate or
supplemental methods for measuring meteorological parameters and can be used
to update the prioritized plan. The SRD 1ists all the DOD environmental data
requirements and the TDP identifies those unfulfilled validated requirements
that appear satisfiable in either the near-to-mid-term, or far-term time
frames.

1.3 Document Overview. Section 2 reviews the validated requirements
documented in Volumes I and II of the SRD, and identifies the current
unfulfilled requirements. It provides a baseline for the subsequent

gsections. Section 3 describes technology concepts that have potential for
meeting those deficient requirements. It also identifies rese;rch and
development that must be accomplished for new sensors to meet the validated
requirements. Descriptions of these concepts include projected functional
characteristics, performance parameters, and identification of the
technological issues associated with each concept. While specific concepts
are described, it is not the intent of the DMSS TDP to Zero in on a particular
design at the expense of other alternatives. Concepts are chosen as
representative of the broad range of potential systems that could be developed
by the year 2000. The concept descriptions presented are intended to act enly
as points of departure to (1) indicate levels of performance and (2) to sarve
ags a basis for technology planning. Section 4 ig similar to Section 3 but
describes impacts of new sensor ;ystems on the spacecraft platform, spacecraft
subsystems, and the ground systems. Tradeoffs are identified to facilitate
system planning. The data type parameters listed as Data Refresh Period and
Timeliness are also discussed in this section. These requirements are limited
by the present orbital characteristics of a polar orbit, the total number of
operational satellites and the present ground processing system. Section 5
presents a prioritized set of Technology Road maps to fulfill the deficiencies

described in Sections 2, 3, and 4. Two time frames are considered: (1)
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Near-term applications from 1985 to 1998. This time frame represents
improvements to the 5D-2 and 5D-3 program. (2) Far-term applications after
1998 which représents developments applicable to DMSP iI.

SECTION 1  REFERENCES
1 Program Management Directive (PMD) for Defense Meteorological Satellite
Program (DMSP) (U) PMD No. R-S 3015 (22)IPE35160FI35162FIPE35111F/
PE71112F, Current Issue.

2 MICS 251-76 dated 31 Aug 76, Revalidation of Military Requirements for
Meteorological Satellite Data (Memorandum from the Joint Chiefs of staff

to the Director of Defense Research and Engineering).

3 MJCS 195-81 (S) dated 5 Oct 81, Requirements for DMSP (V) {Memorandum
from the Joint Chiefs of Staff for the Chief of Staff, USAF).
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SECTION 2

2.0 Review of Validated, Unfulfilled Reguirements. The detailed requirements
for all meteorological data types are referenced and described in Systems
Requirements Document, Volume I, paragraph 3.2.3.% This section will briefly
review the current status of each validated requirement. The validated, but
unfulfilled requirements will be divided into three categories: (1)
Capability requires technology development (TD). No present capability exists
(including sensors up through Flight 1% in 1998) to meet the requirement.

This category has a far-term application during the late 1990's. (2) Expand
capabilities of present sensors (EC). A capability exists at present, but
does not completely satisfy the requirement. The capabilities of the current
sensors, ot the processing of data, can be increased or enhanced to meet the
requirement with the technology base available. This category has a near-term
application during the next ten years. {3) Capability to meet the
requirements is limited by the system configuration (i.e., orbital altitude,
number of satellites on orbit and the number of operational Ground Stations).
The symbol (SL), is used for this category. Therefore, fulfillment of these
requirements is limited by monetary resources.

A summary of these categories is given in Figure 1. These categories are
listed for each requirement undec the Required Action column in the tables
throughout this section. If the requirement is presently being met, it is
listed as Meets Requirement (MR). Source documentation is listed at top of
each table opposite its subject title together with its publication date, and
with the validation and date in the remarks column as applicable.

Definitions of the data type parameters have been described in Volume I,

paragraph 3.2.2.1 and are reproduced here for the reader's convenience.

*MJCS 251-76, MJCS 195-81 and SMOP are presently being updated and combined

into a new document which will be validated and distributed later this year.

]
»
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2.0.1 Definitions

2.0.1.1 Data Type Parameters

Absolute Accuracy

Data Refrash Period

Frequancy
Location Accuracy

Mapping Accuracy

Measurement Accuracy

Measurement Precision

DMSS-100
1 May 1985

Sae Measurement Accuracy

Average time interval between consecutive
measurements of a kind, covering the same
geographical area. This parameter
replaces the 'Frequency’ terminology used
heretofore.

See Data Refresh Period

See Mapping Accuracy

Error in geographic location of the
measured data (relative to geodetic
coordinates) incurred by uncertainties in
spacecraft internal alignment and attitude
control, ephemeris prediction, and ground
data processing. This parameter replaces
the previous 'Location Accuracy’
terminology.

Accuracy of measurement required by the
Air Force, expressed in same units as the
measurement or as A with an upper absolute
limit. This parameter represents the
extent to which the measuring device
cutput approaches the true value of the
measured quantity. It replaces the
'Absolute Accuracy' terminology used

heretofore.

Resclution of measuring device and
associated data processing equipment,
equivalent to the standard deviation of
the measurement process as defined by the

Havy.



HMeasurement Range

Parameter Range

Resolution, Horizontal

Resolution, Vertical

Timeliness

2.0.1.2 Other Terms

Central

Macroscale

Mesoscale

Microscale
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Range of parameter wherein it must be
measurable with the measurement accuracy
specified.

Range which parameter is expected to cover
whersin extremes may or may not be
measurable.

The dimension of the smallest object - or
horizental area reprasented by the
parametric value - distinguishable by a
satellite sensor.

The smallest height increment discernible
by a satellite sensor.

Elapsed time from data acquisition by
gatellite until delivary of processed data

to user.

A military unit with a capability of
routinely performing, on a real time
basis, the functions of environmental data
collection, processing analysis,
prediction, and dissemination of macro-,
meso-, and microscale environmental
applications to multiple organizations in
support of DoD operations worldwide.
Covers horizontal dimensions in excess of
1,000 ¥m and time scales on the order of
weeks.

Covers horizontal dimensions over the
range from approx. 2 km to about 1,000 im
and time scales ranging from hours to days.
Covers horizontal dimensions less than 2

¥m and time scales below 1 hour.
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Tactical Station - A military unit with a direct
meteorclogical satellite readout
capability that provides direct weather

support to tactical operations.

The parameters listed as Data Refresh Period and Timeliness in Volume I
will be discussed in Section 4. The following subsectionms describe the
current capability (5D-2 and 5D-3) with respeéi to the validated
requirements. The corresponding subsactions in Saction 3 describe new
technology concepts to meet the requiremants assessed as needing technology
development (TD). The definition and application of these requirements are
discussed in detail in the SRD, Vol. I, section 3.2.3.
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2.1 Cloud Cover (including smoke, haze, and smog). Validated requirements

are summarized in Table 1. This broad requirement can be divided into the
following subcategories: cloud coverage, cloud type, identification of cloud
layers, altitude of cloud tops and bases, and water and ice content. The
folloéing paragraphs elaborate on current capabilities and describe technology
development needs.

Present SD-2 and planned 5D-3 capability to measure cloud cover .
globally meets the strategic data collection requirement imposed by the
AFGWC/FNOC centrals within the constraints of the fixed data collection sites
and the limited capacity of the on-board tape recorders. Data can be recorded
by four OLS recorders. Storage capacity consists of 400 minutes per recorder
‘when recording smooth data with horizontal resolution of 1.5 nmi. The
capability also exists to record data with a finer resolution of 0.3 nmi at
selected areas of the globe with 20 minutes per recorder storage capacity.
Longitudinal coverage at the tactical statioms is met after two or three
spacecraft passes over the station. The 5D-2 and 5D-3 latitude coverage at
the tactical stations (limited to line of sight real time read-outs) is 3000
nmi. The requirement of latitude coverage at the tactical stations is 4000
nmi. The only way this requirement can be fulfilled is by increasing the
altitude of the polar orbiting satellites or intermetting with data relay
satellites. Needless to say, raising the altitude will also reduce the number
of orbital passes required to meet the longitudinal coverage.

The present capabilities of the Operational Linescan System (OLS)
almost meet the stated requirements for horizontal resclution and mapping
accuracy. Development of a new capability to increase the horizontal
resolution from .3 nmi to .25 nmi is not warranted since Air Weather Service
considers the present capabilities as satisfactory in meeting operational
requirements (Ref. 1). Thus, the present capability for horizontal resolution
is listed as MR.

Requirements for mapping accuracy of cloud fields are a function of the
particular operations that must be supported. Their satisfaction is
constrained by the achievable horizontal resclution and can at best equal that
parameter. It may be possible to improve the 5D-2 capability by using the
Global Positioning System (GPS) to improve the satellite ephemeris data. The

evhemeris error contributes the major portion of the error in the total

9
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pointing error budget of the Stellar Inertial Attitude Control System. For
DMSP, 27 arc seconds out of the total 36 arc seconds pointing error is due to
the ephemeris error. Therefore improved aphemeris data will also improve the
sensor platform pointing performance.

There is no OLS capability to directly measure altitudes of cloud tops
and bases. Cloud top altitudes can be estimated to within a few thousand feet
by correlating IR imagery from the OLS with the atmospheric temperature
profile obtained from the Microwave Temperatures Sounder (SSM/T). The IR
imagery should be adjusted for varying amounts of wataer vapor in the
atmosphere using data from the Microwave Imager (SSM/I) when it becomes
available.. However, even if the water vapor correction is implemented, it
would not satisfy the vertical resclution requirements of + 100 feet. Active
sensing using Light Detection and Ranging {(Lidar), has the potential to more
satisfactorily meet the requirement for the measurement of cloud tops.
Another concept for measuring cloud heisht‘is stereographic correlations from
two Geostationary Orbiting Environmental Satellite (GOES) type spacecraft.

No current state-of-the—art space capability is available to detect
cloud bases or determine their altitudes. Data from the 183 GHz radiometer
(moisture profiler) combined with the SSM/T temperature profiles may provide a
rough capability to compute cloud bases in the near term. A far-term approach
for measuring cloud bases accurately is a range-gated, millimeter wave radar.

The SSM/I should have an accuracy for cloud water of * O.lkglm2 over
a range from 0 to 1.26 kglmz over the oceans. The accuracy is abeut 0.2
kglmz over land surfaces (see Table A.4). At best this is 8 percent. For
liquid water, the SSM/I should have an accuracy of + 2.0 kg/mz over a range
from 0 to 6.1 kg/mz which corresponds at best to a measurement accuracy of
33 parcent.

Bagsed on projected Differential Absorption Lidar (DIAL) capabilities,
the measurement accuracy of water content should improve when these systems
become operationally availablé. It should be emphasized, so as not to appear
unduly optimistic, that extensive development needs to be carried out before
space qualified and operational Lidar systems are flown on a DMSP satellite.
In addition, semi-quantitative data on the nature of water/ice content of
cloud tops may also be derived from the polarization effects produced in the

backscattered signal from other ranging Lidar systems.

10
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2.2 Vertical Moisture Profile. Validated requirements are summarized in

Table 2. The following paragraphs elaborates on current capabilities and
technology development needs.

Present 5D-2 and planned SD-3 capabilities fulfill most of the
requirement for global coverage by the centrals. Global coverage could be
partially obtained with infrared sounding data.(SSH-Z), but this sensor has
coverage gaps between orbital gwaths below 55 degrees latitude. MHoreover, SSH
data is unable to be processed at present and there is no present plan to
continue with these sensors on future spacecraft. Total liquid water content
measured by microwave imagery (SSM/I) should improve quality of data but the
SSM/T coverage will contain gaps below 65 degrees latitude. At present
tactical stations are not configured to receive or process secondary data. If
the tactical terminals could receive and process SSM/1 data, the senser scan
angle would need to be inereased in order to fulfill the area coverage
requirement for tactical stations.

The capabilities of the SSM/I when it becomes operational on $-10
should meet the horizontal resolution requirements at the centrals and could
almost meet them for tactical stations. The SSM/I does not have any vertical
profile capability. It simply measures the total water content in a unit

column of the atmosphere. The SSM/I should also meet the 10 nmi mapping
'accuracy requirement for the centrals. Meeting the stated mapping accuracy at
tactical stations requires an improvement in horizontal resolution as well.

Vertical profile resolution is very meager. Current 5D-2 capability is
limited to the SSH. This instrument is constrained to providing moisture
profiles in cloud free areas since clouds contaminate the altitude dependent
radiance measurement naeded for retrieval of the moisture profile. Because
the level of confidence in the vertical moigture profiles is very low, SSH
data is not being processed. The planned addition of a 183 GHz band {SSM/T-2)
to the SSM/T will provide some moisture profiling in the near term.
pDifferential Absorption Lidar (DIAL) techniques also show promise of achieving
the more stringent requirements for tactical horizental and vertical

resolution in the far-taerm.

12
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2.3 Vertical Temperature Profile. The validated requirements are summarized
in Table 3. The following paragraphs describe curcent capabilities and
technology development needs.

Present 5D-2 and planned 5D-3  capabilities presently meet, to a limited
degree, the requirement for global coverage by the centrals. Global coverage
is provided daily by the SSM/T with gaps between orbital swaths below 60
degrees latitude. Tactical station coverage is not operational since the
taetical terminals are not configured to receive or process secondary data.

If the tactical statioms could receive and process SSM/T data, the scan angle
would need to be increased in order to fulfill the area coverage requirement
for tactical stations.

The requirements for horizontal resolution and mapping accuracy
currently cannot be met by either the SSM/T or SSH. The horizontal resolution
and accuracy can be increased by increasing the antenna gize on the SSM/T.

The vertical temperature profile requirements are currently being met
to a limited degree by the SSH and the SSM/T sensars. The 3SH, however, is
constrained to provide data in cloud-fr;a areas since clouds contaminate the
altitude dependent radiance measurement needed for retrieval of the
temperature profila. Because of the low level of confidence in the vertical
moisture profile from the SSH, its data is not being processed. Because the
SSM/T can provide some temperature profile information over clear and cloudy
areas, it is the preferred instrument even though its vertical resoclution does
not meet requirements. The seven SSM/T channels provide data corresponding to
seven altitude regions (2 to 32 lm in height). This resolution does not begin
to approach the + 100 ft requirements for measurements between the surface and
10,000 ft altitude. DIAL is a potential system for meeting the vertical as
wall as horizontal resolution requirements.

The present rms measurement accuracy of the SSM/T (2-3°K) almost meets
the requirement above the boundary layer (»700mb). This should improve if a
DIAL Lidar system {+1°K) is developed to meet the vertical resolution
requirement. The rms measurement accuracy of the SSM/T in the boundary layer
ranges between 4-7°K. Correlation with surface temperature measurements may

decrease this errtor.
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2.4 Albedo. Validated requirements are summarized in Table 4. The
earth/atmosphere albedo can be derived within 6% from the visibla imagery of
the OLS, given the sensitivity of the OLS and the solar fluence. At present
only daytime data is being processed to determine these parameters and the
specified mapping and measurement accuracies are not fully met. The current
requirement for mapping accuracies needs to be modified since it is tighter
than tha requirements for horizontal resolution and, therefore cannot be

satigfied.
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2.5 Visibility. Validated requirements are surmarized in Table 5.
Measurement of visibility from a DMSP space platform is by its very nature
limited to a qualitative evaluation based on vertical and slant path
vigibilities using the OLS. While the horizontal and slant path visibilities
can be inferred from the location of clear path regions, no capability exists
to measure visibility ranges nor to Erovida any vertical resolution. Since
visibility is directly related to the aerosol content along the slant path
between the target and an optical sensor, the physical quantity that should be
measured is the vertical aserosol extinction coefficient profile at wavelengths
larger than 0.5 microns. For wavelengths smaller than 0.5 microns the
quantity that actually becomes the dominant factor and determines visibility
is molecular extinction. This effect could be exploited to measure the
atmospheric density at the ozone altitude, or lower, depending on the
wavelength used. A potential active technique for measuring these parameters,

although not proven yet, is the possible use of a multiwavelength Lidar system.
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2.6 Precipitation. Validated requirements are summarized in Table 6. The
following paragraphs give current capabilities and technology development
needs.

The addition of the SSM/I sensor on S-10 will fulfill most of the
requirements by the centrals for global coverage of precipitation. Global
coverage will be provided daily with gaps between orbital swaths of microwave
imagery (&SHJI) below 65 degrees latitude. Tactical station coverage will not
be operational until they are configured to process secondary data.

The requirements for horizontal resolution, mapping accuracy and
measurement accuracy cannot be met by the SSM/I. The resolution of the SSM/T
can be increased by increasing the antenna size. Tncreasing the size of the
antenna would also improve the measurement accuracy as well as the horizontal
‘resolution. Millimetar wave radar is an active device which may have

spacaﬁorne application for measuring precipitation.

20



i Gip-Gl :S1PIUAY ]
Kyyoedea yuasand oN :ledjioel Fald
aj|L1aes yora Joj Y 2f s
Yo G+ hE]
juu 0L 73
luw gE-0 M)
fw Q00‘EXEGL — 1/HSS
{.1esade jou abesanpd eys 3Iel ME ]
E\xmc_Anuaauv Jayen pinbiy
01-5 uo uojjesodiaduy I/HSS
p1un Aygqiqedes juasand oN
AjtLrqede) ¢-0s 32014 uo{3ov

AL

91-162 SHW

91-162 SICW

9L-152 SICH

91-152 SIH

9{-152Z SIW

ef Ja0 9z/0L-[0S IV

g9¢ bny |E/94-16Z SITHW

a1e[/921n0%

g£°p "398 I35

£’y 295 33§

6L ung G patepi|eA
g9¢ bny | pa1epLieA

et S

syInuay

y | uusl

e

{y/aw g2}
ysuy LC0*

(ury 01)
juu g

(wy S)
fui 5°2

1eq019

HUZE LN ET)

uiw Gy ssouyawy)
potJad
L1e2 ug ysadjay eyeq
(yuw 6°2) Aoednoay
ysuy |-of WA INSEIY
(uy 2)
juwu | Aoeanaay Buyddey
(g 1} uoLinyosay
60 Lejuoz LJo))

(uy 00S'1%005 L)

jun g0@¥cos8 palaan] eady
NOTL
vi141234d 9
suoleis Jojoureded
{eagyoel W adk] ©1e0

21



DMSS-100
1 May 1985
2.7 Winds. The validated requirements are summarized in Table 7. There is
no direct measurement capability for winds planned until a non-scan Doppler
Lidar sensor is flown in the late 1990s.

The horizontal and vertical resolution requirements of wind velocity
ara not being met using present approximate analytical derivations based on
the use of the ideal gas laws relating the geostrophie wind speeds (see
section 3.7 for definition) to the gradient of the atmospheric temperature
fields. The SSM/I mission sensor on S-10 will add the capability of measuring
ocean wind speeds; however, the resolution requirements still cannot be met.
Furthermore, this capability is not available under conditions of
precipitation or in the presence of clouds with large water content. Better
measurement of ocean surface winds (speed and direction) is obtainable using
an active microwave scatterometer operating at 13.9 GHz. This instrument
(known as the scatterometer) has been flown on SEASAT and is planned to fly on
N-ROSS.

