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"When you can measure what yOll are 
speaking about and express it in numbers, 
you know something about it, 

but when you cannot measure it, 
when you cannot express it in numbers, 

your knowledge is of a meager 
and unsatisfactory kind." 

Lord Kelvin 
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EXPERIMENT PLANNING DOCUMENT 

FOR 

ALT AIR 

12 April 1991 

TIle mission of the ALTAIR experiment is 10 answer critical technical questions thai 
address the feasibility of larget acquisition, precision tracking , and beam pointing for 
Directed Energy Weapon syStems. 

The pmpose ofmis EJperimenl P/(JlII1in8 Documenf (EPD) is to give clear guidance from 
SOIO 10 the Phillips Labornlory (PL) and the Applied Physics Laboratory (APL) regarding 
the critical technical issues, the functionalll1lceabiliry criteria, and the performance 
scalability criteria that should be considered in planning the ALTAIR experiment. The EPD 
defines the proper trade space for the experiment designer to evaluate cost-effective 
experiment concepts suitable for the ALTAIR mission. 

SOIO Iajuests that PL and APL use this EPD as the chief rationale for formulating specific 
mission requirements and perfonning the extensive trade studies leading up to the System 
Requirements Review .. 

As an outcome of the System Requirments Review, Sma, PL, and APL will agree to a 
cost-effective ALTAIR mission description that best addresses this EPD. PL and APL will 
document the cost-effective mission description in the Mission Requirmems DocUT1leIll. 
The portion of the EPO covered by the agreed-to mission description shall be incorporated 
in the Experiment Requiremellls DOCWM:nf • co-signed by SOlO and the executing agents. 
and act as the fonnal ag!eemem of ALTAIR experiment requirements. 
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BACKGROUND 

The conceptual basis of the Strategic Defense Initiative (SOl) program involves establishing 

"" """""."ating a multi-Iaye=!. defense. Each layer will be capable of destroying a large fraction of 

those wgets wat manage 10 reach we layer. The SOl program is pursuing Directed Energy (DE) 

concepts as potential COSt effective options for maintaining Strategic Defense SyStem (50S) 

effectiveness over a wide range of threats and performance regimes. Directed Energy Weapons 

(DEW) offer promise for blocking threat ~ponscs designed to degrade the effectiveness of the SOS 

and for increasing perfonoancc of the SOS 10 levels thai can deny an attacker his objectives even in 

intense ballistic missile attacks. 

Specifically, the various directed energy weapon programs ·idcnti.{y and validate the 

technology for systems that can: 

• 

• 

Destroy large numbers of enemy booster and post-boost vehicles (pBy) in the tens to a 
few hundreds of seconds wat the miSsilCIII are in weir boost phase_ 

Discriminate decoys from warheads in lite midcourse phase by probing them willt I 

directed energy beam that interacts with the target and scatters radiation from the 

nuclear warhead or creates other identifying signatures. 

These missions, boost-phase intuccpt and midcourse discrimination, are keYIi to achieving 

high levels of ballistic missile defense effectiveness against the mos t capable threats. Directed 

energy concepts provide alternatives orenhancements 10 kinetic energy weapons for boost-phase 

intucept and interactive discrimination in the midrourse phase. Over the long term, directed energy 

weapons appear to hold the ~ 10 defeating some oftbe WtAe SD"e$sing threats !hal mighl be 

deployed by the enemy. 

Currently the SO! program is pursuing lWO bask: directed enc:rgy thrusts identified as 

promising approaches to ~ting the needs of a multi-bye=!. strategic defense. These thrusts are 

neutral particle beams and space-based lasers such as chemical or free electron lasers. These 

weapons are well sui ted for boos! and post-boost phase intercept and also provide promise as 

excellent discriminalOn of midc:ourse decoys. 
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As currently envisioned, DE systems could be deployed in space as autonomous weapons 

whose highly capable acquisition, tracking and pointing (ATP) subsystelll£ and lethal beams enable 

them to perform a variety of Str.ltegic defense missions. DE systems can deteCt, traCk, identify. 

intercept, destroy. and assess damage, 

The technologies involved and the required performance levels for the acquisition, tracking, 

and pointing/fire contrOl (A TPIFC) functions of all directed energy concepts are similar 10 a 

considerable extent. In addition to a development program to advance the state-of-the-art in A TP/ 

Fe teChnology, there is a need for a space-based experiment to resolve certain fundamental physics 

issues for A1P. An experiment can be designed to answer critical questions and address the critical 

issues of A TP thai face each DE weapon (DEW) system concept. 

The dominant technology issue is the development of an integrated system that permits 

sensing the target, detennining its dynamic state, and direeting a beam with the accuracy and 

stability \0 place a small spot on the target. Such a sysu:m has never been demons1Illted in the 

performance regime (altitude, range, acceleration, and line-of-sigbt stabilization) required for SDI 

applications. Previous DOD programs which w~ planned to address A TP/FC functions in space 

include Talon Gold and Starlab. Both programs weJe canceled before launch. 

lltis document presents the explicit requiremeots for a space-based experiment to be called 

ALTAIR_ The mission of ALTAIR is to answer critical teclutical questions that address the 

feasibility of target acquisition, precision tracking, and beam pointing for Directed Energy Weapon 

syStems_ 
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ACQUlsrrION, TRACKING AND POINTINGfFIRE CONTROL FUNcrIONS 

The principal job of the acquisition, tracking, and pointing/fire control (ATP/FC) system of a 

space-based weapon platform is to detect the target and then to estimate the target's position, 

velocity, acceleration, rotation, and aspect with sufficient detail for a weapon to engage and destroy 

the targel The attributes of the target are collectively referred to as the state vector of the targel 

The purpose of an ATP/FC system is to estimate the target's state vector ~ll enough to engage and 

destroy it with a weapon. For a directed energy system, this vr"ns pointing a beam at a vulnerable 

location on the targel For a kinetic energy weapon, this means pointing the inlelceptor so that it can 

strike the hardbody. 

During either the boost, post·boost, or midcoune phase, beam pointing must be 

accomplished with great procision, in some cases to a specific location on the targel This precision 

pointing requires sensors capable of resolving the target to detect specific detail. In addition, the 

sensor platform must track several targets so as to en= that all assigned targets are engaged within 

the allocated time. 

Multi-target tracking requires optical sensors with a large fteld of view or a number of optical 

sensors each with a more modest FOY. However, a single optical sensor cannot simultaneously 

provide sufficient resolution to locate vulnerable I!JeaS of the booster and maintain suffICient field of 

view to ensure rapid engagement of subsequent targets. As a result, it is envisioned that a series of 

sensors will be required, each providing successively mon: precise target location information. This 

series of sensors can be e"pected to operate over diffcn:nt specual regimes (ultraviolet, visible and 

infrared) and thereby take advantage of varying target and background phenomenology effects. 

Figure I illustrates the sensor handovers required for target acquisition and fme tracking. 

Many DEW ATP/FC functions an: valid for other SDl concepts as well. The principal 

difference between weapons systems will be in the details of the implementation and in the degree of 

state vector accuracy required to engage the targel 

A philosophy of DEW design is \0 provide for autonomous system operation starting from 

target cueing by a surveillance platform component of the 50S. In an operational system, it is 

necessary to acquire and traCk a number of targets (Le. boosters, post boost vehicles. or Ittntry 

vehicles) while engaging only one target at a time. Figure I describes the procedure being 

considered for boost-phase and midco= acquisition and track. The boost-phase procedure uses a 
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hierarchy of sensors Utat initially acquire and coarse track multiple targets and provide handover 

information 10 successively smaller field of vie .... $enS(Y'S in order 10 sUppoit precision weapon beam 

pointing. 1lIe acquisition of a plume is followed by a passive intermediate track of the plume in the 

nelll smaller field of view. Ne><t. active imaPng, possibly with the assistance of passive tracking 

data. is used to provide the aimpoim location. TIle sequence of autonomous AlPlFC functions for a 
DEW system follows; 

BOOST AND POST-BOOST PHASE ATP 

BMfC3 

SURVBLlANCE 

BACKGROUNDS 

UMB---

EARTli----

WEAPON PLATFORM 

MIDCOURSE ATP 

~ """"''''''' INTERMEDIATE TRAO( 

Figure 1: DEW ATP/FC SetISOf' "andover Conttpt 

Acnve FINE mACK 

I. Bnule Management and Janel Cuejn,. DEW syslelll receives targellocation and target state 

VCCIOT from a surveillance or command and control component orme 50S. The DEW 
system slews its acquisition system to tile expected target location. 
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2. Taue! Acquisition. DEW system detects and tracks the target (or cluster of targets) with a 

wide roy acquisition (capture) sensor. 

3. Multi-Target Track and Target Identification. The DEW syStem traCks multiple targets in the 

presence of hard earth, earth limb, or celestial background while using discrimination 

techniques to detennine target type. 

4. Target Sequencing. While traClring multiple targets, the highest priority targets are selected 

for engagement with the weapon. 

5. Passjvt Track Handoyer. Acquisition sensor track data is used 10 point an intermediate FOY 

tracker at the target Hand-off from the acquisition tracker to the passive intermediate tracker 

==. 

6. Passiye Plyme Track. The passivt intennedlate traclr:ercontinues 10 stabilize the line-of-sight 

to the plume. 

7. Plume_to-Hanlhody Handovq. Using the passive plume image, a fire CO!Itrol processor 

determines the likely position of the hardbody and calculates the separation between the 

passive track point and the IDOStlikely hardbody position. 

8. Illuminator Point Ahead. By using an estimawl range to the target and the measured line-of

sight rate, the ATP/FC system offsets the illuminator aimpoint from the stabilized passive 

track null to account for the amount the target will move during the time it takes light 10 

reach the sensor and then rerum to the target 

9. Actiye Track Handoyer. The AIP system "points the illuminator beam at the target hardbody 

by properly accounting for both the physical separation between the passive track point and 

the hanlbody. as well as the point ahead offset due 10 the speed of light The active track 

sensor detects the reflection of the illuminator beam from the target. 

10. Hardbody Djscrirpjnarion and Activt Fine Track. Laser illumination is used 10 

unambiguously detemllne the hardbody position from the plume. Then, using the reflected 

illuminalor energy and a fine resolution active sensor, a stable active track is established. 

II. Aimpojm Selection. Using the active tracker imagery the AIP/FC system determines the 

location of the vulnerable aimpoint on the target and computes the physical separation 

s 



between Ille track point and Ille aimpoinl. possibly willl Ille assistance of Ille passive track 

point. 

12. WeaOOD Beam Pojm-Ahead. By using the detected range 10 the W'get and the measured line

of-sight rate, Ille A lPlFC system offsets the aimpoint from Ille stabilized active track null to 

accown for Ille amount the target will move during the time it tales light to reach Ille sensor 

and Illen return 10 the target 

13. AimoojOl Desjgnation. Taking into account Ille lIl::tive track poin!, the aimpoint selection, 

and the weapon beam point ahead, the ATPIFC system points a reference line-of-sight at Ille 

aimpoint 

14. Pn:cision Beam Pointinga.jne-gf-Sjght Stabjljpujon. The weapon beam is stabilized and 

pointed in alignment with the reference line-of-sight to Ille aimpoint 

15. Ajmwint Maintenance, By looking tluough the stabilized beam path, the ATPIFC SYSlem 

references the beam position with the aimpoint by observing the interaction of the DEW with 

the target The precise aimpoint may be updated or refined by detecting the interaction of the 

DEW with the target 

16. KjI! Assessment. By observing the tracker imagery the ATPIFC system determines when the 

engagement has resulted in target destruction. 

17. Rapjd Retargeting. The ATPIFC system reswnes the autonomous process for the next most 

critical target 

The performance of these subfunctions is complicate<! by the pllenomenology associated with 
-

the roc~t plumes. Different targets (e.g" solid boosters, liquid boosters, post-boost vehicles) can 

have significantly different signatures, and the signatures are constantly changing as the target 

altitude increases and as the missile stages. Add to this the variety of narurally occurring and 

perturbed backgrounds and serious qucstions arise about the ability of a sensor to detect and track 

multiple targets simultaneously while extracting the information necessary to define fully the target's 

State vector. 

Use of the procedure for locating midcowse objects is shown in Ille lowerponion of Figure I 

and involves isolating the object images from the background tluough the use of similar sequential 

fidd-of-view reduction techniques as the boost-phase methods. ATPIFC functions that specifically 

apply to the midcourse phase include: 
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18. Mjdoollrse Obiect AlP. The ATP/FC system acquires and tracks a midcour:se object and 

points a DEW system al the midcoune object The DEW system receives initial target 

cueing flom a surveillance or a command and control component of the SDS. The sequential 

process looks like steps 1 tItrough 17, but with LWIR acquisition and tracking and without 

the problem of identifying the han:lbody in the presence oflhe plume radiation. This function 

is particularly relevant 10 NPB concepts. 

19. Midcourse Obiect Jrackjog=-TfPIIPP. The ATP/FC system can measure the position and 

state vector of a midcourse object with sufficient accuracy 10 provide threat tube prediction 

(I IF) and impact point prediction (IPP) for metric discrimination, and handback data to 

other weapon system platfolms for target reacquisition. This function is particularly relevant 

to NPB concepts. 

20. Mjdoou!]c Object Irac!cinf'=l\V. The ATP/FC system can measure the change in velocity 

of a midcourse object as it encounters an interactive discrimination teChnique. The change in 

velocity can be used to infer the mass or tile midcourse object. This function is relevant to 

SBL concepts for midcourse discrimination. 

As a consequence of its sophisticated precision and apenure size, the ATP/FC system for a 

DEW system can provide additional special functions that aid in target discrimination and tracking 

during post·boost and midcourse phase. Functions that can be employed during post-boost ph:m: 

21 . PBV Bus Watching AV. The ATP/FC system measures the difference in PBY and ejected 

object velocities during deployment accurately enough to infer the mass of ejected objects. 

22. PBv JW;jsjon Bus TrackinglDeployment Trajectmy ProjectirucTI1'fll'P. The ATP/FC 

system measures the position and state vector of the PBV with sufficient accuracy that it can 

provide a threat tube prediction (lIP) of objects ejected from the PBV, an impact point 

prediction (IFP) of each reentry vehicle, and handback data to other w¢apon system 

platforms for target reacquisition. 

23. PBV Bus Watcbiqg--Observables. The ATP/FC imagers observe radiometric and reflective 

features associated with the UV, visible, and JR signatures of PBY's and ejected objects 

which have utility in discriminating RV's from decoys. 
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Oflhese twenty·t/u'ee functions. ALTAIR can addn:ss all those which do nOl =tuire a high 

energy DEW device on the ALTAIR Spacecrafl (e.,. , :Iequcocc number 15 and 16). Rllpid 

retargeting iUlles (sequence number 17) will be addresKd in the Ialxmllory rather than in this 

C)(perimenl 

8 

· , 
• • 

• 

n 
:l 
j 

J 
:I 
o 
:J 
1 

fJ 
• 

• • 

I , , 
'" 



, 

i 
I 
i , 

r 
c 
I 
[' 

L 
I.: 
.. , , -
L 
I '., 

ATP/FC TECHNOLOGY 

Examination of ATPIFC concepts for SDr programs reveals a substantial commonality of 

functional requirements. TItis, in rum, leads to common design approaches for achieving these 

functions for the different weapon concepts. Shown in Figure 2 is a schematic representation that 

SOl perfonnance requirements exceed the current demonstrated capabilities in many tcchnology 

areas. In some cases, basic data necessary to develop equipment and algoritluns is Jacking. Figure 3 

displays specific examples of teChnologies in which major advances in the state-of-the-an are 

required to achieve SOl system performance levels. Areas that need to be developed to suppon the 

needs shown in Figure 2 are: 

< 

• 

< 

Beam Stabilization _ capability to point a beam or sensor al moving targets while the 

space platform is moving (slewing); and isolate the beam or sensor from base motion 

disturbances. 

Handover - capability 10 provide pointing and tracking data of an object, and the 

necessary techniques to enable a different sensor to locate the object. 

• Coarse Pointing - capability to determine state vectors of a body and provide pointing 

information to a tracking sensor that will maintain the body image in a sensor field of 

view. 

• 

• 

• 

• 

Passive Tracking - capability to track boosters, post-boost vehicles, and midcourse 

objects using passively emitted or refleclCd IlIdiation. 

Active Imaging - capability to spatially characterize a target by illuminating it with a 

laser and receiving refleclCd radiation in a high resolution sensor . 

Beam Pointing with Precision Boresight and Point Ahead - capability to point the 

beam to the 'required precision against a dynamically moving target. 

Multiple TargetlRepointing - capability to IlIpidly IIlIlIsition pointing and sensing 

between individual targets in a multiple target engagement. 

9 



• Phenomenology - a database of high resolution plume phenomenology, nUdcourse 
object signatures, and background signarure data across a spectral range from 

ultraviolet 10 infrared. 

• Fire Contml - capability of each DEW platform lOefflcieillly perform decisioo 

functions and Ie_control the 5Cqucncing of all functions requin:d 10 IJIUim;ZC the IOIlll 

number of successful tafgct kills. 

8 -

, 
" 100 1000 

Figure 2: SOl Technology advances are needed 11,'1 many areas rtlattd to ATPIFC functiol\$ 

Technology isrues <;an be grouped according to the seOSOI'll needed for a given taSk. 

Different phases of the pnxcn and different weapon concepts may have different phenomenological 

issues, Fore.u.mple, in \he boo$t phase. plume, provide high intensity shon wavelength IR 

signatJm:s, wllerea.s in the midcoune phase there are no ph ....... • Thus, to detect and identify wgets 
in midcourse long wavelength infrared sensors and pos.sibly active imagCT$ will be nteenary. 

The envisioned succeuion of senSOI'$ begins with the surveillance sensor. Surveillance is the 
process of identifying and locating II chrear, in this case. group ofbooscers, post-boost vehicles, or 

midcounc objects. The surveillance sensor may be located on a SCpanite platform in a different orbil 

than the weapon platform.. TItis sensor must sean:h a large area in order 10 detect multiple threats. A 
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Specific txamples orSDI technology needs in comparison with currently 
demonstrated capabilities or data bases. 
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surveillance platform might provide a taTget state-vector estimate accurate enough for a directed 

energy platform to locate the targets within the handover error volume of the 

surveillance platform. 

Once surveillance is complete, the state vector of the threat is passed to the directed energy 

platform where the acquisition coarse track (ACQ) sensor must identify the threat and begin the 

process of engaging individual targets. The ACQ sensor must operate successfully under a diverse 

set of phenomenological conditions that result froID variations in wget/background ohservables such 

as missile type, aspect angle, earth and space fearures, solar illumination conditions, v.:eather, and 

sensor characteristics. 

Each sensor's primary function can be divided into a set of subfunctions. In this case, the 

major subfunctions are slewing the ACQ sensor and/or spacecraft to point to the area where the 

targets are located, searching the area for targets, discriminating the targets nom the background and 

clutter; initiating multiple-target tracking (typically a weapon-platform ACQ sensor will track many 

targets while the weapon is engaging a single target), improving the estimate of the target state 

vector, selecting an optimal target engagement sequence to ensure that the weapon platform can 

effectively kill the targets within the window of opportunity available; and handing the improved 

target state vector information over to a more accurate sensor. 

Technical issues related to the ACQ are: 

• Plume phenomenology 

• Background c\utterrejection and false alarm !lites 

• Suitable target identification and selection algorithms 

• Separation of crossing trajectories 

• Track correlation of multiple targets 

• Transition from earth background 10 limb and spau backgrounds 

• Tracking in the presence of disturbed backgrounds 

The requirement to span the gap from the ACQ sensor resolution 10 the active, fine track 

sensor resolution needed 10 suppon precision pointing may create the need for a passive 

intermediate traCk (pm concept The primary purpose of the PIT would be to funher refine the 
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state: vector of an individual targel and 10 provide imagery which can be used 10 predici the likely 

hardbody location relative 10 the plume. This improved state: vector information is necessary for the 

transition from passive plume and hardbody tracking to active sensor tracking of the desired 

aimpoint. 

Technical issues related to the PIT are: 

• Plume-to-hardbody handover (i.e., how 10 distinguish a hardbody from the plume or 

background clutter, or how to estimate: the hardbody position solely based on the passive 

plume imagery). 

• Level of tracking precision achievable 

• Approaches thai minimize transition time nom coarse tracldng 10 active fine tracking 

The active fme-track (AFI) sensor provides the final precision tracking functions and uses an 
active laser illuminator 10 provide precision pointing information on the targel hardbody aimpoint 

The functions of the AFT are 10 unambiguously locate: the hardbody, locale and track the aimpoint. 

compule the lead-ahead angle (the amount the booster will move during the time it takes light 10 

reach and then return from the booster), measure and control the illuminator beam at the target so as 

10 minimize effects of disturbances, and assess the damage 10 the boosler. 

Technical issues related 10 the AFT are: 

• Pointing an illuminator beam at a moving target while the weapon platform is moving 

(slewing). 

• Maintaining the weapon beam within the aimpomllimits (usually a fraction of the 

hoosier's diameler). 

• Obtaining sufficient illuminator power to meet the signal-to-noise and frame rate 

requirements of the tracker for required target range and expected target signature 

• Accurately pointing the illuminator beam onto the hardbody location which pennits 

tracking a spci:iflC location on the hardbody (distinguishing the hardbody reflection from 

plume reflection) 
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• Rapidly obtaining accurate U'aClcing data, converging on the rujuirtrl gain, threshold. and 

uack gate settings in l small fraction of a second 

• Performing traddng which is relatively insensitive 10 narural and countcrmc:uure glims 

on the target 

• Providing an accurare and stable boresight function, JlOS$ibly wilh lead-angle 

compensation in the traCker, 10 the weapon pointing function 

• Providing suffiCient image stabilization while II'ICldng to meet the required tracJcing 

=~y 

. 
• Determining the phenomenology associated wilh a damaged or descroyed missile that can 

be deteetcd by the AFT (or pm 

The pointing pan of the A 1P function is diffCRntly implemented £0£ lasa weapons and 

neutral particle beam weapons. In both cases the functional requirements are simjlar, that is, to 

accur.uely point the weapon on to the vulnerable pan of the target with sufficiently low beam jitter. 

and maintain it with the required IICCUI'1IC)' for the time required to Icill ordiscriminate against 

d=y •. 

TeclmicaJ issueJ related to pointing are: 

• Accurately uansferring the IrICl:ing boresight 10 the beam pointing direction a long umc 

after borcsight calibration 

• Providing I piccision point-ahead or Jead angle UJi the beam pointing direction 

• Accunudy measuring the hcam pointing dirc:ction to address the above two issues 

• Stabilizing the beam 10 attenuate base motion disturbanc:cs 

• Rapidly retargeting the high energy beam 
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CRITICAL QUESTIONS AND TECHNICAL ISSUES TO 
BE ADDRESSED BY ALTAIR 
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CRITICAL TECHNICAL ISSUES TO BE ADDRESSED BY ALTAIR 

U CIINICA( . ISS! !}; 1100mB lIlY MIDCO!!B SE 

,. COARSE POlNl'lNCfTARGET ACQ , ; N~' 

IT. TARGeT TRACKITARGET ID , ; -, 
m. PASSIVE TRACK HANDOVER ; ; No" I 

OV. PASSIVE lNTERMFDIATE TRACK ; ; No" I 

V. PLUME-TO-HARDBODY HANDOVER ; ; No"l 

"'. U.UIMI'NA TOR POINT AHEADJ ; ; ; 
ACTIVE TRACK IIANDOVER 

VIT. IlARDBODY OISCRIMINA nON! ; ; Not~3 
ACTIVE FINE TRACK} 
A1MPOINT SELECTION 

VITO. PRECJSlON POlI'IoT AHEAIW ; ; ; 
A1MPOINI' DESIGNATION 

ox. PRECJSlON BEAM POINITNG ; ; ; 
AT RATE 

"- AlJI'ONOMOUS SEQUENCING ; ; N~' 

; "'- PIIV BUSTRACKING-TTP, IPP, - -IlANDBACKDATA 
X". PBV BUSWATCHlNG---.!oV ; ; 

=. PBV BUS W A TCHlNG-QBSERV ABLES ; ; 

XOV. ACTIVE FlNETRACK OF ; -MIDCOURSE 08JECl'S 
XV. MlDCOURS£ 08JECT-TIP, IPP, ; 

IIANDIlACKDATA 
XYO. M1DCOURSE OBJ£CT---<1V ; -
XYD. GENERAL PLUME PHENOMENOLOGY ; ; N~' 

XVllI. GENERAL BACKGROUND CLlJITER N~l 

Note J : Since the ALTAIR expcrimc:nt does not incorpomte a LWIR $ensor. ALTAIR will nol 
have a traceable function for mid~urse objcct acquisition and pa!lsive track. For midcolll'$C 
targets, the ALTAIR experiment wiU focus OIl issues ~garding active track and p~ion beam 
pointing. 

Note 2: This iJsuc docs IMX apply 10 midooune mgen since ntidcounc objects nave no plume. 

Nole J: This issue docs IlOl: apply 10 midcoo.rse lince it involves the illumination and active 
tnlCk of an uuntkd rarg~r under rlvws~r acultrarwfl in theprtsenu of aplume. Midcourse 
active Il"DClting iJ considered in Issue XlV. 
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CRITICAL QUESTIONS AND TECHNICAL ISSUES 

The purpose of the ALTAIR experiment is to answer critical technical questions that address 

the feasibility of target acquisition, precision tracking, and beam pointing for directed energy 

weapon syStems. Funhermore, ALTAIR will provide a significant advancement in A TP/FC 

technology by demonstrating in space the suitability and feasibility of current technical concepts for 

DEW applications. 