Lidar techniques using Doppler shifts have been demonstrated on the
ground to be capable of accurately measuring wind speed, range and direction.
The same potential capability exists for space applications. However,
extensive development needs to be carried out before a space qualified and

operational Doppler Lidar system is flown.
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2.8 Surface Temperature. The validated requirements are summarized in

Table 8. Measurement of surface temperature is gatisfied at AFGWC by relative
infrared data from the OLS in cloud free regions and ig calibrated from
surface measurements. The SSM/I mission sensor on §-10 may provide additional
capability to provide land surface temperature using microwaves. This sensor
may be able to determine land surface temperature in clear to cloudy regions
but not under conditions of precipitation or in the presence of clouds with a
large water content. Other factors such as dense vegetation or mountainous
terrain may also adversely affect the determination of the land surface
temperature. Tactical station coverage is not operational since the terminals
are not configured to receive or process secondary data. However if the
tactical terminals could process SSM/I data, then the sensor scan angle would
have to be increased in order to fulfill the area coverage requirements for
tactical stations. With present available technology base, the only
requirement the OLS and SSM/I sensors may act be able to meet is the
measurement accuracy of + 1° K. A low frequency microwave radiometar is
being developed for N-ROSS to meet Navy requirements for measurement of sea

surface temperature.
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2.9 Snow and Landlocked Ice Cover. The validated requirements are

summarized in Table 9. The following paragraphs describe current capabilities
and technology development needs.

Present 5D-2 and planned 5D-3 capability to measure cloud cover
globally meets the strategic data gollection requirement imposed by the
AFCWC/FNOC centrals within the constraints of the fixed data collection sites
and the limited capacity of the on-board tape recorders. Data can be racorded
by four OLS recorders. Storage capacity consists of 400 minutes per recorder
when recording smooth data with horizontal resolution of 1.5 nmi. The
capability also exists to record data with a finer resolution of 0.3 nmi at
selected areas of the globe with 20 minutes per recorder storage capacity.
Longitudinal coverage at the tactical stations is met after two or three
spacecraft passes over the station. The 5D-2 and 5D-3 latitude coverage at
the tactical stations (limited to line of sight real time read-outs) is
3000 nmi. The requirement of latitude coverage at the tactical stations is
4000 nmi. The only way this requirement can be fulfilled is by increasing the
altitude of the polar orbiting satellites or internetting with data relay
satellites. HWeedless to say, raising the altitude will also reduce the number
of orbital passes required to meet the longitudinal coverage. Tactical
station coverage is not operational to receive or process SSM/I data.

The requirement for horizontal resolution can be met by the OLS in
cloud free areas. The capability to distinguish clouds from snow and ice
using OLS data could be ennanced significantly by adding a detector channel at
l.ﬁ};m. The experimental SSC (snow/cloud) sensor successfully flown on F-4
demonstrated this capability during daylight periods but is not planned to be
flown again aboard a DMSP spacecraft.

The OLS meets the requirement for mapping accuracy by the centrals and
almost meets the tactical station requirement. The mapping accuraey of the
SSM/I could be improved by increasing the size of its receiving antenna.

No demonstrated capability exists to measure the thickness of snow and
jce cover from space. The SSM/I may provide a measure of snow depth. A
range-gated millimeter wave sensor may be able to measure the thickness of
snow and ice cover but not within the required accuracy. The required

accuracy of + 2 inch is physically impossible for a millimeter device.
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2.10 Sea Ice Cover, Bergs and Leads. The validated requirements are

summarized in Table 10. The following paragraphs elaborate on current
capabilities and technology development needs.

Present 5D-2 and planned 5D-3 capabilities fulfill the requirement for
global coverage by the centrals. Total global coverage can be recorded by the
OLS (400 min per recorder) with a horizontal resolution of 1.5 nmi. The
capacity of the present tape recorders however limit the amount of .2 nmi
resolution data that can be recorded for the centrals to about 20% of a full
orbit (20 minutes per recorder). Longitudinal coverage at the tactical
stations is met after two or three spacecraft passes over the station. The
requirement of latitude coverage at the tactical stations requires increasing
the altitude of the polar orbiting satellites or internetting with data relay
gsatellites. Needless to say, raising the altitude will also reduce the number
of orbital passes required to meet the longitudinal coverage.

The present capabilities of the OLS meet the stated requirements for
horizontal resolution under clear conditions or light cloud cover. There is
no space platform capability to measure the age or the thickness of ice cover
other than to record changes as they are observed in OLS imagery. The
capability to distinguish clouds from jce cover using data from the OLS could
be enhanced significantly by adding a detector channel at l.ﬁftm. The SSC,
successfully flown on F-4, demonstrated this capability during daylight hours
but is not planned to be flown again aboard a DMSP spacecraft. The SSM/I can
provide data in clear to cloudy regions but not within the range of Air Force
requirements. The SSM/I does meet Navy requirements. The spatial resolution
of the SSM/I sensor could be significantly emhanced by increasing the size of
its receiving antenna.

The present capabilities of the OLS or SSM/T cannot meet the stated
requirements for mapping accuracy. It may be possible to improve the 5D-2
capability by using the Global Positioning System (GPS) to improve the
satellite ephemeris data. The ephemeris error contributes the major portion
of the error in the total pointing error budget of the Stellar Inertial
Attitude Control System., For DMSP, 27 arc seconds out of the total 36 arc
seconds pointing error is due to the ephemeris error. Therefore, improved
ephemeris data will also improve the sensor platform pointing performance.

No demonstrated capability exists to measure the thickness of sea ice
from space. The utility of using a range gated millimeter wave sensor to

measure the thickness of ice remains to be determined.
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2.11 Soil Moisture. The validated requirements are summarized in Table 1l1l.
The following paragraphs describe current capabilities and development
technology needs.

The addition of the SSM/I mission sensor on S-10 will provide the
initial capability to determine surface soil moisture (top 1 cm) for open land
areas. Global coverage of surface soil moisture will be provided daily with
gaps batween orbital swaths below 65 degrees latitude. It will provide data
under all conditions other than precipitation of the presence of clouds with a
large water content. Tactical station coverage will not be operaticnal since
the tactical stations are not configured to process secondary data.

The horizontal resolution and mapping accuracy of the SSM/I almost
meets the requirement for the centrals. The resolution and mapping accuracy
can be increased by increasing its antenna size.

The measurement accuracy requires a measurement within 10 percent
moisture saturation of the soil. The exact accuracy of the SSM/I has yet to
be calibrated. There is no capability, however, for measuring the moisture
content in frozen ground. Additionally, any goil moisture depth measurement
requires an active ranging device with frequencies in the lower microwave

region.
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2.12 Sea State/Waves. The validated requirements are summarized in
Table 12. The following paragraphs describe current capabilities and
technology development needs.

Wave and swell significant height (defined as the average height of the
one-third highest waves in a given wave group) are currently analyzed twice
per day and forecasts made for the norihern hemisphere by the Fleet Numerical
Oceoncgraphy Center (FNOC) at Monterey. This computational analysis is based
on surface observation of wind fields. At present there is no direct space
capability to determine sea state. A scatterometer has been flown on the NOAA
Seasat and the data has been used to determine sea surface wind speeds and sea
states. The OLS can provide a rough assessment by evaluation of sun glint.
The addition of the SSM/I sensor on S-10 will add a rough assessment of worst
case combined sea height from the sea surface wind data. Tactical station
coverage is limited to OLS data, because they are not configured to process
secondary data. Acquisition of $SM/I data is limited to econditions other than
precipitation or in the presence of cleuds with a large water content.

The radar altimeter is a potential sensor for directly measuring the
significant wave height, from which the combined sea height may be
determined. Current planning includes a radar altimeter on N-ROSS. The
capability of that sensor is limited to a region immediately below the
satellite track. Direct measurement of wave height and direction, or of wave
energy spectra, would greatly increase the accuracy of the analysis and

forecasts made at FNOC.
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2.13 Clear Air Turbulence. Validated requirements arve summarized in

Table 13. There is no direct or indirect measurement capability for clear air
turbulence from a spaceborne platform. The first potential capability may be
the non-scan Doppler Lidar sensor to be flown in the late 1990s. Although the
primary mission of this sensor ig the measurement of the atmospheric wind
speed profile, it may provide information on air turyulenca especially in the

jet stream band. Further feasibility of this technique needs to be studied.
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2.14 Neutral Density. Validated requirements are summarized in Table 14.
Neutral density is defined as the density of uncharged molecules and atoms in
the near-earth environment (0-1,300,000 £t or 0-400 km). This parameter is
different from atmospheric density, which includes both cﬁarged and uncharged
particles. The unvalidated requirement to measure atmospheric density is
discussed in Section 3.2.3.28 in Volume I of the SRED.

There is no measurement capability planned for measuring the neutral
density. A derivative of the SSD limb scanner flown on DMSP F-4 has potential
for acquiring neutral density data in the higher altitude regions (60-400
im). The requirement for the higher altitude regions is labeled EC on the
premise that no new technology need be developed as a result of data alveady
obtained from the SSD sensor. A derivatve of the SSD instrument is scheduled
to be flown on the Navy Remote Sensing Atmospheric and Ionospheriec Detection
(RAIDS) experiment. At least for lower altitudes DIAL also has the potential
of determining particle species and density. Ground based Raman Lidar has
been used to study specific atmospheric gases up to an altitude of about 3km
(9,842 ft). Background molecular Rayleigh scattering has been measured from
ground based Lidar systems and neutral gas density has been deduced from this
data up to 90 lm (295,000 ft).

Other sensors, such as the magnetometer (SSM), the precipitating
electron Spectrometer (SSJ/4), or the vacuum ultraviolet imager (SSUV); may be
able to yield information regarding processes which affect the neutral density
above approximately 100 km altitude; such information may also be valuable as

input to future upper atmospheric models.
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2.15 In-Situ Particle Environments. Validated requirements are summarized
in Table 15. There is no requirement for this data at tactical stations. The
SSIE Ionospheric Plasma Monitor (F-6 and F-3) satellites and the SSIES
Ionospheric Plasma and Scintillation Monitor (S-8 and subsequent satellites)
measures electron and hydrogen and oxygen ion densities as well as their
temperature at the satellite altitude. The SSIES mission sensor operates at a
higher sample ratae (24/sec vs 7/sec) and has more energy resolution levels
(32 vs 4) than the SSIE. It thus provides more dynamic data at much finer
resolution. The SSIES will also measure the fractional change in electron
density (A Ne) at the DMSP satellite altitude. This parameter can be used,
in conjunction with appropriate models, to estimate phase and amplitude
scintillation effects on radic waves propagating through the ionosphere.
Although the SSIE data is presently available, only the electron data is being

processed due to processing software deficiencies.
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2.16 Electron Density Profiles. Validated requirements are summarized in
Table 16. There is no requirement for this data at tactical stations. At
present there is no operational method for measuring electron density profiles
(EDP) from satellites. Ground based measurements can determine the profile
below the F region peak. At prasent the EDP is sstimated by using a
historical data base of EDPs, extrapolating to 450 nmi and calibrating at that
one point with data from the SSIE or SSIES sensor. The error in this method
varies for different latitudes and altitudes, different global regions and
different seasons, as well as diurnally by as much as two orders of magnitude.
There are several new sensor concepts under study measuring electron
density profiles. The SSI Topside Tonosonde sensor is an active sensor which
would provide EDP data above the F-layer maximum at nadir only. The Vacuum
Ultraviolet Spectrometer (SSUV) is a passive sensor which would provide
1_dimensional vertical density profiles in the auroral E region and low to mid
latitude ionosphere. This sensor is being considered for implgmentation on
5p-3. Other alternative concepts which can provide relevant data for
calculating the EDP are the NRL RAIDS sensor or the SSB/A Gamma Ray
Spectrometer'which was flown on F-6. The SSB/A, however, can only be used in

the auroral region.
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2.17 Total Electron Content. Validated requirements are summarized in

Table 17. There is no requirement for this data at tactical stations. Data
collected by the SSIE and SSIES mission sensors on alectron densities and
temperatures along the satellite path can be used as inputs to a 4-dimensional
jonospheric model at AFGWC to globally determine the total electron content.
Total electron content may be determined more accurately by the GPS receiver

technique degeribed in Sectiom 3.17.

SECTION 2 REFERENCES

3 e Letter dated March 7, 1985 from AWS/SYP to SD/YDY, entitled "Heview of
the DMSP Technology Development Plan (your letter, 29 Jan 85)"
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SECTION 3

3.0 Technology Concepts for Advanced Sensors. This section describes new
spaceborne sensor concepts to meet requirements described in Section 2 within
the present orbital constraints. Concepts chosen are likely candidates for
development by the year 2000. The description of these concepts includes
functional capabilities, performance parameters, and identification of the
technological issues associated with each concept, where applicable. While
the concept descriptions in this gsection appear to be point designs, it is not
the intent of this document to zero in om a particular design at the expense
of other alternmatives. The concept descriptions presented are only intended
to act as points of departure to (1) indicate levels of performance required
and (2) serve as a basis for technology planning. Advantages and
disadvantages of each concept are discussed.

The format for this section parallels the previgus section., Sensor
concepts for each data parameter are grouped together and discussed. A
schedule for sensors to be flown on 5D-2 and 5D-3 as well as detailed

descriptions of each sensor are included in Appendix A.
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3.1 Cloud Cover. Both passive and active techniques are applicable to the
satellite sensing of cloud cover. Cloud cover generically includes cloud
coverage, cloud type, identification of cloud layers, altitude of cloud tops
and bases, and water and ice content. A variety of analysis techniques exist
that exploit satellite imager and scunder data to determine these parameters.
Cloud analysis methods may be roughly classified into four general classes
(threshold, statistical, bispectral, and sounder techniques) and are discussed
further in Ref 1, pp 21-32. Most of the techniques require two channels of
imagery; the visible channel ranges from 0.4-1.}/1m. and the infrared channel
ranges from 8—1%}1m. Visible radiance measurements depend on fractional cloud
coverage in the field of view, cloud top temperature, and cloud emissivity.
Infrared radiance measurements depend on these same parameters and also on
surface temperature and emissivity. Thus the aceuracy in determining the
parameters often depends on the accuracy of emissivities and temperature used
for known cloud types. Cloud types and layers often have well defined
vertical layers and cloud-emitted infrared radiances are characteristic of
those layers. -

Cloud coverage is determined from the imagery since the clouds generally
appear brighter (colder) than the background visible (IR) imagery. The main
problem associated with the present two channels of imagery from the OLS is
that the background radiance is nonuniform. Snow cover and sun glint can
trick visible processing. High terrain, and temperature inversions can trick
infrared processing. " Additional data such as ground observations or
additional spectral channels are required to resolve these discrepancies. A
I.Q/Lm channel was added to F-4 to test its discrimination capability between
snow cover and clouds, as well as between fog and high cirrus clouds.

Although its lifetime was limited, its discrimination capability was proven.
NOAA has successfully used radiometric data to discriminate between low
clouds/fog and snow at night. A multispectral OLS which includes all the
channels on the AVHRR-2, in addition to the l.q;tm channel, would improve Air
Weather Service (AWS) capabilities to discriminate snow and clouds, describe
surface characteristics (vegetation index), and monitor volcanic eruptions and

aerosol transport.
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Cloud top height determination is fairly straightforward. It is usually
determined by comparing the infrared brightness temperature, which also
depends on cloud emigsivity, to a vertical temperature profile of the
atmosphere. Methods for determining the vertical temperature profile are
described in Section 3.3. Cloud top height can also be determined from
geometric considerations using concurrent visible data from two geostationary
satellites with overlapping fields of view. The advantage of this technique
ijs that cloud top height determinations are not'subjact to errors in cloud
emissivity or vertical temperature profile data. However, the technique only
works during daylight periods, requires coordinated readouts, and is limited
to the overlap area.

Cloud top height can also be determined through active sensing using the
range information from a space borme laser ranging system.

At present, there are no space remote sensing approaches for measuring
the altitude of cloud bases. Cloud bases may be inferred by combining
temperature and moisture profiles. This is an area that should be studied
after the SSM/T-2 is flown in the mid 1990s. It is doubtful, however, given
the broadness of the weighting functions if the bases could be determined
within + 100 féj For clouds which are optically thin, range-gated visible
lidar could determine both cloud top and base altitudes. Rain clouds,
however, are optically thitk and represent a technological dilemma. Visible
and infrared lidars sense only the top few meters of a dense rain cloud due to
the large extinction coefficients at these wavelengths. Conversely, at
centimeter wavelengths or larger, there is no backscatter to provide a returm
signal with which to make a measurement. Since the backscattered power
decreases with frequency, this implies that the more dense a cloud is, the
lower the frequency required to penatrate it. Preliminary studies described
in Ref 1, p 109-113 indicate that pulsed radars at millimeter frequencies have
the potential for determining cloud top levels and identifying altitudes of
cloud bases from on-board a spacecraft. Recent technological advances in
millimeter wave devices have made possible a new generation of millimeter wave
radars. These should be studied to determine an optimum set of radar

characteristics for the detection of the tops and bases of various cloud types.
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3.2 Vertical Moisture Profile. Both passive and active techniques are
applicable to the remote sensing of water vapor. Current methods are based on
passive techniques and will be discussed first.

Passive sounding for water vapor retriaval is accomplished by measuring
radiation over a set of spectrally distributed bandpasses. These water vapor
absorption bands inelude rotational-vibrational bands near G.Z/Jm, pure
rotational bands near 20 sm, and microwave rotational levels at 22 and 183
GHz. Thermal emission measurements in the above bands also depend on the
surface emission, the temperature profile, and the water vapor profile. The
radiance contribution of a particular atmospheric layer to the total measured
radiation is primarily a function of the air temﬁerature at that layer and the
ﬁroduct of two competing factors - namely, the emission per unit volume, which
decreases monotonically with height due to decreasing air density and the
transmission of the atmospheric path above the layer under consideration,
which increases with height. This product results in a weighting function
which péﬁks at some altitude level and decreases away from it. By choosing
frequencies which have different absorption coefficients, weighting functions
peaking at preselected altitudes can be obtained. The problem of profiling
the atmosphere is then reduced to inverting the radiance measurements obtained
at a variety of frequencies with vertical distribution weighting functions for
the representative moisture value at each level.

The main problems associated with passive water vapor profile sounders
include:

1. TInability to resolve vertical structure due to the brovadness of the
weighting functioms. At present it is physically impossible, using this
technique, to achieve the requirement for 100 ft vertical resolution.

2. Sensitivity of the water vapor profile near the surface to surface
emissions. Below 2 km, any increase in water vapor both increases the
atmospheric emission and decreases the contribution from surface emissions.

3. A nonlinear dependence on temperature.

4. The dependence of the broad water vapor weighting functions on the
water vapor abundance profile.

The large variability of both water vapor and temperature vertical

profiles result in a wide range of potential water vapor weighting functions.
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This makes it difficult to preselect a set of sensor channels that optimally
span the vertical domain (Ref 1, p §0). The infrared temperature and water
vapor sounder (SSH/2) is a passiva water vapor sounder of this type. It is
described in more datail in Appendix A. Due to the poor accuracy (+ 35%) and
the fact that its operation is limited to temperature profile measurements
under clear conditions, this instrument will probably not be flown on any
spacecraft after F-6 and F-8. By amploying higher spectral resolution and
careful channel selection to define channels with decreased surface
contributions in the lower atmosphere, better vertical resolution and accuracy
(+ 20%) can be achieved (Ref 1, p 64).

Microwava and infrared techniques can be used to determine the total
water content in a unit columm of atmosphere. These techniques do not yield a
vertical profile however, and they are still susceptible to varying surface
emissivities over land. Microwave measurements have the advantage that they
are relatively insensitive to cloud cover and measurements can be made under
nearly all weather conditions. Simulation results indicate the ability to
retrieve relative humidity over the ocean and land with rms accuracies of 20%
and 45% respectively (Ref 1, p 64).

Measurements in the strong water vapor absorption line at 183 and 150
GHz, in conjunction with the lower frequencies measured by the SSM/I, offer a
potential for obtaining water vapor concentration in at least four broad
iayers (surface-5,000 ft, 5,000-10,000 ft, 10,000-18,000 ft, above 18,000 £t
if the corresponding vertical air temperature profile is known. Surface
emissivity effects over land still pose a problem.