ALTAIR is a significant demonstration and validation of ATP/FC technology for either a 

Neutral Panicle Beam or a Space-Based Laser. In this regard, ALTAIR must address a wide set of 

acquisition, tracking, pointing, and phenomenology issues against a number of representative targets. 

The ALTAIR experiment will be traCeable and scalable to SBL and NPB ATP/FC concepts. 

ALTAIR should also be able to address certain surveillance and discrimination functional concepts 

advanced by the BriUianl Eyes and Space-Based Laser Radar Programs. The target set addressed by 

ALTAIR spans booster, post-boost vehicles, and midcourse objects. 

In this section of the Experiment Planning Documenteach of the critical technical issues 

addressing the feasibility of space-based A TP/FC will be discussed in detail in order to guide the 

experiment design team.. Satisfactory answen to the critical questions shall be the single most 

important measun: of success for the ALTAIR experiment The format for the critical issue 

discussion follows: 

• Critical Technical Issue- A description of a core feasibility issue in the form of a question. 

• Sca/abi/iry Criteria---Scalabiliry means that the appropriate engineering parameters that 

measure system performance, size, and rates are in the conect ratio with respect to acrual 

DEW system requirements. Scalability is an essential quality for traceable experiments 

whose hardware does not match the "dimensions" or specifications expected in a prototype 

DEW system. Scalable results allow weapon prototype designen to extrapolate the ALTAIR 

experiment parameten and measured performance to DEW system requirements via well

understood relationships. 

Traceability Criteria--Traceability means thaI the functions, methods, and design approach 

demonstrated in the experiment are relevant and transferable 10 proposed DEW system 

designs in a fashion that criticaltcchnical issues are i"Csolved for weapon prototype designers. 

The functions and configurations should " look like" operational systems. 

17 



I · , 
The critical issues and tnc corresponding criteria for scaJabiliry and a-aceability should be a " 

chiefr:arionale used by \he experiment designer in Clr"Cb-IO flow down speciflC experimell! 

ob,icctive5, the n.pcrimenl4l COllCept, hardw~ and software specifications, and the data analysis 

plan. The experimenter will documem the flow down in the ALTAIR Mission Requirements 

Document 8lld the ALTAIR Experiment Data Management Plan. 

Appendix A provides 1 notional optical diagram for the ALTAIR e)(pcriment. The diagram 

~~ meant ~rY 10 ~ntiff~" hardW~ un:~_that &Ill ~~eiied ~_~, the ~I of this document and 10 show 1 
",e genmc uncuon 0 ",ese umu on UI<' context Ul a DOtI ........ CJ:penIDenl system. 
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WEAPON PLATFORM 

SURYEllLAHCE 

FOVof 
Acquisition Sensor 

Battle Manager provides state vectOI"$ for target dusters. Weapons platform lISC'S passive 
sensor for initial acquisition. 

Targd and Weapon Platform State Vectors are Used to Detennillc: Slew Angle and Rate. 

• 
• 

-II ...... 

• 

..... 

SlfW/ACQUISITION 

1. 0_ Known;" Star c;.talog 
2. SI .. Trac ..... Cabldes lnerlial R.I ... ..-
3. $<.o",olw.c. Syatom Dot."" .... . ,_ 
"'. ,,,,lila! Rete..,.;:e Accurately Ueu.u," Ang~ 

Cha"ll' "" to klq .... T ..... et 
5. ,,,..,... FW ........ kcurately r 1 •• 1 ...... PoinI .. 

Angle RaI. Hooded by Slew AII:/OriIhm 

FIgure I: Coarse PointingfTarget Acquisition 
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ISSUE L COARSE POINfINGffARGET ACQUISITION. 

Given the Battle Manager provided larget stale vectors, can tbe ATPIFC system point the 

spacecran with sufficient accuracy that the wide field+of.view acquisi tion (capture) sensor can 

del~t the ta rget (booster, PBV)? 

The A TP-FC system must compute pointing commands for the spacecraft to control the 

angular pos ition and slew rate of the acquisition sensor field-of-view so thai il will view the 

predicted location of the assigned targets. Target state veclOrdata musl be compared with the DEW 

platform state vector (including inertial attitude) to compute the required pointing direction and slew 

rate in inertial space. The acquisition sensor is passive and opClateS in appropriately selected 

wavebands. Operational systems may require multiple waveband capabilities for different classes of 

targets. For booster and post-boost vehicle targets, the acquisition sensor will detect the plume in the 

SWIR or MWIR, while mi<k:ourse objects will require LWIR wavebands. In general, the acquisition 

scnsor will view multiple targets and must be capable of detecting targets individually. The essential 

technology elements are to demonstrate spacecraft initial slew and pointing using target state vector 

data and initial detection of the designated target or targetS. Design of the experiment will require 

integration of pointing accuracy and stability, scnsor field of view, wavebands, and focal plane 

perfonnance and target detection algorithms 10 achieve acquisition. 

Scalability Criteria 

• Coarse Pointing Accuracy: Consistent with handover to the acquisition tracker. 

• Coarse Pointing Stability: Consistent with handover 10 the acquisition traCker. 

• Time Scaling: Speed of acquisition should be scalable to DEW ra'juirements using such 

parameters as spacecraft slew time constants, acquisition camera frame rate, and computer 

operation cycles. 

Traceability Criteria 

• SWIRIMWIR Acquisition Sensor Waveband. Day and night acquisitions must be 

demonstrated in wavebands traeeable 10 DEW platforms. The primary waveband for the 

21 



acquisition sensor shall be SWIR/MWlR. The SWIR waveband shaH be chosen from the 

H20 band-nominally 2.7 10 2.95 microns; the MWlR waveband shall be chosen £rom the 

CO2 band-nominally 4.2 10 4.45 microns. Below-the-1Iotizoo background c1uuer rejection 

teChn iques shall be used 

• Visible Acquisirion Sensor AdjlUlCl, Visible acquisition shall be' implementro as a risk 

reduction adjunct to the IR acquisition capability. 

• No LWIR Requiremelll. There is no requirement for ALTAIR to incorporate a LWIR sensor 

fOl"" midcourse largel delCCtion. 
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ISSUE II. TARGET TRACKffARGET 10. 

Can Ihe indh·idual targets (boosters, PBV's) be reliably Iracked and Iyped in Ihe presence of 

hard urlh, earlh limb, and oeIestia.t backVOUnd dutler using Ibe acquisilion sensor im:l.gery? 

The acquisition sensor must provide target detection data adequate w maintain toarse 

tracking of single targelS (ltOr individual objects in multiple target clusters. Oosely spaced objcclS, 

clune=!. backgrounds, low contrast W"gets, and large dynamic range ofwget brighmess create 

challenging conditions for sensor design and track processor performance. In addition, acqllisition 

sensor data may provide target radiometric data that can be used IOclassify boosters. ElIperimc:ntal 

demonstration or plISjive tr"IICking underreali.stic conditions il cssentia110 establishing the validity of 

the concept of acquisition, coarse track, and classification by passive multi-wavelength sensors. 

Scalability Criteria 

• Pixel Sca/ing at the Targt:r PlaM. The optical panlIDC!en of the ALTAIR acquisition 

(ACQ) sensor shall scale It the pixelleveJ with ocquisition sensors proposed in DEW 

concepts. That is, for representative booster and PBY targets: 

, ResolwiQn. The ACQ 5ell$Ot resolution in melCn at the target plane shall be 

essentially the same (within a factor o(3) fOl" the ALTAIR experiment as for DEW 

concepts. 

, Pixel Sampling . The number of pixels subtending the n:solution blur circle of the 

target's image shall be essentially the 5llIDC fOl" the ALTAIR experiment as for DEW 

concepts. This means that the pixel sampling of the blur circle diameter should be 

nearly the same for ALTAIR as for'a DEW coocept. For acquisition senson, it is 

genCTll.l.ly good pnu::tice to match the pixel dimension (lFOV) to the diameter of the 

n:solution blur cin:le. 

• Signo.{·tq·Noist: Ratio. The per pixel SNR shall be nearly the same or greater for 

ALTAIR a,s for a DEW concept. 

See Appendix B for a full set of pixel scaling laws for sensors used for acquisition, passive 

intenned.iate tracking, and active fine tracking . 



Traceability Cri teria 

• SWIRIMWIR Acquisition Serl$or Waveband. Day and night acquisition must be 

demonstrated in wavebands u-aceable to DEW platforms. The primary waveband for 

the acquisition sensor shall be SWIR/MWIR. TIle SWlR waveband shall be chosen 

from the H,O band - ~ominally 2.7 to 2.95 microos; the'MWIR waveband shall be 

chosen hom the CO, band· nominally 4.2 to 4.45 microns. Below·the·horiwn 

lnckground dutter rejection techniqUC5 shall be used 

• Visible Acquisition Sensor A.djunct. Visible acquisitioo shall be implemented as a 

risk redllCtion adjunct 10 the IR ac.qui$ition capability. 
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ACQUISITION FOV INTERMEDIATE TRACK 

Passive Acquisition Sensor Tracking 
Data is Used to Hand Over Individual 
Targets to the Passive Intennediate 
Tracker 

FOVof 
Acquisition Sensor 

Figure m: Passive Track Handover 
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ISSUE lIt PASSlVE TRACK !lANDOVER. 

Can the acquisition tracker determine tbe line-or..aight to the target (booster, PBV) with 

enough accur:acy and stability to dTed a handover to tbe passive intermediate resolution 

tracker? 

The multiple targets simultaneously tracked by the acquisition tracker IlJt handed over 

individually to the intennediate tracker. Coone tracking by the acquisition sensor and the multiple 

track prediction algorithm must be adequate 10 place individual targeu: within the field-of-view of 

the intermediate tracker, Passive coarse tTacldng and intc:rmrdiate tracking uperiment functions 

should demonstrate sensor waveband selection, de$igo of optics and focal planes, and W"gf;t 

dclOCtionJcJuner rejection capabilities adequate to lral;k booster pl1lmes or post boost vehicles against 

cluttered Earth,limb, and space backgrounds. 

Scalability Criteria 

• Acquisitwn Trac~r (ACO} HandtJver Accuracy: Consistent with handover to the passive 

intermediate tracker 

• ACQ Noiu Equivaknt Angk (NEA}: Consistenl with handovc:r 10 the passive 

intc:nnediate tracker. 

• SWIRIMWIR Passive Sensor: The wavelength of the acquisition uad:;er (ACQ) and passive 

intermediate tracker (pm senson should be selectable in SWIR and MWlR since A TP 

concepts for DEW systems IlJt presently posmlaw! to use infr.ued fO£ targel acquisition and 

passive tracking of missile plumes, lR sensors allow acquisition and tracking in daytime of 

plumes againsllow contraSt, solar-illuminated backgrounds. The use ofbelow·the-horiron 

background clutter rejection algorithms shall be evalnaw! by ALTAIR. 

• Visible Passiu &nJQr AdjllllCt: The ALTAIR experiment shall ineOipotate visible (and 

possibly ulD1lviolet) acquisition and inICrmediaIC traCk capability IS a risk reduction adjunct 

to insure a sllCCe5sful functional demonsuation of ATP and 10 investigate tracking using the 

phenomenology of these alternate wavelengths. Furthermore, the visible acquisition sensor 

is uaceable 10 the coarse traCk visible surveillance sensor in the Brilliant Eyes concept 

29 



Invisible Rockel 
lIardbody 

Passive Plume Track 

The Passive Intennediate Track (PIT) Function F.stablishe'i a 
Stable Track on the Target Plume. 

Actual Plume Data 

Figure IV: Passive Intermediate Track 

30 

-, 
. j 

-

:1 
J 
J 

.. 



I 
r 
I ,. 

I 
, 
I 
0 

! ,. 
0 .. 
L 

• 

. L 

o 

ISSUE IV. PASSIVE INTERMEDIATE TRACK. 

Does the plume signature of a bOosting target (booster, PBy) provide robust enough 

phenomenology 10 provide a stable track source for a passive intermediate resolution tracker? 

Passive Intermediate Tnl(:king (pm Sensordesign requires technology trades and 

demonstration ofmbust tracking performance o(varied targets WIder all background conditions. 

The ALTAIR PIT should be capable of tracking booster plumes and maneuvering PBY plumes and 

providing a stable line-of-sight for handover to the ILCtive fine track sensor. The essential technology 

elements to be delIxmstratcd are sensor waveband selection, resolution, and tracking algorithms. 

Scalability Criteria 

• Passive Intermediate Tracur NEA . Consistent with pm:ision angle-angle measurements of 

the targetline-of-sight; consistent with handovcr to the active fme tracker. 

• Pi:ui Scaling at the Target Plane. The optical pararoetcn of the ALTAIR Passive 

Intermediate Tracker (pm sensor shall scale at the pixel level with PIT sensors proposed in 

DEW concepts. ThaI is, for tep:teoentative booster andFBV targets: 

• RewlutiQn. The PIT sensor resolution in mc:[CrS at !he target plane shall be essentially !he 

same (within a factor of 3) for the ALTAIR experiment as for DEW concepts. The PIT 

sensor resolution shall be consistent with estimating the hardbody location relative 10 !he 

texture in the passive plume imagery with enough p!ccision 10 aim the illuminator beam. 

• Pi.xe1 Sampling. The number ofpixeJs ~ubtending the resolution blur circle of the target's 

image shall be essentially the same for !he ALTAIR expetiment as for DEW concepts. 

This means that the pixel sampling of the blur.cin:lediameter should be nearly the same 

for ALTAIR as for a DEW concept. For trIICking extended targets it is generally good 

practice to oversample the resolution blurcin:le, if enough SNR can be preserved. 

• SiglUlf·lO·Noise Ratio. The peT pixel SNR shall be nearly the same or greater for 

ALTAIR as for a DEW concept 

See Appendix B for a full set of pixel scaling Jaws for sensors used for acquisition, passive 

intermediate tracking, and active fine tracking . 
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Traceabil ity C riteria 

• TrlUi: Through Staging and MllMl(\ltr Trans~lIlS. The PIT should be employed during all 

phases of targel U1ICk including booster ignition, booster CUI-<lff, booster separation. coast 

period, and PBV maneuvering. 
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.""''' Plume 
Phenomena 

Estimated Location of---~ 
Nozzle Exil Plane 

Passive Plume Track 
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lIandover algorithms are used to estimate Ihe location oflbe booster body In relation to plume '.1 
phenomena measured by the PIT. The iUuslralion below shows the applica tion of I handover 

algorithm durin, lraekine d lbe Starbird development test flight. 

. . 

. !'dl"" 

Algorithm Prediction 

Pndicled Noulo 
' Exl! PIaM 

initial Registration of Uardbody Data 

Starbird Data Collection and Ilardbody Prediction 

Figure V: Plume-to-liardbody Handovcr 
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ISSUE V. PLUME.TO·HARDBODY HANDOVER. 

Doe<; the plume signature ora boosting target (booster, PBV) provide robust enough 

phenomenology to allow II fire control. processor using the imagery from an intennediate 

resolution tracker to aCClIrately determine the hardbody location "relative" to the passively 

tracked target scene? 

Plume·to-hardbody handover is the process of locating a missile hardbody from information 

derived from passive plume imagery. During the boost and post·boost phase, the rocket plume v.i11 

change intensity and spatial distribution due to altitude, velocity, motor design, and changes in the 

tracker's aspect angle of view with respect 10 the rocket nozzle. The image of the missile plume will 

also change due 10 background conditions (e.g., earthlimb, atmospheric, and solar effects). Chuffing 

and other temporal variations in plume intensity and spatial distribution have been observed. Only a 

limited data set ofplumes above 30 kID of altitude has been available for analysis. ALTAIR shall 

demonstrate the feasibility of current pluIDC-to-hardbody algorithms and shall collect data enabling 

the development of even more robust algorithms. 

Scalability Criteria 

• Pixel Sea/ing at the Twget PiaM. Fire control performance parameters can be scaled with 

sensor characteristics 10 provide confidence for critical issue resolution. For example, the 

performance of the fire control algoritlun in identifying the hardbody position can be scaled 

10 some fraction of a resolution element or pixel when presented with spatially extended 

scenes at representative sensor SNR's. For this reason, in order to demonstrate scalable fire 

control algorithms, the pixel scaling conditions discussed in Issue IV must be achieved. 

• Accuracy of Derermilling the Hardbody Position. Consistent with accurate pointing of the 

illuminator beam and subsequent handover 10 the active fine tracker. 

Traceability Criteria 

• Fire Control and Tracker Algorithms, Processing, and Logic ShaIl 'Tend Toward" 

Traceability. The tracker algorithm. tracker image processing, and rue control logic used by 

the ALTAIR experimem to predict the hardbody position from the passive plume imagery 

should "tend IOward traceability." Although it may be necessary in the beginning to design 
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for the particular rocket motor and observation angle used in the encounter, the AL TATR 

architecture should be flexible enough to change as more robust algorithms are invcmed. As 

data is analyzed, it is anticipated that progressively UlOTe general and more robust plume-to

hardbody handover algorithms can be designed for ALTAIR. The actual phenomenological 

daUl gathered in orbit must be recorded with sufficient fidelity and dynamic range to be 
• 

useful in testing advanced algorithms in ground simulatious. ALTAIR software should be 

flexible enough to allow foron-orbit modifications afthe plwne-to-hardOOdy handover 

algorithm based on experience from prior engagements. 

• Fln:ihle Tracur Processors. The particular process used by the passive intennedialC u-aclr= 

(PIT) in determining the passive trad:; point will affe.;:t the degree of difficulty in assessing 

the physical separation between the passive ttad:: point and the probable hardbody position. 

Therefore, the experiment should include alternative passive tracl:: processors (such as 

centroid, coneiation, and edge trackers, ell:.) flexible enough to assess various teChniques and 

to allow for on-orbit modifications in response 10 experience from prior engagements. 

• 
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INTERMEDIATE TRACK ACTIVE FINE TRACK 

Predicted lead angle allows for the speed of light and the location of the desired aimpoint. 
Actual lead angles may be many times larger than the illuminator beam spot, so that accurate 

prediction and illuminator pointing are required. 

Dluminator FOV 

Figure VI: Illuminator Point-Ahead/Active Track Handover 

38 

"'1 ," 

• • 

;., , , 

J 
II 
I 
l 

t T 
, j 

, , , , 



, 

, 
i 

I 
L) 

I 
[ 
r 

L 

r: 
I. 
[1 

[ 

[ 

• 

L 
[ 

ISSUE VI. ILLUMINATOR POINT·AHEAD/ACTIVE TRACK HANDOVER. 

Can a n ATP/FC system aocur:atdy point tbe illuminator beam It the target bardbody (booster, 
PBV, midcourse object) by properly loeounting for botb 

the physical separation betwffD the passive track pointllJld the bardbody. as well as 
the point-ahead orrset due to the speed of light? 

The active track lead angle for pointing the illuminator beam is computed from the predicted 

hardbody offset from the plume tracking point, the inertial line-of·sight rate and the range to the 

target Until active track is elitablished, range will not be accurately determined, and the h:mdoverto 

active track must allow for this uncenainty, as wdl as forCliOls in plume tracking and hardbody 

prediction. This may be achieved by scanning or spreading the illuminator beam, but the,e 

approaches may require increases in illuminator powt:rOf time to aa:omplisb the handover. The 

experimenlshould deaonstrate point ahead prediction and active track hanclover performance using 
a traceable implementation of design trades. 

Sallability Criteria 

• Point ahead angle _ 2VnonnaJ.fc - 2R~Jc, where Vnormal is the total relative velocity 

between the ATP system and the target in a plane that is normal 10 the tracker line-of-sight; R 

is the estimated range to the target (based on track: me source information); ~ is the inenial 

angular rate measurement 

- RepruentaJi~ Point AheiuJ. The experiment shall be perfollnu:1 with repiesentativc point 

ahead reqUUCiDWlts; i.e., point ahead ang1e greater than 10 ~ 

, Balanced and Audiud Uncertaillly Budget. Uncertainty in dctennining an accurate totaJ 
point ahead (Physical scpamion plus speed of light delay) should be low enough 10 at:quirt: 

the reflected illuminatOfenergy in the AFT after the first pulse in the case of a flood/staring 

illuminator, or within the scan period fOl" a scanning illuminator. The experimenter shall 

show how uncertainties scale with errors ~ detennining range 10 target, target angle rate, and 

other system error contributon. 

Traceability Criteria 

- JIlumiflll/or Steering MirTor. muminator point ahead shall be accomplished with an 

illuminalOf steerii'!g miJrof outside of the optical path of the tracker imagers. 

- Poilll Ahead Angle MelJ$lUtntentS. Point ahead angle shall becalculBled from measurements 

of the inertial angle rale and relative range 10 the target based on track file source 

information. 
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Active tral;king of an unenhanced booster in the presence of its plume has not been 
adequately demonstrated. In the figure below, the performance of the STARLAB active 

tracking system is predicted (or enhanced targets. 

SNR 

, 

0.' 

Gp " Enhanced Tatget 
Rellectanee 

ENERGY/PULSE = 30 
I 

• 

Range (km) 

Figure VII: Hardbody Discrimination/Active Fine TracklAimpoint Selection 
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ISSUE VII. HARDBODY DISCRIMINATION/ACTIVE FINE TRACK! AIMPOINT 

SELECTION. 

Does the illumination orthe boosting target (booster, PBV) provide robust enough 

phenomenology 

to allow an active tracker to distrirninale the hardbody rrom the plume, and 

to actively track the hardbody with sufficient precision for jitter stabilization, and 

to allow the aimpoint se~lion pll)!(-war to choose an aimpoint for a dire<:ted energy 

weapon? 

Hardbody tracldng is significant because it is the technique that will unambiguously 

detennine the aimpoint. If the hardbody is not accurately located, a correct aimpoint will not be 

established. The interfering backscatter from the partially illuminated plume may complicate the 

active tracking of the hardbody_ If the plume return is greater than orequal to the hardbody return, 

the tracker will have a difficult time locating and tracking the hardbody. 

A significant technology issue is achieving high signal-to-noise ratio (SNR) and tracker 

update rate during active tracking of the boosters and PBVs. Signal level is determined by tracker 

aperture diameter, optics !rar\srninance, and detector quantum efficiency, and also by the pealr.:-pulse 

energy and beam angular width of the illuminator laser. There are phenomenology issues concerned 

with real target signatures under active illumination, i.e., reflectivity, glints, and countenneasures. 

Active traclc. image resolution and stability {tracking jitter) must be adequate to locate and maintain 

the aimpoint on the target. 

Scalability Critcria 

• No Targer Enhancemenl. In order to provide scalability to hardbody handovers. the target 

should not be enhanced. Ideally, the ratio 9fhardbody reflectance to plume backscatter 

should be the same for the ALTAIR target as it is for operationalleplesentative targets. Only 

in this way can an important limitations ofhardbody tracking be assessed. 

• Absolwe Minimal Turgel Enhancemenl. However, due to the limitations in sensor aperture 

and illuminator power, some mOOesl aIlX}unl of hardbody enhancement may be needed to 

achieve suffidenttracker SNR. If so, the backscatter of the plume at the level of 1{3 the 

expected unenhanced hardbody reflectance must be measurable when the image of the 

enhanced target is unsaturated. A nominal hambody has an average reflectivity coefficient of 

O.OS/SIr. Therefore, assuming shot noise limited systems, in order to measure plume 

bac!c:scaner al the level ofO.OS/slJ with a modest SNR of 3, the sensor noise floor must be set 

to a level where materials with a reflectivity coefficient ofOJXl5/slr provide a SNR of L In 
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this case, assuming a sensor with an instantaneOus dynamic rang<: of over 100, a hardbody . • 
with an enhanced reflectivity coefficient ofO.S/slr can be observed wilhout saturation. 

• Pixel Sca/ing or l~ Targel PIDM. File control. pcrfOl"lllanCC panIDelen can be scaled with 

sensor chanw::teristics 10 provide confidence for critical issue resolution. A kcy scalabilily 

criterion is the perfonnanc:e of the active traCker in stabilizing the: line-of-light within some ~, 

fraction of a resolution element or pixel when presented wilh a spatially extended image of 

the test target The optical parameterS of the ALTAIR Active Fine Track (AFI) sensor shall 

scale at the pixel level with AfT sensors proposed in DEW ooncept.s. "Th.at is. for 
repfe$Cntative booster and PBV tar::ets: 

• RuolUJiJ;)lI. The AFT sensor resolution in IfICtcr1 at the target plane: sball be essentially 

the same (within. [aclO£ 0(3) {Of the ALTAIR experiment as for DEW concepts. The 

AFT se~ resolution shall be consi$leIlt with the task of airnpoint selection. Thc 

resolution in the target plane is expected 10 be &O!DC modcraJe fnlction (In to IfJ) of the 

target's smallest dimension (c.g. ,1he rocket diamefa for boosters). 

• Pi.rc:/ Sampling. The number o(pixels lubtending the resolution blur circle oCthe target's 

image shall be essentially the ume for the ALTAIR experiment as for DEW concepts. 
This means that the pixel sampling of the blur circle diameter should be nearly the same 

for ALTAIR as for a DEW conccpt For IfaCking extended targets it is genenLily good 

practicc 10 oversample the resolution blur circle. if clIOUgh SNR can be preserved. 