The active technique of using Lidar to measure the differential
absorption of atmospheric gases shows great promise in achieving high accuracy
and vertical resolution. DIAL (Differential Absorption Lidar)systems however
cannot provide profiles when there are clouds in the field-of-view. The iarge
signal return due to the much larger gscattering that occurs in the cloud can
be used as a flag to prevent incorrect profiles from being calculated. The
DIAL technique has been applied in ground experiments to measure the upward
looking water vapor profile. DIAL systems require a minimum of two
frequencies for an integrated path measurement. The primary frequency is
centered on an absorption band of the species to be measured (i.e., water

vapor). The absorption cross section at the primary frequency thus needs to
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be well known. The second frequency is offset ( 1 nm)* from the primary
absorption band but is still subject to the same attenuation from the various
scattering and absorption processes as the primary frequency. Comparison of
the two signals gives direct measurement of the concantration of the absorbing
species. This requires both frequencies be emitted simultaneously.
Similtaneity can be approximated by sequential measuremsuts at both
frequencies within 10—4 seconds. The lack of laser sources tunable within
that time period has led to the continued use of two independent laser sources
with sequentially gated outputs in most DIAL systems {(Ref 2). Range (vertical)
resolution requires that a range-gating technique be used to measure the total
transit time of the backscattered pulse.

Selection of the probing wavelengths is eritical. The reference
frequency cannot be on the same absorption line as the primary frequency.
Selection of the primary frequency depends on the atmospheric species to be
measured and the strength of the absorption band. For measurements near the
earth's surface from space, the absorption band must be relatively weak. But,
if it is too weak, range resolution will suffer. Since the absorbing species
is sampled directly, the problems of thermal emissions from moisture near the
surface, characteristic of passive methods, are avoiﬁed. Both temperature and
humidity may be measured using the same sensor by using water vapor lines that
are temperature dependent. For upper atmospheric gases, measurements on
stronger absorption bands must be used due to the reduced concentration of the
absorbing species.

Moisture profiling is accomplished by centering the primary frequency on
a water vapor absorption line. Simulations have shown that a DIAL system

using the 724 nm H,0 band can determine profiles with a vertical resolution

2
of 2 km from 0-12 km with less than 10 percent ecrror in relative humidity
(Ref 3). For accurate measurements above 10 km the stronger absorption band
at 920 nm must be used.

DIAL system technology issues include:

=x]1 nm = one nanometer = 10”7 meter = 10 Angstrom
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1. Tunable laser sources are required that can output the desired
frequencies (e.g., 724 nm, %20 om HZO' and 768 nm 02). Dye lasers are
tunable over large frequency ranges but their limited lifetimes make them
unsuitable for spaceborme applications. New tunable solid state lasers are
being developed: Alexandrite (730-790 nm) and Titanium Sapphire (660-950
mm). Research efforts are necessary to increase stability, output power and
damage thresholds. Alexandrite currently requires flashlamp pumping, which
also is lifetime limiting. Titanium Sapphire lasers can be pumped by diode
pumped Nd:YAG laser sources. A third technique would frequency shift a Nd:YAG
source using RAMAN scattering in high pressure gas cells (Ref 4).

2. Critical to all DIAL systems is the system efficiency, including
detector quantum efficiencies. Current projections indicate that DIAL systems
may never achieve more than a 1 percent total ("wall plug”) efficiency. This
has severe impacts on the power required for the sensor.

1. Thermal control of the waste heat generated is an area that requires
a detailed study.

4. Light weight and cost effective optics are another critical area.
For 2 ¥m vertical resolution, at least 1.25 m optics are required. For even
finer resolution, tradeoffs have to be made between laser power and eye safety

versus the size of the opties.

DIAL Water Vapor Profiler Characteristics (Ref 4)
Vertical Resolution: 2 Km (Less than l10% error below 12 lm

Laser Source Qutput:

Power 1 Joule/pulse
Wavelength 724 nm
Pulse Repetition Rate 5 Hz
COptics Diameter: 1.25 o
Average Power: 650 watts assuming 1% eff.
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3.3 Vertical Temperature Profile. Both passive and active techniques are
applicable to the remote sensing of the vertical temperature profile. Current
methods are based on passive techniques and will be discussed first.

Passive sounding of the atmospheric temperature profile is accomplished
by measuring radiation over a set of spectrally distributed bandpasses. Two
gases, carbon dioxide (Coz) and oxygen (02), have both uniform mixing
ratios and emission bandpasses in spectral regions which can be measured from
sataliite sensors. The radiance contribution of a particular layer to the
total measured radiation is primarily a function of the air temperature at
that layer and the product of two competing factors - namely, the emission per
unit volume, which decreases monotonically with height due to decreasing air
density and the transmission of the atmospheric path above the layer under
consideration, which increases with height. This product results in a
weighting function which peaks at some altitude level and decreases away from
it. By choosing frequencies which have different absorption coefficients,
weighting functions that peak at preselected altitudes can be obtained. The
problem of profiling the atmosphere is then reduced to inverting the radiance
measurements obtained at a variety of frequencies with vertical distribution
weighting functioms for the representative temperature value at each level.

The main problems associated with passive atmospheric temperature
profile retrieval include:

1. TInability to resolve vertical structure due to the broadness of the
weighting functions. Current DMSP sounders (3SH-2 and SSM/T) have vertical
resolutions which correspond to layer thicknes; of 5-6 km in the troposphere.
It is physically impossible, using these passive techniques, to achieve the
requirement for 100 ft vertical resolution.

2. Sensitivity of the temperature profile near the surface to variances
in surface emission.

The infrared temperature and water vapor sounder ({S8H-2) is a passive
sounder which measures six infrared frequencies in the CD2 absorption band
around 15 um and one frequency at 12 pm for determining surface temperature.
Due to the poor accuracy and limited operation under only clear conditionms,
data from this instrument is not being processed. It will probably not be

flown on any spacecraft after F-6 and F-8.
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The microwave temperature sounder (SSM/T) is a passive sounder which
measures seven frequancies in the 50-60 GHz band of the 0z molecule. It is
designed to provide temperature soundings over clear and cloudy regions from
altitude levels near the surface to 30 km. This instrument currently is being
flown on F-7 and provides approximately 15,000 soundings per day to the AFGWC
upper air data base. The rms retrieval error is +2.5* K with the largest
errors near the surface. (See Fig. A2 in Appendix A.) Correlation with
surface temperature measurements (OLS or SSM/I) may decrease the error in the
boundary layer (<20 im). Correlation of SSM/T data with improved cloud top
altitude measurements from a simple Lidar sounder has the potential of
reducing the tms error to #1°* K, (Ref 21).

The active technique of Differential Absorption Lidar (DIAL) shows great
promise in achieving high accuracy and much improved vertical resolution. The
DIAL technique has been applied in ground experiments to measure the upward
looking temperature profile. DIAL systems are described in more detail
earlier under Vertical Moisture Profile in this section. The proposed DIAL
temperature techniques use one of the oxygen A bands located at 768 nm. This
absorption coefficient is extremely temperature sensitive. Temperature is
derived by measuring two lines and gsolving the Boltzmann density distribution
for temperature (Ref 3). Expected accuracies for temperature sensing DIAL
systems are +1° K with 2 km vertical resolution. Due to the weakness of the
768 nm absorption band, the DIAL system requires considerable spacecraft
power. Since these bands are located in the visible part of the spectrum,

measurements would be limited to cloud free regions.

DIAL Temperature Sensot Characteristics (Ref 3)

Vertical resolution: 2 m
Laser Source Output:
Power 2 J/pulse
Wavelength 768 nm
Pulse Repetition Rate 10 Hz

Optics Diameter: 1o

Average Power: 2800 Watts assuming 1% efficiency

52



DMSS-100
1 May 1983

3.4 Albedo. Albedo is defined as the ratio of the total amount of
electromagnetic radiation reflected by the sarth to the amount of radiatiom
incident on it, primarily from the sun. Since the electromagnetic radiation
from the sun is nearly a constant (1395 Hlmz). only a simple passive
earth-facing radiometer is required to measure the variances in reflected
radiation. The albedo varies primarily with angle of'incidence. type of
surface, and degree of cloudiness. :

The OLS measures both visible and infrared radiation at .4-1.14m and
8-1%;4m. It is described in more detail in Appendix A. These ranges provide

sufficient energy information so that the total albedo can be approximated.
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3.5 Visibility. Visibility is required for both visible and infrared
precision-guided munitions. A potential active technique for measuring
visibility is a multiwavelength Lidar system. This technique uses saveral
wavelengths to measure the aerosol and molecular backscattering in order to
determine the combined extinction coeffiecient as a function of wavelength..
Aerosol and molecular profiles may be obtained from the amouni of atmospheric
scatteriég and absorption for each wavelength. Lidar systems cannot provide
visibility profile information when there are clouds in the field of view.
When clouds are present the large signal return due to the large scattering
that ocecurs in the cloud is used as a flag to prevent incorrect profiles from
being calculated. The ranga resclved nature of pulsed Lidar systems can be
used to provide visibility profile information. This can be accomplished
through a relatively simple Lidar sounder design. A technology issue is the
design of a multiwavelength Lidar system that does not demand exorbitant
power. The optimum wavelengths to adequately describe the aerosol/molecular

profile also needs further research.

Lidar Sounder (Ref 4)

Vertical Resolution: 2 ¥ (averaged over 8 pulses)
Laser Source: Nd: YAG
Power 1 J/pulse
Wavelength 1.06 and .53 or .35&m
Pulse Repetition Rate 10-20 pulsesper minute
Efficiency 1.1%
Optics Diameter: .5 m
Average Power: 120 Watts
Weight: 162 1lb
Detection System: Photon counting
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3.6 Precipitation. Both passive and active techniques are applicable to the
remote sensing of precipitation. Both techniques are limitad to the microwave
or millimeter wave regions. Higher infrared frequencies are absorbed by water
droplets and lower frequencies are not attenuated by them at all.
Precipitation cannot be datermined from the passive measurement of a single
frequency due to the large range in size of water droplets, their density in
clouds, the precipitation layer thiclkness and the surface background
radiation. Thus, a range of microwave frequencies is required for passive or
active techniques.

The unit of measurement commonly employed in microwave radiometry is the
brightness temperature, since at centimeter wavelengths the earth surface and
atmospheric radiances are linearly proportional to temperature. The
brightness temperature of the earth's surface depends on surface type and
condition. Water generally has a low emissivity, while land has a high
emissivity. Ocean emissivity, however, may increase with wind speed, and land
emissivity may decrease with increased soil moisture. Surface roughness and
vegetal cover tend to scatter microwave radiation and thus reduce polarization
differences, while sea ice signatures change primarily with the type and age
of the ice. In all cases, the amount of change in microwave signature depends
on the specific microwave channels used. This is due to the effects of
frequency and polarization differences and to the wavelength dependent depth
of penetration. Near-term methods are based on passive tecniques and will be
discussed first.

Retrieval of precipitation information from a range of frequencies is
based on the D-matrix appreach. The D-matrix is a statistical model, which
calculates the most probable atmospheric and surface proparties
(precipitation, surface temperature, snow/ice cover, soil moisture, etc.) that
produced the set of measured brightness temperatures. This type of
statistical model assumes some linear combination of brightness temperatures
exist which uniquely describes each gecphysical parameter. Many regression
techniques exist, but the simplest is linear regression with brightness
temperature as the independent variable. The regression coefficients are
determined using geophysical models, radiative tranﬁfer models, an inversion
algorithm, and climatololegy. The elements of the D-matrix are actually the

minimum mean square error between the predicted and actual brightness
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temparatures of the geophysical parameters. Half of the measured data is used
in the geophysical and radiation transport models to calculate correlation
matrices and make predictions. The other half of the data is used to test the
validity of these calculations and predictions. The advantage of this method
is that geophysical parameters that cannot be measured in any other passive
way can be predicted. The disadvantage of the method is it is statistical in
nature and requires more computing power than direct radiance measurements.

At present AFGWC is limited to using four or less frequencies in deriving a
geophysical parameter. To simplify calculations and reduce higher order terms
in the regression equations, climatological zones are selected in which the
regression equations are assumed linear. At present this requires eleven
different D-matrices, depending on climate and season. The computer capacity
at FNOC will permit improvement of the SSM/I geophysical algorithms following
on-orbit performance test and evaluation.

In deriving the precipitation parameter saveral different assumptions
and equations must be used, depending on the rain rate. The difference in
absorption and scattering of microwave radiation between light rain and heavy
rain results in the application of different physical equations. For the case
of light rain, multiple scattering can be ignored. Liquid water content can
be directly related to rain rate by the Marshall-Palmer distribution function
(Ref 5). For heavy rain, multiple scattering effects must be included in the
algorithms, as well as the drop gize distribution. The Mie scattering theory
can be used to calculate extinction coefficients and the single scattering
reflection coefficient. Based on experimental data (Ref 5) an empirical
funetion is available which parameterizes the rain drop size distribution as a
function of rain rate. The rain layer ceiling, as well as the thickness, must
be input into the model. These values are normally based on climatology.

Thus the derivation of the precipitation parameter is an iterative process and
depends on several empirical functions as well as a climatology data base.

The microwave imager (SSM/I) is a passive sounder which measures four
frequencies and seven polarizations. Different combinations are used to
determine precipitation over oceans and land. Rain is highly absorptive and
results in an apparent warm brightness temperature in contrast to a cold ocean
background. The difference in brightness temperature between two

polarizations at a given frequency, however, tends to decrease as the rain
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rate increases. The SSM/I data channels selected for retrieval of rain over
oceans are 19.35 H, 22.235 V, and 37.0 V&H GHz. 1In contrast, rain causes a
reduction in the apparent brightness temperature over a warm land background.
The backscatter of the cold upper atmosphere in this case begins to dominate
the forward scatter from the land surface and the self emission from the
atmosphere. This effect is absent over the ocean pacause of its much lower
background temperature. The SSM/I data channels selected for retrieval of
rain over land are 37.0 V&H and 85.5 V&H GHz (Ref 3).

Millimeter wave radar is an active device which may have spaceborne
application for measuring precipitation. The advantages of an active device
over a passive device are millimeter devieces can determine the size of water
droplets, their density, and the precipitation layer thickness, without
relying on a climatological data base. As with passive techniques, a range of
frequencies would probably be required to cover the broad absorption due to
different rain rates. A compliment of an active millimeter wave sensor at one
frequency and a set of passive microwave sensors at other frequencies and

.polarizations may provide the optimum information within spacecraft power,
weight and size constraints. A feasibility study should be undertaken to
determine an optimum set of frequencies to be used for either active or

passive sensing.
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3.7 Winds. Vector winds stress measurements are needed for input to
global atmospheric and oceanic dynamic forecast models for improvements in
forecasting. 1In addition, accurate surface to upper level wind data is
required to support all aspects of military operations, such as assessing
radioactive fallout conditions, movement of weather systems, and predicting
winds for weapons delivery and tactical operatioms.

Presenily winds are inferred from variances in pressure profiles and
correlated with data available from ground based stations and rawinsondes
released over limited areas. Pressure profiles are derived primarily from
horizontal pressure gradients due to the Coriolis force. Temperature profile
measurements and knowledge of the air density are used to refine the pressure
profile through the use of the ideal gas law. This technique is inadequate.
Although rawinsondes can obtain vertical wind profile information, it is
impossibia to use them to provide global information.

wWind information can be obtained from geostationary meteorological
satellites using cloud imagery animation. Tracking the cloud movement however
only yields the wind at the cloud altitude or as is can only be used whare
there are distinguishable clouds. Accuracies of the order of 2 m/s are
required (see Sec. 2.7) and winds derived from tracking cloud movements cannot
meet this criteria.

In the near future the scatterometer, an active radar device, will be
used to measure both wind speed and direction near the ccean surface. The
scatterometer determines wind speed in a manner gimilar to the SSM/I but
infers surface wind direction from two or more orthogonal azimuthal
measurements. Experimental investigations show that as the radar azimuth
angle (off-nadir) changes one observes maximum backscattered signal power in
the upwind and downwind directions with decreased backscattered signal from
the crosswind direction. The ocean surface wind speed algorithm therefore is
based on the empirical observation that the normalized sea surface reflection
coefficient (radar cross section) is anisotropic. This technique requires a
large data base of normalized radar cross sections versus incidence angle and
azimuth angle at different wind directions.

There are several Lidar techniques for spaceborne wind sensing. All of
these technigues require the field of view to be cloud free. This condition

also allows the use of the single scattering version of the Lidar equation,
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which greatly simplifies data processing. Proposed spaceborne Lidar wind
sensors make use of backscattered radiation from aerosols suspended in the
atmosphere. The aerosol particles move with the wind and can be used for
detecting wind motions. Most Lidar wind sensors detect the Doppler frequency
shift between the incident and backscattered radiation due to the motion of
the aerosols relative to the Lidar transmitter. The frequency shift is used
to determine the radial wind veloeity. This information is then processed to
retrieve the vertical and horizontal components of the wind valoecity.

There are two types of conically scanning Doppler Lidar systems. The
first type utilizes a coherent laser source and heterodyne detection to
increase the signal-to-noise ratio (Ref. 18; 19). Heterodyne detection
requires a transmitter and local oscillator {both frequency and phase matched)
and linearly sums the two colinearly traveling waves with different
frequencies. This requires that the optical train (transmitter and receiver)
be diffraction limited to insure colinear waves. Most ground based and
préposed spaceborne coherent Lidar wind sensors use a CO2 (104m region)
source. Recent measurements show that the ratio of backscattered signals from
aerosols at 0.74m to 10.6 tam is larger than 400 to 1 in the lower troposphere
(Ref 3). This has led to a second type of conically scanning Doppler Lidar
system. The Doppler Lidar wind sensor proposed has incoherent Nd:YAG as a
source and uses the interference pattern produced when both the incident and
backscattered light are passed through a Fabry-Perot interferometer. The
distance between the rings of the interference patterm determine’ the Doppler
frequency shift. To achieve 2 m/s and 10 degree wind veloecity information, a
. conically scanning Lidar wind sensor is required.

There are two non-scan incoherent Doppler Lidar technigues that will
provide horizontal wind information. They both utilize two Lidar transmitters
and receivers, one pointﬁng at 45° and the other at 135° from the spacecraft
direction of travel. Both techniques require the transmitters to be pulsed on
and off so that the second transmitter illuminates the same footprint region
as the first transmitter. One technique uses the Doppler freguency shift from
both orthogonal pulses to determine the wind velocity (Ref 7). This Doppler
technique also requires that both transmitters and receivers be pointed 45°
from nadir. The second technigque requires an imaging detector array {and the

necessary processing) to determine the displacement of recognized aerosol
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patterns over time by comparing the two images at a given range resolved
altitude. The processing requires pattern-matching algorithms similar to
those used in cleud tracked winds.

All propesed Lidar wind sensors use range gating of the backscattered
return signal to determine the altitude and vertical resolution of the
measurements. The apparent wind velocities due to spacecraft motion and the
rotation of the earth must also be treated in any data processing algorithm.
The volume of data produced by a conically seanning Lidar wind sensor (424
kbits/s) requires some onboard processing. Preprocessing of the data
performed onboard the satellite could reduce the data rate to 960 bits/s
(Ref 7). .

Lidar wind sensor technology issues:

a. The efficiency and lifetime of laser transmitters is a critical
area. Nd:YAG laser flashlamp pumping is limited to 3x106ta 10-7 pulses.