• SignaJ-I()-Noise Ratio_ The per pixel SNR for the AfT sensor shall be neatly the same or 

grea!el' for ALTAIR as for I DEW concept 

See Appendix B for a full set of pixel sca'ing lawli for sensors used for acquisition, passive 

int, .... milte ttaclring, and active fine \I'1Ckin,_ 

• Active Fj~ Tracker NE.A: Consistel\t with u1trll-low line-<i-sightstabiliution; consistent 

with angle-angle measurements of the wgetline-of-sight 

• lIIumiNJlOr Pulse Durarion: Consislent with ptocision range measurements to support 

precision point ahead, IPP, TPP, and handback. 

• KiMnttltic Scalillg and TrllCur Bandwidzh Scali",: In order 10 scale apmure and 

illuminator power of the ALTAIR experiment with actual DEW systems, it ill likely that the 

AI. T AIR target encounters will be perfOinxd at significantly shorter ranges than actual DEW 

w-get encounters. Therefore, the accelention of line-of-sight rates and the change oCthe 
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acceleration of line -of-sight rate with ~spect w time can be more s~ssing on ALTAIR than 

00 DEW concept systems. On the other hand, the latency due w the speed of light is nOl as 

Stll:ssing for the shorter range ALTAIR e;o;periment. The experimenter must show how the 

tracker bandwidth as well"as the platformjirter $tabilization scales with these differences in 

slew rate dynamics and encounter geometry. 

Traceabi lilyenltria: 

• 

• 

lIIuminmor Characteristics. The illuminator wavelength shall be mid-visible to near IR . 

• The active fine U"aCk sensor shall use a narrow bandpass filter designed w optimize the 

lasCT return and minimize the background signature. 

• The illuminator coh~nce length shall be consistent with minimizing the effects of 

speckle on the U"aCker image. 

• The illuminatOTrepetition rate shall be consistent with the traCker bandwidth required for 

precision pointing at boosting targets. 

• The illuminator divergence and beam quality shall be consistent with handover w the fine 

traCker. 

Track Through Slaging and Maneuver TransientS. The AFT should be employed during all 

phases of target tracl:: including boosler ignitinn, booster cut·off, booster separation, coast 

period. and PBV maneuvering. 
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P<lINT ~ ANIII-l: .. "-' , 
•• POUlT »tEAl) AHGI-l 

i .INEATlALJ.N<l1-l RATt 

-------- -

NOTE: POINT NI£AD REIlUIII£S NI N " E 
IWlNnullE.wp A P'SfQDQt! 

• 

\ 
_~ t .. n 

TAAG£T loco:n:;»I WHIJI 
BEN.! PHOTONS AARN£ 
~TTAAG£T 

Point ahead angle is computed to allow for the finite speed of light from the target to the DEW 
5f!nsor and from the DEW to the target. Tracking jitter, inertial sensor noise and scale factor 
errors contribute to errors in determining the angular rate and direction. Point ahead 
accuracy is critical for DEW concepts, such as NPB, tbat are internally boresighted with open 
loop pointing. "Target Loop" pointing CQIItroi can c:orrect Low bandwidth pointing and 
boresight errors. 

Figure VIII: Precision l'<Jint Abea.d/Aimpoint Designation 
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ISSUE VITI. PRECISION POINT AHEADJAIMPOINT DESIGNATION. 

Can an ATPIFC system IllXUrately IIlId precisely offset the DEW line-of·sight by properly 

IIccounting for both 

t be physical separation between the active track point and the aimpoint selection, 

as well as 

the point-ahead offset due to the speed of ligbt? 

In precision pointing, the ooservod line-of-sight rate as ~U as the detected muge 10 the 

wgct ~ used 10 estimate whm: tm; target will be in the time it takes Ughtto reach the weapon 

syStem platform seosor and 10 return to tm; target. This \toe of-sight COI'TCCIion. as ~1I8.l1 the 

aimpoint selection, is used 10 offle( tm; 1ine-of·sight of the DEW beam dirtttion. In addition, any 

change in tm; botesight cali1mr.tion must be me&SIIJtd and COila;tcd. Trackingjiaer. inertial sensor 

noise. target glints Of countermeasures may degrade !be prediction of point ahead angle and the 

capability 10 maintain the lioc-of-sight on the wired aimpoinl 

Scalab ility Criteria 

• Point ahead angle _ 2 VnormaJIe _ 2 R8Jc. wbere Vnormal u the total relative velocity 

between the ATP SY$~m and the wget in I plane that is nonnallO the II'1cker line-of-sight; R 

is the laser ranga nrUweLlxnl arrange to target; Ii is the inenial target angularrale 

mea5UJt:IDCOL 

• RqJruenuuiu Poilll A~. The experiment shall be perfomJCd with reptuentative point 

ahead requirements; i.e., point ahead angle greater than 10 ~ 

• Bo1afICed and Audited UflCtrlaillly Budget: Point ahead precision for the DEW aimpoint 

sllould be demonstrated at a level equal to the total pointing jitter perfonnance. The 

experimenter shall sllow IIow uncertainties in point ahead ar.gle scale with W1Certainties from 

the laser muger. the angular inertial instrument. and other syStem enor contributions . 

Traceabil ity Criteria 

• Poilll A~ad Angle MuuurtmtnlS. Point ahead angle shall be calculated from measurements 

of the inertial angle rate and the relative range to the target as measured by the laser range 

fmller. 



UNCORRECTED lINE-OF·SIGHT 
DUE TO DISTURBANCE ______ ~ 

r-<---~J_=-::..:--::..:::..L __ _ 
DIRECTED ENERGY SYSTEM 

INERTlALlV STABILIZED 
REFERENCE UNE-oF·SlGHT 

Beam pointing disturbances IlIU5t be 
measured and alltnuatfd in order to ddivtr 
lethal enerc to the target, The ngures at 
tbe right illustrate measure!mtnt ortiM-Or· 
sight disturbances by tracking and inertial 
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i ,. 
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Figure! IX: Precision Beam Pointing at Rate 
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ISSUE IX. PRECISION BEAM POINTING AT RATE. 

• 
Can a space·based pointer system stabilixe the line-of·sight to an accelerating larget (booster, 

PBV, midcourse object) with low enough jitter to permit diredeci energy weapon Ielhalily? 

The function of precision pointing maintains a high-energy beam (or marker beam for the 

purpose of the ALTAIR experiment) on B. selected area of a moving target for a lethal period of time. 

Line-of-sighl pointing etiOI is composed of three components sorted by frequency: bias, drift, and 

jitter. The bias and drift associated with targclmouon arc low frequency terms (less than 1 Hz) 

primarily add«:ssed by the Irncker servo loop. The trackeris an inherently low bandwidth controller 

due 10 the latencies associated with the speed of light and image processing, as well as the relatively 

low image sample rntes. Other bias terms are controlled by offsetting sleering mirrors to lK:count for 

boresigbt errors, point-ahead angles, and the dynamic bang-off associated with the type of servo loop 

employed. 

The high frequency component of pointing aIm (often called jitter) is not directly related 10 

target motion, but rather the Jocal vibration of the pointing platform coupled into the optical line-of

sight Motion sensors such as laser probe deteetors, inertial reference unil$, and accelerometen are 

used to observe jitter and provide feedback to fast steering mirrors to reduce the high frequency 

pointing enoiS. 

Scalability Criteria 

• Residual Line-of-Sighl Poiruing Error as Measured at. l~ Target: 

• The rms value of the residual pointing jitter shall be related (via a classified factor) to the 

radius of the diffraction limited spot size of the marker beam in the far-field. 

• The bias value (low frequency offset) of the residual pointing error shall be equivalent to 

the IDlS value of the residual pointing jitter. 

• The final precision pointing accuracy of ALTAIR should be within an order of magnitude 

of DEW system requirements . 
• 

• UtwmbiglWus Far-Field Scoring of Pointing Error. In order to m:asurc the residual pointing 

error in the far-field, the experiment must incorporate a marker laser on the pointing platfonn 

and an instrumented scoreboard on the boosting target vehicle. The scoreboard should have 

an accuracy of±lO% in measuring jitter and bias and should have the capability of 
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measuring jitter and bias at least 5 times greater than anticipatai The bandwidth of the jitter 

measurement should be adequate to observe the far-field consequences of the measured 

plad orm vibration. Nominal bandwidth of !be $COleOOard sen$0C5 should be 250 Hz.. 

• S~I/-St:oring Allt rnariva jor Mt asuring R~sidrm' PoiNillg Error. For the mjdcourn: target 

pointing delllOOStr.ltion some a1terJU.lt; form of scoring may be piOjX sed by !be experimenter 

if the midcouru: targets can not suitably carry scoreboards. (For examplc, an alternate 

seorin, method may be ALTAIR self scoring using a retrorefiector on the ntidcoune object 

that is narrowly mten:d around the mark:r laser wavelength. Anothc:r method: observe !be 

angle of arrival &t the ALTAIR satellite of & laser diode beacon radiating from the midcourse 

target. In either case, the ALTAIR sensor $houId be a high bandwidth quadcell with 

sufficient sensitivi ty and linearity 10 measure the miidual pointing em:Jl'.) 

• Baklnc~d and Audiud liner Budg~t. The end-lI)-Gn(I system pointing error is a rqWtaDt of 

many componenu: boresight misalignments, trIICker NEA, unrejccted base: motion, elC. The 

ALTAIR experiment must measure each source component of pointing enOl well enough 10 

understand its ultimate consequence u delC:mlined by !be ALTAIR syStem design. In this 
way ALTAIR experimental raults can be scaled 10 other traeeable coilcepts. M l ccaJable 

experiment ALTAIR shall be designed 10 balance the contributions from each constituent of 

jiner $0 that a single noise compoliCnt does not overwhelm the answer. 

• NQn ·R~prtstnJ(lrivt P/arjorm Bast Motion. There is no req~ment for ALTAIR 10 provide 

a simulated vibrlltion spectrum as·oci ...... with l DEW beam generalion system. nor is there 

any rtquirement for-ALTAIR 10 specifically malCh bending IIXIdes or structural simjlarities 

with a DEW pladonn. These vibrlltion spectra are too design SpecifiC 10 be of value for 

ALTAIR. ALTAIR shall control hue motion in !be most quiescent envirorunent possible 

consistent with spacecraft limitations, attitude control, and associated noise disturbances . 
• 

• KilWMlic Scaling andTrCJCur lkmdwidth Sro/ing. In onler 10 scale apenure and illuminator 

power of the ALTAIR experiment with actual DEW systems, it is likely that the ALTAIR 

target encounters will be performed at significantly shorter ranges than actual DEW target 

eIlCOWlters. Thetefore.!he accelenr.tion ofline-of-sight rlIle$ and the change of !he 

acceicn.tion of line -of-sight rate with respect to time can be more stressing on ALTAIR than 

on DEW concept systems. On the other hand, the latency due 10 the speod of light is nO( as 

stressing for !he shoner range ALTAIR experiment. The.cxperimenter must show how the 

tracker bandwidth as well as the plad'onnjiner stabiliution scales with these differences in 

slew rate dynamic$ and encounter geometry. 
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• LiM-o{-sighl AngulQr ROles. Angultr rate of the line-of-,ighl d.uring ptt(:ision pointing shall 

bed.elDOllSU'ated al the following valucs: 

• 

• 

At least, I degree per second. 

At most, adequate to follow a scientifically significant ponion of the MX PBV 

trajectoty. 

Trace.ability Criteria 

• Pucision Poinling with TrocUr C()nII7IlltIde4 Target LiM-cj-Sighl. ALTAIR shaI.I 

d.etnOflStrate jilt(:ision pointinl in a fashion which is tnII:Cablc to DEW conr:eplS for booster 

and post-boost vehicle engagements. That is. the pointer linc-of-sight is constantly updated 

by the active II'Ilcker at", signals and. associated image processing. 

• Pucision PoinJing wilh InuTiaJIy CorTllMlliied Target LiM-of-Sighl. ALTAIR shall 

demonstrate jilccision pointing in a fashion which is traceable 10 the NPB midrourse pointing 

concepL That is, after the target has been actively tracked for a period of time sufficient to 

acc:urately update its state vector the pointer line-of-sight is conlIOllod solely by inertial 

commands and nor: by tracker imagery. 

• Mtuur BUlJ1I: SlUTog01e H£L. SlUTo,ate BUlJ1I-Lint Reference, In.trrJI/UlIUlIion Tool. In 

the ALTAIR experiment the marker beam can be COIl5idaed. a $um)gatc for the HEL bcam. in 

a SBL system or a swrogate for the be l m.1ine reference wer in a NPB system. But most 

imponantly.1he marker bcam. is an instrumentation mechanism to enable an unambiguous 

measurement of residual pointing atOi in the far-field The sensor syStem ff]C measuring the 

marker beam pointing direction shall be inenially referenced in order 10 be traceable to beam 

line reference concepts used by DEW designers. 

• Isolation and COllIrol ofBo.se Motion Disturbances shall be made in I fashion traceable to 

DEW concepts by using teChniques such u beam path stabilization, inertial stabiliz.ation, 

image stabiliz.a~, flexible body jinerconlJOl. fast steering min'cn, and. adaptive noise 

cancellation . 

• £,mer Alig~m Probe. The ALTAIR experiment sball use an inertially refen::nced laser 

probe beam for beam path stabillz.ation (active optical alignment control) and sensor 

boresigbL fur beam path stabiliution, the laser probe and its $Cnsor rej«:t the locally 
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induced Iinc-of-sightjitter due to broadband mechanical distwbances such a:;; platfoon 
vibration, strUCtural mode Clltcitations. and lbennaIly induced disrurbances. Used for sestSOl'" 

lX)I'(:sighl, the laser probe provides a single common inertiaJly referenced beam for 

dynamically boresighting the lines--of-sighl of separate telescopes such lIS the illuminator 

OUtpl,l1 telescope and the fine tt'al:W input tcJesoope. 

• IMnial/y RqerencuJ Borcsighl. Some DEW SyStem conceptS (e.g. NPB) cal1 for two laser 

spots to be simultaneously refererlCCd 011 the: urne FPA with the active tracker Larget image: 

the inertially referenced optical alignment beam. and the DEW beam-line reference. This 

common FP A provides precision incrtial. measurements of relative: angular displacements 

bcrwoc:n!he ~ separate Iincs-of-sighl There is no absolute ~uircmcn( that ALTAIR 

provide such. common FPA. However, without. Will "on FPA for inertially referenced 

boresight. ALTAIR shall provide for a highly stable mechanical method to index sepanue 

FPA's and alignment sen$Ol'$ so thaI measurements oCthe target centroid can be inenially 

referenced to the markc:r aligruncnt sensor and the optical alignment sensor. 

• Anglllor iMrtial J/ISmunena. Ptoper implemenwion ol inc:nially referenced angular 

measurement instn'mcnt$ is essential for ALTAIR 10 dcmoostrale uvcahleDEW fum;tiOll$ 

such as IteilarTefcn:nce, slew maneuvers for target acquisition, preci1ion uacking, pointer 

uabiliu.tion, Tetargeting slew maneuvers. W"~ handback. im:paa point prediction, and 

IhreallUbe prediction. 'I1le AL T A1R implemenwion shall to-Tefereace the tracker line-of

sighl.!be alignmenl/boresigllllaser, and !be marker laser with !be angular inertial 
insuumenlS. Specific functions which ALTAIR shall ckmonstrate with a traceable angular 

inertial instrument incluck: 

J 
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" 

1 
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J 
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• Abso/uu Angle RtferellCt-Provide a IDUfl$ for designating fargetcoordinates and ; I 
pointer slew angles in inenia1 coortIinate5 . 

• 

• Targel Angle Rau Measurtmtnt-Provide a means to measure target angular rate 

measurement needed for point ahead and for pointing maintenance during periods 

when the image trackers are inoperative. Provide pointer rate lllCUUJl:lllClIt for slew 

~'rol. 

• Trad:erlBeGm Pointin8 Slabilizarioll--Provide an angular refCfCnCC, beyond the 

tracker sensor bandwidth, for measuring and correcting the deleterious effects of local 

vibration. 
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• S"apdown "s. Swbiliu:d Plmform AlIglllDr IMrtWl l lUtnu7lelllS. Regardless of which IRU 

appTOal:h is used, the experimcm ,hall be constructed in such a manner thaI the limitations . 
or advantages of the approach taken can be assessed in a traceable fashion 10 DEW 

concepts. Thls implies a certain sophistication in the telemetry used to morular the 

panicular areas of concern for the panicular approach taken. 
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ISSUE X. AtrrONOMOUS SEQUENCING. 

Can a DEW fire control system conduct end-to.end autonomous acquisition, tracking, and 

pointing control? 

Autonomous operation of DEW platforms and rapid e:r;ccution of multiple targel 

engagements will require the development and demonstration of comple:r; mode control logic and 

autonomous decision-maldng algorithms. The autonomous capabilities required by an ATP/FC 

e:r;periment will be considerably less compJe:r; bUI may be made traceable within the scope of the 

e:r;pcriment. An e:r;periment with a significant degree of autonomous functional performance will 

provide confidence in the l<".Chnology for developing mote compJ~ logic and for achieving 

opwational system engagement timeline gools . 

Scalability Criteria 

• Time Scaling_ The e:r;perimenter muSI show how the speed of autonomous operations is 

scalable to DEW system requirements. The time it takes to sequence and U1!J]sition through 

each successively higher mode of operation shall be scalable with number of tracker image 

frames, compuler operation cycles, control system time constants, laser illuminator pulses, 

and other 1II1ency periods in such a way thai the speed of autonomous upmoding can be 

compared with operational requirements. The intenl is to SCI-UP the e:r;periment in such a 

way that post-mission analysts can confidently extrapolate faster sequencing by operational 

systems by ratioing the temporal period of ALTAIR frames, cycles, constants, pulses, and 

periods with the corresponding times of a postulated concept. 

Traceability Criteria 

• T~ Fiu Control Logic in ALTAIR Shall '7endToward" Traceability by providing the same 

level offunction as required by a DEW system. but by providing the function in II. way that 

can be flexibly altered as the e:r;periment evolves. In other words. it may be necessary to 

"point design" the tracker algorithm, image process, or rue control logic for the panicular 

rocket motor and observation angle used in the target encounter. However. as dam is 

analyzed.. it is anticipated thai progressively ~ general and more robust algorithms • 

processes, and logic can be designed 10 support ALTAIR autonomous sequencing. 

Therefore. ALTAIR software and hardware shall be flexible and modular enough to allow for 

on-orbit modifications to support the development of increasingly more traceable 

autonomous sequencing functions. 



• Single Targe/ ~$. Multiple Target Track. The ALTAIR experiment shall emphasize the 

single target engagement. This decision to focus ALTAIR's purpose is taken 10 ensure mat 

proper understanding of the physics and phenomenology associated with single target 

encounters is fully validated with space experiment data. A validated understanding of single 

target traCk is fundamental and necessary befOlt' confident extrapolations can be ma& to a 

"many targets--minimum time" scenario. 

• "[ OUI O/'n' Targets." Notwithstanding the guidance in the pl"f'O"1ling paragraph, it is highly 

desirable for ALTAIR to demonstrate tracking a single target in a way that is traceable to 

multi-target tracking, i.e., "lout of 'n' targets." Although ALTAIR may not w:tuaI.J.y 

demonstrate multi-target tracking due to hardware limitations (such as a limited telescope 

FOy) il is conceivable that the track functions (including handofffmm ACQ to PIT to AFI) 

for single target tracking can be traceable 10 multi-target methods. The idea is to simulate a 

single retargeting episode from a multi-target engagement. The episode should demonstrate 

all the upmodes, hand-offs, and target file manipulations requmd from the moment of the 

retarget command to the moment of stable beam pointing. Examples of "I out of 'n' targets" 

methodology follow: 

-, 

, < 

~ 
" \ 

J 
" 

I ' , 
, I 

1 
• Inco:poruting a single target tmck file thal looks like " l out of 'n' target uack files." The . I 

single target 1nLCk file sllal.l have the capability of ptedicting futw'e target location, , .1 

perhaps with a Kalman filJerestimator. 

• Offsetting the Jine-of-sight from the target and then reacquiring. 

• Commanding the tmcker to establish uack alternately between two targets . 
, , 
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Threat tub(: equation: Prediction accuracy is driven by PBV velocity track accuracy on 
deployment axis (RIA) 

Om = Single look 3-D measurement error (m) 

'\" Op • 10 3-D position cuo[ (m) O"p = 
,N , 

a, • \0" 3-D velocity error (m/s) 

Oy = ~ J~ N = Number of measurements 
T 

T .. Tot.al meas!;temenl time (s) 

R(t) = cr + 0 (1-1 ) 
p p v m 'm = Time of JlIla measurement 

R(t) 
p '" Threat rube uncertainty 

DEW ATP sensors are inherently capable of precision measurements required to discriminate 
midcourse objects by observing PRV maneuvers. 

Figure XI: Post Boost Vehicle (PBy) Bus Tracking!Deployment 
Trajedory Projection··n P, IPP, Handback 
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ISSUE XI. POST BOOST VEHICLE (PBV) BUS TRACKING! DEPLOYMENT 

TRAJECTORY PROJEcnON-lTP. IPP. HANDBACK. 

Can a passive intennediate tracker, active fine tracker, and high resolution taser range finder 

determine the state vectors of a thrusting PBV with enougb accuracy to provide 

tbreat tube prediction (1"1 P), 

impact point prediction (lPP), and 

bandhack data to otber weapon system platfonns for reacquisition? 

The ATPIFC system on a DEW platform bas more than enough optical perfonnance to 

expand its role from classical ATP 10 discrimination. In a discrimination technique known as 

deployment trajectory projection (see Brilliant Eyes Concept Definition),!be PBV is tracked in 

range and angle as it thrusts along !be deployment axis -also known as !be range insensitive axis 

(RIA). Using this track me one can project ahead !be position in range and angle that any object 

deployed by this PBV will occupy along the tbreat trajectory. This information can be projCCled 

ahead allowing impact point p~ction. This is useful for preferential adaptive defense. Further, to 

the extent that decoys suffer radial displacements due to plume induced velocity perturbations tltat 

are greater than the cross range velocity measurement uncertainties, these decoys will lie outside the 

predicted tbreat rube and can be considered discriminated After handback to other SDS systems the 

few targets which are still credible threats can !ben be subjected to midcourse interactive 

discrimination, terminal discrimination, or intcn:eptor targeting. ALTAIR shall demonstrate bus 

tracking and deployment trajectory projection techniques and validate the sources of error in making 

these IypCS of me~ments. 

Scalability Criteria 

• Measuremen.t Un.certain.nes. The table below indicates estimated allowable uncertainties in 

bus tracking measurements (position and velocity) and the resulting uncertainties in threat 

Tube Prediction, Impact Point Prediction, and handback vector accuracy. These values are 

dependentlO.some degree on !be number of measurements, revisit interval, and total track 

time. They are to be used as criteria for establishing scalable performance goals for the 

ALTAIR experlmenL 
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Unartainty in Metric Discrimination Measurements 

Parameter 
Tracking relative measurement 

Tracking absolute measurement 

Threat tube radius, handback 
,~w 

Fine impact point prediction 

Coarse impact poim prediction 

Position J !ncm"inty 
In-range <: 1 m 
Cross-range < 4 m 

<:SOm 

<: SOm +0.3 mise£. x T 
T .. time since last 
measurement 

<330m 

<'kID 

Gross impact poinl prediction TBD 

O,,?SC1y ~p~e Object 

-'" 
Traceability Criteria 

TBD 

velocity lJDo ;oaimy 
<:0.1 m/sec 

<0.3 mfsec 

<: 0.3 m/set:. 

• No Requiranenl/or R~ T~ ITP, JPP, and HtJ!!dback. In the idea! case, the most 

trlII;'c"hle experiment U defmed as one wIDch generates in real time handback vectors, impact 

point predictions, and Ihreal tube volumes consistent with the interlace protocol established 

by the 5DS. However, unless there is going to be a real·time demonstration of handback or 

mcO'ic discrimination, there is no req~mcnt for the ALTAIR cxpefi:ineOI to provide this 

information in real time. 

• Post-Mission Reconstruction. The ALTAIR experiment shall be designed 10 measure all 
, 

parameters requited by a system concept which provides lPP, TPP, and handback to the SOS 

in real time; however, for the purposes of ALTAIR the experimenter may calculate IPP, lPP, 

and handback data files during post-mission data m:l.uction and compare the calculations to 

truth data collected by other range assets. Truth data shall be collected for both the ALTAIR 

and target position to document the actual trajectories and vehicle dynamics during the 

encounter. Care must be taken to insun: that all such data is referenced to a common 

coordinate system and time Standani 

• Experiment Configuration Option #1: ALTAIR can measun: the PBV state vector by: 

• Using an inertially referenced MWIR tracker to determine angular position of the 

PBV with respect to the ALTAIR satellite. 
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• Using high resolution laser radar to determine relative range from ALTAIR 10 the 

PBY. 

• Using an inenial reference unit 10 delellnine the absolute position of the pointing 

platform II! the tiIDe of the measurement 

• ~~nl ConjiglUafion Opliolt 112: ALTAIR can measure the PBY Slate veclOr by; 

• Using an inenially referenced active fme InIl:ker 10 determine the angular position of 

the PBV with nlspe(:1 to the ALTAIR satellite. 

• Using high resolution laser radar to determine relative range from ALTAIR 10 the 

PBV. 

• Using an inertial reference unit 10 delemline the absolute position of the pointing 

plalfonn at the time of the measuremenL 

" 



PBV 

LREP 

DEW ATP sensors are capable orprecise measurements required to discriminate objects 
deployed in the midcourse phase or flight by observing the cbange in velocity during the 
deployment sequence. 

'-''''' 
"" 

TIME 

Figure XII: Post·Boost Vehide Bus Watcbing!Discrimination Via 
Plume Perturbation--ll.V Measurement 
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ISSUE XII. POST.BOOST VEHICLE BUS WATCHINGIDISCRIMINA TION VIA PLUME 

PERTURBATION-l!.V MEASUREMENT 

I·' Can an active fine tracker and high resolution laser ranger measure the l!.V of a deployed 

object with respect to the PBV with enough accuracy to infer the mass of the ejected object? 

i 
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Another type of deployment phase discrimination is known as bus watching. In this case the 

RV and decoys deployed by a bus are obscrval during deployment and the trajectory relative to the 

bus is measured. Ught decoys are given a large axial Jdcle by the PBV plume. By sensing this axial 

velocity kicle a discrimination can be made at the time of deployment. Thls technique has the 

advantage of discriminating every object depJoyal by the bus, rather than just defming a tltreal 

volume. The price that must be paid for this more robust discriminant is that RV-sized objects must 

be measUred.. ~uiring a more capable laser radar than was needed to measure PBV's. 

Scalability Criteria 

• Precision of.dV measuremenl: < 1 misec. 

Traceability Criteria 

• Measurement of Induced Velocity: ALTAIR shall infer the plume inducall!.V by using the 

active fme tracleer and the laser ranger to measure the deployed object trajectory relative to 

the PBV. 

• Down·range Disp/actmem of the deployalobjcct relative to the PBV can be determined by 

measuring the time interval between the double pulse rerums of the illuminator laser. The 

illuminator spot size must be sufficiently large to accommodate both objects during this 

measurement. 

• Cross·rWlge Displacement of the deployed object relative 10 be PBV can be determinal by: 

• Measuring (he Angular Separarinn between the twO objects' positions with the active 

fme track imagery. The illuminator spot size must be sufficiently large to 
• 

accommodate the two objects during this measurement. 

• Measu.ring lhe Angular SeparaTion between the two objects' positions with the high 

resolution visible fine track imagery while operating in a wideband passive mode, 

There must be sufficient solar radiation to illuminate both targets for the fine U1lckcr. 
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SmACT 

... 053 

RV 

(Above) Simulated active track signatures of mid course objects. These figures illustrate the 
potential performance of a visible band trackerlimager using a six-meter beam expander as 
the receiving aperture. (Below) Simulated passive signatura illustrating different sensor 

aperture diameters, target ranges and aspect angles.. 

30 em @2S00 
RV& .,,- 2m@2S00 12m@2500 

Figure xm: Post-Boost Vehicle Bus Watching_Discriminating Observables 
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ISSUE xm. POST-BOOST VEHICLE BUS WATCHING-DISCRIMINATING 

OBSERV ABLES. 

Are there dis<:riminating features p"soc'ated witb either active signatures or passive UV, 

visible, or IR signatures which have utility in dis<:riminating RV's from de(XIYS? 

Another type of llIscr radar that has been consi&red for discrimination is one which produces 

a high resolution image, just as acamera would. At sufficiently high resolution such an image could 

view objects being &ployed by a bus and, for instance, tell the difference in site and shape between 

a canister and a RV. Li.lcewise, it is conceivable that certain passive SCflSOl'll can distinguish between 

the characteristic signatures of deploying RV's versus deploying decoys. The plume impingement 

dynamics may differentiate decoys from RV's; inflation signatures may i&ntify certain decoys. A 

number of possibly distinguishing signature differences can be postulated.; however, so little data is 

available from space observations of PBV deployment events that it is critical that ALTAIR make 

these observations. 

ScatabiUty Criteria 

• ResoiUJion Scaling. Image resolution shall be scaled in meterS at the target plane. 

Traceability Criteria 

• Represemalivi! PBY's and Midcourse ObjtclS shall be observed by ALTAIR in various solar 

lighting conditions. 

• Multi-Wavelength Synergy. Conduct simultaneous observations with both active and passive 

sensors to search for synergistic value in multi-wavelength imagery. 
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Mulliple laser tracking pulses art used to reduce fine track errors before firing the DEW 
beam. However, timeJine constraints dictau that only. few illuminator pulses can be used for 
each target Active track signal-to-noise Mltio and tracking filter design must be adequate to 
meet tracking accuracy and timeline constraints. 

• 

LASER ESTIMATES: 

" o 

"0 .!!hl ••• Bl 
c: " kc 

R:'" • R:'" • R:'" 1" • 1 ji" 1"' 
'J 'J 'J 1 T, 

", ~ R co ... 1 •• In .. \ R 
• P, • to P, 

Ri" - Rio • POUlT AHEAO VECTOR 
o 0 

Figure XIV: Active Fine Track of Mid course Objects 
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ISSUE XIV. ACTIVE FINE TRACK OF MIDCOURSE OBJECTS. 

Does the reflected energy from the illumination ofa midcourse object provide robusl enougll 

phenomenology to allow active iracking of the midcourse object wilh sufficient precision 10 

stabilize Ihe line-of·sighl for a directed energy weapon? 

Ultimate traclr.:: acc=y is driven by single sample tneaSU«:IDCnt eliOl as well as the 

improvement in accuracy afforded by makjng multiple centrOid measurements and processing them 

with an optimal track fllter. Single sample measurement accuracy includes the effects of platform 

jitteT as well as centrOid estimate ellors. The accuracy improves as IllOfe measurements are made 

and put in the tnu;:k filter. Due to the large numbers of midcourse targets thal must be addressed. 

real systems will have significant constraints on the length of time that tan be spent refining a target 

tnu;:k solution. It is necessary that ALTAIR perform fu"damental measurements addressing the 

acc=y of active fine track of midcourse objects in order 10 guide the weapon system designers 

who are making trades between single sample accuracy and integration time. 

Scalability Criteria 

• Midcourse ObjeCT Enhancement. The type of midcourse object enhancement for the active 

tracker demonstration must be carefully clloscn in order to n:tain the scalability of the single 

sample measurement ellor. 

• Kinerrwtic Scaling tmdTracker Bandwidth Scaling . In order to scale apertUre and illuminator 

power of the ALTAIR experiment with actual DEW systems, it is likely that the ALTAIR 

target encounters will be perfonned at significantly shorter ranges than actual DEW target 

encounters. Therefon:, the acceleration ofline.of-sight rates and the change of the 

acceleration of line .of-sight rate with n:spect to time can be more stressing on ALTAIR than 

on DEW concept systems. On the other hand. the latency due to the speed of light is not as 

stressing for the shoner range ALT4JR experimcnL The experimenter must show how the 

tnu;:ker bandwidth as well as the platfonnjiner stabilization scales with these differences in 

slew rate dynamics and encounter geometry. 

• Active Fine Track NEA . Consistent with ultra-low line-of-sight stabilization; consistent with 

precision angle-angle measurements of the targetline-of-sighl 
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Traceability Cri teria 

• ACliv~ FiM Track SU{Jpons Inu1iallyC~d LiIlt-oJ.Sighl. For the ALTAIR 

experiment, precision active fine uacldng shall be used to update the state vector of the 

midcourse wgct in an inenial reference ~ystem. The track file representing the mge! 

position in inenial space sh.all be upwucd by the active tracker u'Hli sigm.ls and assoc iated 

image processing through a =able Kalman filter estimator. Ultimately ALTAIR shall 

demonStrate precision pointing in a fashion which is traceable 10 the NPB midrourse pointing 

oonccpL That is, after the mjdc:>UrSe target has been actively tracked for a period of time 

-

• • 

sufficient 10 accurately update its state vector, the pointer Iinc-of-light will be controUed ." 

$Ole1y by inenial commands from the track rUe estimator instead of by tracker imagery. . 1 

• No LWIR. Then: is no requirement 10 provide I LWIR traCking sensor on ALTAIR fOf the :1 
midcoune target traeking demonstration. Midl;:ourse target acquisition can be aided by a 

beacon, cornercube, or carefully chosen solar lighting conditions. ALTAIR.sIulI perform : I 
traceable active track and laser I1IIIging functions. 
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Higb PRF active tracking and integration over a large number of pulses can enable the DEW 
ATP system to acbieve very small position errors for midcourse objects. (Figure below based 
on tbeoretical analysis for various cases of single sample measurement uncertainly.) 

MINIMUM VARIANCE ANGULAR POSITION ERROR AT t = 1" 
(PRF = 100 Hz) 

, 

".2000 nrood 

" 

. -.. 

TRACK DURATION: \.. t, (mil) 

Figure XV: Midcourse Object Metric Discrimination-lTP, IPP, Handback 
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ISSUE XV. MID_COURSE OBJECT MEIRIC DISCRIMINATION-lTP, IPP, 
IIANDBACK. 

Can an active fine tracker, a nd high resolution laser range finder Dleasure the midcourse 

object state vector with sufficient accuracy to provide 

threa t tube prediction, 

impact point prediction, and 
handback data to otber SDS weapon system platforms for target reacquiliition? 

This issue is complemental)' to Issue XI. To the extent that decoys suffer radial 

displacements due to plume induced velocity pc:rtwba.tions that are greater than the uncertainty in the 

PBY cross-range velocity measurement made during the time of deployment, the decoys will lie 

outside the threat tube and theoretically can bedisaiminatcd. However, discrimination concepu 

which rely on deployment trajectory proja.:tion typieally do flO( employ the meDic discrimination 

technique until later in midcourse. The issue addressed here is the accuncy that can be achicved in 

making this meaic discrimination measwemetlt dwing midcoune. Does the achievable accuracy 

suppon TI1", IPP, or handback? 

Scalability Criteria 

• McaswtmLnt UllCuwinriu. The table below indicates estimated allowable uncertainties in 
traCking measwUDtL'lU (position and velocity) and the re5ulting III\CeI'U.inties in threat tube 

prediction. impact point pn:diction, and handback veclOT accuncy. These values are 

dependent 10 somedcgrec on the number of measwcUXllu, revisit inlC:l'Val. and tOtal uack 

time. They are 10 be used as criteria for establishing scalable pcrfonnance goals for the 

ALTAIR experiment 

Uncertainty in Metric Discrimination Measurements 

Plll'1me!q 

Tracking relative measurement 

Tracking absolute measurement 

1breat tube radius, handback. 
vector 

, 

Fine impact point prediction 

Coane impact point prediction 

Gross impact point prediction 

Oosely Spaced Object 
discrimination 

Position Uncennjnty 
In-range <: 1 m 
Cros.t-range <: 4 m 

<SOm 

< SO m + 0.3 mlsec )t T 
T x time since last 
measurement 

<330m 

<Skm 

TBD 

TBD 
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Velocity Unct:oajnty 
<: 0.1 m/sec 

< 0.3 mlsec 

<: 0.3 mlset::. 



• T(JTget E~OMnt. 1bc type of tnidcourse object enhancement for the active traCker 

demonstration mUll be carefully chosen in ordu to retain scalability of the single sample 

measurement CITI)T. 

Traceability Criteria 

• No Rcquiremtntfor Real T~ 1TP, IPP, and Handback. In the ideal case, the most 

lI'Veablc experiment is defmcd U ODe which generates Tal. time bandback vectors, impact 

point predictions, and threat tube VOIl!!TlCS consistent with the interface pl1llOCO\ established 

by the 5DS. However, unless there is going to be a real time demonstration of handback or 

metric discrimination, there is 00 requirement for the ALTAIR experiment to provide this 

information in real rime. 

• Post-Mission Reconstruction. The ALTAIR experiment sh.all be designed to measure and 

record all parameters requiml by a system concept which provides IPP, TPP. and handback 

to the 50s in real time; however, for the pUlpcSCS of ALTAIR it may be sufficient to 

calculate IFP, TPP. and handback data files during post-mission data ~uction and compare 

the calculations 10 truth data collected by other range assets. Troth data shall be collected for 

both the ALTAIR and target position to document the actualnjectories and vehicle 

dynamics during the encounter. Care mUSI be laken to insure that all such data is referenced 

to. common COOidinate system and rime standard 

• Experiment Configuratio" OPM" #1: ALTAIR can measure the midcoune object state 

vector by: 

• Using an inenially referenced visible fine uaclcer operating in a wideband passive 
, 

mode w determine angular position of the midcoune object with respect to the 

ALTAIR satellite. This approach IUS"""'! jhopcr solar lighting conditions. 

• Using high resolutionlascr radar to determine relative range from ALTAIR to the 

midcoune object. 

• Using an inertial reference unit to determine the absolute position of the pointing 

platform at the time of the measurement. 
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£xperimenr Configuration Oprionll2: ALTAIR can measure the midcounc object stale 

vector by: 

• Using an inenially referenced active fmc tracker 10 determine the angular position of 

the midcourse object with respect to the ALTAIR satellite. 

• Using high resolution lascr radar to detennine relative range flOW ALTAIR to the 

midco= object. 

• Using an ineJtia1 reference unit to determine the absolute position of the pointing 

platform at tile time of the measuremenL 

No LWIR. There is no l't:Quircment to provide a LWIR trlIClring sensor on ALTAIR for the 

midcoursc target TIP, IPP, or handback demonstrations. Mid-course target acquisition can 

be aided by a beacon, comercube, or carefuUy chosen solar lighting conditions. ALTAIR 

shall perform traceable active track and laser ranging functions. 

• 

• 
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Results ortbeoretical analysis of velocity increment resulting from HEL irnldiation of 
lightweight decoys. Dired measurement o(velocity changes of one to a f_ mlsec is required . ' 
for tbis discrimination te<:hnique. 

I · , 
Figure XVI: Midcourse Object Interactive Disc:rimination· 6V Approach 
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ISSUE XVI. MIl).COURSE OBJECT INTERACTIVE DISCRIMINATION · I:1V 

APPROACH. 

Can. direct detection laser radar JIleaSUft tbe I:1V of. midcoursc object well enough to be 

used in interactive: discriminatioo? 

The concept of interactive discrimination of mldrourse objects by measuring momentum 

changes induced by high energy Iaser radiatiOIl depends upon the capability to measure small 

changes in target velocity. A demonstradOIl ofvelocity measun:mcnt using a.c:tive sensors will 

provide experimental verificatiOIl of this capability. 

Scalability Criteria 

• PreciJion of liV Measurnnefll: < ± 1 m/set: 

Traceability Criteria 

• Measurement of Active Fine Track: ALTAIR sball measure I:1V by using the active fUle 

nclr.er to delC:mline angullr positiOll of the midcourle object with respect to the ALTAIR 

satellite, and by using a high resolution laserradarto determine relative range from ALTAIR 

to the midcourse object. 

, 
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IR Plume Image UV Plume Image 

Plume phenomena data is needed with spatial and speclral re5Olution to validate 
predictive codes and to devdop plume..to-hardbod.,. bandover algorithms. Above: 

spatially resolved plumes. It is essential to establish the hardbody location with respect 
to plume reatures. Below: plume spectral data points in tbe UV and IR. The solid tine 

Is earth background radiance. 

o 
o 

0.3 

o o 
o 

S ... d on Plul SIa 

10m . 10m •• the T ... gel 

0.' 0.' 
Wavelength (juri) Wavelength (juri) 

Figure XVII: Plume Phenomenology 
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ISSUE Xvn. PLUME PHENOMENOLOGY. 

Do parlicular bands oti\tWIR. SWlR. visible, or UV ofTer advantages for passive acquisit ion 
and preclslon track ina of boosters and PBV's and for accurately delennin ing the hard body 
location "relative" 10 the passin ly tracked target scene? 

Understanding the spectral, spatial, and temponl charactef of booster and PBV plumes is 
critical for suexcssful design and teSting of an SDI system. Plume emissions are used \0 acquire, 

IrIICk, and locate the hardbody of a missile or PBV. The important role of plume phenomenology is 
clearly evident in the ATP isSlICS already discussed. High qualil)' plume phenomenology data is 
rcquirW on representative targets in the UV, visible, and IR. 

The ALTAIR experiment offtr$ the opponunil)' 10 galher passive plume phenomenology in 
many wavelengths while perlorming aUlOnomous acquisition. traCking and pointing experiments. A 
variety of environmental and aspect angle variations will be encountered against llIriet boosters and 
PBVs representative of the threat. Undentanding Ihe effect of these variations will help develop 
plUIIX>-to-hardbody handovcr algorithms, as weU as v.lidate plume radiance pn:dictive computer 
codes which are necessary for fuU analyses of the variability in the expected target signatures.. 

The ALTAIR plume: data will be used to develop and test advanced acquisition, tracking. and 
plume-to-hardbody handover algorithms through g:mund $i.mulatiolU. Since the ALTAIR stnSGn 
will have a known relative alignment 10 the active nne tracker, the actual hardbody position can be 
indexed \0 all passive camau. In this way, analysts who use the imagery data 10 dcJign hardbody 
handover algorithms will have truth data indicating the unambiguous position orthe hardbody in 
reference 10 lhe plume. 

Additionally,lhe high resolution multi-SVCCbal plume data coUcctcd by ALTAIR will be 
used 10 verifyfroodify computer programs that are designed to predict plumc sptCuai and spatial 
characteristics throughout !he wide range of inltreSt for a booster or a PBV eDCOUlltCf. The 

predictive models are nc:cded \0 generate target lignarure predictions for lIICquisition, tnlCking, and 
fm: control algorithm developmenL An SDI syste.m must be capable against both cum:nt and near
tenn funu"e threats. The number of possible threats and ways that an SDI element might engage it 
are enormous. The signatures of these threats are dependent on dcWls of their trajectories and the 
angles and ranges at which ob$ervcd.. Confronted with this large matrix ofpossible engagements 
and targets, and our limited knowledge ofboda present and fut\lJ"e threats, SDI is forced 10 depend 
heavily on simulations for testing any system. flight tests arc critical. but to in$ure that a system can 
successfuUy operate ov~ the full range of situations that it might encounter, the system can only be 
adequately proven wilh simulation. In this regard, lhe plume models being developed by SDIa are 
critical. 

ALTAIR shall gather high rcsolutioo imagery of the nearfield plume (i.e., the vacuum core) 
and lhe near-body, far-field plume in the subsonic and rarefied region. ALTAIR shill also gather 

" 



more eoanely resolved imagery ofthc cxtcRdcd far-field .... 1Im: radiation is caused by the collision 
of atmOspheric gases with the rocket exhaust. SOlO It:quires a limited sel of space-based 
observations 10 validate our expectations of rocket pll,lme radi= in the atmospheric absorption 
bands which are to ~ used by the oper.llional syStems. 

Plume Targets 

The table of ALTAIR Plume Targets indicak's aU classes ofrocket signatures ofvilal interest 
to SOlO. The priority assessed to each target can be explained. En! priority signattm:s correspond 
to threat typeS which represent the most dirc<:1 conccm to the U.S. and for which the least amount of 
data currently exists: large liquid ICBMs and post-boost vehicles (pBYs). 

The signalUl'e ofliquid fueled rockets is uxce stressing 10 model than solid rockets 
(particularly in the UVMsible), The $ignatlll'C5 arc largely influenced by combustion processes and 
atmospheric inlel"lcUOnS for which the chemical pathways arc poorly undcnrood. The potential 
variablity in target signaruu is greatefdue 10 the various fuel type£, and the sensitivity to tl'ajccwry 
(altitudelvelocity profile) and 10 slight variations in rocl::el manufacture. The high altitude nature of 
large ICBM and PBY trajectories places the chemical processes in . region where along mean-free 
path exists between reactants. The numerical methods for predictin, chemical behavior and 
radiation transfer in this region are tedious and computationaUy intensive. The: emission 
mechanisms ;ue not fully understood in many ~pectlal regions of intefe$(. 

ALTAIR PLUME TARGETS 

Priortty lA Priortty 18 Priortty 2 Priority 3 

tCBM Liquid PBV ICeM Solid IRBM Class 

"PO 
• mtn."""~ .t.mtn.f!"I.d ........,0, ...... ~,o, 

Upt I S\jIo- "'," ....... certoon .. """' Uquld Solid 
G. __ tor DoubloHMo .. "''' "" ' Trld.,,' 

Mlnut. """" Eumple TIt.n U, 0."- FI.-bll'd, '" '" 
~, " ... OrbUI I 00" "" " .. 

Altlt~ 100-25Dkm 200-500 11m 100 _2SD km From Launch To 
5O-100km 

V.loclty U -6 km/Me ..skm/Me U_Ikm /Me From Launch To 
1-2km / uc 

Ang~f...t1.lck Typk:8' 0" _ 1110' Typlcool Typlc.1 

So ... lIghling Hight NIght Higill And Dey Night And Dey 

Aope<:t Ang'" 
.. 30' To .. 30" To .. 30' To .. 30' To 

Broad.lde 8rood.1de 8rood.1dif BroadsIde 

'n.. &IX I, TIM Only lion dldated Tlrget klMrtlfied.. The Al.TAJR P1oyloed, SJ-.... tt And OrbIt 
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PBVs can be liquid fueled or propelled by non-aluminized solid-fuel gas generators. In 
either cue. no dau exists of sufflcicnt sparial and sp«nal n:soIution 10 validalC an understanding of 

these high altiwde plume sigrWuleS. II is this high a1tirude.liquid plume signature of the most 

;mmediltc and prevalent Uuul!hal pl~ large liquid ICBMs and their respective PBYs al the lop 
of the list of desired plume signatureS. Ofhigh interest are simulated PBVs such as F=bin1 and 

targets of opponuniry such as the MX bus. More than one type ofPBV should be observed. 
Velocity is an important driver for signature. There is no interest in observing a lofted trajectory of a 

PBV engine; for ALTAIR, velocity above 5 kmfsec is required.. 

The next most critical signature is that of a large ICBM-class solid rockel. For ALTAIR, 

roc:kef5 using double-base propellantS (such as the Trident) should be the highest priority solid 

target. Much less is understood about signan=s raulling from double·base propellants than from 

AI,O, composite p.topellanl$. 

The signature of aluminized compositeS i5 of lesser priority for ALTAIR only because the 

dominant reaction mechanism is well-known. The signature is dominated by the intrinsic COle 

radiance which is driven by the emission of the AlP, particles in the missile c:thaust. The prrose 

emissivity of the A\O,particles is. function of wavelength and tell'l __ ilIure. The ndiancc is 
influenced by the total tempcnmue of the particles and the cooling rates. The color temperature is 

probably near 23OO"K, the tempenture of molten Alp" and the relaxation or cooling is delermined 

by the particle size distribution. 

Although ~gnificantl!ndn'Standing of AlP, ba..""" fuels have been achieved, il n:mains for 

ALTAIR m validate the solid rocket signature 1.1 high altitude, inside the abJolption bands 
unavailable forobsavatioo on the gItlund or by aircnft, and at the spatial n:solution (3-6 melers) of 

imponance m plume-IO-hardbody bandaver algorithms. Also. since the Minuteman ICBM flies at 

hip velocities, more significant far-field plume interaction is expected than has been previously 

measu=l There still remains the bsuo---how much inflw.:ncc: do chemical processes (non

blackbody ndiation transfer) have on the high altitude signaturel: of large solid rockel booster 

plumes. ALTAIR. plOperly equipped with a UV spectrometer. can provide a significant slep 

forward in unwrapping this particular mystery for both solids and liquids. 

Of course, IRBM targets are of particular interest to SOlO. The aluminum loaded solid-fuel 

variety as represented by Starbird are particularly wdl understood in the a1tilude repm: around 60 

10 100 km due to I. dedicated and disciplincd collection effort on 17 Do:: 90. Other jIIopeilants such 

as hydrocarbon fuels and double-base propellants are much less undemood because of OUT lack of 

under$tanding of the non-equilibrium processes during high J)leSsW'C combustion. It is these latter 

propellants thaI are found fmJuently in Thitd World missiles. Many of the IRBMs use kerosene 

fuel s that can fann SOOI in a non-equilibrium process, the concenl1'iltion of which depends upon the 

oxidizer to fuel ratio and chamber prcssU!e. Some of the IRBMs use double base propellants or 

composite modified double base. Cearly. the priority of identifying U.S. analogs should be highesl 

n 



where our modeling capability is poorest. Many of these obscl"lations can be conducted with 

ground-based and aiJerafl sellsor platforms. ALTAIR offenlhc opponunity to validate an 

undersWlding of low-altitude liquid rocket signatufeS from spa.::e. This type of collection OUghllO 

be done cspcciaUy in li ght of SOlO's urgency rt;gatding Global Prottttion Against Limited Stri..ke. 

Instrument Waveband Requirements 

SpecifIC SCIl$Ol" parametcn for UV, visible, and IR sensors an: displayed in charts 
accompanying this section. 

IR SellSor Requirements. It is important to rea1be that a lItIique IR phenomenology sensor 

was not considacd. 'This is because !be basic roequ.iremenlS for the AlP demonstration have SCI 

cenain sensor charactcrisitics. Phenomenology requirmenlS can be met by proper use of either the 

NFOV and WFOV IR SCIlSOf1. The purpose of the IR NFOV 5e1UO!" nom. phenomenological point 

of view is to resolve the c..:tended near-field emissions in atmospheric absorption bands and near 

body atmospheric interactions. The instrument will also locate emission features relative 10 the 

r--::----:,.-.:.,A=LT.:..:A",IR IR IMAGER REQUIREMENTS 
Sensor Plramller __ -", • ."-:",-::::,"o,-,v _______ 'C.cWlde FOV 

~~ 
AI l.o.MI IlOO m AI ~ _ '" - ------+-- :=---1 

A1T .... '.,,_ 

_ ... ROdl.",.'\c ~ ~ldO 1-25%) ±1dB (-2$%) 

• ,,~ u~ u .... ,,~ 

'OIan 1,If1 5 tag. (lIOqrnI) .. '0 .... ~.,o .. SO,O" U10 

DellI • Or PBY (GoooI) ~.' ... 0" .. '0 .... • 
Bod<g.-.d, NEDSR- 2..10,0''''' 7.5z'O.r 7 ... '0 .... 