This would limit operational lifetime to a few months depending on sensor duty
cycle as compared to 3 to 4 years for the rest of the satellite. Diode
pumping is required for increased lifetime and efficiency.

b. Providing the power required by active Lidar sensors (500 to 2500
watts, see sensor descriptions below) is a key technology issue. Advances in
solar arrays and battery storage or nuclear power sources can meet these power
requirements. These will be discussed in more detail in Section 4.1

c. Thermal control is another key spacecraft integration area which
mist be investigated (see Sec. 4.1). Lidar sensors will be putting out 90
percent of the energy in the form of waste heat. Laser diode output
frequencies are tuned by varying the diode temperature. The absorption bands
of the material being pumped are also shifted by temperature change. This
makes it an interactive process to keep the laser diodes locked on the proper
frequency for pumping the lasing material. This will be more difficult
because of the amounts of waste heat emitted by a laser system. The fact that
laser diodes are extremely sensitive to changes in temperature will affect
pumping efficiency.

d. The production of cost effective and lightweight meter-size optics
is another technology issue. The need to maintain optical alignment during
launch and sensor operation is another important area. Production of optical

systems is addressed in Section 4,
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e. The impact of scanning meter-size optics on spacecraft attitude and
control needs to be evaluated. The spacecraft attitude and control is
discussed in Sectiomn 4.1

f. Paster data processing algorithms will have to be developed.

g. The subject of eye safety must be investigated in detail. The
concern relates to an aceidental interception of the lidar signal from the
satellite by an observer scanning the skies through a 10 inch or larger

telescope on the ground (see Ref 4).

Sensor Descriptions:

Scanning Doppler Lidar (coherent) (Ref 7

Laser Source: CD2
Power 10 j/pulse
Wavelength 9.11um
Pulse Repetition Rate 2 Hz
Optics diameter: 1.2m with conical scan
Average power: 560 Watts
Weight: 1021 1b
Detection mode: Heterodyne-
Accuracy: 1-2 m/s

Scanning Doppler Lidar (incoherent)

Laser Source: Nd:YAG
Power 2 j/pulse
Wavelength 1.06 and .53 o
Pulse Repetition Rate 10 Hz
Efficiency assuming 5% diode pumping efficiency

(current laser efficiency is more like

0.5 to 1%)
Optics diameter: 1.25 m with conical scan
Average power: 600 Watts
Weight: 800 1b
Detection system: Fabry-Perot Interferometer
Accuracy: 1-2 m/s
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Non-Scan Doppler Orthogonal Lidar Sounders (Ref 24
Laser Source: Nd:YAG
Power 1.5 j/pulse
Wavelength . 1.06 and .53 4m
Pulse Repetition Rate 1 Kz
Bfficiency 5%
Optics diameter: .5 m
Average power: 80O Watts
Weight: 350 1b
Detection system: Fabry-Perot Interferometer
Accuracy: 5 m/s
Non-Scan Orthogonal Lidar Sounder {Ref 3)
Laser Source: Nd:YAG
Power 3.2 j/pulse
Wavalength 1.06 and .53/;m
Pulse Repetition Rate 22 Hz
Efficiency 5%
Average power: 2500 watts
Detection system: Aerosol pattern matching, 25x25 detector

array required

Accuracy: 1-2 m/s
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3.8 Surface Temperature. A straightforward method of remote sensing the

surface temperature of land and oceans is to measure the radiated power from
those surfaces with passive visible and infrared sensors. According to
Planck's black body radiation law, the spectral power distribution uniquely
depends only on one parameter namely the temperature of the body. Thus by
measuring the radiated power level from a fixed surface at two or more
wavelengths, the temperature of the black body can be determined. Errors
associated with these measurements are attributable to the emissivity of the
surfaces and to absorption by partial cloudiness in the field-of-view or by
atmospheric aserosol or gaseous attenuation. Multiwavelength and dual view
angle techniques have been suggested to provide the necessary atmospheric
corrections. Generally, satellite infrared surface temperature fields have
been found to be biased several degrees Kelvin. Over land, rms near-surface
temperature errors are reported (Ref. 8) to be about 3 degrees Kalvin compared
to radiosondes and 2 degrees Kelvin compared to hourly surface observations.
The radiation in the microwave region of Planck's law depends strongly
on the emissivity of the body (whose value depends on the wavelength of
observation) as well as the physical temperature of the body. Over oceans the
emissivity is a function of the surface roughness which is strongly affected
by the surface wind (Ref ¢ and 10). Over land, the composition of the land
and the presence of vegetation, ice or snow, underground oil or water supply,
all could have an effect in altering the accuracy of the temperature retrieved
from the measurements of remote passive microwave sensors. 1In spite of these
difficulties sea surface temperatures have been retrieved experimentally from
microwave radiometers (Ref. 11, 12, 13) with accuracies on the order of 1° K.
Simulations have been used to investigate the ability of the SSM/I to retrieve
surface temperature over both oceans (Ref. 1l4) and land (Ref. 15). The
predicted rms errors over the ocean (assuming non-precipitating cases) are on
the order of 2.0° K. Over land, variable surface emissivity increases error
for operational conditions to a range between 3.7 and 4.7° K for atmospheres
that are not too cloudy. These values alsc appear to depend on latitude and
seasons. The advantage of the microwave sensors over visible and infrared

sensors, is that the former provides an all-weather capability.
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3.9 Snow and Landlocked Ice Cover. Both passive and active techniques can

be used for remote sensing of the above parameters. Current methods are based
on passive techniques and will be discussed first.

Snow and landlocked ice cover can be observed in OLS imagery on clear
days. Automatic diserimination of snow-covered terrain or ice from cloudy
areas ig almost impossible, especially in high latitude regions in winter.
Snow reflectance varias over a large range and depends on grain size, density,
solar zenith angle and wavelength, as well as trace amounts of absorptive
impurities. Hew~fallen snow has a small grain size and is the least dense.
Density and grain size increase with age, making it a more efficient absorber
at visible and infrared wavelengths. Snow reflectance measurements have been
reviewed by Dodd and Escoe (Ref 16). They cited measurements which had been
accomplished during several stages of metamorphosis. The reflectance of
various ages of snow was found to decrease at different rates with respect to
wavelength. It was discovered, however, that strong minima occurred for all
snow types at wavelengths near 1.5 and 2.0mm where the absorption coefficient
for ice reaches a maximum. Similarly, cloud albedo generally decreases with
inereasing wavelength because of the.increased absorption by water droplets
and ice crystals. However, the reflectance of snow at 1%;:m is relatively low
(»10%) compared to clouds. In addition, since ice crystals are more absorbent
than water droplets, water clouds can be discriminated from high cirrus clouds
which contain ice crystals of about the same size. Dodd and Escoe displayed
data obtained from the ‘snow/cloud sensor (SSC) flown on F-4. The data
demonstrates both of these discrimination capabilities.

The fraction of ice within the field-of-view and age of landlocked ice
and perhaps snow should be determinable from the 37 GHz vertically and
horizontally polarized channels of the ssM/I (Ref S, pp 26-30). This
technique is discussed in more detail in the next section. Extrapolating
these algorithms for landlocked jce should be straightforward, but still needs
to be investigated.

The above passive techniques can discriminate between snow and cloud
cover and determine snow/ice age, but passive techniques cannot provide
measurements of snow or ice depth. An active sensor is required to obtain
range/depth information accurately. Recent technological advances in
millimeter wave devices have made possible a new generation of millimeter wave
radars. These should be investigated to determine an optimum frequency or set
of frequencies for determining snow or ice depth.
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3.10 Sea Ice Cover, Berss and Leads. Both passive and active techniques are
applicable to the remote sensing of this parameter. Current methods are based
on passive techniques and will be discussed first.

Passive techniques presently consist of visual and infrared imagery from
the OLS and microwave imagery from the SSM/I. Sea ice can be determined from
imagery on clear days since it appears brighter {colder) than the warmer sea
water background. Upwelling radiance of a scene containing sea water and
various amounts of sea ice is a function of ice ébncantration. ice emissivity,
physical temperature of the ice components, and the amount of water vapor and
liquid water in the atmosphere and the amount of water on the ice and in the
snow cover. Sea ice can consist of first year ice, multi-year ice, or first
year thin ice. Each has a different emissivity, especially in the microwave
region. The difference between the vertical and horizontal polarizations of
the 37.0 GHz channel of the SSM/I is measured and combined with climatology
data to determine the fraction of sea ice within the field-of-view, the
“fraction of first year ice, and the fractiom of multi-year ice. The
climatology data that must be input into the algorithms are the ice
temperature, atmospheric liquid water content, and mean values of ice
emissivities. Iée age (first year or multi-~year) can be determined from the
37.0 GHz value and the computed value of sea ice concentration. Ideally all
SSM/I frequencies and polarizations would be used to further discriminate age
or ice type and concentration, but computing limitations at AFGWC prevent the
use of more than four channels. FNOC has a greater computing capacity that
will permit improvements in the retrieval algorithms.

The above passive techniques cannot provide a measurement of the ice
depth or thickness. HNew sensors at various radar frequencies, especially at
millimeter wavelength, should be investigated for possible application in

fulfilling this requirement.
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3.11 Soil Moisture. The description of land surface is extremely complex

due to the many different surface types and the variaéion of physical
characteristics within each type. The intensity of the upwelling radiation
from the soil depends on the physical temperature of the soil and the local
dielectric constant. Moisture increases both the real and the imaginary parts
of the dielectric constant which reduces the emisgivity of the soil. The
emisgsivity of the soil at microwave frequencies can range from 0.9 for dry
soils to 0.6 for very moist soils (Ref 5, p 23).

Both passive and active techniques are applicable to the remote sensing
of soil moisture. The D-matrix approach (described in Section 3.6), is used
to retrieve soil moisture from passive microwave measurements. The 19.35 V&H
CHz channels of the SSM/I have been selected for retrieval of surface soil
moisture because of the larger response at this frequency. Surface roughness,
surface emissivity, and the amount of water vapor and liquid water in the
atmosphere are required inputs in solving for the regression coefficients in
the D-matrix. These values must be obtained from a climatology data base.

Any depth measurement requires an active ranging device. For soil
penetration, this would require frequencies in the lower microwave region.
Millimeter and microwave radars should be investigated for possible

application in fulfilling this requirement.
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3.12 Sea State/Waves. Sea state can be calculated from surface wind speed
under assumptions of equilibrium spectra and atmospheric stability.

A passive instrument for determining sea surface wind speed is the
SSM/I. Wind speed can be directly related to sea surface roughness. The
approach is described in more detail in Section 3.6. The 19.35 H, 22.235 V
and 37.0 V&H GHz channels of the SSM/I have been gselacted to retrieve sea
surface wind speed because of the large spread in sea surface brightness
temperatures at these frequencies. Both wind driven waves and foam
significantly alter the microwave emissivity of the ocean surface and thus
affect the horizontal and vertical polarization differently. Precipitation,
water vapor and liquid water in the atmosphere are required inputs of the
$SM/I algorithms. In these algorithms, the sea surface is modeled
statistically as a collection of plane facets with cizes larger than the
impinging microwave wavelength. The variance in sea surface slope is defined
to be a function of the wind speed. Based on,khis model the calculation of
the emissivity of a plane facet is relatively straightforward and is based on
the dielectric properties of sea water. The Fresnel equations for a plane
dielectric interface are used to calculate the emissivity for a given viewing
angle and polarization.

Foam is treated as partially obscuring the surface. It does not affect
polarization, but does yield different frequency responses. The fraction of
foam obscuring the surface increases linearly with wind speed exceeding
7 m/sec (Ref 5, p 23). Below that wind speed no foam develops.

The radar altimeter is an active device which can directly measure
significant wave height. The 13.5 GHz radar measures the height above a point
at nadir by measuring the time elapsed between emission and reception of the
reflected pulse. The round trip time must be corrected for the variable index
of refraction along the path as a result of the nonuniform vertical moisture
profile. Characteristics of a radar altimeter flown on SEASAT are given on
the next page. Whereas the radar altimeter can be used to measure significant
wave amplitude and the SSM/I can be used to measure sea surface wind speed,
neither instrument can determine the wind direction.

Another concept for measuring sea surfaée winds is based on the
empirical relationship that sea state is directly rel?ted to the prevailing
wind speed. As discussed in Section 3.7, the scatterometer can provide the
necessary wind data, and therefore the sea state,
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Several other concepts for measurement of directional wave energy
spectra are emerging from basic research and exploratory development programs
within the Navy and NASA. These include measurement of amplitude madulation,

frequency modulation and phase shifts of the return signal. Trade-offs and

performance assessments are under way at NRL, NASA and WOAA ERL.

S e —

SEASAT — Radar Altimeter Characteristics (Ref 17, pe 4-16)

Frequency: 13.5 GHz

Nadir swath width: 1.1-5.4 nmi (2-10 km)}

Data rate: 10 kbps

Transmit pulse width: 3 microseconds

Peak power: 2.5 kw

PRF: 1500 Hz

Effective pulse width: 3 nsec compressed

Signal to noise ratio: 20 dB

Dimension: 39 in (1 m) antenna; 17.7 ft3(0.2 ma)
Weight: 154 1b (70 kg)

SEASAT - Radar Scatterometer Characterigtics {Ref 17,pp 4-18)

Frequency: 14.595 GHz

Instanteous Field-of-View (IFOV): 13.5 nmi (25 km)

Swath width: 270-405 nmi (500-750 lm) both sides of
gubtrack beginning 108 nmi (200 km) from
nadir

Grid spacing: 27 nmi (50 km)

Antenna: Four 13 ft (4 m) fan beam sticks

Transmit pulse: 5 msec, PRF-34 Hz, average power 310 w at
100% duty cycle

Data Rate: 2-5 kbps

Volume: Two units 13.8%15.7x39.4 in (35x40x100 cm)

Weight: 419 1lb (190 kg)

Pointing control: +3°
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3.13 Clear Air Turbulence. Clear air turbulence is an important operational

parameter required by tactical commanders to avoid areas that would be
hazardous to air operations, such as airlift, airdrops, air-to-ground weapons
delivery and transport of shock-sensitive cargo.

A Doppler Lidar wind sensor has potential to detect clear air
turbulence. This active sensor is discussed in more detail earlier under
Section 3.7. BResolution of the lower boundafy level of the jet stream should
be investigated using range resolved Doppler Lidar as a means of detecting
elear air turbulence. For more quantitative measurements, rapidly varying
vertical gradient of horizontal wind vectors with horizontal resolution of 1
}am could be an indication of clear air turbulence. Further feasibility of
this spaceborne technique needs to be investigated.

The technical issue specific to clear air turbulence measurements is the
fine horizontal resolution required. This requires a trade-off between the
pulsed laser's high repetition rates and high power. However, as discussed
earlier, when radiating lasers from space to ground, eye safety must be
included in the trade-off study. Development of laser transmitters capable of
sustained high power and high repetition rates on orbit to support the high

horizontal resolution requirements requires further research.
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3.14 Neutral Demsity. Neutral density is a required data point for high
precision targeting of artillery and ballistic missiles. Density measurement
above 130 km are used to predict satellite drag, which is needed for control
of low earth orbiting satellites.

Both active and passive technigues are applicable to the satellite
sensing of neutral density. Passive techniques can be used above about
100 km, however active senscrs must be used to cobtain vertical resolution
below tﬁat level.

The Atmospheric Density Sensor (SSD) was a passive earth-limb scanning
sensor which measured emissions of major atmospheric constituents in the
earth's atmosphere from 80 to 480 lm which was flown once, on F-4. It
measured emitted light by molecular nitrogen excitation at 1041 A and 3371 A,
atomic oxygen at 1356 A, and Solar radiation at 913 A. The intensity of the
emitted radiation is proportional to the excitation rate and the number of
molecules at any given altitude. The analysis of the emission profiles was
based on a radiation transfer model that included accepted excitation cross
sections, branching ratios, photoelectron fluxes, ete. The atomic oxygen and
molecular nitrogen density profiles would then be deduced from the shape of
the limb profiles. Analysis of the data from F-4 indicated the thermospheric
density could be remotaly determined with an accuracy of about +10%. The NRL
RAIDS experiment, to be flown in 1989, is also a limb scanning device whose
primary purpose is to obtain electron density profiles. Since it will provide
emission information in 500-1000 A, 1200-1700 A, and 2000-4000 A regions it
will also provide information for modelling the upper atmosphere and the
ionosphere.

For lower altitudes, neutral density can ba measured using DIAL
techniques. DIAL systems are discussed in more detail earlier in
Section 3.2. The absorption band of a gas spacies with a known absorption
cross section is used to determine the height profile of species
concentration. This measurement is then processed to provide the atmospheric
density which is equivalent to the neutral density for measurements below 60
km.

There are techniques for measuring density which do not require a
tunable laser transmitter. Above 30 ¥m, a single wavelength Lidar can

determine the density from the Rayleigh (molecular) scattering from
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atmospheric gases. Below 30 im, the contribution to the returned signal by
the aerosols must be removed from the measured Raylaigh scattering. This
requires the use of a two-wavelength Lidar {Ref 2).

The combined data from the SSM, SSIES, SSJ/4, and SSUV leads one to
infer the electric potential distribution along the satellite track. This in
turn can be used to estimate the amount of electromagnetic energy dissipated
in the ionosphere in the form of Joule heating and thus obtain an estimate of
the neutral density above 100 m.
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3.15 In-Situ Particle Environments. Only passive techniques are applicable

to the measurement of electron and ion densities at the gatellite altitude.
Electron and ion densities are typically measured using Langmuir probes or
planar ion collectors. The temperature of the ions can differ significantly
from that of the electrons, so both parameters ghould be measured. Particle
temperature can be determined by measuring their average energy.

The data provides a measurement of the alectron density and parameters
for the caleculation of the plasma scale height at the satellite altitude. The
latter information could be a secondary input to the production of existing

vertical electron density models.
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3.16 Electron Density Profiles. The electron demnsity profile (EDP) is one of
the significant parameters usad to characterize the ionosphere. The area of
primary interest is the F region of the ionosphere. It is this region that
reflects the HF transmissions that allow long distance communications. This
same region is also used as a reflector for over-the-horizon backscatter
(OTH-B) radar. The location of the F region maximum varies with the state of
the ionosphére. The EDP is required to optimize BF communication and OTH-B
frequencies:

Current efforts are directed at using passive, optical measurement of
ultraviolet and visible emissions coupled with in situ electron density
measurements and modeling of the neutral atmospheric density to determine EDPs
from polar orbiting satellites. The dominant emissions and the processes that
relate to the EDP vary depending on the time of day and the geomagnetic
location. A brief daescription of measurement techniques follows.

Daytime Mid-latitude: The required quantities for determining EDP are
the solar energy flux and the 0 to Hz density ratio. The measured
intensities of the H; and the 0 leads to the ratio of 0 to Hz
densities. This ratio is used to determine the 0% densities in the
jonosphere. Since these are the dominant species a neutral atmosphere model
capable of estimating the o diffusion versus altitude will help determine
the shape of the electron density profile in the F region (Ref 22). The
atmospheric optical emissions that are to be measured by the SSUV sensor are
the intensities at 1356 4 of the 0" and the Ny

PY
(LBH) bands in the 1500 - 1700 A region. The NRL RAIDS experiment will

Lyman-Birge-Hopfield

monitor the 834 K 0+ emmissions which will provide the electron density
profile from 200 im to 500 km without modeling the neutral atmosphere.
Nighttime Mid-latitude: The molecular ions that make up the ionosphere
undergo rapid recombination at night. The emissions due to these
recombinations are direct signatures of the height and magnitude of the EDP.
The emissions to be measured are the 1356 : emigsion from oF recombination

+

)
and the 6300 A emission from 02 recombination. The square root of the

0+ 1356 : observed intensity is directly related to the electron density
maximum, and the square root of the ratio of the intensities of the

o* 1356 & to the 0; 6300 £ is directly related to the altitude of the

electron density maximum. The shape of the EDP is given by a modified Chapman
function. (For details and derivations of the above statements see Ref 23.}
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Auroral E Region: In the auroral vegion, ionizations are due to both
solar illumination and charged particle precipitation. In regions of auroral
displays 90% of the total ionization in the E layer are produged by
precipitating electron of kilovolt energies. The effects due to solar
illumination and precipitating particle ionizations have to be combined at
high latitudes. The precipitation source spectrum can be characterized using
emisgions from selected N; LBH bands and 0+ (13561). Onca the source
spectrum has been characterized, the ot (1356 i) intensity as stated earlier
can be used as a direct measure of the magnitude of the electrom density (Ref
23).

Near-term developments will use passive monitoring of the ultra violet
(UV) emission lines at 1356 K to obtain the electron density profile (EDP).
The emission lines at 6300 K and 3914 1,will also be monitored for nighttime
EDP. The H; Lyman Birge Hopfield (LBH) bands must alsc be monitored to
provide 0 and N; density ratios to determine the production and loss
ratios. Emissions from the three lines are used along with modeling of the
neutral density to determine the 0+ density. Because 0+ is the dominant
species in the F region, there is a direct correlation to the EDP. The
jn-situ measurements of the electron density by the SSIE/IES sensors will be
used as a boundary value to anchor the end of the modified Chapman function.
A more detailed description of the proposed operation of the SSUV in the
various regions of the ionosphere is included in Appendix A.

Improvements in the far-term may come from the NRL's RAIDS experiment.
This experiment will measure the 834 K 0+ emissions. These emissions are
expected to yield a more direct measurement of the o" density. Since it is
known that the O+ density approximates the electron density throughout most
of the F region (200-500 im) a lmowledge of the electron density profile is
thus obtained.

Key technology issues:

a. The efficiency of microchannel plate detectors. Past experiments
have used photomultiplier tubes. Unfortunately, these tubes are no longer
manufactured. An evaluation of the available microchannel plate detectors
should be made in the immediate future. These are required to provide the

increased sensitivity required for the operational instrument.
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b. Validation of data from operational sensors is a critical issue.
The current available methods of validation include sounding rockets,
jincoherent scatter radars, este.
e. Current efforts in this area will yield EDP in midlatitudes only.
The work to develop algorithms to provide EDP in the more dynamiec polar and
aquatorial regions must be continued. The monitoring of EDP in polar regions
under disturbed conditions may require the development of an active sensor

technique.

SSUV_sensor characteristics (Ref 23):

[ ]
Visible: 0I 6300 A
Detection Design: Nadir Scanning Imager and Tilting Filter
Photometer (along track)
Detector: Micro Channel Plate (MCP), Photomultiplier Tube
(PMT) o
Spectral Region: 6300 A with 10 A resolution and 2.5 A resolution
with tilting filter
+ °
Near UV: Ny 3914 A
Detection Design: Nadir Scanning Imager
Detector: MCP, PMT
Spectral Range: 3914 A with 10 A resolution
Far UV: 0I 1356 A, Hz LBH Bands 1400-1700 A
Detection Design: Nadir Scanning Imaging Wadsworth Spectrometer/UCP
Anode PMT
Detector: 50 Angde MCP PMT
Spectral Region: 1150 ? - 1800 A with 35 A resolution
Average Power: 20 watts
Weight: 30 1lbs
Data Rate: 4 K bits/sec
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RAIDS Characteristics (Ref 25)

Visible:
Detection Design:
Hear IR:
Detection Design:
Spectral Range:
Near UV:
Detection Design:
Spectral Range:
Mid-uv:
Detection Design:
Spectral Range:
Far UV:
" Detection Design:
Spectral Range:
Extreme UV:
Detection Design:
Spectral Range:
Weight:

Power:

Data Rate:

4 o

Ng 5890 A, OI 6300 A and 7774 A Limb Scanning
Photometers (3)

Mirror Telescope/Filter/PHT

Oxygen IR System
Limb Scannjng Ebert-Fastie Spectrometer/PMT
5577-8450 A at 15 & resolution

Ny 2nd Posztxve Bands 3371, 3577, 4250 A
N,* 3914 A

Herzberg Oxygen

Limb Scann1ng Ebert—Fastze Spectrometerc/PMT
3371-4250 A at 5 A resolution

NO Bands 1980-2350 &

Mgt 2851,

0I 2972 A

Limb Scanning Ebeg@-?astie Spectrometer/PMT
1900—2972 A at 7 A resolution

0TI 1304 A 1356 A

N2 LBH 1326 A, 1382 A, 1493 3

Limb Imaging Wadsworth Spectrometer with 256X64
element gedge/q;rlp MCP array

1250-1550 A at 5 A resolutiom

e a

ot 834 4, 539 A, 617 A

0I 989 A

Limb Imaging Wadsworth Spectrometer with 256x256
element‘wedgelgtrip MCP array

525-1100 A at 4 A resolution

80 1lbs
50 watts

8 K bits/sec
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3.17 Total Electron Content. Total Electron Content (TEC) is a parameter

used to help characterize the ionosphere and its propagation characteristies.
This parameter is needed to predict effects on RF communication, OTH-B radar,
and the detection and monitoring of space objects.

By definition the TEC is the integral of the electron density profile
(EDP) from the earth's surface to an altitude where the electron density is
negligible. THe TEC has been estimated to be approximately 20 percent lower
if measured at the DMSP altitude of 835 lm as compared to a geosynchronous
altitude.

Currently, TEC can be determined using ground monitoring of spaceborne
RF beacons as follows: Phase coherent radio wave signals are transmitted from
a spacecraft far above the altitude of the peak ionospheric electron density
(e.g:, GOES or GPS spacecaft). One can then deduce the total electron content
by measuriﬁg the Faraday rotation of the ground received electric field. One
may alsc obtain the same information on TEC {assuming that the contribution to
TEC from above GPS altitude is negligible) by measuring the phase difference
of the two GPS L-band signals transmitted at slightly different frequencies.

Another approach to determine TEC will make use of the following: Due
to the index of refraction of the ionosphere, which in turn depends on the
local electron demsity, the propagation path of the signal from the beacon to
the ground deviates from a straight line. Since the index of refraction is
inversely frequency dependent as the square of the frequency, transmissions at
a lower frequency, together with a much higher frequency will determine the
horizontal distance deviation which, together with the beam attenuation at

these frequencies, can be used to determine the TEC.
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SECTION 4

4.0 Technelogy Impacts of New Sensor Systems on Other Segments. This

section describes the anticipated impact the new generation of active sensors
‘outlined in the previous section will have on the spacecraft and ground
systems. Functional requirements, such as timeliness, data refresh rate,
survivability, and ground systems autonomy will be discussed and concepts
jdentified to meet deficiencies. The spacecraft hardware/software subgsystems
that might be impacted by the implementation of the new generation of active

and passive sensors include:

o spacecraft structure o] thermal contrel

o command and control o data storage and formatting

o attitude control o data (up and down) transmission
c electro-optics and power o on board processors

o structural dynamics

The new generation of remote sensors will also impact the hardware and
goftware of the ground segment. For both spacecraft and ground systems, the
nature of the hardware/software impacts will vary depending on the final
sensor compliment carried.

Many of the impacted subsystems listed above can be accommodated using
present day technologies or with the assistance of currently funded R&D
programs. Most of these technologies are discussed in Volumes III to VI of
Ref. 1.

A more thorough evaluation of the impact of the new sensors on the
spacecraft and the ground segments cannot be completed until sensor designs
are more complete. However, since the technology concepts for autonomy and
survivability are of near-term interest, a more thorough discussion is
presented on these topics in Appendices B and €. In the following

subsections, technology forecasts related to DMSP are discussed.
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4.1  Spacecraft System.

4.1.1 Spacecraft Structure. Lighter and structurally stronger materials for
the spacecraft bus are needed to accommodate the heavier new sensors. Funding
for development of lightweight composite materials is motivated by the
requirements of other industries, such as the aireraft industry. Results of
any technological advances will be available to this program and no new
funding for DMSP is planned. The use of active low frequency RF transmitting
sensors, such as the N-ROSS Xband altimeter will entail large antennas
(several meters in diameter), depending on the required beamwidth. Such
antennas will influence the size and shape of the spacecraft.

4.1.2 On-Board Processing. The addition of new sensors on board the
spacecraft as well as their increasing complexity implies the need for a
larger data base and increased computational spegd. The additional on-board
navigation and guidance equipment (see autonomy below) together with the
increased performance requirements generating a larger data base requires
larger analysis facilities, more computer power and comprehensive large-scale
information management. These trends necessitate research and development in
data compression, hardware miniaturization, inereased computer power and rapid
computational algorithms. The ongoing technology advances cccurring in these
fields should be available to the DMSP II satellites without major new
allocation of funds by DMSP.

4.1.3 Command and Control. There exists a DOD recommendation to establish
compatibility of communication at EHF frequencies for all U.S. space assets.
This requirement would change the present all weather communication command
link at S-band, which is susceptible to RF jamming, to a more anti-jam command
frequency (20 GHz down and 44 GHz up) which is susceptible to absorption by
rain. The determination of the proper frequency for the command link will
depend on the outages experienced at these high frequencies by atper systems

and the future status of the recommendation.
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4.1.4 Attitude Control. Different modes of scanning the various active and
passive sensors will require more complex control algorithms. On-board
navigation and guidance will require additional development of information
processing and data management architecture. Technology advancements in fast
miniaturized micro-processors can be applied to DMSP II satellites.

4.1.5 Power.

4.1.5.1 Power Sources. Depending on the combination of sensors flowm, and

assuming an active sensor such as a Lidar or a Radar is included, the on-board
average power requirements could easily add up to several kilowatts. Thus the
new generation of sensors necessitates large power sources. Nuclear power may
be a viable altermative to additional solar arrays and batteries.

The most likely candidates for generating power are solar arrays
{silicon or gallium arsenide, planar or concentrator), radioisotope
thermoelectric generators (RTG), or dynamic isotope power supplies (DIPS).
There are planar solar arrays in use that generate 2-3 kw. The technology to
build hardened planar arrays in the 5 kw range exists. Use of concentrating
arrays (with Si or GaAs cells) to achieve 5 kw power level is reasonable.
Considerations, such as maneuverability and degree of laser and nuclear
hardening can affect design and material selection, however. Solar array
hardening should also ineclude submillimeter metroids and possibly man-made
debris impinging on the array. The recent recovery of materials from the NASA
Solar Max Mission demonstrated that submillimeter meteoroids had penetrated
several 2 mil Kapton layers. .

As for nuclear power sources RIG's have been used to about the 1 kw
level. Beyond 1 kw, the emphasis switches to reactor type systems such as
DIPS. Such a system could be compact, hardened (almost by definition), and
more maneuverable than a solar array. Questions of low orbit safety, high

development and recurring costs, and technology availability remain.
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4.1.5.2 Energy Storage. Present technology batteries (nickel cadmium and
nickel hydrogen) support systems in the 2-3 kw range. Improved and larger
nickel hydrogen batteries are in the final developmental stages. There is a
need for lightweight, long lifetime (four to seven years) batteries capable of
withstanding deep discharge/recharge cycles without incurring debilitating
degradation.

Near term high energy battery development is concentrated on sodium
sulfur and regenerative fuel cell technologies. These systems could be
available within ten years in the 5-10 kw storage range. Space station
efforts will further advance the. technology.
4.1.5.3 Power Conditioning/Control. Work is proceeding on high voltage/high
power systems. Additionally, the use of an alternating current system is also
being examined to reduce line power losses. Nuclear hardening considerations
could iﬁfluence the choice of system.

4.1.6 Radar and Lidar Systems. The development of a space qualified
operational (coherent, pulsed) Lidar system (see Section 3) with a lifetime
corresponding to that of the DMSP satellites needs continued funding by the
DOD Laboratories. Similarly, these comments apply to the research and
development of solid state, high power, low noise RF transmitters in the
frequency range of approximately 40 to 300 GHz.

4.1.6.1 Electro-optic Systems. Should there be a need in the far term to
change the DMSP orbit from the present 450 nmi to higher altitudes, the
sensitive elactro-optical subsystems will have to be protected from energetic
Van Allen particles, as was done for the GPS satellites. The study of the
impact of these belts om electronics needs to be continued.

4.1.7 Structural Dynamics. Simpler analytical methods for analyzing the
dynamic structural loads on more complex spacecraft during launch and in orbit
need to be developed. These should be achieved by simplified dynamic
spacecraft models. Metheds for determining the location of failure modes
become more important as the structural concepts become more complex due to

the presence of a larger number of DMSP sensors on the spacecraft.
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Another issue that will impact spacecraft dynamics is the requirement of
longer lifetime DMSP satellites. One alternative for meeting this requirement
is to repair and refurbish the satellites already in orbit.

4.1.8 Thermal Control. Some of the DMSP sensors, such as the SsSM/I and

SSM/T, and the proposed active sensors, such as lasers, BF altimeters and
millimeter wave radars, generate large amounts of thermal energy. Rapid
dissipation of this thermal energy into space is paramount to keeping the
satellite subsystems thermally balanced. The thermal control problem and the
research for effectively dumping thermal energies in a timely manner into
space is being pursued by the DOD laboratories. (Ref 1, Vol III, Chapter 11)
4.2 Ground_ System. The ground system consists of fixed sites and mobile
terminals. Additional sensors on the spacecraft implies greater volume of
data to be transferred from the Space Segment to the Ground Segment.
Therefore, the capability of the DMSP Ground Segmen£ must be enhanced to
handle an increasingly information-driven system. It must rapidly manipulate
very large data flows of diverse meteorological data. The challenge will thus
reside in the timely development of complex algorithms to process the data.

If the orbital altitude of the DMSP is not altered appreciably on future
block changes, then the dumping of greater data volume during overhead pass
necessitates a higher data rate than the present 2.6 Mbs. Although the
telemetry data rate will be less affected, it too will probably increase from
the present 2 Kbs to possibly 10 Kbs.

The vast increase in quantity of data requires increases in data
storage, faster processing algorithms, and faster retrieval algorithms in
order to meet the timeliness reqﬁirements of the users. The quality of the
products will thus be limited not only by the maturity and limitations of the
scientific technologies but also by the ability of the Ground Segment to
process a much larger flow of diverse data sets in a timely manner and
distribute it efficiently to the users.

The proliferation of mobile terminals with relatively smaller diameter
receiving antennas implies either larger diameter transmitting antenna on the

spacecraft, larger data transmitter power or both. The increased
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processing capability required of the mobile terminals due to the expected

jncrease in data volume will necessitate further technological advances in

miniaturization of hardware to reduce the space occupied by the hardware in
the mobile terminals.

Trade-off studies need to be performed between a totally internetted
communication capability connecting Ground Systems with the DMSP satellites
via DOD space communication systems, versus communication through dedicated
geosynchronous satellites for instant global data availability.

Further software technology advances are required to accelerate
understanding and duplication of human thought processes by computers. This
type of software will allow the computers (especially at the mobile terminals)
the option of preparing weather charts with or without a man in the processing
loop. :

Although a more thorough study of the needed technology concepts
required by the spacecraft and ground systems are required, those mentioned
above must be part of any new list of further technological developments.

4.3 Functional Requirements and Concepts.

4.3.1 Timeliness and Data Refresh Rate. The data refresh time (frequency of
observing a parameter at the same 1ceation) and the timeliness of the data
(time from satellite transmission to user) drives the configuration of the
overall DMSP system. Therefore, depending on user requirements for data
refresh, timeliness of data, and final senmsor designs, there may be a need for
inereasing the number of DMS? satellites in sun-synchronous polar orbits (12
would be required in the present orbit to satisfy a data refresh time of one
hour) or adding from one to three geostationery satellites for continuous
observations. Present geosynchronous satellites operated by NOAA are capable
of a data refresh £ime of one-half hour, with instantaneous coverage from 55°¥
to 55°S latitude. The geosynchronous satellites also provide low quality wind
velocity information, and could provide a communication platform for instant
relay of data from the polar orbiting satellites to ground systems.

4.3.2 Survivabilitv. Concepts to increase the survivability of both space
and ground systems against hostile actions are discussed in Appendix B. An
additional consideration is the survivability of a satellite against the

natural threat of collisions with meteoroids and man-made debris. In this
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case, one of the survivability concepts is to armor-plate the sensitive
subsystems of the spacecraft. Therefore, research should be pursued in the
areas of high tensile strength, low mass density materials, such as Kevlar or
carbon composites. Also the optimum manner of applying the plate, whether in
a thick single layer or thin multilayers with energy absorbing material in
between should be investigated. These armour plates could be designed to also
shield the electronic subsystems from the effect of an electromagnetic pulse
caugsed by a nuclear detonation.

4.3.3 Autonomy. There are two types of autonomy that apply to the

satellite. One of these is the autonomy of housekeeping and self navigation
for an extended time. The current plan is included in Appendix C. The second
type of autonomy relates to the on-board ability of a satellite to process and
provide data for a stipulated period of time without human intervention or
ground support. This will require large on-board computational capabilities
as more complex sensors are added. Research in computer software development,
as well as the R&D studies of artificdial intelligence are technologies that
will benefit not only on-board processing but also the functions of the ground
segment. Research in miniaturization of hardware will alleviate weight and
space considerations on-board the satellite.

4.4 Conclusion. The conclusions of this chapter is that the proposed funding

of technology research and development by the DOD laboratories should provide
the necessary technalogical basis when needed for spacecraft software and

hardware.

SECTION 4 REFERENCES

1 Military Space Systems Technology Plan {(Draft) prepared by AF Space
Technology Center. Technical Report Number WG RC 84-7309 (October 84).
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SECTION 5

5.0 Prioritized Technology Develooment and Roadmaps. This section presents a

prioritized set of technology development roadmaps for use by technology
planners to insure the proper development of technology to meet the major
deficiencies identified in Section 2 and discussed in detail in Sections 3
and 4. These areas were defined as TD (requiring technology development}.
The areas identified as EC (expand capabilities) are not included in the
following roadmaps since they can be accomplished through redesign using
present technology. The cost effectiveness of these enhancements to present
systems should be examined. 1In general, the EC areas that should be studied
further are (in unprioritized order):

a. Faster data processing and data distéibution algorithms in order to
approach the timeliness requirements {includes distribution from
mobile terminals).

b. To develop Navy altimeter and scatterometer from existing prototypes.

c. The addition of l.ei;m channel to OLS for snow diserimination.

d. The improvement of icnospheric modelling using SSM, SsJ/4, SSIES, and
SSUV data to determine neutral density or redesign SSD.

e. Complete 4D ionospheric model using SSIES and SSUV inputs for
calculating Total Electron Content (TEC).

£. Increasing the scan angle for the SSM/I and SSM/T sensors.

g. Increasing the antenna size of the SSM/I to increase horizontal
resolution and measurement accuracy.

h. Increasing spacecraft platform stability to increase mapping accuracy.

The technology roadmaps for new sensors presented in this section are
based on generic sensor types and near-term plans for autonomy: rather than on
data parameters as in earlier sections. This is because several data
parameter deficiencies can be fuifilled by the same sensor development program.

5.1 Prioritvy of Capabilities. The priority for the development of

significant new capabilities listed in Table 18 is based upon Ref 1, 2, and 3.
References 1 and 2 rank survivability the highest, on par with retrieval of
primary mission sensor data. Autonomy has been ranked second since it is

actually a subset of survivability. Without specific levels of survivability
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or autonomy, data could not be retrieved for any of the data parameters as a
result of hostile actions. References 2 and 3 prioritize the Vacuum
Ultraviolet Spectrometer and Doppler Lidar as first and second for development
of new sensors. The priority of the DIAL and millimeter wave systems are
based on generalizing the priority of spaecific sensor data in Ref 1. Vertical
temperature and moisture profile information is inferred from Ref 1 to be more

important then soil moisture or snow and ice cover information.