~ 
1>10 
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missile hardbody. 'The pwpose of lite JR WFOV sensa is to n:solve extended far-field emissions in 

the aonospheric absorption bands. Additional data will be required in order to ~ight the NFOV 

imager 10 the WFOV imaga so thai plume features can be loc1!'ed absolutely. 

Precise filter wavebands are TBO. Atlhe minimum, an ability 10 change hocn SWIR to 

MWIR fast enough 10 exceed the TOCkelS's time scale is req~ hence the requiremenllO switch 

filten within 3 seconds throughout the engagemenL Serious consideration sllould be given for 

sepanlte SWIR and MWIR focal planes so thal data can be taken by the two simultaneously. Uthere 
are twO focal planes, there should be pixcl-to-pixel registration 10 enable data correlation at the pixel 

level. This will become valuable as sensor fusion work deV(:lops. 

W ~nsor Requir~nlS. ALTAIR i.J necessary 10 measure the mid-UV signuurc of booster 

plumes since the solar-blind signaQlre is unavailable to ground Of aircraft based sensors. Presently 

there is no thCOictical basis for Idatine mid·UV radiance to ~ce observed in the near UV or 

visible. Precise filter waV(:bands are TBO. 

ALTAIR UV IMAGER,=:=:.:: "'::::..:..:.:::. 
Sensor Parameter 

".'d .1 ~ .... At TtofVO'C 

Out 01 Band "'j"do" 

1I.,.ndIO.30M 
0._ 2_1 .. 

", ,,' 

.,~ 
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Visible Sel1U!f Requirt nu!nrs are shown in !he table. Fillers are TBD. 

ALTAIR VISIBLE IMAGER REQUIREMENTS 
"T 

Sensor Parameter NFOV (AFT) \FOV (PIT) WFOV (ACO) 

Wlv.bIond, UnIIHer.d 0.', 0.7 I'lTI 
Rtqmt: 0.'·0.1 )l1li Reqmt; 0.3 - 0.1 )IIT1 

Co.ooI: 0.3 - Oll )l1li 0081: IU - 0.1 )IIT1 

"'-Id~I·~1ew At Target "'rTrack« ""'- Plr Track •• 

MlnlmU~lI'l Resolution At 
Targtt. M I>«Ttlcll., ... rTlKkIor f'eorTrack.r 

lmega Frame Rat. A! Track RaM AtTrack~ At Track Rat, 

-t 11Il ................ nl Dynamic O! 1000 AtTrw::Mr 

" .... "'" Fl1ImeRata ;t 1000 In 1 lee 

Hum_ 01 FtIt ..... , • • 
Absolute Radlomelrtc Accuracy 

"'" "'" "'" 
Senlltlvlty, w/cmZlatri)llll '" 

Roqmt:llID 
GOIII": 10" In 1 HI: 

Reqrnl:TBO 
GOOII', 10" In 1 I"" , 

Flit ... Stltcllon '" "" no no 0..4. 0.71'l11 

, 
, , 

, . 
, 

1 
1 
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J 
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"To lie Achieved In A Night Obsel'Y1lllon. ] 

Ring. To Tlrget 'a 200 To 400 kin. Sen80r SeNlllvtty And R.dlornetrlc AccurKY Shell Drlw Plxel-to-plxel 
Unlfonnlty, 011 ... 1, AIJKtIon, And OUI-<lt.nd R-tecllon. Pbel-to-pbi:eI Unltormlty Shell lie Kn_n To ','I 
0.' '''- ExpKtltd AlIcllWlon In Tervet Brlghtnl" Shall Drlwo t.Ianag4omeot 0I1n1.~ OyniImle RlIngo. 
s,..etra' F1~ ... Shall Be Uechanll.cl For ~ cn..: Leu ThIon 1 SEcond F<lrSet.cltd F11t«Tr-nsltlon 
',lGNt FOI Plume Obs,rntlons. lntemlll OIlllHwllon Sourcu Shall a. eonskle..- For All FPkI 

SpeCtral Filters shall be mechanized for rapid change. 1'bCl'e shall be less than I 

second for selecled filler lI11IIsitions during plume observations. 

Sensor Field-of-View 

The FOV is driven by competing needs: on one hand, to observe the near-field $lrueture well 

enough to support plume-to-hardbody handovet; on the ocher hand, to preserve enough FOY to 

observe the complele far·field interaction region in order to measure the full source ofrockel plume 

emissions. 

I 
• 

JR FOV. The IR FOY should be on the on1er of 5000 m at the target plane due to the large •. , 

atmospheric interaction region. 
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UV FOV. The detectable size of the UV far-field region is expected to be ottIy 2000 m, 

hence the smaller FOV mtuiremc:nt as eomparai 10 the IR sensor. 

Spatial Resolution 

The requirement for 3-6 meter resolution at the target plane is driven by the final usc of this 

data namely to improve and develop plume-ro-harrlbody bandover algorithms. Fonunatcly, this 

resolution requirement is totally consisteDt with the ATP experiment which also relics on a 

successful plume-to-hardlxxiy handovtr. 

Frame Rate 

From an engineering poinl of view, in order 10 undcr.nand pm:isely what the fire eonlml. 

algorithm did with the input data, it is impoitanl 10 ItOJId for post-mission anal)'lis every bit-per

pixel thaI was pioctSscd by the traCker and plume-to-hanIbody handover algorithms. Frame rate 

requiremenl5 for plume science are indicated. on the charu and are len stressing than the ATP 

cnJinocring rcquircmcntll. 

lntrameasuremenl Dynamic Ranle 

A dynamic rnnge of 4000 is necessary to sNdy the nature of tile extended far-field IR plume 

whicb is considerably dimmer than the vacuum C<mi bur amounts to well oveI' half of the total plume 

signature due 10 !be large volumetric size of the far-field region. 

The UV sensor has smaller dynamic range requirement: greater than 100. 

The c)';peeted fluctuation in target brightness shall drive the management of interscene 

dynamic range. 

Sensor Sensilivities 

The: sensitivities required ror each sell$Ol" are based toWIy on expected target signan=s. In 

aU cases. the signatme WfS driven by the relatively dim signature of a second slaj:e liquid booster or 

PBV. 
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ibdiomelric Accuracy 

An absolute tadiomc:tric accunc)' 0(25'1> is rcquimi Together with the sensitivity 

rcqui.remenlS, this accuracy should drive pixel-IO-pixd uniformity. off-nis rejection, and om-of

band rejection. Pixel-to-pixel unifonnity shAll be known 10 0. 1% for all sensors. Flal flCld internal 

calibration soun:es shall be coru;idcrod for all FPAs in order to achieve the 25% accuracy. AI;. 

matter offaet. flat field internal calibntion sources may also be n~ded for the AlP algorithms to 

oompensate ((}f non-unifonnity. 

UV SPf!(;lrometer 

1be UV spectmmcler is necenary for. full understanding of !be $I.lUIOC of radiance from the 

uv portion of the plume. 10 AngslJ"OmS of IUOlution was judgtd adequate 10 provide KlentiflCation 

of species causing the UV radiation. 

ALTAIR UV SPECTROGRAPH 

Sensor param~.:te:r:. ______ _ 

.15·.35 "'" 

AI Le.t2km 

As Available, 

5 ... 

.,00 
--

• Spectral Bin Size Should Be On The Order Of 115 Of The Spectral Resoilltlon. 

Range To Target Is 200 - 400 km. sensor SenslUvlty And Radiometric AccuracV 
Snall Dr1ve Plxel-to-plxel UnHormlty, Off-axls Rejection. And Out.of-band 
ReJection. Expected Ructuatlon In Target Brightness Shall Dr1ve Management 01 
Inlerscene Dynamic Range. Platform Polntlng Stability Must Be Controlled To 
Prevent Image Smearing 
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The FOV oftbe spectrometer should match the FOV of the imager so that images can be 

matched 10 lheir spectral content. HoW(:ver. if an imaging spectrometer is possible, the FOV of the 

spcctrometercan be increased to approximately 2 km. This increued spectrometer FOY will permit 

a finer resolution for the UV imager as ind.irattd on the anacbed instrument requirement tables. The 

finer UV imagcrresoiution will aid the development ofplume-to-hardlxxly handover algorithms 

which use the phenomenology inherent in the UV waveband. 

Data Recording Devices 

The importance p1acni on phenomenology data has implications on the type of data 

ra:ording devices used. The imagery channels mIlS! be ra:ordcd on some high bandwidth medium 

thaI preserves the fidelity of the data as il comes from the sensor. Ideally this recording system 

should be digital with adequate bits per pixel to preserve the dynamic range of the original signal. If 

data compression techniques are used, then the experimenter should be very careful nni to limit the 

utility of the data for these three purposes: 

• To provide radiometrically calibrated data IOvalidate plume signanue predictions. 

• To provide target/background imagery chat can be used by Ir'lIcker algorithm 

deveJopas on the ground. 

• To measure and validate cracker performance (i.e., NEA). 

High Bandwidth Measurements 

Consideration should be given to providing a high bandwidth radiometer to measure the high 

frequency fluctuation of plume radiance. No spatial resolution would be required for this 

meastm:mcnL Measurement bandwidth of at least 1000 Hz and as much as 10,000 Hz would 

provide a signal which could be used toconelate exhaust signature fluctuation with structural 

resonances. Such a signal could be useful in typing the target and thereby aiding threat warning and 

anack assessment. 
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k (Cyeleslkm) 

Three illustrations or the backi:round dutttr issue.. Above left: DEW sensors must vie", 
targets against hard Earth, Earthlimb, and space backgrounds. Eacb bas complex spectral 
and spatial reatu~ Above rieM: Example of bard eartb background dutter Weiner 
spectrum cbaraderisti~ in tbe CO. band (4.1-4.5 IUD). The curves are spatial power spectral 
densities fOt different type:s of terrain and percent doud cover (from the DARPA Background 
Measurements Program,l9'7ti), Below: Mean earth background radiance in the ultraviolet 
under average maximum and minimum maditions (Based on artkJe in "Handbook ot 
Geopbysic:s and tbe Space Environment", AFGL, 'USS, by Robert E. Huffman, PUGP/LIM). 
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Figure xvm: Background Radiance 
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ISSUE xvrn. BACKGROUND CLUITER. 

Do particular bands ofSWIR, MWIR. Visible, or UV ofTer advantages in reducing 

background clutter for acquisition and tracking systems for DEW system'l? 

The ability ro delcet and track a target against a structured background' is fundamental to all 

layers of a SIIlICCgic defense system. For some scenarios. the structured background is earth limb or 

celestial sphere. However, virtually every sensor concept contemplated by SOIO will require the 

acquisition and tracking ofpotentially dim targets against the Ilanl earth Of low earth limb 

background; DEW platfonns are an obvious example. Target phenomenology, along with assumed 

characteristics of the background structure, bave led most concepts for Ote boost and post-boost tiers 

to certain bandpasses in the SWIR (2.7 micron) and MWIR (4.3 micron). The background radiance 

in these wavebands is reduced due to atmospheric absOlption at 2.7 microns by H,O and at 4.3 

microns by CO,. The solar blind UV region is also assumed to offer the advantage of reduced tanh 

bacl::ground clUlteT, although in this waveband the target phenomenology is far man: speculative. 

In order to increase the signal-to-background ratio, acquisition and tracker systems will rely 

on a variety of potential background suppression algorithms. The most simple algorithm subtracts 

the constant DC value of the background. What's left is background clutter. The driving issue with 

any sensor concept that involves tracking targets against a structured background is the clutter 

leakage. In particular, if the target signal is low enough to be of the same order of magnitude as the 

signals inducal by background clutter, simple target acquisition and ttacldng schemes will no longer 

be useful, and very sophisticated signal processing techniques must be applial with the concomitant 

heavy computing loads . 

Therefore, any determination of the minimllDl deteetable target requires background data in 

candidale specual bands at appmptiate levels of sensitivity and spatial frequency. Knowlalge of 

the background structure is critical for the determination of sensor design variables such as spectral 

bandpass, footprint, modulation transfer function, detector sensitivity and cooling scheme. array 

design, etc ., 115 wen as the signal processing schemes, Iajuired on-board processing, down-link 

capability. and the like. Some of these variables can with proper selection bave a critical impaCI on 

the overall cost, weight, and pcrl'onnance of the syStem. The ability of a space-based lR or UV 

'Importanl papeu,.~ boc~ daLo. rtqUir<mcnls and data coDocti .... """'""-"'" llW $>uId. infl"""" ALTAIR', 
btool<;round "'",,"1m include: 
Sinun ..... F.S. Infrand BacI;gT_ DIlla R~q.u.mous /01" Puf~ s .......... .,., of &rill· View;'" S_ •. Aero<v- Repott 

No.lOR.oo89(4OIl1'()1 ).1. 18 July 1989. 
/.:I""" C~ ond O'Neil R.R. &nJ.Limb and A~ Bo>d:t~_~ u> <he MSX SciDlce M<Hld"I RcqWtmtnJs [J.x_. John> HopjUno Uni . .... i<y/App!;ed Physics Labo:ratory and Gooph)"lieo Labo:rotory/Hm>«>m }W Fo_ S o>< Repon. 

Oc"'\le< 1990. 
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sensor to delOCl upper stages and PBVs agaimt hard earth O£ low earth limb backgrounds is cumntly " 

in question due to the lad: of such dalL 

System design for DEW, KEW. and TW/AA syStems is procrcding on the basis of some very 

thin II.'lsumpuons regarding SWIR and MWIR earth backgrounds at the appropriate ~pu:1I aI 

bandp'sscs, sensitivities, spalia! rw>Iutions. and dynamic ranges. The ClU'l'ent database: is spMSeOl 

even non-exlslant. In the critical. SWIR and MWIR bands. data cannot be coUeclCd from aiIeraft due 

to atmospheric absorption and the requirement to collect data above the highest clouds and in all 

weather conditions. ThUll, in thel(; specual regions rpace-bn:d 5e1l5OfS are 1'!:quired. The same may 

be said fOT the solar blind UV region. 

The most interesting &SpeCt of the backgrounds da1a will be the possibility of obtaining 

clutter data. A number of analysis tcCllniquC5 will be used to identify me level of background clutter 

and its effect on false alarm rates. tracker noise, and the d4:grtt of sophistication needed by clutier 

suppression algorithms. Among otbcr techniques, analysts will compute power spccaal densities 

using the ALTAIR obtained background data. 

Then: are four faclOl'$ governing sensor specifieal:ions fOfc.uth background measurements: 

spectral bands, footprint, sensitivity, and dynamic n.nge. Dcmiled senSOl"req~ments are provided 

in charts included in Issue xvn, Plume Phenomenology. 

Spectral Blndpus 

Spectral bandpass is a key determinant of the amounlof cluner leakage a sensor will yield. 

In AlIOOSphctic absorption regions it is generally desirable to operate in as wide a bandpasl as 

1 
1 
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J 
:1 
J 
J 
:1 
I 

possible 10 maxjmirc signal, witllout going so fifovel' the band edge thai the sensor begins 10 view ; I 
the lower atmOSpheric (or perhaps ground) strucrute. Th\l$, ipt<!lIal distribution of the background 

• 
signal u requited for efficient and effective sensorl1esign. 

Infrared Backgr()Wld DauJ. Data u desired III about I pan in 300 in the SWIR, and I pan in 

500 in tile MWlR. In the MWIR. the blllCculOff is sharply defined II 4.21 micron, and a sequence 

of filters ranging in the n:d from 4.3 1 micron 011110 438 miclOn will see structure at varyin8 

altitudes. In tile SWIR, a fllter wheel that allows sampling of at lusl2 points on tile band edges at 

2.7 micron and 2.76 micron, and 2 or 3 points al the 2.8 micron edge, would be: adequate. In both 

the SWIR and MWIR the detailed specifICation of the filters are TBD. 

Ulrrf1llwler Background DauJ. ~ is a background associated with CVC:I)' target 

measurement, of course, but many of the targets will be: at night, w~ the background will be: very 
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small. In the course of the mission, dedicated backgrounds mca5urelIlCnts on a noninterference basis 

will be done. primarily in the daytime and using pointing diw::tions in the earth limb, which are the 

slI'CSsing cases for bacl:grounds. Briefly, UV backgrounds are due to airglow, aurora, and scattering. 

They are completely diffcrelll in aItirude of emission and character from lR backgrounds, since they 

all originate between roughly 20 and 200 kIn in the atmosphere. Staring scans, if done using the 

excellent pointing and uacking of ALTAIR, will be to look at specific tangent altitudes rather than al 

ground targets. Thus, separate staring experiments far the UV and the IR will be necessary. The 

most imen:sting aspect of the backgrounds data will be the possibility of obtaining clutter data. 

The CUJ'Je1Il range of the UV camera is from 200 to about 350 run. Consideration should be 

given to obtaining measurements at sborter wavclengtlu (ie., down to ISO nm) both for target and 

background reasons. There are missile plume target emissions in this region known from previous 

measurements. Briefly, the situation appears to be that solids give considerably lower target 

emissions at the shorter wavelengths. liquids, whlch can provide emissions lower than solids in the 

UV, have poorly understood emissions at wavelengths below 200 run. There is little actual data on 

plume signatures below 200 run. 

The backgrounds, however, arc much different, with the radiance values at wavelengths 

shoncr than 200 nm being several hundred rimes less than in the 200 to 300 nm R'gion in the 

daytime. While alllN backgrounds tend to be small, there could be great advantages in using the 

low background R'gion centen:d at about 155 nm to detect weak targets sucb as liquids in the 

daytime. In order to validate these desirable PJOpaties, the necessary measurements must be made. 

Visible BackgrowulDala. Then: is the lcast interest in gaining new information in the visible 

because of the wealth of undcIstanding accumulated over the yean. The predominant advantage to 

the visible detectors for background measUlcmct1ls is to n:cord the cloud and auroral structure during 

IR and IN background measurements. For this purpose. the sensor resolution should be al least as 

good as the WFOV IR (x 1{2 would be bencr). 

Footprint 

Sensor footprint (lFOy) at the earth is critical, in that clutter at spatial scales of the same 

order ofmagnirude as th~ operational sensor footprint will connibute 10 the false alarm nile. Given 

ClllTCnt surveillance and KEW system concepts, it is unlikely that sensor footprints on the ground of 

Jess than 50 m will 0Cl:1Ir operationally. Kinetic kill vehicle concepts "Such as Brilliant Pebbles may 

have footprints on the ground ranging from 100 m 10 sevcra.l hundred meters. Surveillance and 

trading systems can be expected to have footprints on the ground ranging from between several 

hundred 10 a few thousand meters. Thus, from a strictly operational perspective it is required that 
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background variations at spatial scales from 50 m to 2000+ m be measured. It is highly desirable " 

Ihal tile colle<:rcd data overlap wilh the existing database. in particular the data collected by tile RM-

19 sensor. which was only able to measUTC t iuner al spatial fn:quencies less than about I cycle,lbn, 

The high sp.atial fn:quency requirement implies a sensor footprim of SO m or leu nadir 

viewing on Ihe ground. and a frame rate such that image blur due to sensbf motion negligibly 

impacts sensor MlF. Furthermore, it is required that two-dimensional data be collected at the 

spatial scales of interest; !his implies a CTOss-ll'1.ck total footprint of about 5 km (e.g. about 100 pixel 

array), Of course, it is easy \0 measure arbitrary small in-track spatial frequencies. 

Current DEW system conceptS call for sensor footprints of the passive intennediate tracker to 

be less than 10 m al the target plane. Similar footprints on tile ground will occuroperationally. 

Therefore, tile IDC8$lll'lIble background cluner thaI can exist above the sensor noise III these spatial 

resolutions is especially interesting 10 the high resolution sensors that will be used on DEW systems. 

Sensi tivity Crite r ia 

In order 10 properly design a background measurement experiment the el:pected wget 

signatutes must be considered. In the MWIR emissions at altitudes above about 150 km are 

dominated by the vacuum core; value5 can RIlle from as low lIS 300 W/SIr-micron for small (i.e., 

1000 Ibf thrust UDMH/NTO) PBY engines to 100 kW/slr-micron for large upper stages. (These 

numbers assume a 100 m:t 100m footprint at the wget) Thus, if we assume thresholds will be set 

to about In minimum signal level , clutter Statistics down to intensities of about 150 W/sIr-jJm are of 

interest to the systems designer at the rdevam footprints. Since the data collection sensor mUSt be 

able toclcarly classify a signal as a real variation in the baclr::ground rather than sensor noise, the 

noise performance of the MWIR sensor should be about 30 W/stf-micron. 

The sensor sensitivity (specified in the ALTAIR IR Imager Requirements table in the 

previous section) is a noise equivalent "delta" spectral radiance (NEDSR) that has a SIN of 1. 

Spread over a I kIn x 1 kIn footprint, the 30 W/SIr/IJ.m target intensity implies a NEDSR of 3dO"' 

W/cm'/SIr/lJ.m for the WFOV sensor. Spread over a 200 m x 200 m footprint, 30 W/str/jJm implies a 

NEDSR of 7.5 x 10"' W/cm'-/slr/IJ.m for the NFOV sensor. 

Certain advantages can be realitcd if the fuU sensitivity enhancement from spatial ooadding 

(or super pixel processing) is permitted by the sensordesign. In this case, the per pi:tel NEDSR can 

be degraded by (N')11l where N is the number of subpbels along a single dimension of the super

pUtt!' For eumpie, if the WFOV sensor has a SO m pixel footprint al nadir, then a NEDSR of 

3 x 10"' W/cm'/SIr/S1m can be realized over a region that is 1000 m x 1000 m (20 II 20 pixels) in 
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extent, if a per pixel NEDSR ofJ x 10"' x 20 = 6 x 10"" W/crri'"/str/)lm is achieved over a 

50 m x 50 m pixel. 

If it is desirable to detect cold targets in the MWIR against the hard earth, the data collection 

requirement will be much more difficult to meet. A system requirement to detect a 10 nY target at 

300" K implies a background measurement sellSOl" with a noise limit of better than 0.1 W/str-micron. 

In the SWIR, the upper stage plume will always be an extended source (aside from an 
extremely dim vacuum core). Assuming a Dominal 100m x 100m footprint at the target. the 

brightest pixel can yield signals as low ali about 1.5 kW/str-)lm (we consider here target altitudes 

below 300 kID as being representative of cases where the tanh background will be an issue in this 

spectral n:gion) for a small (e.g. PBV-class) motor to as high as 40,000 kWjstr-)lm for large ICBM 

boosters at doud break. Thus, following tile same logic as before, a sensor noise figure of less than 

about 150 W/str-)lm is required in this band. The SWIR NEDSR (reponed in the ALTAIR IR 

Imager Requirements table) Wali calculated using the same logic ali for the MWIR specifIcations. 

Dynamic Range 

The dynamic range requirement for IR background measurements is quite high. The most 

stressing background radiance before background $Ilbtraction can be orders of magnitude higher than 

the minimum acceptable target noise equivalent radiJlnce. For both the NFOY and WFOY IR 

sensors, a dynamic range of 4000 is required. 

The dynamic range requirements for visible background measurements is less: 1000. Due to 

the very low expected UV background, UV dynamic range requirements for background 

measurements are set at 100. 

Scene Priorities 

Auroral Aclivily and CO, ConunJrations. The MWIR specnal regions being considered are 

dominated by the CO,absorption in the atmosphere. By appropriate selection of spectral bamlpalis 

(and hence selection of the depth in the annosphere the sensor can see), and because of the mon: 

, unifonn distribution ofq>,in the atmosphere than ofH,O, it is alisumed that benign background i. _ 

L 

conditions will bold. However, several mechanisms have been proposed that can cause clutter 

significant 10 sensors designed 10 detect the relatively dim targets (e.g., upper stages, PBYs) for 

which an MWIR bandpalis would be used. In particular, exitation pathways are known 10 exist for 

the 4.3 micron CO, emissions that have ali theirorigin the continuous, and fluctuating, solar wind. 

Although c!uner due to this process can be expected to be always present in the higher latitudes, its 
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extreme manifestation is in Class ill au.nxas, where observed variations in the 4.3 micron emissions •• 

(and, il should be nOIal, in NO-gamma solar blind UV emissions) would render uacking of even 

bright targets inClpCnltivc. Most of the solar elecnon flux occurs in the auroral oval even under 

"quiescent" conditions. The most signif\Callt spatial SIl'llC!UIe is mown 10 occurprimaril)' in the 

northern mosl portion oftheoval Thus, high latitude coverage (above 6O'N) is a tequilewc:nt. 

Furthermore, the essenti.al three dimensional CIwacIU of me bal::lr.:ground struct~ implies that the 

clutter as viewed from nadir can be very different from that at other grazing angles. Thus, near nadir 

measurements are required, and theret"OfC, orbital inclinations of greater than (If art required. 