Table 18
Priority of New Capabilities

Priority Wew Capability Data Parameter Deficiency

1 Survivability All
(See Appendix B,
classified SECRET)

2 Autonomy All
(See Appendix C)
3 Ultraviolet Electron Density Profile Area Coverage
Spectrometer Horiz. Resolution
4 Doppler Lidar Wind (speed/direction) Horiz. Resolution

Yert. Resolution
Area Coverage

Clear Air Turbulence Horiz. Resolution
Vert. Resolution

5 DIAL Vertical Temp. Profile Vert. Reseclution
Vertical Mois. Profile Vert. Resolution
Cloud Cover Cloud top altitude
VYisibility Horiz. Resolution

Vert. Resolution

6 Millimeter Wave Cloud Cover Cloud Base Altitude

Radar Soil Moisture Depth Msmt Accuracy
Snow/Landlocked Ice Cover Thickness
Sea Ice, Bergs, Leads Position of Bergs/
Leads
S.2 Programming Stratesy. A computerized Generalized Availability Program

(GAP) is used to predict the probability of need for a replacement satellite.

Tt is a Monte Carlo simulation method of analysis. GAP inputs include
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reliability data for the launch vehicle, satellite, solid rocket motor, ascent
guidance software, and the probability of infant mortality for the first six
months of satellite life. A truncation time also must be specified,
Truncation for “morning” 5D-2 satellites is at 42 months based on piece part
jrradiation and at 25 months for "noon" satellites based on battery life
expectancy. GAP gives the projected 10, 50, and 90 percent probabilities of
needing a replacement satellite. Launch dates listed in Table A-1 are based
on 50% need dates, whereas sensor/satellite availability in the following
roadmaps are programmed against 10% need dates. These need dates are updated
as necessary and reviewed monthly to track Program status. It is recommended
that organizations using these schedules for planning purposes, verify
accuracy with the DMSP SPO due to periodic updates.
5.3 Technology Roadmaps. The roadmaps are comprised of both funded and
proposed programs beginning in 1985 through the year 2000. They are
technology limited and address a technology gap identified in Section 2. The
next pages are provided to help explain each roadmap.
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5.4 Ultraviolet Spectrometer (SSUV) Roadmap (see Figure 2). The initial
prototype instrument, called ATRS, will be flown on Polar Bear in FYB8. It is
being built by the Applied Physies Laboratory at Japns Hopkins University.
The software algorithms, data analysis, and ingstrument calibration are being
accomplished at the Air Force Gaophyﬁics Laboratory.

Production of the first SSUV sensor is anticipated to start in FY87.
Microchannel plate detectors are anticipated to replace the photomiltiplier
tubes used on AIRS and which are no longer in production. AFGL will furnish
research codes to ecalculate the EDP for Mid-Latitude Day, Auroral E Night,
Mid-Latitude Night, Auroral E Day, Equatorial Day, and Equatorial Night for
the various regions of the ioncsphere. Operational software will be develoﬁed
from these research codes by an independent software nnniractor. A test plan
for validation and verfication of the data needs to be accomplished.

DMSP is also supporting the Navy on their development of the RAIDS
instrument. This is a limb scanning device which senses the extreme far, and
near ultraviclet bands radiated fram various sources in the ionosphere. The
1imb scanning nature of the instrument allows it to provide information
required for determining the neutral atmospheric composition. Monitoring
emissions such as the 834 3 0+ line reduces the dependence of calculated
Electron Density Profiles (EDP) on the neutral atmosphere information in the
daytime. This has potential for simplifying the EDP modeling and forecasting

procedures.
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5.5 Dopoler Lidar Roadmap {See Figure 3). This development program, which

has as its objective the measurement of wind veloeity, is divided into four
sequential phases to reduce the technical risk. This risk is based on the
technical issues deseribed in Section 3.7. The first phase is the Lidar
sounder which is a non-scan nadir viewing system which may be flown as an STP
experiment on-board DMSP. The objectives of this phase are to demonstrate
feasibility, determine the lifetime characteristics of a Lidar system in a
space environment, and to determine the aerosol backscatter signal levels i
globally. The second phase is a non-scan Lidar consisting of two Lidar
sounder type systems but looking fore and aft 45 degrees from nadir. The
objective of this phase is to obtain horizontal wind information as soon as
practical. The third phase is the development of a scanning Doppler Lidar
system capable of measuring 3-dimensional wind veloecity fields. Each
instrument will also provide some aerosal profile information. The final
phase will investigate combining Doppler and DIAL systems into one active
sensor for wind, water vapor and temperature profiling.

Technical issues and tradeoffs to be investigated have been summarized in
Section 3.7. This program represents a practical four-phased approach to

minimize technical risk.
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5.6 DIAL Roadmap (See Figure 4). This program consists of four chronological
phases. The first phase involves using DIAL for water vapor profiling, first
at 724 nm and finally at 724 and 920 nm. The second phase will focus on
temperature profiling at 760 nm. The third phase includes both water vapor
and temperature profiling using laser transmitters tuneable from at least 724
to 920 nm.

The fourth phase will atfempt a combined DIAL/Doppler system for wind,
water vapor and temperature profiling. All phases will provide some

jnformation on aerosal profiles.
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5.7 Millimeter Wave Sounder Roadmao (Sege Figure 5). This program is based on
a normal ten year sensor development program. It begins with a tradeoff study
to examine the feasibility of using millimeter wave radar on a space platform
to measure cloud bases, soil moisture depth, and snow and ice depth. Optimum

frequencies to measure those parameters must also be determined. This program

js scheduled to begin in FYB6.
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APPENDIX A OF TECHNOLOGY DEVELOPMENT PLAN
DMSP SD-2, 5D-3 FLIGHT SCHEDULE WITH SENSOR DESCRIPTION

The SD-2 and 5D-3 flight schedule with each planned spacecraft sensor
compliment is contained in Table A-l. Actual launch dates are based on need
depending upon spacecraft attrition. Delivery dates in Table A-1 are current
program estimates. Launch projection dates listed in Table A-1 are based on
50% need dates. These need dates are updated as necessary and reviewed
monthly to track Program status. Tt is recommended that organizationms using
tﬁis schedule for planning purposes verify currency with the DMSP SPO due to
periodic updates. Description of the sensors follow in the order that they
occur in Table A-1. Sensors in the "Other Sensor” category are flown at the
request of other programs or commands, other than Air Weather Service. They
do not directly support the meteorological or environmental requirements
described in Section 2.0. They are included in Table A-1 to display the
complete sensor compliment for each spacecraft. Descriptions of these sensors

are not included in this Appendix.

THIS APPENDIX IS UNCLASSIFIED
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TABLE A-1 DMS 5D-2 AND 5D-3 FLIGHT SCHEDULE WITH SENSOR COMPLIMENT

0 WGT(LB} PHR(W)
Spacecraft 1D: F-§ F-7 -8 §-10 5-9% §-11 S-12 §5-13 5-14 S-15 S-1§ S§-17 S- - =20
Projected Delivery: 3/85 11/85 5/86 4/87 1/88 10/88 7/89 12/89 2/91 2/94 1/192 IS/;z f/g?

yisible & IR Imagers

oLs # 295.0 10,0 8 9 10 N T 12 13 14 15 16 17 18 18 20
Atmospheric Sounders -

§8H-2 34.0 12.0 X X

SSW/T 25.3 14.0 X X X X X X X

$SH/T-2 30.0 30.0 X X X

SSHW/T-M T80 TBO X X X X X

SsM/1 121.0 45.0 X X X X X X X X X X X X

lonospheric and Space
ThvirORMENTA] SEnsors

§8J/4 3.3 0.5 % X X X X X X X X X X X X X H

SSB/A 29.4 8.5 X

SSI/E 5.9 3.5 ¥ X

SSI/ES 16.0 10.0 X X X X X X x X X X X X i

SSI* 8.0 6.0 %

3401 4.0 2.0 X ? X X X X b3 X X

SSUV 0.0 20.0 X x X x X
Qther Sensors

SSB/S 21.0 8.5 X

SSB/X 1.9 1) X

SSB/%- 20.3 14 X X

S5B/%-2 TBO T30 X X % X X b3 X b b i

55K 14.0 18.0 X
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OLS (Operational Linescan System)

The OLS, first flown in 1976 on the Block 5D spacecraft is the primary
meteorological sensor of the DMSP. The OLS is a two-channel radiometer, but
its operation is somewhat different from that of other radiometers (such as
the TIROS/AVHRR) in that the mirror oscillates rather than rotates. This
back-and-forth sinusoidal motion of the optical telescope system moves the
instantaneous field-of-view of the detectors across the satellite subtrack,
with maximum scanning vélocity at nadir and reversals at the ends of the
scans. The detector size of the optics is dynamically changed to reduce the
field-of-view near the end of each scan, thus maintaining an esgentially
unchanged footprint size on the earth's surface. The gain of the sensor is
also adjusted along the scan line to compensate for larger variations in ;he
reflected light level as the satellite crosses the terminator. Furthermore,
through use of a photomultiplier tube, it is possible for the OLS to collect
reflected visible radiation at night, with illumination as low as that
corresponding to a quarter moon.

The spectral bands of the OLS are O.A-l.H/Am for the visible and
10.2-13.0pMm for the thermal infrared. Direct readout data at "fine"
resolution (0.6 lm) and "smoothed" resolution (2.8 km) can be received at the
transportable terminals; data can alsoc be recorded onboard ﬁhe spacecraft at
the smoothed resolution for transmission to the central receiving stations
(low light level nighttime visible data are at 2.8 ¥m resolution). The main
features of the OLS are summarized on the next page and the instrument is

described in more detail in Ref. 1 and 2.
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Operational Linescan System (OLS) — Westinghouse Electric Corp.

Environmental Parameters Sensed/Derived

- Measures reflected sunlight and moonlight, and thermal radiation from
clouds and the earth surface.

- Nominal spectral response of detectors.
HRD: 0.4 -1.1dm
PMT: 0.45 - 0.954Um

Thermal: 10.2 - 12.8Um

- Derived parameters include cloud imagery, cloud top and sea surface.

bData Accuracy

- visible data - 6 bit resolution (64 gray shades)

- Infrared data - B bit resolution (256 gray shades) for objects between
190 and 310°K

- Albedo + 5%

- Sea surface temperature, cloud top temperature nominally accurate to
+ 5°K, reducible by correcting for moisture down to at best + 2°K

Data Coverage

- Global coverage

- Horizontal swath width 1600 nmi (3200 Km)

Data Resolution

- Horizontal: 0.3 nmi Daylight visible
1.5 ¥ight visible
.3 nmi - IR .
Constant resolution as a functionm of scan angle

Other Comments
- Primary Sensor, on all DMSP spacecraft

4 tape recorders - 20 min of visible + IR at .3nmi resolution
400 min of visible + IR at 1.5ami resolution
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INFRARED TEMPERATURE AND WATER VAPOR SOUNDER {SSH-2)

The infrared multispectral sounder measures infrared radiation emitted by
the earth's surface and atmosphere in 16 spectral bands. These have been
selected to provide radiance measurements which may be inverted using physical
radiative transfer models and data processing techniques to yield profiles of
atmospheric temperature and water vapor content. Six of the bands are in the
15/4m CO2 absorption band and eight are distributed over the pure rotational
water vapor absorption band near 20 um. The two remaining bands are at 3.7 um
and the 12um window region and measure ozone and surface temperature,
respectively. Table A.7 jdentifies the SSH-2 bandpass characteristics.

The SSH-2 scans in 25 steps across the subsatellite track. During the
one-second dwell at esach scan statinn, a complete set of multichannel radiance
measurements is made, from which atmospheric temperature and water vapor
profiles can be calculated. After completion of the 25 step earth scan, the
SSH-2 slews to positions that allow calibration looks at cold space and at an
internal radiance source. It then returns to the starting point for another
earth scan. The complete cross-track line scan and calibrating cyecle takes 32
seconds. The SSH~-2 has a 2.7 deg. field-of-view and scans 50 deg. across
track.

Incoming radiance is directed into the SSH-2 collecting optics Cassegrain
mirror system. The radiance signal is chopped at a frequency of 16 lz and
subdivided spectrally into three wideband channels by the use of two dichroic
optical elements. The wideband channels are designated Channel E (650 cmfl
to 900 em~L), Ghannel F (350 cm > to 550 cm 1), snd Channel W (2425
ca-! to 2900 em~Y). 1In the E and F channels, the radiation is subdivided
by the use of seven narrow band filters in the F filter wheel and eight narrow
band channels in the E filter wheel. Table A.8 shows the precise division.

The water vapor retrieval accuracies obtained with the SSH-2 have been
unacceptably poor. Also, operation of the instrument is limited to clear
temperature profile measurements under nearly all weather conditions. For
these reasons, there is question regarding whether any future DMSP launches

will carry the SSH-2.
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Infrared Temperature and Moisture Sounder {SSH-2) - Barnes Engineering

Environmental Parameters Sensed/berived

iy e e —_ ., e —

- Measures infrared radiation emitted by atmosphere and earth's surface
at 6 frequencies in the 15 um CO, absorption band, at 8 frequencies
in the 20-30 um water vapor absorption band and at 2 window frequencies
near 10um and 3.7 um.
- Spectral channels
C0p: 13.4, 13.7, 14.1, 14.4, 14.8, 15.0 um
Hp,0"  12.5, 18.7, 20.1, 24.5, 22.7, 23.9, 25.2, 28.3um
Window: 11.1, 3.7 pm

- Derived parameters include vertical temperature and meisture profiles
from the surface to 30 Km

Data Accuracy

- rms temperature error = * 2.5 - 3°K
- No useful moisture profiles have been retrieved

- Navy uses one channel to compute total water vapor in a column

Data Coverage

- Daily global coverage with gaps below about 55° latitude

- Horizontal swath width 1102 nmi (2204 lm)

Data Resolution

- Cross track resolution of 25 scene stations ranges from 30 nmi (60 km)
at nadir to 60 nmi (120 km) at edge of scan (& 48°)

- Along track resolution 112 nmmi (224 km) one scan per 32 sec

- Vertical resolution, 6 independent pieces of temperature data between
surface and 30 km :
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PASSIVE MULTICHANNEL MICROWAVE TEMPERATURE SOUNDER (SSM/T)

ThoolV e MU L i e e —,—,—— — — ———————=

The SSM/T sensor system is a passive multichannel microwave instrument
that is designed to provide atmospheric temperature measurements for pressure
levels of 1000, 850, 700, 500, 400, 300, 250, 200, 150, 100, 70, 50, 30, 20,
and 10 mb; 14 thicknesses between these levels; and the temperature and pres-
sure of the tropopause. It consists of a mechanically scanned reflector
antenna, a stepper motor/gear antenna drive, a seven—-channel superheterodyne
receiver, and signal processing/timing circuitry. Precise inflight
calibration is achieved by viewing known radicmetric temperatures through the
antenna system. A temperature-stabilized internal source (300" X) and the
cosmic background (2.7° K) are used for this purpose.

The SSM/T is a cross-track nadir scanning radiometer having a
field—of-view of 14.4 deg. This provides a subtrack spatial resolution of
about 174 km. The antenna beam is step-scanned through seven discrete
earth-looking positions at a fixed rate and is then rapidly rotated to the
calibration references before the scanning sequence is repeated. The dwell
time at each scan position is 2.7 seconds, which provides NEDT values from 0.4
to 0.6° K for the seven channels. The channel and scan parameters are
summarized in Table A.4.

Weighting functions for the SSM/T are shown in Figure A.1. These
functions are designed to provide temperature soundings over previously
jnaccessible cloudy regions from altitude levels near the surface to 30 km. A
test version of the instrument has already been flown on an earlier DMSP
mission, but spacecraft power problems limited the amount of data collected.
Post-mission analysis of the data indicated good quality temperature
profiles. An example of retrieval accuracies available from the SSM/T is
illustrated in Figure A.2. The expected rms retrieval error is about 2.5° K

with the largest errors near the surface.
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TABLE A.5 SSM/T CHANNEL PARAMETER REQUIREMENTS (Ref 11)

Peaking Height (lm) Frequency (GHz)

0 (window) 50.5

2 . 53.2

6 54.35
10 54.9
30 58.4
16 58.825
22 59.4

400
400
400
400
115
400
250

KEY SCAN PARAMETERS

Scan Type
Cross-Track Positions

Calibration Positions

Total Cross-Track Scan
Total Scan Period

Dwell Time (Cross-Track
and Calibration Positions)

107

Cross—track nadir

7

Bandwidth (MHz)

NETD

0.6
0.4
0.4
0.4
0.5
0.4
0.4

DMSS-100
1 May 1985

2-cosmic background and internal

300°X source

+36°
32 seconds

2.7 seconds
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-

a surface emissivity of 0.97. (Ref 12, p 36)
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Microwave Temperature Scunder (SSM/T) - Aerojet Electrosystems Corp.

Environmental Parameters Sensed/Derived

- Measures microwave radiation emitted by the atmosphere at seven
frequencies in the 50-60 GHz 07 line.

- Spectral channels 50.5, 53.2, 54.35, 57.9, 58.4, 58.825, 59.4 GHz.

- Derived geophysical parameters comprise the vertical temperature
profile from the surface to 30 km.

Data Accuracy -

- rms temperature error = 2.5°K

Data Coverage

- Daily global coverage with gaps below about 60° latitude
- Horizontal swath width 861 nmi (1794 lm)

= +36° (+ 600 km) from Nadir

Data Resolution

- Horizontal resclution of seven scene stations ranges from 93 nmi
(186 lm) at nadir to 160 nmi (319 Km) edge of scan (+ 36°)

- Vertical resolution, seven independent pieces of data between 0 and
30

- One scan every 32 sec (A250 km in track)

Other Comments

- F-7 and all S/C beyond F-9
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PASSTVE MICROWAVE TEMPERATURE/WATER VAPOR PROFILER (SSM/T-2)%

The SSM/T-2 is an upgrade to the current SSM/T microwave temperature
sounder. The enhanced capability is a result of adding channels at 91.5 GHz,
150 GHz and the 183 GHz ‘water vapor resonance line, to provide a moisture
profiling capability. Water vapor mass would be recorded in four layers:
surface to 850 mb, 850-700 mb, 700-500 mb, and 500-C mb. Total integrated
water vapor mass would also be determined. Successful retrieval of this
profile information requires a ecalibration error of < 1.5° K and an NETD not
exceeding approximately 1.0° K. The channel parameters for this proposed
sensor are shown in Table A.5 and are tha driving parameters for its
electrical design.

The proposed system utilizes the same modular construction as the SSM/T,
as well as additional features including a stepped cross-track scan, a
shrouded closed-path calibration network, and passive thermal control.

The mechanically scanned paraboloidal reflector antenna system provides a
planar scan by mechanically rotating the reflector surface. This allows the
antenna feed system to remain fixed. The antenna beam is step-scanned across
the earth at a fixed, programmed rate and then rapidly rotated, first to a
warm calibration reference, then to a cold calibration reference, before the
scanning sequence is repeated. The radiometric temperatures of the
calibration reference provide absolute calibration points so that the absolute
antenna temperatures can be determined. The calibration paths are closed and
characterized by low losses, so that the equivalent antenna input temperature
during calibration can be accurately determined.