Cloud Smu;rur~ and Hp COfIC~/llrallcns. As notocl earliCf, clutter in the SWlR will usuall), 

be driven b)' cloud structure, since ~O absorption limits the depm in me 'ttn(Xphere mat can be seen 

b)' the sell$Ol" in this spu:ual region, However. ill high northern latimdes (Le. pwer than about 

6O"N) the ~O concentration ma), be very low, with significant a(OOllllO confined 10 low altirude (<5 

kin): the time of)'ur is a critical facIOI'". Under theseconditions a sensoroperating in the SWlR lila)' 

5U sunlight re/1e.ctcd ofrterrain features. Indeed, even in regions where ~O cor.centrations are 

llOOlinal solar glinlS off water or k:c: can be signifICant; narurall)'. this is a very slrong function of 

sensor bandpass. Aside fJom the variability in H,O aUlXiSpheric absorption, the rype and amount of 

cloud cover varies with latitudes and time of yur. Tbus it is required that background data be 

collected at high latitudes, at least greater than 60° and preferably 75°. In order to collect this data al 

an grating angles, a high inclination orbit is c.lIed for (i.e .. greater than 6()0). Lower inclination 

orbits will be unable to collect high latitude data al high grazing angles (i.e. near nadir). lfwe 

assume mar. the grazing angle variability of the melSured background doeII not begin 10 behave in an 

anomalous fashion (i.e. Olber than simple foreshortening) until grazing angles of kss than aboul 45°, 

loWC:T inclination orbits can be wisfactory. II is imponanllO realiu, however, that the notion of 

extrapolating nadir-viewing backgrowld behavior flOW data collected at even woderalCdeviations 

from nadir is al best intuitive, and not backed up by any da1a.. 

l.1M-of·Sighl GU,"I~rry. An opeltional sensor will view the tanh al grazing angles ranging 

anywhere from 90" (i.e. nadir viewing) 10 0° (i.e. horizon viewing). The very limitocl database 

suggests thai bom me intensity and the spatial structure of the background may 110{ be a simple 

runction of grazing angle. Variations in grazing angle are importanl since clutter is inherently a 

three-dimensional problem. Oblique angles are necessary to see the striations in the radiance 

SttuCture as a function ofWlgent Ileighl The nadir sOOt acts to integrate the intensity flow a number 

of stacked suiarions. Both patterns need to be coUectcd since the bacl:grounrI pllenolncnologisls art 

uncenain if the nadir shu!; will validate an understanding or oblique views, or if oblique views will 
v' lida,e the nadir view. 

90 

" , 
• 1 

" 

, , 

, · , 

I · , 

] 

J 

· ' 

.., 



I 

I 

I 
~ 

r 
I 
[' 

I: 

I 
l 
l 
• 
L 

L 
• 

• 

• • 
• • 

[ 

A.dditionaJlR SeeM Prioril~S. In addition 10 the priorities mentioned a~, scene priorities 

that should be consi~ b), the ALTAIR experiment designers include: 

• M)' background condition representative of threat conidors. In fact this prioriI}' should 

especially motivate the higher lalitude observatioos aniculaled above. 

• Solar specu.lar regions arc particularly '~g due 10 their high radiance 

• Regions of high clouds arc also stressing due 10 their high radiance 

• TcnnimuOT cronings 

• Land-sea interfaces 

• Oear line-<lf-sighl, structured temin 

• Uniform cloud duh 

• Oear line-of-sighl, open seas 

• Various nighttime scenes 

A.ddilionaJ UV Sce~ Prioririu: 

, Polar limb regions 
, Auroral regions 
, Polar mesospheric clouds 

• Temperate limb regions 

• Polar nadir regions 

• Tempeiate nadir regions 

• Ozone holes 

• Uplooldng celestial backgrounds 

Modes orDala CoUection 

Fixed PoinJ Swe or Slep-Swe. In this mode of background data collection, the line-of-sighl 

is locked at a selected inenial point and a series o~ frames collected. Idcally, the footprint does not 

move. The amount of time for collecting the frames is driven by the pointing accuracy which affects 

image smearing and the distortion of the varying lines-<lf-sight which causes the scene to forcshonen 

with spacecraft motion. After each data roUcction, the spac ..... aft is Stepped 10 the next inenial 

point-hence the term step-stare. 1be Step-Stare mode is preferable in that as spectral ruters are 

sequenced. variations due to changing viewing angles are apllO be less significant than those due to 

changes in the scene structure. The spectral filters should be sequenced at maximum rate in the step

S~ mode 10 cover the candidate wavebands in the SWIR, MWIR, UV, and visible. Space 

background should be observed in each collection period 10 facilitate rued pattern removal. The 

experiment designer should seriousl)' consida providing an internal flat field calibration $Ource for 

each sensor in order 10 compensate for FPA non-uniformities . 
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Pushbraom Scan. The other mode for background data collection is the pushbroom mode. 

In this mode the Line-of-sight is fixed at a certain nadir angle so the footprint velocity will equal the 

orbital velocity. Here the image is smeared during the frame time by the velocity of the satellite. 

Forexampie, a 1/30 second frame rime from an 8 km/sec satellite will result in a minimum of a 266 

meIer footprint 

Other Ground Rules/or SUM Se/ecrwn. Data collections should proceed with repetitive 

-; 
; 

• • 

1 
l 

obse:vations to provide statistical variations in each Category. Near reaJ. time assessments of data ~) 

quality and quantity should govern proceeding to lower priority scenes. As well, initial results might 

dil:tate emphasis on data collection in certain wavebands. This methodology should be relaxed only I 

if necessary to obtain sample data in each category. ,j 
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'EXPERIMENT PHILOSOPHY 

ALTAIR is fundamentally both an experiment and a demonstration. To provide mission 

success, a proper balance must be acbieved for each of these important purposes. On one hand 

ALTAIR mUSI collect the scientific and engineering data required to answer feasibility questions. 

On the other hand ALTAIR will demonstrate critical A TPIFC functions for the first rime! 

As an experiment' ALTAIR shall be principally dedicated to answering critical questions 

regarding the feasibility of target acquisition, precision traCking. and beam pointing for DEW 

systems. Mission success requires that the fundamental targel encounter data requirW to 

substantively answer the critical questions be obtained, recorded, and tnlnsmincd to the ground for 

analysis. The fundamental data of concern is target imagery essential to the performance of 

acquisition, tracking. and rue control, as well as, control ~slem i/lSt~ntalic>1l essential to the 

Understanding ofprccision closed-loop tracking, beam pointing, and ultra-low line-of·sight 

stabilization. 

ALTAIR is also a demonstration' in space of current ATP/FC concepts for DEW 
applications. The experiment designen must be realistic and mindful of the tecbnical risk of 

demonstrating the essential functions of ALTAIR: 

• High resolution passive tracking 

• Plume-to-bardbody bandover 

• llluminator pointing and bandover to a narrow field-<lf-view active fine tracker 

• Discrimination of a bardbody in the presence"ofthe plume 

• Active fine tracking 

• Aimpoint selection 

• Precision point-ahead for the marl::er beam 

• Beamjitter stabiliution while tracldng an accelerating target 

'An ap<rimmJ is an ""tion. Qpaotion. "" pro<=> used "' discover ><rnelhin.!; "" yc< koo"1l, "' .. ohwe !he >tlidi<y of. hypo!bcsU, 
'" "' L<>t!he olIic<ey of so".,.lhin! pt"'Ootuly unoi<d. 

'A~;"" .. ""Y ..:,;on. oponti<>1\, or 1"-'" cmplQ)'«! "' pr"'" an ido.a or ill ... u..., ')1.""" ptl ro""""",, """"P> pro<ti<al 
appticotlon. exanplil ocation. Of ovi<Icnoo. 
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These functions have never been a!tempted in space and have never been demonstrated by a ... 

completely inle&llued sYSlCm wilh the accuracy and p'lrision required by ALTAIR. II is therefore 

impcr.ltive thaI the rislc associated with the demonstration aspects of ALTAIR be managed in such a 

way thai ALTAIR is assured of collecting the span of fundamenlal dau paramount for mission 

success. 

As muc::h as possible, ALTAIR shall be simple in design, clean and robust in operation. 

Because feasibility is the cenua! issue, success can not be completely dependent on a full-up 
.u\OllOlD01U delDOllStration. for instance. Neither can mission success be dependent on a series of 

uncertain. high·risk evenlS. The experiment should be robust and redundant against failure modes, 
contain sufficient back-up capability to cope with UlICc:nairlly. aDd be planned for a logical build-up 
from simple tests to IDOR: sophisticated experiments. 

The Role of System Engineering in Risk Managmaent 

The ALTAIR clIOperimcnl shall be managed with the highest standan.i of sysleID. engineering. 
This discipline rc:quires thaI mathematical models be developed and validated in order to predict the 

expected outcOme of experiments, as well as to eJl.p1ain the results of each experiment. Only in this 

way can it be understood why the system worts !he way it does. The reason fOl" IhU level of concern 
is quite simple. In order to solve unexpected glitches on·orllit, the experiment!t'3m will depend on a 

full system understanding as embodia.l in the mathemarical model or compUIeJ" sin",l.rion. This tool 

mUSI be rme-tuned and validated dwing ground system teSts to be useful for opc:ntional 
troublesbooting. 

A discipLina.l approacb to ellOl budgeting shall be implemented. In order to achieve the 

~uired poindngjiner accuracies, care mUst be Ialc:cn in minimWng the CliVi" due to a wide variety 
of noise sources including tracker noise, alignment system noise, point-ahead ClIOiS, as wen as the 

jiner measurement system itsell. The experiment will be most wrressful if no single noise or ClIlll 

source is so large that it swamps the remaining error sources. It is ncccsHry that a careful 
accounting of error sources and their effect 00 line-af-sigbtjiner be made all the way through the 

design, fabrication, component teSting, ground system teSting, and fmally on-oroit testing. In order 

to understand the fmal oUlCOme of the experiment. eacb source of ClIVI sball be properly 

instrumented SO that its constituent value can be observed independently fn:xn the lUI of the sources 
of CliO!. In addition, anangemenlS sball be made to apply coberence analysis techniques to 

understand the cause and effcci relationships between observed jiner and its mot source. 1be base 

motion and enviroomenlal disturbances that affect the A TP experiment mUSI be insuumented with a 
precision that exceeds the jitter goal. 
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Sensor Chsracterization and Calibration 

II is essential that the sensor SystelllS used as tfIICkc:rs be weU-characteriud. FunhertooJ'e, 

the senson must be calibrated so that a true radiometric and spatial understanding of \he target 

signalUre can be made. In atarge way ALTAIR is real.l.y an imagery experiment. The nature of the 

plume as manifested in tracker imagery will have a great deal to do with the performance of the 

tracker and the fire control algorithms, and the SLiCCCSS in isolJuing the target /lardbody from the 

brighter plume. Experimental discipline requircIJ that five things are necessary for each imager and 

optical sensor. 

• A report that consolidates in one place all the characterization and calibration data taken 

for each sensor during component tests, subsystem tests, and end·~nd syStem teSts. 

The chaJactcrinrion data should address topk$ sLiCb as dark C\lJT'Cnt subtraction, 

interpixel response, pixel·to-pixel uniformity, amplilUdc linearity, point spread function. 

dynamic T1llIge. mechanical obSCUllltion effects, persistenCe effects, specaal response 

variations, out-of-band response, polarization effects, and off-axis rejection. 

• Each sensor system elld·w-end noise equivalent performance in tel1llS of noise equivalent 

spectral radiance (NESR) for extended targets (in units of w/cm'/stI/nlicron) and noise 

equivalent spectral intensity (NESO for point sources (in units ofW/stI/micron). The 

noise equivalent system performance must account for the entire: optical system from the 

entrance a~ to the focal plane array or quad cell. The fUter selection as well as the 

background emissions from warm optics must be considered in iepotting IhU sensitivity. 

• Calibration p:t\OlCedures to be perfOlmec:l on-orbit to COi ittt for day-to-day drift, 

temperature variations, and sensor aging effects so that absolute radioroetric precision is 

achieved. 

• A methodology for converting raw data to radiometrically calibrated data. A description 

of the methodology should provide the.parametric equations for this conversion as well 

as specify how each parameter value is derived either from test data or suitable 

calculation. An uncertainty should be calculated for the calibrated output 

• Internal calibration sowces shall be considered for all FPAs in order to achieve the 

desired radiometric measurement uncertainty of 25%. 

The experiment executing agentS shall be responsible to data users for calibration_ To assisl 

that end, the subcontraclors who developed the sensor systems $hou.ld be responsible to the 

experimenl executing agent for providing the characterization report inputs and calibration 

methodology. Ideally, the sensor vendon should be full partners with the analysis team in validating 

the correctness of the calibrated OUtpUI posl-mission. 
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Plume Phenomenology 

As a consequence orthe stable line-of-sight achievable with ALTAIR's trackers, the rugh 

resolution of the ALTAIR sensors can be utililed without the usual coocem of image smearing 

during camera gate times. ALTAIR Clll answer critical questions concerning both passive and 

active signatures of plumes and ltardbodies. 

This importance placed on phenomenology dallI. has implicatioru; on the rype of data 

rec.ording devices used.. The imagery channels must be recorded on sorue rugh bandwidth m".,liurn 

that preserves the fidelity of the data as it comes froro the sensor. Ideally this .......... ding system 

should be digital with adequate bits per pixel to preserve the dynamic range of the original signal. H 

data COlIIpression teChniques an: used, then the experimenter should be very careful not to limit the 

utility of the data for these three purposes: 

• To provide l1III.iometrically calibrated data to validate plume lignatwe pmiictions. 

• Toprovide wgetlbat:kground imagery thai can be used by advanced tracker algorithm 

develOpc.ti on the ground. 

• To measure and validate uacm pc.tfonnance (i.e., NEA). 

Target Representivity 

ALTAIR was originally envisioned as a liee-flyer el(perimcnt to be traceable and scalable to 
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the acquisition, uacking, and pointing conceptS of interest to DEW systems. To thai end, the ATPI r 1 
Fe aperiment should address post·boost and midcourse phases, as weU as boost phase which was ! i 

the sole emphasis of the Starlab program. Both rpace:bascd laser and neutral particle beam concepts 

rely heavily on an ATP/FC subsystem during each of these target phases. 

The aperiment team shall pay careful aQCntion to detail when choosing test targets 

(booster1, PBV's, and midcourse objects). The targets do not necessarily have to be e.act replicas. 

However, the targets must represent in a scalable fashion !he specifIC featurell which affect the 

performance of the function being detnOl\Stratcd or the critical issue being addressed. 

Traceability and Scalability 

The el(perimcnt does not require each hardware component or system function be identical to 
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cum:m DEW'system spcciflcation$. For cost reasons as well as performance limitations it may be 

appropriate to usc equipmcntlhat is gencrally available in 0Jdcr to cxo::ute the experiment. 

However, for the expctimentto be useful, the system functions mUA be rroce4b/e to DEW system 

archilCClUre and the pcfOl'lIl3llCe 'must be scaJiJbk to DEW system requirements. 

Trauahility means that the functions, methods, and design approach demonstrated in the 

experiment are relevant and transferable 10 proposed DEW syStem designs in a fashion that critical 

technical usucs arc resolved for weapon prototype designers. The functions and configurations 

should "look like" operational systems . 

ScaJiJbilily mea .. s thal the appropriate engi-c .ting parameters that measure system 

performance, size, and nileS are in the COi.O::I ratiowith lcspu;tlO acrua.I DEW syStem requiremenT$. 

Scalability u an essential quality for tnlceable experiments whose hardware does not malCh the 

"dimensions" or specifications expcclCd in a prororype DEW system. Scalable resulll allow weapon 

protOtype designers 10 CXtrapolate the ALTAIR cxpcrimcnt parameters and measured performance 10 
DEW system requirements via well-understood relationships. 

Considerable discussion oftraccability and scalability is provided in the Critical Questions 
and Technical Issues Section. Appendix C provides additional information in chan fann showing 

the relationship of all traceability and scalability criteria 10 the aw.opIiate critica1technical iSSlle. 

The Need for Spate ExperimeIlts 

Key AlP uperimcnts must be pc:rfcwmtd in space in order 10 satisfy concerns regarding the 

effects of the space and upper armospberic environment on a ballistic missile engagement. The 

unique conditions presented in space (mic:ro-gravity, hard vacuum, etc.) dictate the design 

specifications of traceable AlP concepts, because the weapons must ultimately operate in space. 

Proper detmnination of the effects of jitter, for example, depends upon the realistic response of 

optical systems 10 thcirmovement in space. Thc.s~ movementll are affected by the micro-gravity 

environment which imposes different frictional loads than a l -g environment and therefore different 

base motion processes than can be reasonably simulated in ground laboratories. 

Only space can effectively replicate the range and dynamics of an actual engagement 'The 
long ranges 10 the iMget are unaffected by atmospheric altenuation and ntrbulencc. This iong range 

vacuum line-of-sighl is I'CCCssary for properly measuring the tiny residual pointing e .. ()i"'$ without 

corruption flow atmospheric distllfbances.. Especially critical 10 pointing performance is the high 

relative crossing velocity between the target and the space weapon. Due 10 the runte velocity of 

Ugbt, the Olltgoing lastl'" mu:ktl'" beam mllstlead the tracking Jinc-of·sight by up 10 60 microradians 

for a nominal crossing velocity of 9 kmJsec. It's unclear how such crossing velocities could be 
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simulated. in a grouoo laboratory for a fully integrarW weapon system demonstt11tor. Similarly. other 
{acton, soch as beam propagation 10 the target. are affecred by cngagc~nt kinematics characterized 

by long distances, vacuum, and aanospheric conditions. Many of these factorS cannot be simulated 

in a laboratory without substantial COSI and le(:hnical compromise. 

Data gathering experiments also require space deploymcnllO assess the coutee 

phenomenology. Only a space engagement presents the applOpliate target and background 

environment 10 the optical sensor. The characteriz.ation of high altilUde missile plumes. and the 

backgrounds against which they will be meuUICd, is essential for the development oftargetmg 

algorithms. Due to atmospheric transmission losses in the IR and UV this wlr:: can be achieved 

lIIXu.rately only by recotdillg the phenomena from space. In addition the $igna!llre 'ssociated with 

rtcl.:~ plumes varies with rocket altitude, casting doubts on the utility oflow-a1titude c;round. 
measurements for usc in predicting high-altitude (>30 Jan) plume clwacteristics. Certainly the 

transient phenomena associated with rocl:;~ staging, PRV manevvering. and midcooJrse object 

ejection can only be ~ with high resolution, high SNR semon flow space-b ....... platforms. 

For purposes of handover experiments. the resolution at the target plane is critical for 

exercising the algorithmi against the expected spatial paucms. Testing the algorithms and 

techniques for handoveris a critical space issue because tbe informatiOil processing and pointing 

control are interactive and so dependent OIl tbe .ctua.Isccne information. 

When these fllCtcn are cons~ togetber. it u apparent thai we need a space experiment to 

validate our current undenuMjllg of A TPIFC design tools and technology. ALTAIR addresses 

many oftbe key itemS which require space testing and has been chosen as the next logical Step in 

establishing confidence in A TP/FC feasibility for DEW. 
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NOTIONAL OPTICAL DIAGRAM FOR ALTAIR EXPERIMENT 
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NOTIONAL OPTICAL DIAGRAM FOR ALTAIR EXPERIMENT 

_Ro""" Senoorl e---SEn (ItI<l,,) { e-

, 

, 
The optical diagram pllMdes only. notional concept for ALTAIR's opticalla,y-OUL The 

purpose of the diagram is 10 identify hardware units thaI have been ~farcd 10 in the text of the 
bperimelll PWnning DOc~1Il and show the function of these units in the context of the 
experiment system. 
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Appearing in appendix B is a compiled wling ofre1evant parameters and 5('.lability 

relationships that describe the sensor elements of a typical DEW A TP subsystem. Appendix B is 

intended to be an initial exercise in identifying and characterizing the $Calability of select 

portions of an acqui~tion, tI'1ICDrlg and pointing subsystem. This effon should ultimately lend 

itself 10 defming a SCI of sensor parameters fOl" the ALTAIR c.xpcrimenl Having defined the 

ALTAIR sensor parametcn in accordance with a sct of scalability criteria, the experiment's 

performance and size will be in the correcl ratio with respect to actual DEW system 

req~menlS. The major emphasis at this point is on attempting to plan the ALTAIR experiment 

\\lith enough fon:sight $0 thai al the prognun's completion there remain no WII'CSOlved issues 

regarding sc:alabiliry and trlIC"'abiliry thus minimizing tile DC:Cd for further ~nl&tion. 
Additionally, appendix B contains a matrU which furtheriUusltl1es the relationships between the 

ATP sensor characteristics and the hierarchical system modes. 

Table 8-1. ATP Sensor Scaling Relationships 
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Table B-2. Scalability Relationships for DEW Acquisition and Tracking Senson 
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The list is categorized by the ATP subsystem'. sensorcharw:tcri$lics and mode' of 

opaation (i.e., acquisition track, passive intmoediale nd, and active fine tJ1Iicl.:). Eath mode is 

characterized by a set of four parameterS which are SOIDewhat interrelated by. sel of 'C.Hng 

relationships that define a paramttef in IertllS of anoIher system paramet.ef and soroe constant of 

multiplication (K·factor). Rl£ nample, the acquisition pixel, (PACQ). i5 defined as the constant 

KAJ times the acquisition sensor ruoiution, rACQ. ~A3lies in the inttTYal of .5 to 1 so PACQ is 

delermined to be: .5rACQ<PACQ<lrACQ. II sllould be stated at this poim thaI the sealing 

relationslrips and the conesponding conStantS are in I sense ''rules of thumb" and are inICnded 10 

provide only a rough, flrsl order approximation to AlP sensor sealing. The relationships do 

offer. means of gaining an intuitive understanding of the sensor design but are not necessarily 

design conventions. 
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Qileria for scalability ofperformanee and tnlCeabiliry of design are discussed within each of 
the eighteen critical issues. In this appendi~. s"mmary tables are provided 10 CI'O$S-refen:nce the 

cTlIcria and the issues. These tables indicate the degree of commonality ofvariolls scalability and 
Ir'Ite3biliry criteria 10 each critical issue. They are 10 be used by the ALTAIR experiment planner 10 
audit the quality of traceability and scalability for each critical technical issue. 
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MISSION REQUIREMENTS DOCUMENT 
FOR 

ALTAIR 

ALTAIR is an SOIO fundal. space experiment The Air Force Phillips Lab (PL) along with 
the Johns Hopkins University Applied Physics Lab (APL) is responsible for the development of 
the ALTAIR space vehicle and on-orbit operations. The mission of the ALTAIR experiment is to 
answer critical technical questions that address the feasibility of target acquisition , precision 
ir.Icking, and beam pointing for Directed Energy Weapon Systems. 

The Missions Requ~ments Document (MRD) is the Air Force document for addressing 
the requirements of the Experiment Requirements Document (ERn), and establishing functional 
requirements. The ERD is the contract between smo and the Air Force that delineates the agreed 
upon technical experiment goals for the ALTAIR program and provides top level objectives, 
mission requirements. and ALTAIR system characteristics. 

Approved by: 

" 

PAULS. SHIRLEY, CAPT,USAF 
ALTAIR OriefEngineer 
Phillips Laboratory 

TIl0MAS A. IMLER, LT COL, USAF 
ALTAIR Program Manager 
Phillips Laboratory 
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1.0 I NTRODUCTION 

1.1 GENERAL 
ALTAIR is an SOlO funded space experiment whose purpose is to answer critical teChnical 

questions that address the feasibility of target acquisition. trncking, and precision Mam pointing for 
Directed Energy Weapons (DEW) systems. The ALTAIR mission will be accomplished by 
conducting critical ATP and fire control (A TP/FC) experiments on orbit which are traceable and 
scalable to Space Based Laser (SBL) and Neutral Particle Beam (NPB) weapon system concepts. 
As such, the dominant technology issue is the development of an integrated system that will sense a 
target, determine its dynamic state, and place a directed energy beam on the target with sufficient 
accuracy and stability. The Air Force Phillips Lab (PL) along with the Johns Hopkins University 
Applied Physics Lab (JHU/APL) are responsible for the development of the ALTAIR system and 
mission operations. 

Much of the ALTAIR configuration derives from the Starlab experiment design which was a 
Shuttle based experiment cancclled because of funding and Shuttle schedule limitations. It is 
expeCted that prudent use will M made of the msidual SWlab hardware and other mission suppon 
equipment The ATP experiment payload, mated to a supporting spacecraft, (the mated vehicle is 
mferrW. to as the satellite) will be carried into orbit on a medium class Expendable Launch Vehicle 
(ELV) launched from Cape Canaveral Air Force Station (CCAFS). Launch is planned for CY 1995 
and over a period of approximately 12 months, engagements will M conducted against a suite of 
dedicated target boosters , ground targets, and space objects. 

1.2 MRD PURPOSE 
The purpose of this document is to provide top level functional requirements and goals for 

the ALTAIR space based acquisition, pointing, and tracking (A TP) experiment Segmentation 
between collateral goals and requirements is also maintained via the MRD with detailed description 
of the collateral experiments included in Appendix A. The MRD is an ALTAIR Program Office 
document and provides an interpretation of the Mission Goals and is consistent with the Experiment 
Requirements Document (ERD). 

Top level requirements are defined based on the overall Mission goals and repIesent 
experiment performance outputs (e.g. far field pointing performance) or critical A TP technology 
demonstnltions. Functional requm:ments express those functions necessary to perform the 
experiment While it is not the intent of a functional u:quirement to dictate configuration, it will M 
masonable in some cases to express functional requirements in terms of an assumed or currently 
baselined configuration. The flowdown of detailed syStem and subsystem performance 
specifications are contained in the ALTAiR System Requiremen/s Document. 

1.3 MISSION OVERVIEW AND OBJECTIVES 
1be primlJry mission ObjCClivc of the ALTAIR experiment is to: 

Demonstrate the feasibility QfDEW A TP/FC against representative thrusting booster 
targetS under both day and night conditions. An example of the primary mission booster 
engagement is shOwn in Figure 1.1 . 

The ALTAIR satellite will have the inherent capability to address, to some extent, technical 
issues outside the primary mission requirements. These collateral goals are not currently ALTAIR 
program commitments. Rather. each of the goals are objectives which , due to progrnrrunatic 
considerations (cost, scHedule, technical risk), cannOI M accepted as implementable requirements at 
this time. However, if a goal is accepted by the ALTAIR Program Office for inclusion, and 
appropriate funding and schedule are al located, that accepted goal will M incorporated as a program 
requirement. Otherwise. it wi ll M mtained as a goal , whemin a reasonable anempt will be made to 
achieve the goal, but without design impaci to the ALTAIR system (See 3.0 below). , 
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1.4 

1.5 CHANGE COl'ITROL 

sOia and the Air 
the ALTAIR 

Lo~1 

The contt;nt of the MRD is the responsibility of the ALTAIR program office. As such it is 
under configuration control with the ALTAIR Program Manager as the board chairman. The Chief 
Engineer is ~sible for the administntion of the MRD. Controlkd copies of the MRD will be 
issued and a list of the CUSlodilln$ of these copies mainlained. Following change board meetings. 
revised pages with marked additions and deletions will be issued 10 the custodians and paiooicaUy 
the cnm documall will be revised and reissued. A histOrical. ecoid of all changes will be 
maintained. 

2.0 TOP LEVEL PRIMARY REQUIREMENTS 

2.1 PRIMARY MISSION REQUIREMENTS 
The primary mission rcquin;menl of AL TAm is to acquire, track, and direct a marker laser 

beam 10 a thrusting target booslcr(S). In Fcular ALTAIR is 10 provide an unequivocal 
demonstration of pointing and beam stabLliution in the performance domain c=ponding \0 DEW 
applicatioru;. 

Instr\lDlents onboard the ALTAIR satellite are 10 collect essential phenomenology data 00 

these booster plumes and their interaction with upper alIDO$phcre and $~ environments to 
SUJlPOI I the ATP function. Oilical background (celestial, earth, earth limb, tIC) meas"'etudlts shall 
be made in the visible and infl'ved wavelengths. The experiment is 10 be conducted under tightly 
controlled conditions COITCSponding 10 representative target engagements. 

ALTAIR is also to provide validation of A TP design tools, scaling Jaws, and simulations 
required to initiate development offllSt generation DEW s)'Stems capable of engaging thrusting 
ballistic missiles. Validation is to be accomplishal. at both a functional and a performance level. 

2,2 PRIMARY MISSION PERFORMANCE REQUIREMENTS 
Technical performance reqummenlS for ALTAIR are defmal. below for the primary 

mission. These requirements are driven by the neal. IOdemoll5tralC prttision pointing performance 
against thrusting missile targets. Pointing performance is scored by measuring the pointing error on 
an insttumcnted booster. Pointing CllOi is defined as the difference between the centroid of the 
marker beam fOOtprint in the far field and the desired target aim point. 

The pointing erroo- is best characterized by considering its compollCnt patU; a systematic pari 
consiSting of a bias and llrifterroo-, and a random pan, refc=d to as jiner. Bias contains the initial 
aimpoin t selection CTTOT, aimpoinl design3uon (rnarkerpointing) error, and marlc:er-ftne Ind::er 
boresight error. Drifl is predominamly residuallr.lCl:: error reflecting control loop dynamic lag, 
ehanging u-ack point due 10 targel ch3taCteristics. and low frequency beam warder cau$Od by tracker 
noise. liner is generally base mOlion indUC«l, of a higher frequency specttum than bias or drift, 
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and is beyond !he ability of tile traCk: loop tOCOlltCl The jiuer error will be what remains after the 
bias and drift errors are subtracled from !he data. 

The ellors for !he marker. beam centrOid are given as a 2-uis mean value for !he bias error, 
and as 2-ws. 1 Sigma values for the dynamic errors (drift and jiner). The residual bias error 
requitemem is given in mclm III the W~t plane.. The drift eHOi requiremenl is given in Ienns of 
resolution elements, defined as")JO, where).. is the wavelength of the illumlnalor laser and D is the 
diamclcr of!he limiting apenure of the sensor telescope. 'The minimum measuremenl time for all 
requiremems is 5 seconds. Specific requirements are: 

Bias Error. The bias error shall be less Ihan ___ melet"S of the selecled aimpoim al 
initial marker beam turn-on. 

Drift Error. Afler removal of Ille mean error (bias) over Ille sample interval. 1 sigma 
dynamic pointing error below 3 hem (drifl) shall be less than resolution elements.. 

Jjner Eqpr. The 1 sigma dynamic poiming WIOI above 3 hem (jiner) shall be less than 
radians. 

Tracker Traceability. ALTAIR shall be desl&ncd such thai. the han! body geomelric image 
on the fme tracker focal plane, and the plume image on the passive inlennediale tracker, 
shallsubleoo a numberof pixels It.picscnLativeof an ope:tational DEW system. 

intQ"medi1Ue track. 

ALTAIR shall demonstrate transition from IR passive 
IJ"ICk within 10 illuminator pulses after establishing stable 

me! Repregntjvirt. Targe! fealUres thai affecl!he performance of the function being 
demoflstraltd, or !he critical issues being addressed, shall be!hreaI representative to the 
rrwtimum extent feasible. 

2.3 PRrMARY MISSION FUNcnONAL REQUIREMENTS 
ALTAIR is 10 demonstrate critical A TP and fue contrOl functions against the primary 

w&ets. Critical A 11' functiQllS 10 be demonStraltd are: 

24 

Coarse PointingITarget Acquisirioo 
Target Track/Target ID 
Passive Track Handover 
Passive Imermed.iate Tracie 
Plume-to-Hardbody Handover 
llIuminator Point-Ahead/Active Track Handover 
Hardbody Discrimination/Active rme Tl1Id:/Aimpoinl Se!ection 
Precision Pointing al RlIteiAimpoim Designation 
Autonomous Sequencing 
Plume Phenomeoology Data Collection 
BackgroulKl CluuCT Data Colleclion 

OTI-IER TOP LEVEL REQUIREMENTS 

2.4.1 SCAlABILITY AND lRACEABULITY 
In order to successfu!ly demonstrate the critical ATP fllJlCtions. the AL TAlR experiments 

nlUSi exhibit boIh scalability and traceabilhy. Scalability means that the appropriate engioeering 
parameters that me:r;ure system perfOlTTlanCC, size, and l1I[es are in correct ratio with respect to 
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DEW system IaJ.uirements. TIlI(:eability means the functions, methods, and design approach 
dc:tliOol$lI1Ited in the experiment are relevant and uansferable to proposed DEW system designs. 

2.4.2 MISSION SCIENCE . 
A tearn of scientists under the direction of an ALTAIR rrU!.!!ion scienti51 shall be formed to 

assun:!hat ALTAIR is a scientifICally SQ\lIld ex~nt. TIris responsibilily includes reviewing 
and participating in the ALTAIR development, reviewing experiment dala as it is generated. 
resolving anomolies in science dam, identifying and quantifying the A TP error sources, com:lating 
AL TAlR error.; with generic DEW errntS. and as.o;uring that science data is properly processed for 
archival. 

3.0 COLLATERAL GOALS 

There are, in addition, a number of collateral goals which, due to programmatic 
considerations cannot now be stated as requirements. If a collillcnJ. goal is accepted for inclusion al 
some futun: dale the IICCessary coILattral requirements 10 achieve that goal wUI be included at mat 
time. These goall, in priority order, are defined in the ERD as: 

A. Collection of additiONJl plume pMnomtrwlogy dala in wavebands 0lheT than those 
required to meel the primary nU!.!!ion objective. 

B. ATPIFC experiment and the collection of phenomenology data against a representative 
Iiquid fue1ed booster target. 

C. Collection of mid·lon·rude background cluner data. 

D. ATPIFC experiment and the collection of additional target phenomenology data against a 
representative post-boost liehicle (PBY). 

E. ATP/FC experiment against a reprcsc:ntatilie midcourse objecr using functions Ir3Ceable 
to an NPB weapon system. 

F . Experiments against re~ntative PBVs and midcourseobje<:ts mat address the 
feasibility of tkplo~1It trajectory p'0jectio1l, fMtric di.scrimjllOrio1l, twl hoNiood. 

"The above will either be accepted for inclusion and become collaten1 requirements or remain 
goals. A reasonable attempt will be made 10 achielie the goals without impact 10 the ALTAIR 
system. A more complete discussion of the mission requirements for the collateral goals is 
contained in Appendix A. 

" . 0 ALTAIR SYSTEM OEFINITION/DESCRIPTION 

4.1 ALTAIR SYSTEM DEFlNTIlON 
"The ALTAIR System has been partitioned into a Satellite System (the primary experiment 

1001) and Ihree $Upponing elements (Launch Vehicle, Targe!, and Mission Operations). "The 
Satellite Syslem consists of a Payload Element and a Spacecraft element. Funher. the Mi!.!!ion 
Operations E1emem h~ been partitioned intO aliilriely of Centers and Facilities which pl"Oliide the 
required ground-based resources for rrU!.!!ion operations. A simplified block diagram of the 
ALTAIR system is contained in Figure 4. 1. 
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4.2 SATEll...lTI:SYSTEMDESCRIPTION 
The ALTAIR Satellite System consists of a Payload Elcmem and a Soacecraft ElcrnrnJ. 

These are defined separately below. The satellite system provides an inregnned. space·based 
plarform with elecUtHJptieal sensors of appropri:ue sensitivity, laser power and tracking capability 
to engage dedicated program targets (botb passively and actively) and provide the essential science 
measurements. 

4.2.1 PA YWAD ELEMENT DESCRlPTION 
The payload element possesses the fundamental mission sensor and laser capability, op tical 

and electrical signal conditioning. signaJAmage pax:eosing electronics for derivation of tr3Cking 
signals and control electronics toenable mode sequencing during an engagement. The signallimage 
processing and mode control functions are under soff\Vare (r IJlIlware) control. Additionally, the 
payload clement contains a variety of functions to provide mission operations and on-orbit 
maintenance suppon. These include data h.andling/formattin, control. power conditioning. mode 
Switching control, Ihenna.I control and mechanical support. 

4.2.2 SPACECRAFT ELEMENT DESCRIPTION 
The spacec,aI, element possesses those functions necessary ,0 assun: on-orbit operation of 

the satellite system and provide interface with the mission operations element. These functions 
included electrical POWCl" generation. pointing in response to payload command, attitude control, 
orbit determination, data sc.orage, command and data c ...... , ••• nications, thennal control and 
mechanical support. 

4.3 TARGET ElEMENT DESCRIPTION 
Those ALTAIR dedicated launch vehicles (and other objects yet to be dcrmed) and 

associated AL TAtR·unique subsystems flown aboard this vehicle (e.g, scoreboard) which are 
required to support the A 11' and Phenomenology functions of ALTAIR. In addition, this Element 
includes a Ground Target Site (GTS) to suppon characceriz:ation of the Satellite System. 

4.4 1..AUNOi VEHIa.E ELEMENT DESCRIPTION 
The vehicle which wiJllaunch the Salellite System inlO the intended orbit. 

4.5 MISSION O PERATIONS ELEMENTDESCRlPTION 
The Mission Operations element is a ground-based assembly of Centers and Facilities which 

provide optratiOllaJ support during the Launch and on·orbit phases of the ALTAIR missioIL These 
Centers and Facilities functioos are defined separately below: 

4.5.1 PAYWAD OPERATIONS CENlER (P'(X:) 
That collection of subsystems which provide primary conrrol of the Satellite System during 

tile on-orbit experiment or engagement phase of the mission. 

4.5.2 SerENCE OPERATIONS CEl'ITER (SOC) 
That collection of subsystems which support all science·mission data analysis and reporting 

rOT the ALTAIR mission. 

4.5.3 ENGINEER(NG SUPPORT FACll. ITY (ESF) 
That collection of subsystems which provides day-to-day engineering support to the POe 

and SOC activities. This includes suppon f ..... satellite system aoomaly rt:solucion and maintenance 
of an ALTAIR End-to-"End Simulation. 
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4.5.4 TEST SUPPORT COMPLEX (TSe) 
Existing or modified govcmmem asSCtS "laSked" ro SUJIPOII the ALTAIR mission via 

coordination with the USAF Consolidated Space Test Cenle!" (CSTe). This SUpPOlI includes initial 
satellite system 1Um-()!l and clle<:!r:ouI, verifICation of orbital par.unetcl'$ and mOllllonng/trending of 
the satellite system $tate-of-hcaltb. In addition, the TSC will also be responsible for satellite system 
command and control during non-engagement or quiescent periods. 

4.5.5 GROUND TARGET SITE (GTS) 
ThaI collection of ground based subsySlerru which supportS the charaCterization of far field 

performance during on orb;, oPCT1ltions. The GTS will include Man-in-,he-loop (MIlL) capability 
as well as a ground target board. 

4.5.6 EASTERN TEST RANGE FACILITlES (ETRF) 
Includes those facilities requited 10 support launch of the Satellite System and the suborbital 

wgtt vehicles. 

5.0 ALTAIR MISSION REQUIREMENTS 

5.1 GENERAL 
The ALTAIR mission design is to provide maximum opp.muniues for A TP operations and 

e~periments from the ALTAIR satellite. Gcncnl requirements are: 

LaUJ\Cb site 
Mission Dwation 
A TP OperationslEngagementS 

CCAFS 
~ 1 year 
~ 1 per week 

Mission activities which are 10 be planned fOf include: 

Satellite System ched,oot 

Satellite Characterization 

Payload coouol system 
characterUation 

Payload laser checkout and 
characterization 

A 11' dedicated boostc:f 
engagements and 
self-scoring 

Verify basic health and status of the satellite 

Test payload auirudecOlluol and passive track 
Initiate payload built-in test 
Demonstra.te ground wget site acquisition 

~timUe line-<i-sight (LOS) stabilization system 
Initial star calilmuions 

Characterize illuminator and marter beams 
Project laser beams 

Self-scoring checkout 
A TP demonstrations 

5.2 ORBIT SELEcnON AND TARGET VEHJQ..E TRAIECI"ORY 
Orbit parameu::n and Target Vehicle trajectories shall be selected 10 meet the following 

consnint5: 

Satellite Altitude 
E£cemricity 

> 370 km (as constrained by the experiment targelS) 
Circular 

Inclination :!: 28° 
Suppon for science engagements at the target sites 
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Meets launch vehicle capability for insening the ALTAIR satellite into irs specified 
orbit 

MMIl characteristics for target ~hicledynamiC$ 
Maximizes engagement prime science time 
Maximizes science data downlink ""IJIXXlunilic.s 

capability, and 
nominal engag<:menl ' 
parameters for a 

SA OPERATIONS CONCEPT 
llIe operaoons oonccp: for the ALTAIR missloo is to inCOlpotale the upericnce and lessons 

leamo:I from the RME and AF Space Test Programs. Spacecraft command and control, 
orbitfanitude functions, command planning, and Stale ofheaJlh analysis will be accomplished al the 
CSTC TSC. Overall mission planning. detailed engagement planning, and payload state ofheaJlh 
analysis will be accomplished at the POe while science data processing, analysis, and archiving 
will be cente.ed at the PL Science Operalions Center (SOC). Communication with the sateUite will 
be via the AFSCN, CSTC controlled transponable and/or deployable assets. The requirement for 
high bandwidth payload data is thaI il be downlinked and then sent 10 the POCISOC for analysis 
and anomoly ~solurion. 

5.S RJSKMANAGEMENT 
Risk management is the responsibility of the Air Force PL. Mission risk is to be minimized 

by !he following 

' .0 

Thoroughly testing and documenting the experiment syStem prioc to launch 
Configurin$, maintaining, and using validated simulations ofthc experiment system before 

and dunng!he space mission 
Designing Ihe payload for redundant functional capability (e.g., multiple senson for 

tracking, back-up control system) 
Designing in !hecapabiliry for on-(ll"bit software reoonfigurntion (e.g., new rrack: 

algorithms) 
Utilizing dedicated target vebicles (i.e .. eltperiment controlled launcb) 
Maintaining an engineering capability for troubleshooting and replanning during the mission 
Providing Ihe capability to reload pan or all of tbeonboard computer me",,,,,. 
Extensive pre.launch operational training and simulation witb the entire opel1il.tional team. 
Conducting compatibility testS between tile satellite and ground Stations/syStems. 
Conducting analysis on possible bazard modes. 
Providing a self test capability. 
Verifying operation botb prefligbt and on orbit. 

SATELLITE REQUIR EMENTS 

6.1 GENERAL , 
The ALTAIR Satellite consists of Payload and Spacecraft clements. The Payload consislS 

of tbat bardware (e.g., optics. sensors) and software, (e.g., A TP conrrol algorithms) dirrctly 
involved in performing the Ai. TAJR e)(penm:nlS. The Spacetr'Jt consists of !bat hardware and 
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software required to sUPiX'rt the payload operation and the ALTAIR mission (e.g .. iX'wer, 
communications). 

General requirements are associated with the mission goals of engaging, acquiring, and 
actively-tracking dedicated target booster in both night and daytime conditions. Essential science 
data will be recorded from high resolution imaging sensors and conlTOl system elements. 
Functional requirements at the Satellite level are flowed down to the Payload and the Spacecraft as 
appropriate. The overall satellite design reliability shall be TED for a design life:> 12 months. 

6.2 FUNCTIONAL REQUIREMENTS 

6.2.1 OPERATING MODES 
ALTAIR must have the following general "mode" capabilities 

6.2.1.1 MISSION ENGAGEMENT 
"This is mode in which ALTAIR penoons the AlP experiment against a selected 

target. AlP rehear.;als using ground targets or AL T AIR-deployed spaee objects, gyro calibrations, 
collection of background phenomenology, and AlP against thrusting boosters are considered 
engagements. MIlL will be utilized in the engagement mode fOfiX'sitive conlrol of the laser and as 
backup support to the automated AlP activity. The Payload assumes of Satellite system functions; 
the Spacecraft provides coarse iX'inting in resiX'nse to iX'inting conunands from the Payload. The 
critical AlP functions listed in 2.3 will be demonstrated in some or all of the AlP engagements. 
Specific description of these functions are included as Payload Element functional requirements. 

6.2.1.2 PAYLOAD TEST 
Calibration of the ALTAIR system will take place prior to the first booster target 

engagement and frequently throughout the mission. calibrations may involve stars, ground targets, 
deployed space objects or calibration sources internal to the payload. The spacecraft assumes 
conlrol of the Satellite functions during this operntion. 

6.2.1.3 DATAOOWNLQAD 
Data stored on boan:I the spacecraft will periodically be downlinked. Although some 

data is downiinked during the engagement and calibration modes, the majority of the scientific data 
will be downlinked following each engagement and majorcalibrntion. Periodically health and status 
data will be downlinked. The Spacecraft assumes conlrol of the Satellite functions during this 
operation. 

6.2.1.4 PARK (QUIESCENT) 
The primary function of the park mode is to recharge the Spaeecraft baneries and 

allow thermal recovery between periods of high iX'wer demand (engagements and calibrations). 
During this mode the payload is inoperative and attitude conlTOJ is performed by the spacecraft 
During this mode the primary function of attitude control is to orient the solar panels toward the 
sun. Periodic reboosting of the satellite to maintain its orbit is performed in the park mode. The 
Spacecraft assumes conlrol of the Satellite functions duriog this operation. 

6.2.1.5 SAFE 
This is an emergency mode for recovery of the salCliite following a failure. It 

utilizes a simplified redundant control system to iX'int the solar panels to the sun, tum off all 
unessential iX'wer using devices. and establish ground communication. AL TAlR is designed to 
SUPiX'11 failure diagnosis and recovery from the ground. The Spacecraft assumes control of the 
Satellite functions during this operation. 
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6.2,2 ELECTRICAL POWER 
Electrical power and enc:Tgy shall be provided by the Spacecraft sufficient to supply both 

Payload and Spacecraft elements. Following the most energy demanding engagement the power 
subsystem shall be capable of recharging its baneries to full capacity within 48 hours. 

6.2.3 TIlERMAL CONTROL 
The Payload and Spacecraft shall each control its own thermal environment and maintain 

relati~e thennal isolation from each other. Survival heaters shall be provided where required. The 
satelhte shall be capable of thermal recovery within 48 hours following the most demanding 
engagement. 

6 .2.4 MECHANICAL 

The satellite Smlcture shall hav~':i""'~'~cr;': '~'~' ~''''''~~g<h~~'''''~~~;;;~~0~~~;~'~~~:;~;' loads and vibration requirements. The I 
payload anachmem struCture. The sateUite 

theinttoducnK''':::;~i:::':;:~~:~ base motion e: "r ,,;, 
The satellite shall have a launch weight consistent with a medium class launch vehicle and an 

orbit altitude >370 Km and inclination> 28 degrees. 

6.2.5 INSTRUMENTATION ANDOATA HANDLING 
The satellite shall have instrumentation sufficient to characterize the experiment (its 

operation, its operating environment) and allow traCeability of the sources that contribute 10 the 
experiment bIOiS. The Satellite system will collect, format and store (or provide for real-time 
transmission) science data, MIlL data and Houselceeping data. The Satellite system will receive 
and distribute uplink commands and memory uploads as appropriate. 

6.2.6 POSIT1VE CONTROI.JMI1L 
Positive control of the iUuminalO!" laser line of sight must be maintained to ensure safe 

operation. This safety requirement can be satisfied by a minimum system consisting of a relatively 
small set of real rime measurements and ground commands or by man-in-the-loop (MITL). The 
MITL system will employ a ground operator's station with a realtime display of the target image and 
contrOls for manual operation of the Laser and its pointing control system . 

MITL is a finn requirement fOl" ALTAIR. It shall have the capability for satisfying positive 
control safety requirements. assisting in the on-orbit adjustment of the automated All' system and 
providing manual backup 10 All' operations. 

6.2.7 LAUNOI VEHIClE INTERFACE 
The integrated spacecraft must be compatible with the launch vehicle's payload adapter, 

comply with volume: constraints imposed by its payload fairing, and comply with the center of mass 
and structural strength and stiffness requirements. 

6 .2,8 COMMUl'o'lCATIONS 

6.2.8.1 CO!l-1MAND AND CONTROL UPLINK 
Command and control of the ALTAIR satellite will consist of automated onboard 

control , ground control bf the automated functions, and ground control of the satellite. Automated 
on board contr"l functions (e.g. the Science Engagement, safe nxxle operation. etc) and routine 
operating procedures, such as the collection of health and status dala, shall be included. Examples 
of functions routinely cotrunanded and controlled from the ground include the initiation of I 
experiment events and sequences. maintaining positive control of the laser, l\1lTL, updating 
onboard data, and satellite orbit maintenance. 
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6.2.8.2 DATAOOWNLfNK 
Data downlink functions include Sciell«', Housekeeping, and MrTl. data. MrTl. 

raleS must suppon realtime COIIU'llalld and control of the satellite; science downlink r3teS and 
oppoIlunities are 10 be consiSlenl with the 48 houI"Quick look repon and anomaly resolution 
requirements. 

7.0 PAYLOAD REQUIREMENTS 

7.1 GENERAL 
"The ~yload consiSlS of I telescope, an op!ical n:lay and control system, imaging sensor.., 

marker and IUuminator lasers, D"aCk and experiment processors. the experiment wftware, and 
associated structural (e.g., optical bench) and e1a:trical components. The payload is to be designed 
to meet the primary experiment requirements, to be compatible with the launch vehicle conSll"ainlS. 
10 have miunelam functional capabilities, 10 have upl~ble software configuration for critical 
a1goritluns, and to have man-in-\he-ioop (M1ll..) capability for positive control ofla.ser operations 
and support of on-orbit operntions. Prudent use of e)(isting hardware and software wherever 
possible is e1esirnble when: it is consistent with acceptable teChnical performance. Right sof(\l{are 
duill be developed and tested via flight simulatOrS anel by thorough engagement sequencing e1uring 
payload system grouneltesting. 

7.2 FUNCTIONAL REQUIREMENTS 

7.2.1 OPERATING MODES 
The payload operational modes are to be consistent with those of the satellite. During 

Mission EngagemenlS the Payload element is in conD"Ol of the Satellite system functions and issues 
pointing oorrmaOOs to the spaoecraft cluring the engagement In all other modes, control of the 
Sateni!e system functions is assumed by the spaceaaCt. 

7.2.2 ATPFUNcnONS 
Critical A TP functions (section 2.3) are to be demonsa-alcxi by the Payload during Science 

Engagements. A description of these functions is as follows: 

"" .. "Pointing the spacecraft with initial target State Vc<:1OfS 
wide field-of view acquisition (capture) sensor. 

Tatge! Trackaaru! ID: Coarse trncking the illclividual booster target in the pn:sence of 
background dUller using the acquisition sensor imagery . 