The SSM/T-2 would scan 28 positions cross-track. The antenna beamwidth
of three degrees at the subsatellite point provides "a horizontal resolution of
about 40 ¥m. This is significantly better than the 174 km resolution of the
SSM/T. The scan parameters and footprint geometry for this instrument are
shown in Figure A.3. If operated with a collocated SSM/I instrument, improved
water vapor profile calculations can be obtained using a first guess of

integrated water vapor and cloud water content from the SSM/I. Table A.6

*Note: SSM/T is sometimes being referred to as SSM/T-1
SSM/T-W = capability of SSM/T + SSM/T-2
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displays retrieval errors obtained by simulation. These numbers correspond to
improvements by a factor of 2 to 10 and 2 to 4 over ocean and land surfaces,

respectively, for both clear and Eloudy conditions.

TABLE A.6 SSM/T-2 CHANNEL PARAMETERS (Ref 13, p 3)

Center
Frequency Calibration
requency | Bandwideh| Seability Inteqration NEL'T Error
Channel] (GHz) (Gaz) (MHz) Time {(msec) |(deg K){ -(deg K)
1 183 =3. 1.0 2200 122 5 =1.5%
2 183 =21 0.5% =200 122 . 1.5
3 183 7 1.5 =200 122 0.6 55
4 91.5 1.5 =200 122 0.8 £1.5
5 150 1.5 <200 122
C.6 <1.5 |
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Table A.7 Simulated DMSP SSM/T-2 rms relative retrieval
error vertical distribution over ocean and
land for clear and cloudy cases (ref 19) =

Relative Retrieval Erroc| Relative Retrieval Error
Parameter Over Ocean (%) Over Land (%)
Clear Cloudy Clear Cloudy
M, 14.0 12.6 43.0 36.3
M, (SFC - 850) 17.9 31.5 48.5 60.5
M, (850 - 700) 23.6 40.6 49.5 61.7
M, (700 - 500) 33.6 58.6 378 50.4
M, (500-0) 29.4 40.1 36.5 450

Warm Asference

Coild Sh
Y ¥ caubration Posilion

I
Calibration | /
Pasition \m”’

*fsam Position

= : . ' _
Figure A.J 5SM/T-2 cCalibrarion and Scan Geomerzy (Ref 13, p 6)
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Passive Microwave Temperature/Water Vapor Profiler (SSM/T-2)%*

Enviconmental Parameters Sensed/Derived
- Atmospheric radiance at 91.5 GHz, 150 GHz and 183 GHz
- Parameters derived: Temperature profile, water vapor in four layers. °*

Data Accuracy

- Expected reduction of climatological variance of water vapor by a
factor of 2-10. :

- Temperature accuracy +2.5K.
Data Coverage
- + 40.5 deg. from nadir (+ 750 Km)

Data Resolution

- Horizontal resolution 40 Km
- Scan time 8 sec ( 60 km along track)

Other Comments
System Characteristies

Radiometer Type Total power
Frequencies 91.5, 150, 1831 +1, 183 +3, 187 +7 GHz
Spatial BResolution 46.5 x 46.5 ¥m @ nadir and 183 GHz
Scan Angle ) +40.5 degrees, 28 views
Swath Width 1596 ¥m
Scan Increment ' 3 degrees
Antenna Beamwidth 3.0 degrees at 183 GHz
Thermal Sensitivity 0.6° to 0.8° K
Calibration Aeccuracy +1.5° K
Weight 30 pounds
Size 8 x 16.5 x 11 inches
(X x¥Yx2Z)
Power 30 watts
Data Rate 324 (bits/sec)
Uncompensated Momentum 0.02 in.-lb-sec

This system is comparable to the SSM/T-1 system in physical
characteristics with four times the resolution and scan rate and nearly
equivalent thermal sensitivity and calibration accuracy.

*Note: SSM/T is sometimes being referred to as SSM/T-1
SSM/T-W = capability of SSM/T + SSM/T-2
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MULTTICHANNEL MICROWAVE RADIOMETER (SSM/T)

The scanning multichannel microwave radiometer (SSM/I) is a 4-frequency
imaging microwave radiometer. It will measure dual-polarized microwave
radiation from the earth's atmosphere and surface at f%equencies of 19.35, 37,
and 85.5 GHz. The fourth frequency at 22.23 GHz measures vertically polarized
radiation in a water vapor absorption band. A variety of geophysical
parameters can be derived from these 7 channels of data, as demonstrated
through laboratory, aircraft, balloon, and spacecraft experiments carried out
since the early 1960s. The microwave measurements of the earth's surface have
4he advantage that they are reiatively insensitiva to cloud cover and can be
made under nearly all weather conditions.

The sensor spins at 31.6 rpm, which gives a 1.9 second period during
which the spacecraft ground track moves 12.5 km. The constant scan and sample
rates are synchronized from a common frequency reference which results in
uniform footprint sizes and scemne station spacing (distance between adjacent
footprint centers) across the swath. The spacing is 12.5 km both along track
and aleng scan at the highest frequency, and 25.0 km in both direcitons at all
lower frequencies. Both polarization channels at each frequency are sampled
nearly simultaneously to assure registration of the channel pairs. Table A.1
is copied from the SSM/I specification document and provides ground resolution
values for the 7 chamnels. Effactive field-of-fiew values include the effects
of cross track antenna beam smear resulting from scan motion during the
radiometer integration interval.

. The sensor points forward to scan at ‘an earth incidence angle of 53.1
deg. It measures hot and cold calibration sources during sach rotation. The
hot source is housed onboard the spacecraft and its temperature is monitored
by 3 redundant temperature sensors. The cold reference source is the sky
baaéround. The SSM/I swath width is 1394 ¥m. After about 1 day, or 14 full
orbit revelutions, the surface swath largely overlaps the first orbit. Tracks
N and "N+14" are separated by about 4.7 deg and overlap by about 63%. Thus,
about two-thirds of the earth's surface will have repeat coverage on

successive days.



TABLE A.2 SSM/I Ground Kesotution (Ref 9, p 2-2)

Effective FOV®,
IFQV,km km Geometric Mean, km

Freq.. Scene Stanon Spacing.
GHz Pal. AT xT AT XT .| [FOV® Effecuve km
je3s | Vv 68.9 i14 68.9 443 534 553 s .

H 69.7 40.8 69.7 437 533 §5.1 . s I,
222351 V 59.7 363 59.7 19.6 4.6 486 2 ;
37 v 354 s8] 54 9.2 280 k i 28

H 2 ome | w2 | w7 | 80 327 25 5
85,3 v 155 9.3 15.7 139 12.2 14.5 125

H 157 9.5 157 136 12.2 14k i} :
A-1 = Aony tragh dimension ={FOV 13 equivalent 3dB antenna funtpnnt :
N-T = Cross rrach imension Efteztive FOV includes cross track sntenna beam smeanng.

TABLE A.3 SSM/I Data Parameter Resolution (Ref 9, f

l Desired B j
Geometnic Quanuzanon Absulute |
] Parameter i Resolutiun. km Range of Vaiues Intervals Accuracy !
Primaes ‘ :
i ;
i Ocean surface wind pL] 31025 mis I mis =2 mn ;
| apeed i
| lce |
i Percent area covered | 0t 100% % . 212%
' Age 50 121, 2nd, 1,2, 33yr | Nat
| muluyear applicable
! Edee lusanon 28 - - 212.5 km i
i Prectmitanion over land 3 0o 25 mm:hr © 04101520, =5 mm hr !
areds ; 225 mm:hr
: Secundary i
'
, Senl muistyre 50 Dry 10 saturated Dry to moust Sat
: Wer 1o taturated apolizabie |
i Cloud water - 010 | giem= 0.03 gmicm= 007 gm'em= |
| Ligqud water 25 0 to,6 gmicm= 0.1 gmrems 20.2 gmzme
: Precipitation uver water 25 0 to 25 mmihr 0.5.10.15.20, =3 mm.ht [
| =28 mm-hr !
i Ocean suriave wind b ] 0" o0 360° 5° =20°
i Jdirection®
Ocean surface roughness® 28 ltosm 05m stm |

imgmiicant wave height)

*Nut incluged 1in propused SSMi | svstem,
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SSM/I parameter performance requirements have been formulated for five
primary and four secondary parameters. The primary parameters include ocean
surface wind speed, ice coverage, age, and edge location, and precipitation
rate over land. The secondary parameters are soil moisture, cloud water,
liquid wgter (cloud droplets plus rain drops), and precipitation rate over
water. These requirements are summarized in Table A.3 which was also copied
from the specification document. Table A.4 shows the expected sensor
performance for geographical locations and yearly seasons of highest moisture
{note that in all four seasons the Arctic is a low moisture region; so is
winter in mid latitudes), based on simulatiens performed by Environmental
Research and Technology (ERT), the SSM/I algorithm development subcontractor.
Comparison of Tables A.3 and A.4 reveal that it should be possible to retrieve
all the parameters with the desired accuracy with three exceptions: 1) cloud
water in the presence of heavy rain is jndeterminate, 2) ocean surface wind
speed in heavy rain is indeterminate, 3) eloud water over land is slightly
above the specification.

It must be stressed that the retrieval accuracy estimates have been based
upon results derived from simulated surface and atmospheric data. Brightness
temperatures were predicted using climatological data as input to mathematical
models which simulate the complex surface and atmospheric radiative
interaction processes. Similar simulations preceding the launch of SMMR (a
NASA microwave radiometer which has flown now for several years) were found to
have greatly overestimated performance estimates for that instrument. In
particular, ocean surface wind speed and precipitation rate values derived
from SMMR have never met the initial expectations.

There are several reasons to hold the current performance estimates
partly suspect. 1In the ERT gimulations it was assumed that ice and snow
particles in clouds may be neglected in the absorétion and scattering
caleulations. Aircraft and SMMR measurements have proven this to be a poor
assumption. Brightness temperatures below 175° K were measured over a
thunderstorm for which simulations have predicted an asymptotic lower limit of

230° K. The low brightness temperature values were found to be a result of
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significant scattering due to snow above the melting level in the cloud. A&
second deficiency is that effects of horizontal inhomogeneity have been
ignored in the calculations. It is clear that geveral parameters often have
large variations over spatial scales smaller than the cell sizes of SSM/I.
Rain rate, ocean surface wind speed, and ice coverage are perhaps the most
prominent of these parameters. A final error source is that, while the
inversion process is basically a linear regression, the relationship between
brightness temperature and several parameters is nonlinear. This has recently
been discovered, for example, in the ocean surface wind speed measurements
derived from SMMR. These deficiencies will be investigated and resoléed
through ground truth measurements during early orbit validation and
verification.

It is clear that SSM/I will enable the measurement of parameter values
with greater accuracy than those obtained in the past. The antenna design,
frequency selection, and onboard calibration will all result in significant
improvements. The Naval Research Laboratories SSM/I flight test program has °
demonstrated that all ocean parameters will be accurately calculated., The
algorithm deficiencies cited above will likely be mitigated by improvements
made shortly after the reception of the initial satellite data sets. The
global coverage for these parameters will provide important meteorological and

oceanographic measurements of benefit to all the DoD Services.
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MICROWAVE IMAGER (SSM/I) - HUGHES ATRCRAFT CORP.
Environmental Parameters Sensédlberived
- Measures microwave radiation emitted and reflected by atmosphere and
earth's surface.

- Spectral channels

19 GHz, H&V polarization
22 GHz, V polarization

38 GHz, H&V polarization
85 GHz, H&V polarizatiom

- Derived parameters include ocean surface wind speed, soil moisture,
rain rate, cloud water, cloud liquid water and sea ice.

- Total water vapor and perhaps land skin temperature can be derived.

Data Accuracy
- Ocean surface wind speed: + 2 m/sec (0 - 29 m/sec)

- Soil moisture: wet or dry (0 - 61%)

- Precipitation rate: land # 5 mm/hr (0 - 29 mm/hr)
- : ocean + 5 mm/hr (0 - 29 mm/hr)
- Cloud water: + 0.1 kg/m? (0 - 1.26 kg/m?)

-  Liquid water: + 2 kg/m? (0 - 6.1 kg/m?)

- JTce concentration: + 12.5%

- Age: lst yr, multiyear

- Edge location: + 12.5 Km

Data Coverage
- Daily global coverage with gaps below about 65° latitude.
- Horizontal swath width 697 nmi (1394 Km)
Data Resolution
- Horizontal resolution 12.5 nmi (26 Km) for all parameters except

precipitation over land and cloud liquid water over land, 6.25 nmi
(12.5 Km)

Other Comments
- First flight F-9

- Will fly on all DMSP spacecraft and NROSS

- Horizontal resolution limited by antenna size

120



DMSS-100
1 May 1985

PRECIPITATING CHARGED PARTICLE SPECTROMETER (SS8J/4)

The purpose of the S5J/4 instrument is to measure the flux and energy
spectrum of electrons and ions which precipitate from the earth’'s
magnetosphere and cause ionization and visible aurora in the E-region of the
ionosphere at high latitudes. 1In addition to its direct use as an indicator
of regions undergoing intense auroral activity, data from the SSJ-4 and its
predecessors have been used to develop models of the varying auroral boundary
locations as a function of geomagnetic activity index. The data is also used
in an algorithm to calculate the Hall and Pedersen conductivities of the
auroral E-region as functions of latitude, local time, season and geomagnetic
activity.

The SSJ/4 measures the flux of electroms and ions in 20 energy channels
in the range from 30 eV to 30 keV. This is accomplished using a set of four
cylindrical curved plate electrostatic analyzers arranged in two pairs. Each
analyzer consists of three basic components: an aperturing system, a set of
two concentric cylindrical curve plates and a pair of channeltron detectors.
The aperturing system collimates the incoming particles, which are then acted
upon by an electric field such that particles entering the space between the
plates are accelerated toward the inner plate. If the incoming particle’'s
energy is such that the centrifugal force experienced by the particle as its
trajectory is ‘bent by the electric field equals the electric field force, the
particle passes along the gap between the plates, impacts the channeitron, and

is counted. Complete spectra of electrons and jons are taken every 1 sec.
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Precipitating Electron/Ion Spectrometer (8SJ/4) - AFGL

Environmental Parameters Sensed/Derived

- In situ sensor which measures flux of precipitating electrons and ions
in 20 energy bands between 30 ev and 30 Keav

- Flux range is energy dependent
Electrons: 10 - 2 X 108/cm?-sec-sr-ev
protons: 1-5x 108 /cm?-sec-sr-ev
Derived Quantities
- Auroral oval locatiom
- Energy flux from magnetosphere

- E-region ionization rate and conductivity

Data Accuracy

- Particle flux + 1%
- Energy flux + 3.5%
- Average energy flux + 15 - 20%

- Auroral oval location + 1° latitude evening side, + 2° morning side

pata Coverage

- 14 revolutions per day along track at a spatial resolution of about
0.1° latitude

- AFGL has developed techniques for interpolating data at 10° longitude
increments, lower boundary location is accurate to + 3°.

Data Resclution

- 0.1° latitude along track

Oother Comments

- On all S5/C beginning with F-6
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X-ray Spectrometer (SSB/A)

The scanning X-ray spectrometer detects X-rays from bomb debris or those
produced by the bremsstrahlung process when electrons precipitate from the
earth's radiation belts. Those electrons interact with atmospheric atoms and
molecules, primarily in the altitude range from 100 - 150 km. By sensing
these X-rays, the SSB/A can provide the location of the aurora as it orbits
the earth. Through well-proven data analysis techniques it can measure
enhancement in the electron density and conductivity in the E-region of the
earth’'s auroral ionosphere.

The SSB/A is developed and produced by the Space Sciences Laboratory of
The Aerospace Corporation. The major improvement over its predecessors is its
scanning capability, so that a.swath of the earth's atmosphere 3000 km wide
is observed with a horizontal resolution of 100 km. The two detector heads
scan in opposition across a 110° arc which is perpendicular to the orbital
plane and approximately centered on the nadir. One of the two heads carries
the high energy sensor, which spans the energy range 15 - 100 KeV, while the
other carries the low energy sensor, which senses X-rays with energies in the
2 - 78 KeV range.

The ionization rate and conductivity of the E-region can be calculated
from the energy spectrum of the bremsstrahlung X-rays measured by the SSB/A.
The energy spectrum of the precipitating electrons is deduced from the X-ray
spectrum and is used in calculating the energy transport through the
atmosphere. This yields the energy deposition and ionization rates as
functions of altitude. The equilibrium electron density profile can_be
derived from the ionization rate and known recombination rates, and, given the
neutral density profile, the conductivity profile can be derived, Details of
the design of the SSB/A and use of X-ray data f;r ionospheric remote sensing

are given in Ref. 5 and 6.
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Gamma-ray Specirometer (SSB/A) — Aerospace Cocporation

Environmental Parameters Sensed/Derived

cdTe detectors sense X-ray radiation from earth's atmosphere in
4 energy bands 15-30, 30-60, 60-120, 120 Kev.

Proportional counters measure X-rays in 24 logarithmically spaced
energy bands between 14 and 70 Kev.

Lyman alpha sensor detects prominent proton events.

2 Geiger counters detect energetic electrons that produce local E-ray
background.

Primary function is to detect nuclear detonations.

Parameters capable of being derived include ionospheric conductivity
and vertical electron density profiles in the D & lower E regions of
the ionosphere; total auroral X-ray index (TAXI).

Derived geophysical parameters

— . loecation and distribution of aurora

- precipitating electron flux

- ionization rate versus altitude

-  equilibrium auroral E-regiocn electron density profile
- E-region electrical conductivity

Data Accuracy

Energy levels measured to within #* 18%

Retrieved electron density profiles agree within error bars of ground
truth data (+ 30%)

TAXI is a qualitative index of auroral activity

Data Coverage

Daily global coverage
Horizontal swath width 1500 nmi (3000 lm), -57° to +48° FOV

Data updated every 50 minutes
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Data Resolution

- 55 nmi (110 km) aleng track
- 110 nmi (220 km) across track
Other Comments

- One-of-a-kind sensor on F-6
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TOPSIDE TONOSPHERIC PLASMA MOWITOR {SSIE)

The purpose of the SSIE is to measure, at the altitude of the DMSP space-
craft, the ambient electron density and temperature, the ambient ion density,
and the average ionm temperature and molecular weight. The instrument consists
of an electron sensor and an ion sensor mounted on a 2.5 m boom, Instrument
details are described in Ref. 7 and 8.

The electron sensor is a spherical Langmuir probe which operates in
either of two modes. In mode 1, continuous electron density measurements are
obtained by maintaining a constant voltage relative to the spacecraft on the
outer grid of the probe; in order to offset possible spacecraft charging
effects due to the design of the solar panels, this voltage is chosen
(ideally) to maintain the SSIE sensor within a few volts of the potential of
the ambient plasma. In mode 2, a linear sweep voltage is applied to the outer
grid; analysis of current collected versus applied voltage yields a
mmeasurement of electron temperature and vehicle potential. The normal
operation of the electron sensor consists of a 64 second sequence which
contains one 10 second sweep of mode 2, two seconds of dead time, and 52
seconds of mode 1.

The ion sensor is a planar aperture, planar collector sensor oriented to
face into the spacecraft velocity vector at all times. The ion sensor
operates in two modes similar to those of the electron senscer, so that both
jon density and temperature are measured. Detailed analysis of the swept
voltage data can also be used to determine the ion mean molecular weight and

plasma scale height.
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TOPSIDE IONOSPHERIC PLASMA MOWITOR {SSIE) - AFGL

Environmental Parameters Sensed/Derived

- Measure electron and ion densities, temperatures
- Ion mean molecular weight
- Plasma scale height
- All measurements are in situ (at spacecraft only)
Data Accuracy
- a;signed to measure particle densities to within +20% of ground

truth measurements.

Data Coverage

- Daily global coverage
- At spacecraft location only -
Data Resolution
- Oﬁe measurement of electron and ion denﬁity every 1 len along orbit
- Temperature measurement every 500 lm

Other Comments

- Flew on F-2, F-4, F-6, F-7

- Being replaced by SSIES
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TONOSPHERIC PLASMA DRIFT/SCINTILLATION METER (SSIES)

e e

The SSIES is an improved version of the SSIE, which has measured the
ambient ionospheric thermal electron and jon density and temperature on
several DMSP spacecraft. 1In addition to the Langmuir probe and planar ion
collector which make up the SSIE, the SSIES has a plasma drift meter and
scintillation meter. These two additional ingtruments will be described
briefly here. Detailed descriptions may be found in Reference A.3.

The drift meter measures the angle between the face of the sensor (which
is nominally orthogonal to the spacecraft valocfﬁy vector) and the direction
of arrival of the thermal ions which exist in the ionosphere at the spacecraft
altitude. From this information and a inowledge of the spacecraft attitude
and veloeity, the two mutually perpendicular cross-track components of the
plasma motion can be determined. This type of instrument, which is supplied
by the University of Texas at Dallas, has operated successfully on the NASA
Atmosphere Explorer and Dynamics Explorer spacecraft and on the DoD HILAT
(P83-1) spacecraft.

The scintillation meter is a high time resolution ion collector whose
purpose is to make measurements of the variability of the ion density along
the orbital track of the spacecraft. (Variations in ion density on spatial
scales 10 m --10 ¥m can give rise to amplitude and phase fluctuations
(scintillation) on radio waves that pass. through the ionosgheré.)

The electron sensor is a spherical Langmuir probe which operates in
either of two modes. In mode 1, continuous electron density measurements are
obtained by maintaining a constant voltage relative to the spacecraft on the
outer grid of the probe; in order to offset possible spacecraft charging
effects due to the design of the solar panels, this voltage is chosen
(ideally) to maintain the SSIE sensor within a few volts of the potential of
the ambient plasma. In mode 2, a linear sweep voltage is applied to the ocuter
grid; analysis of current collected versus applied voltage yields a
measurement of electron temperature and vehicle potential. The normal
operation of the electron sensor consists of a 64 second sequence which
contains one 10 second sweep of mode 2, two seconds of dead time, and 52
seconds of mode 1.

The ion sensor is a planar aperture, planar collector sensor oriented to
face into the spacecraft velocity vector at all times. The ion sensor
operates in two modes similar to those of the electron senser, so that both
jon density and temperature are measured. Detailed analysis of the swept
voltage data can also be used to determine the ion mean molecular weight and
plasma scale height.
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Ionospheric Plasma/Scintillation Monitopr (SSIES) - AFGL

Environmental Parameters Sensed/Derived

- Collects in situ electrons and ions via boom mounted electrostatic
analyzer and 3 body mounted planar electrostatic ion traps (Langmuir
probes).

- Derived parameters inelude electron and ion concentrations and
temperatures, and plasma drift and irregularities (A Ne/Ne)

Data Accuracy

- + 20% for the following parameters over the indicated ranges

electron and ion density: 100 - 106/cm3

electron temperature: 500 - 10,000°K
ion mass: 1l - 16 amu (H ions or O ions)
ion temperature: . 500 - 10,000°K

irregularities ( Ne/Ne): 10~4 (SSIES only)

Data Coverage

- 14 revolutions of along track data per day

- At spacecraft altitude only

Data Resolution

- Along track (SSIE/SSIES)

Electron and ion density sampled every 1 km or optionally every

0.25 ¥m
Ion mass and temperature sampled every 42 ¥m or optionally every 26
¥m

- Statistical algorithm used to estimate other values around a latitude
belt

Qther Comments

SSIE on F-6, F-7

- SSIES on 3-8 and out
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SPACE RADIATION DOSIMETER (SsSJ*)

The purpose of the Space Radiation Dogimeter is to measure the radiation
dose from both electrons and protoms as well as the number of nuclear star
events occurring behind 4 different thicknesses of aluminum shielding. In
addition, it provides some information on the integral flux of electrons and
protons at energies above the thresholds defined by the shields. The
experiment provides information on the relationship between the flux of high
energy particles incident to the spacecraft and the actual radiation dose to
which microelectronic components are exposed. This jnformation is required
for determination of the relationship between variations in the earth's
radiation belts and the behavior and lifetime of microelectronic components.

The basic measurement technique is to determine the amount of energy
deposition occurring in a simple solid state detector from particles with
sufficient energy to penetrate an omniddirectional aluminum shield of ¥mown
thiclness. The solid state device used as the active measuring element is a
p-i-n diffused junetion silicon semiconductor with a guard ring. The specific
devices are from the YAG series manufactured by EGSG, Inc., With such devices
a threshold of 50 keV for the energy deposition in the device can be set.
This allows the detection of both the high energy particle as well as most of
the bremsstrahlung produced in the shield. Although many detectors in the
past have used “yolume" type devices (detection area dimensions comparable to
device thickness), the devices used in the S8S8J* are of the planar type
(detection area dimension large compared to thickness). This choice was made
in order to most nearly model real microelectronic components that are

primarily planar.
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Each device is mounted behind a hemispheric aluminum shield. The
aluminum shields are chosen to provide electron energy threshoids for the four
sensors of 1, 2.5, 5. and 10 MeV and for protons of 20, 35, 51, and 75 MeV.
The 1 MeV threshold sensor has a detector area of .051 cmz, and the
remaining three each have areas of 1.00 cmz. Both particles which penetrate
the shield and bremsstrahlung produced in the shield that impact the active
element will deposit energy in the device producing a charge pulse. Then
charge pulse is shaped and amplified. Pulse height is proportional to the
energy deposition in the detector. The characteristics of the detector and
the threshold are such that energy depositions between 50 keV and 1 MeV are
summed to give the low linear energy transfer (LOLET) dose. Depositions
between 1 MeV and 10 MeV are summed to give the high linear energy transfer
(HILET) dose, and depositions above ~40 MeV are counted as very high linear
energy transfer (VHLET) events. The LOLET dose comes primarily from
electrons, high energy protons (above 100-200 MeV), and bremsstrahlung. The
HILET dose is primarily from protons below 100-200 MeV. The VHLET dose comes
from nuclear star interactions of high energy protons, from heavier cosmic
rays, and from the very small percentage of trapped radiation particles that
have long path lengths in the detectors.

The dose is taken to be directly proportional to the total energy depo-
sited in the detector. Each pulse is analyzed to determine whether it will be
counted for electron or proton dose or a nuclear star event. The pulse height
is then digitized and added to the sum of all other pulse heights measured in
the accumulation interval. In addition, the total number of pulses measured
in the accumulation interval is also recorded for both electrons and ions. 1In
the absence of significant bremsstrahlung, this number of counts should be
directly proportional to the integral flux of electrons and ions above the

threshold produced by the aluminum shield.
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Dosimeter (SSJ*) - AFGL

Environmental Parameters Sensed/Derived

- Measures flux of electrons and protons in the natural radiation
environment with enmergies greater than 4 threshold levels.

- Derived parameters are accumulated radiation dose rads (Si) electrons
and rads (Si) protons.

- Electron thresheld levels are 1.0, 2.5, 5.0, 10.0 Mev.

- Proton threshold levels are 20, 35, 51, 75 Mev.

Data Accuracy 2
- +5%, counter electronics for electron fluxes not exceeding 103

+80% electrons/cm? — sec above 1 Mev, and proton fluxes not exceeding
103 + 80% protons/cm; - sec above 20 Mev

Data Coverage

- Designed to measure maximum accumulated dosage of

103 rads (Si) + 80% electrons
104 rads (Si) + 80% protons

over the course of F-7 DMSP lifetime

- Daily global coverage at spacecraft altitude

Data Resolution

- N/A - data colleected continuously throughout the orbital track

Other Comments
- Flown as an STP sensor on F-7

- Also to fly on CRRES
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FLUXGATE MAGNETOMETER (SSM)

The SSM was flown on the DMSP F-7 spacecraft to measure geomagnetic field
fluctuations associated with geophysical phenomena, such as ionospheric cur-
rents fiowing at high latitudes. Built by the Johns Hopkins University
Applied Physics Laboratory, the SSM is a tri-axial fluxgate magnetometer
similar to instruments which have been flown on spacecraft for years. A
recent example is the fluxgate magnetometer flown on the HILAT (P83-1)
spacecraft and described in Ref. 4. Unlike previous magnetometers, the sensor
for this instrument is not mounted on a long boom (to isclate it from magnetic
field fluctuations originating in the spacecraft) but is mounted on the outer
skin of the satellite, under the thermal blanket. 1In spite of possible
contamination of the geophysical data due to the presence of spacecraft
strayfields, the signature of field-aligned (Birkeland) currents can be found
in the data.

The SSM provides information on ionospheric currents in the auroral
zone. Auroral zone electron density profiles may be inferred when this
information is combined with data from the SSJ/4 and SSIES. In addition,
auroral neutral densities and IR backgrounds may be inferred from the same
data.

Data obtained from SSM, in conjunction with electron demsity
measurements, can be used to infer the electric potential distribution along
the satellite track. This in turn can be used to estimate the amount of
electromagnetic energy dissipated in the ionosphere in the form of Joule
heating. This is a measure of energy transferred to the neutral atmosphere in
the form of winds and thermal heating. The latter quantity is responsible for
enhanced IR backgrounds and satelliﬁe drag during periods of high geomagnetic

activity.
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- Measures, in situ, three components of the earth's magnetic field and

their fluctuations.

- Derived quantity: ionospheric currents.

Data Accuracy
- +14.6 nanoteslas over a range of 0 - 60,000 nanoteslas

- Possible constant offset of 200 nanoteslas along each axis

Data Coverage

- 14 revolutions of data daily

- Measurement at spacecraft location only

Data Resolution

- Along track resolution # 0.015 degree equivalent to a resolution of 400

meters

- Sampling rate of 20 vector samples/sec

other Comments

- STP sensor flown on F-7 only
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VACUUM ULTRAVIOLET SPECTROMETER (SSUV)

A S ——————

The SSUV is an instrument which has been proposed for flight on future
DMSP spacecraft for the purpose of measuring the electron density of the
jonosphere above 90 km altitude. A follow-on to the Aurcral Ionospheric
Mapper (ATIM) that was built by the Johns Hopkins Applied Physiecs Laboratory
for the Air Force Geophysics Laboratory and flown on the STP HILAT (P83-1)
spacecraft, the SSUV would make use of ultraviclet emissions from the earth's
atmosphere to infer the electron density profile. The overall system concept
includes use of the VUV gensor itself, the SSIE sensor currently flown on
DMSP, ground-based ionosonde data, and total electron content measurements
from ground-based GPS receivers. The latter two sources of data, although not
global, would be used both to increase the data base that could be
incorporated in the 4-D ionospheric model at Global Weather Central and to
refine the electron density profile inferred from the VUV data. In the
following paragraphs, details of the VUV portion of the overall concept are
described.

The SSUV instrument, as currently conceived, would operate in four iono-
spheric subregions: (a) the daytime low- to mid-latitude region from 90 to
600 ion altitude; (b) the nighttime midlatitude regions from 250 to 600 km
altitude; (¢) the daytime equatorial regions; and (d) the auroral E layer from
90 to 200 km altitude. Other regioms, such as the polar cap, the auroral F
region and the nighttime equatorial region, are excluded for various reasons.
The spatial resolution of the inferred electron density profile is envisioned
as 500 x 500 lm everywhere except in the auroral region, where it would be 50
km x 50 in. The method of operation of the VUV instrument in each of these
four regions is deseribed below.

a. Daytime Low— to Mid-Latitudes

Here, the emissions from atomic oxygen O at 1356 A and from one or
more lines of the N Lyman-Birge-Hopfield (LBH) bands in the 1500-1700 A
region will be measured. A spectrometer will be scanned from limb to limb and
through the nadir in order to map out these emissions from the earth's upper
atmosphere. The concept involves inferring a measure of the solar flux that
causes ionization in the daytime ionosphere and the ratio of the density of

0 and NZ, coupled with theoretical models of photoionization and

135



DMSS-100
1 May 1985

photo-electron transport, to calculate, from first principles, the electron
density profile. An additional measurement of the electron density by the
SSIE will tie down the electron density at the altitude of the DMSP spacecraft
and provide a measure of the importance of neutral winds in the determination
of the electron density profile above hm Fz.
b. Wighttime Midlatitudes

In this subregion, the ratio between the emissions from atomic
oxygen at 1356 i and 6300 1 hai been shown to correlate well with hm FZ'
and the absolute flux at 1356 A gives a measure of the electron number density

at the peak of the F_ region. The attached figures illustrate these

relationships. Detailed analyses are being performed to determine the size of
the optics required to make accurate measurements of these weak emissions.

c. Daytime Eguatorial Regions

Here, the situation is complicated by large-scale electric fields
which, at different times of the day, raise or lower the ionosphere. Presum-
ably, the same atmospheric emissions which are proposed for use at
midlatitudes can be used, but some additional measurements are needed to infer
the effects of the electric field.

As currently conceived, the VUV sensor consists of one spectrometer,
primarily for use during both the day and night, and two or three photometers
for use at night. The spectrometer is a 1/8 m Wadsworth instrument designed
to cover the 1100-1800 K region of the spectrum, while the photometers view
6300 R and 1356 K emissions.

d. Auroral E-Laver

Here, the ionization is produced by energetic (keV) electromns preci-
pitating from the earth’'s magnetosphere. The emission from atomic oxygen at
1356 K and from the Nz LBH bands provide a measure of the incoming electron
energy spectrum and flux; this information is then used, in an equilibrium
theoretical code, to deduce the electron density produced by the auroral

electrons.
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VACUUM ULTRAVIOLET SPECTROMETER (SSUV) Applied Physics Lab/AFGL

Environmental Parameters Sensed/Derived

- Measures ultraviolet and (possibly) visible radiation emitted by the
atmosphere A

- Spectrometric measurements in the 1100-1800_A spectral region (with
emphasis on atomig oxygen emission at 1356 A and the N¥; LBH bands
in the 1500-1700 A region)

- Photoietric measurements of the atomic oxygen emissions at 1356 and
6300

- Derived geophysical parameter is the vertical profile of the
electron density above e~ 80 km altitude, from which total electron
content can be calculated.

Data Accuracy
TBD

Data Cover#ge
- - Daily coverage of globe, with exception of nighttime low latitude

and equatorial region, auroral F-region and polar cap
- Overlapping data from consecutive revs - like OLS
- Horizontal swath width A¢ 43000 km from nadir

Data Resolution
- Horizontal resolution
50 x 50 ¥m in auroral region
500 x 500 km elsewhere
- Vertical resolution TBD

Other Comments
- Planned for flight on DMSP F-16
- Proof of concept on STP Polar Bear (1986)
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APPENDIX C OF THE TECHNOLOGY DEVELOPMENT PLAN

AUTONOMY: NEAR TERM PLANS AND CONCEPTS

This Appendix reviews the present three-phased plan for autonomous
navigation and describes options that are being studied for future
applications. The present goal is to achieve 60-day autonomy through improved
software and hardware for on-board attitude control, as well as redundancy and
sensor management. This program has been divided into three phases .

The first phase of the program emphasizes basic attitude control which is
accurate to 0.1°. In this phase, an ephemeris end-around modification will be
implemented to eliminate the need for a daily ephemeris upload. Phase one
will be implemented by April 1986. A power and redundancy management system,
currently unfunded, will need to be developed before phase two can begin.

The second phase of the program improves the precision of the attitude
control in phase one to 0.01°. The major navigational improvement required
for this phase is a one-week star catalog. Poly-trig ephemeris calculations,
a more accurate system in which time is the independent variable, are also
scheduled for phase two. Three other software imrprovements are also involved
in this phase. First, the OLS memory will be made compatible with the new
ephemeris system. Secondly, solar array pointing algorithms will be improved
in order to optimize solar array positioning. Finally, algorithms for
sun-moon interference need to be developed since the satellite has to know
when to disregard its celestial detectors. FPhase two is currently unfunded.

The program's third phase extends the 7-day autonomy to the 60—day goal.
This phase improves the software developed in phase one. At present, no
additional hardware is anticipated to be required to extend autonomy from
seven to sixty days. As the period aof autonomous operation extends past phase
two's seven days, a trade-off occurs with the precision of the attitude
control. A satellite autonomous for sixty days will have an attitude control

asccurate to 0.1°. Currently, phase three is unfunded.
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With the advent of DMSP II in the 1990s, the opportunity exists to design
in hardware changes. If pursued, these hardware changes would be able to
extend autonomous operation past sixty days as well as returning the precision
of the attitude control to .0l1° for the entire autonomous period. With
respect to autonomous navigation there are presently three hardware options
and two software options.

GPS processing software will be used with the first of the three hardware
options - the GPS receiver. The current GPS system uses a receiver with a
volume of approximately 1700 ina, a weight of roughly 20 lbs, and a power
requirement on the order of 20 W. The GPS theory involves a satellite
determining its position relative to the position of other known satellites.
The advantage of this method is that it effectively removes ground
dependency. It does, however, have the disadvantage of introducing
inter-satellite dependency. As a form of insurance against missed signals,
satellites would be equipped with software which would enable it to
approximate its position via orbital mechanies calculations. Of course, the
accuracy of the calculations would decrease in a multiplicative manner if
consecutive sign#ls were missed.

A miniaturized GPS receiver (mini-GPS) is currently being designed and
should be available in the early 1990s. This receiver has the following
approximate parameters: volume - 6 in3. weight - 0.51 lbs, and power
requirement - 2 W,

The second hardware option is the Charge Transfer Device (CTD) Star
Tracker. Several models are being examined by the Aerospace Corporation at
this time. Representative statistics for such a system are: volume - 3500
in3, weight - S0 lbs, and power requirement - S0 W. The star tracker could
replace the space telescope and its slit type detector technology with an
array of detectors which give the gatellite a two-dimensional view of space.
The Star Tracker's two axes system allows it to determine its direction in
space more quickly and more accurately. By using an on-board clock to
determine its position relative to the earth, the CTID Star_Tracker carries an

advertised accuracy of 0.5 nmi after 1BO days of autonomous operation.
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The final hardware option is the Magnetometer. The purpose of the SSM is
to measure magnetic disturbances transverse to the main geomagnetic field at
high latitudes which are associated with auroral field aligned currents. This
information is needed to know when and in what direction to torgue the
magnetic coils to unload momentum. A prototype of the Magnetometer has
already flown on F-7. The Magnetometer cccupies 700 ina. weights 8.0 1lbs,
and requires 5.0 W. With these parameters, the Magnetometer is lighter,
smaller, and less power consuming than either the standard GPS receiver or the
CTD Star Tracker. Based on practical experience, the Magnetometer has a
reliability (probability of performing within specifications) of at least 0.8
for three years in orbit. It is also radiation hardened and thus more
survivable. It is capable of withstanding a radiation exposure of 1E+05 (Si}
total dose. -

A second software attitude update is also being considered. A gyro-less
attitude determination and control system is being examined as both a backup
system and as a primary system. The motivation for this effort is the problem
filled history of DMSP gyros.

It is reasonable to assume that 60 days of autonomy will make the
satellite completely autonomous for all practical purposes. Thus, no major
structural changes are included in the three-phased autonomy plan. Future
actions will be defined in terms of how soon the ground system can be
reconstructed. Sixty days should be more than sufficient given the

state—of-the-art of replaceable ground antennas and mobile vans.
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SD/YDMX

SD/YDN

SD/YDS

The Aerospace Corporation
1000 S0OG/DOQ
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