."., ;~~~~~ the tine-of-sight to the target with enough. accwacy 
ill 10 passive in~nnediate resolution tracker (pm 

Passiye imq".utiate Track: Stably uaclting the booster plume. 

P1unx;-IQ-Hanibady Hapdnycr: Determining the hardbody location "relative'· to the 
pas$ively tracked targel scene. 

Pointing the laser illuminator "ahead" 10 
point ahead must account for plume-;.,;'; ;'~o;~-;;;;;;.; of',h" 
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HamMy DjscrjmjnationlActiye Ene Trac!c/Ajmpoim Seleqion; Actively tracking the 
hmdbody (nOt the return from the plume) using the illuminator laser return and selecting an 
aimpoint for the markcr laser. 

Autonomous Seq!!e!lCjn~: Demonstnuion of end· to-end autonomous rue conlrOl against a 
booster target (i.e. acquisition through precision pointing at rate and marker beam scoring) 

h ~,o"ti" MWIR, SWTR, and 

Backgroynd Cluner: Collection of high resolution MWIR, SWIR, and visible imagery of 
backgrounds typical for DEW system engagements. 

AU functioos are to be perfonned in a scalable and traceable manner as described in section 2.4. 

7.2.3 OPTICS 
The optics consist of the primary optical components of the payload. nus shall include all 

relay optics (from the marker laser to the outpUt telescope), the il!uminatoroptics,the various 
separate and shared a~ sensor optics, the aUlO alignment optics, as weU as the main telescope. 
Focussing capability shall be provided, Consideration of optical quality and throughput at the 
tracker and ntarker wavelengths is of panicular imponance as this shall drive many hardware 
choices (e.g., laser illuminator). Design trades should include the desirability of using residual 
hardware and software from Starlab. All on-board optics mUSI be capable of supporting a 12 month 
mission life. 

Coating design analysis must accOUnt for space environmental effects and show acceptable 
performance for mission life. Shielding shall be provided 10 proteCt the optics from contamination 
and pitting and the sensor from inadverlentexposwe to the sun. The design of the optical structure 
should account for expecled temperature environments and minimize resultant performance 
degradation. 

7.2.4 OPTICALALlGNMENT 
Active COIltrol is required to maintain alignment through the optical train. Elements may 

include fixed optics, steerab!e mirrors, alignment lasers and detectors, and Ixarn sampling elements. 

7.2.5 POINTING 
Laser beam pointing shall be consistent with the top level performance requirements. This 

function is 10 be accomplished by conlrOlling the spacecraft pointing and optical Steering 
components in the payload. The requirement is for an intcgrated conlrO! system which can respond 
to programmed line of sight (LOS) trajectories, sensor inputs (e,g. tracker or Kalman filter errors), 
oc uplinked steering commands (c ,g., from a hand controller) . D uring an engagementthc 
spacecraft is viewed as a control element of the overall pointing system. Because of the fairly 
narrow field of vicw of the main telescope, the spacecraft shall be required to provide for large 
ang!e steering (perhaps as an offload command from the optical system) while the optical system 
steers out the remainder. 

The control system shall be capable of maintaining the marker laser beam on accelerating 
largets and very precise jiner stabilization shall be maintained during slew. 
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7.2.6 LASERS 
The design of the laser system; shall be consistent with technical requm:ments flowed down 

from Ihe overall experiment design. The marker (scoring) laser sh.all be focused on the target by the 
expc:rimem primary lelescope and shall be used 10 score far field pointing and LOS stabilization 
pcrfonnance. Power and beam qualily perfonnance must be consistent with these goals. The laser 
range fmder receiver must suppon the ranging requirements for boosler engagements. 

1.2.7 SENSORS 
A sui tt of senscn $hall be requin'.d (or uaclting and for pheoomenology data collection. 

Sensitivi ties and fields of view are driven by the target engagements . In particular, sensor 
specifications must be consiSlen t with expected target signature, engagement ranges, recorder 
dynamic range, and optical system U1lnsmiuion. 

All sensors are to be viewed as significant data collectors and require calibration and 
adcqu31e recording dynamic range. Sensors shall be calibrated sufficiently 10 allow tnJe radiomeuic 
measurements. This shall requite: 

(a) careful ground calibration and characterization with results detailed in a calibration report 

(b) capability for on-orbit calibration 

(c) data reduction procalures for validating sensor performance during and after on-orbit 
engagements . 

The infrared sensor(s) shall likely ~uire cooling for proper operation. This 5ystem is to 
provide cooling fOl" a minimum of one full-up engagement per day of the life of mission. 

The self-scoring sensors are w be of a bandwidth 10 SUppiJtl self-scoring operations. 
Relative fields of view for handover w inteillJUiiale and fine traCk modes should provide adequate 
margin wallow for sensor boresighl aM. In addition to the above required sensors, a visible 
sensor which allows a backup capability for acquisition and intermediate track is desirable. , 

The video distribution sYStem should be flexible to allow for the selection of various sensors 
for pll1icular function$. For example, passive track functions which could use IR or visible sensor 
ootpllts reduce the risk of losing thiS function due to I sensor malfunction. 

7.2.8 ACQUlsmON/ffiACKING 
Acquisition/traCking hardware and software consists of the track processors and the flJ"e 

control algorithms. Centroid, edge traCk, and Wilclation algori thms are w be provided at a 
minimum. Daul"1Ites should be consistent with low bandwidth imaging sensors and high 
bandwidth non· imaging sensors (e .g., quad cells). Critical parameters and St=llC algorithms must 
be changeable via software uploads to minimite experiment risk due 10 unknown phenomenology. 
Data latency due to the track prooe$SO~ mU$I be consistent with its usc ill the closed u-ack Loop. 
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engagC!l1I:nl is necessary 10 the accuracy m:juirro \0 slICcessfully jlerform the engagement 
Following the engagement the capabiliry shall exist 10 reconSUUCI a more i'ICCU11.le determination of 
the spacecraft position. 

1.2.10 SOFTWARE 
The software for the payload shall contain aU functional modes of the payload (sueI'! as 

engagement control, self leSt, quiescent operation. and data management) as well as specific 
pointing and uacking algorilillDS. The softWilrtO lan~agc selected is 10 be conrultnl with the 
overnll AL TAlR objectives (e.g. operational t1exibihry and ease of on-"Orbil c~koul) and minimize 
development risk. Requirements for Independent Verification and Validation (TV&V) testing are to 
be assessed in the context of the entire system test sequence. 

7.2.11 INSllWMENTATION AND DATA HANDUNG 
At! essential science data is 10 be recovered and fonnalled by the Payload elemenL This data 

is then to be transferred to the Spacecraft element for storage/downlink transmission. Recording 
data rates are to be consistent with the function which is being instrumented. Detailed 
insoumemation requiJclhtnts shall be driven by the payload design. -rype$" of data whiCh are to 
be provided are: 

contrOl systems 

algorithm data 

sensor data 

environmel1ta1 data 

laser systems 

7.2.12 ELECTRICAL POWER 

all control error signals (e.g., II'1.ck error) 
actuator outputs (e,g., mirror positions) 
critical design values (e.g., torques) 

timclines 
critical events 
parameter valllC$ 
ancillary calculations (e.g., pixel sums) 
Slate vector values 

pixel values 
background counts 

vibration measurements 
t1-.u ,,1.1l data 
optical throughput measurementS 

output power 
measured range 

All Payload electrical power shall be supplied by the Spacecraft 

7.2.13 THERMALOON'ffiOL 
To the extent' possible, the payload will provide its own thermal control independent of the 

Spacecraft. Heat tranSfer across the PayloadlSpacocmft interface stLall be minimized. Payload 
component and sub-system temperatures shall be contrOlled 10 their required ranges· typically an 
operating temperature range and a broader quiescent or survival temperature range. Specialized 
thermal requitemems iI)Clucle laser heat dissipation and lR sen>ar cooling. 

7.2.14 MECHANICAL 
The smlCtural subsystem must be capable of supporting the payload configlll1ltion and 

satisfy the spacecraft interface and center of gravity (CG) and mass requrrcments. It must provide 
adequate stiffness, strength. and durability 10 survive the launch and ascent environmem. On-orbil 
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stnJClural behavior I\';lative to the Iherma.l and vibr.ition environment is to be consistent with the 
pointing error budget 

8.0 SPACECRAIT REQldREMENTS 

8. I GENERAL 
The .!p .... r· I aft is a one-<If-a-kind vehicle proclUt'd to be compatible with the ALTAIR 

mission ~w.rements and experimelll payload. Utiliution shal l be made of existing hardware 
where feasIble. Spacecmft systems and conswnables are to provide a margin in excess of the 
expected experiment duration to allow for anomaly isolation and I\';solution, and to provide for 
performing additional experimalts afta: the main ALTAIR objectives are acoompiished. The 
spacecraft mUSt be able 10 sustain orbital operations and sUppOitlhe mission timcline.. "The Attirude 
Control System (ACS) must provide a safe mode and a q ... ic.s<:ent mode capability. 

8.2 FUNcnONAL REQUlR£MEl'ITS 
The overall function of the Spacecraft is to suppat the Payload in performing the ALTAIR 

mission. Specific functional requirements are tbe following; 

Provide SIIUCIW1lI. Suppott for Spacecraft and Payload Systems. 
Furnish Power to All Sateltite Systems 
Provide Data Uplink and Downlink 
Provide Data StOnIge and Playback 
Detennine Satellite Altirude and Provide Altitude CooIn)I Actuation 
Provide ThemJaI Control 
Provide Instrumentation 
Provide control offload authority to the payload (for coarse pointing during the 

Engagements) 

8.2.1 OPERATING MODES 
The spacecraft is 10 St<JlPCtl the S.31elliU: openting requirements and functions as outlined in 

6.2. The spacecraft is functional during all sstclliteopenuing modes and is in control of the sateUite 
at all times except during the Mission Engagements. 

8.2.2 A I illUDE CONTROL 
The spacecraft anirudc control subsystem (ACS) must be capable ofprov}djng 3-ax.is control 

and maneuverability to suppon engagement requirements. It must provide target tracking suppon to 
assiSt in payload poin ting in accordance with the payload II1ICking dynamic range capability. 
ACCUflue real time .3ltirude measurements in darlcncss and sunlight mllSt be provided. The altitude 
control SYStem must be designed to smoothly change the satellite·s orientation in n:sponst: to 
commands via a stored attitude trajectory or by commands from the payload. An additional 
reqllin:ment is to slew willie maintaining very low jitter stabiliz.atioo. 

Additional ACS requirernenlS arc; 

LOS Angular velocjty and Ag:elcuujQn: The spacecnft shall be capable of generating 
angwar velocities and acccleraOOtls great enough to satisfy Mission Engagemen\ 
requin:ments pl.us a design margin of 50%. 

: Open loop pointing accuracy shall be sufficient to inertially 
within the acquisition trader FOV 

Bast MOIjon ljner: Allowable base motion jitter (motion at frequencies above J Hz) is 
dctennined by the top level specification for jittcrof the outgoing beam in the far field. and 
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the capability of the payload pointing conuol system to reject spaoeaafl base motion jitter. 
SpacCCTaft base mocionjiner shall be small enough to satisfy the top leveljiner rcqui«:ment. 

8.2.3 SOFfWARE 
The software for- the spacectatt computer shall be capable of supponing normal spacecraft 

housekeeping functions such as thermal control. po\\'t'r system management, orbit maintenance, 
attitude control, recorder conl1Ol, and power system management II Should also support open loop 
pointing capabilities and a capabiliry 10 handoffthe anitude comrol system commanding 10 the 
payload computeT during an engagement. 

8.2.4 INSTRUMENTATION 
"The SPM:ecraft shall be insaumentcd 10 allow adaJuate 

environment. . specs i with • 
I include t of various 

8.2.5 DATA HANDUNG 
Housekeeping and Payload science dau are 10 be recovered. stored. and/or ttanSm.incd by 

the $paCCctatt during the mission. "The science dau acquisition and IU!()lding approach must be 
capable of rec:on1ing/JwieYing the high rate semor data that are generated on·bootd the satellite 
during each of the engagementS. The telemetry system must be compatible with the SGLS uplink 
and downlink I3 tes and be capable ofrccording payload and spacecraft bealth and StatUS data as wen 
as specified experiment discrete signals. A storage system should also be provided for delayed 
execution conunand uploads. 

the security A 
of other space objects, foropen loop pointing, 
dimensional space. 

8.2.7 ELECTRICAL POWER 

capability must be 
linc-oC·sight 

" 

The electrical power subsystem must be capable of supporti ng payload and spacecraft POWeT 
requirements forpre·launch, launch, and on·orbit operations. During engagemenl~ the peak power 
demand may be more than an order of magnitude ~ter than during quiescent periods between 
engagement'!. The electrical power system battery recovery time shall be < 48 hours between peak 
draws. The el«trical po~r system shall be designed to support a > !2·month mission. 

8.2.8 TIiERMALCONlROL 
The Spacecraft Shall provide hs own thermal control independent of the Payload and shall 

minimize: heat transfer across the spacecraf1/payload intmace. 

8.2.9 MEOlANICAL 
The slruCrural subsystem mUSt be capable of supporting the payload configuration and 

spacecraft subsystems. 'The spacCC!'3.ft/payload (satellite) mu.t be compatible with the medium 
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launch vehicle interface and comply with the usable weight and volume envelope. II must provide 
adequate sriffness, Strength, and durnbiliry to slllVive the launch and Ul:ent environment (loads. 
thenna.I, Ctc) while minimizing cKcessive vibraIinns that may be tr.uWnined 10 the payload. In 
addition, it must comply with the payload center or graviry (CG) constraintS and the launch vehicle 
natur.tl frequency constJ"aints. On-omit strucrural behavior relarive 10 the thermal and vibrnrion 
environment is to be consis!eRl with the poinring ClIO. budget. 

51.0 LAUNCH VEHICLE REQUIREMENTS 

9.1 GENERAL 
It has been detemlined that a medium class launch vehicle shall be used to insert the satellite 

into orbit from CCAFS. The altitude/orbit selection shall be primarily driven 10 meet the ATP 
requirements against the booster target vehicles which ale 10 be launched from CCAFS. 

9.2 LAUNCH VEHlQ.E PARAMETERS 
Specific information Tl:garding the launch vehicle physical interface. fairin, usable volume 

envelope, payload CG constraints, and modal frequency and mode sllape constraints shall be 
provided in the launch vehil;le payload planners guide. 

9.3 LAUNCH WADS 
Preliminary ascent load da~ 10 include the vibn:l-acousric environment and separation shock 

shall be provided 10 assist in pTl:liminary payload structural sizing and design. 

9.4 IN1'EGRATIONANDLAUNOiFLOW 
The integrated mission schedule must allow for nominal in tegration and launch flow times. 

These arc to include SIllellite flow requirements from delivery to launch Site to launch to orbit. 

9.S UFTCAPABILITY 
The launch vehicle lift capabiliry shall be greater than 8500 Ibs for an orbit> 370 km and an 

inclination> 28 dcgn:es. 

9.6 ORBITAL INSERTION AcaJRACY 
The launch vehicle shall be capable of inserting the ALTAIR satellite inlO a circular orbit to 

an accuracy consistent with e;llperimc:nt and mission requirements. 

10.0 TARGET REQUIREMENTS 

10.1 GENERAL 
GeIlCrn.J. requirements arc to: 

support mission timelines 
provide a Tl:pTl:sentative phenomenological environment 
provide provisions for perfonnance scoring 

For the Primary Mission OOos!er wget bodies arc 10 be "unaugmented" in on:Ier to preserve 
correct phenomeoological Tl:Jationships. The dedicated A TP wgecs aTl: to be instrumented with 
wget boards for far fIeld scoring. Data bandwidths and formats arc to be consistent with 
establishing not only the far fIeld pointing performance but also the underlying teSidual error 
contributions_ 

10.2 FUNcnONAL REQUIREMENTS 
Functional requiremem~ for the primary ATP mission aTl: for. 
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~Day and Nighl LaWlChes 
-Adequate Obsero<ation TIme at Rcquired Altitude and Velociry 
-Representative Signatures 
-Scalable Signatures 
-Support Far Field ALTAIR Perfonnancc Scoring 
-Attitude Control to Support Scoring and Phenomenology 
-Active and Passive Signauuc ClHl1'1l1Clmzation 
-EIlcryp(ed nata Handling (TBR) 

10.3 ATP DEDICATED BOOSTER TARGET AND SCOREBOARD 
An A TP dedicated booster shall be selected and launched from an appropriate launch site:. 

For initial tt>1e<, this engagement ~uJd include the use of a MM n from CCAFS. II shall carry 
an instrumented se«ebowd capable of measuring the far fIc ld jitter pattern of the marker beam. II 
mUSI also be instrumented with optical sensors capable of sensing the illuminator laser beam 10 
indicate the target is being illuminated dwing the active track periods. The booslCr configuration 
must suppan determining the ~se hardbody location from engagement data (e.,., from an 
optical beacon), All measured far field performance data measum:! by the scoreboard is clus.iflCd 
secret and must be handled accordingly. Day and nighllauncl! capability is rrquired. 

10.4 GROUNDTARGETSITE 
A Ground Target Sile (GTS) shall be requited to $I>PJlOIllasc:r beam point ahead 

characteriution, spacecraft tracking at nue, urget simulation (if n:quitcd), and laser borcsight 
verification. The GTS must have the capability of communicating witll tile mission ops center and 
ground tracking Station1. Man-in-thc-Ioop control capability in conjunction witll useof tile GTS is 
a n:quircmentlO suppon ground tracking engagements. 

11.0 MISSION OPERATIONS REQUIREMENTS 

11 .1 GENERAL 
The ALTAIR ground syslem shall be comprised of severa! facilities to command, oonuol 

and communic:ue with !he saIeilite, to plan and conduct payload operations.. 10 verify the alignment 
of tile satellite's optical system, to verify system operations. to respond to payload anomalies, and 
to process and analyze the data 

11.2 TEST SUPPORT COMPLEX (TSC) 
The focal point of spacecraft opeTlltions will be the TSC at CSTC. It will provide suppon to 

the ovcrall mission planning and detailed engagement planning. Orbit determination, prediction, 
command planning and command !lOnge, memory generatioo and management are functions 10 be 
performed in the TSC Spacecnft stale ofhealth anaIyililmaintcnance and spacecraft command and 
conuol will also be conducted primarily from the TSC with orbit maintenance functions, attitude 
determination. attitude modeling. and maneuver planning carried out in conjunction with the 
Paylood Operatioru Centr:r(POC). Appropriate spacecraft telemetry pttJCcssing and data display 
capabilities will be provided within the TSC to support =Jtime operations and non-rultime 
analysis throughout the mission. The use of existing CSTC asselS will be rnaJ(irnized in order to 
minimize mission operations tcchnical, schedule, and cost risks. 

11.3 PAYlOAD OPERATIONS CENTER (POC) 
The POe shall be the focal point and contrOl facility for AL TAlK Mission Operations. All 

mission and progmm direction will flow from this facility to tile Ground Target Sile, Test Support 
Complex, Man·in-!he-Ioop operations.. and Target Launch operations. All payload command 
planning will be condUCted from the POe when: mission and engagement timelines will be planned, 
generated. and exccuted. Detailed engagement design. maneuver generation. and attitude 
de~emrination. a~titudc modeling, and maneuver planning are shared fu nctions 10 be carried out in 
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conjunction with tile Test Support CompleJ(. Payload state-of·hea!th analysis and mainlenan.r;e will 
be conducted within the POe 10 support the engagement timeline. Appropriate displays and data 
processing capability shall be provided within the POC 10 support realtime operations and noo
realtime analysis for anomaly resolution throughout the mission. 

11.4 SCIENCE OPERATIONS CENTER (SOC) 
The SOC shalt be designed tosuppott all sciwce activiries for the ALTAIR miuion. The 

SOC shall be capable of providing rapid rum around of collected experimental data \0 provide quick 
look analysis and reporting in support of mission replanning. The SOC shall also be capable of 
perlonning long term, detailed data analysis. The SOC shall provide the required data analysis 
capabilities such as data acquisition, data recording, data processing, archival, access 10 lab and 
system lest results, and simulation capability. 11 is dcsUed that !he SOC shall be located in the 
vicinity of the GTS. 

lIS ENGINEERING SUPPORT FACILITY (ESF) 
The ESF shall provide day-to-day engineering support, as required, \0 !he POe and the 

SOC. Prior 10 the mission operations phase, the ESF shall be the main location for payload 
hardwlm! and software testing. The ESF shall also house the ALTAIR end·to-end s1l1lulation. All 
design docurnenllllion and a.s-built drawings shall be archived at the ESF to suppon satellite 
anomaly resolutioo activities. 

11 .6 GROUNDSTAll0NCOMMUNICAl1ON 
An S·band eommand andconrrol capability is ~uired at or near the GI'OIUId Target Site and 

target launch vehicle siles. This capability is required to communicate with the satellite during 
ground target and target launch vehicle engagements. It must support telemetry receipt and 
command transmissiOll for MITL (positive conuol) operations. It is envisioned that this 
~uirement will be met with a CSTC conuoUed deployable asset at the ground target site for the 
length of the ALTAIR missiOn. At ElR. use 0( the CSTC conrrolled Transpcrtable Vehicle 
O!cckout System (l'VCS) is planned. Ifthcsc e~Wng assets canllOl suppon ALTAIR mission 
~uirerncnts, an additional CSTC controlled deployable asset may be required. 

12.0 GENERAL SYSTEM ENGINEERING REQUIREMENTS 

12.1 GENERAL 
This section addresses those n:quiremenlS associated with the syStem engineering process 

for design and testing the ALTAIR satellite which arc /lOt D"Cated elsewhere in this document and 
which arc primarily tc:elmical ratheT than man~gerial issues.. 

12.2 MISSION BUDGETS 
Budgets shall be maintained for major syStem parameters which must be allocated to major 

subsystems, and for which contingency reserves must be managed. These budgets shall be 
established as early in the design process as appropriate. The definition of allocations and reserves 
shall de:ive from IJlIde studies and formal establishment shall 0CCU1' as major systems 1m! sela;\Cd 
(e.g., the launch vehicle) or their design requirementS frozen (e.g., processors). Budgets shall be 
maintained for weight. power and energy, pointing CliO!, propellant. data rates and storage, and 
reIiabilil)'. 

12.3 MISSION ASSURANCE 

12.3.1 OVERALL DESIGN REQUIREMENTS 
SateUite design pcrfonnance and system I~ verification muSt support the mission lifetime 

n:quirement. Ground systems design shall be consistent with rapid assessment of payload and 
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spacecnaft pcrfonnance, IroUbleshooring, and reoonfiguration of on orbil sys!ems. Diagnosrics 
shall be built imn the spac«rafl and payload 10 allow seLf·tesl capability of critical subsysteOlS. 

12.3.2 RFlIA.BD..ITYiQUAUrr ASSURANCE 

12.3.2.1 DESIGN PHD..OSOPHY 
The A.L TAIR design philosophy for reliability and quality assun.nce is to use high 

reliability pans (grade 1evt:12) where possible and 10 utilize rtdundancy to increase reliability where 
such use is indicated. Single point failures are not apriori justification for redundancy. 

12.3.2.2 R&QA PlAN 
The A.LTAIR R&QA Plan shall define Iaj~menls and criteria for assuring that the 

materials. partS, designs, and manufacruring processes are consistent willi the environment and 
performance specifications. It shall define faciLitie$, equipment and procedures for assuring that 
the inspection testing, analysis and simulation of the sa!elli!e at system, subsystem, part and 
ma~riallevel are adequate. It shall define the technical reviews, tecltnical expertise, and 
documentation requimllOassure the reliability and quality of the A.LTAIR u!ellite. 

12.3.3 SENSOR CAUBRAll0NS 
It is essential that the sensor system aboon:! A.LT AIR be characterized and caliooued so that a 

valkl radiometric understanding of the measured wget and background stz:naturcs can be tI13de. 
Appropria!e data shall be collccted for each sensory syStem during component ICSt, subsystem tests, 
and end·to-end system !ests including uniformity tests and measurements of the system modulation 
tranSfer function (M1F). Calibration procedures shall be perfonned on-orbit 10 "",CCI (or day·to
day drift, temperature variations, and sensor aging effects. A complete documentation set shall be 
provided to the end product data users tOeMure full Wlderstanding of experimental data. 

12.3.4 ERROR BUDGET FLOWDOWN 
A ba!anccd and verifiable error budget flowdown tree shall be developed and maintained 

under configuration control by the Chief Engineer. Baseline error estimatC$ shall be tmccable to an 
identifiable subsystem and component level teChnology. Total system perfamance shall be 
predicted and validated by an in!egralod system simulation. Achieved vaillCl' for the elements of the 
Q,IM budgel shall be provided (as available) by component nra<u,cwcnts. inlegrated system 
ClIperimenu. or analysis. 

12.3.S SIMUlATIONSIMODELS 
The ALTAIR development shall require a variety of simulations and models of different 

size, complexity, and speciafu.ation. including a comple!e end·to-end simuljltion of the A.LTAIR 
vehicle and mission. Simulations shall be coordinated to avoid unnecessary duplication and aid in 
verification of tI13th models and simulation results. This coordination shall nex constrain the analyst 
in specializing hisJher simulation 10 address unique problems. 

The end·to-end simulation shall be the design reference model for ALTAIR and shall be 
maintained under configuntion conuo!. It shall be used to characterize performance during 
developmenL The models shall be verified by teSI and analysis prior 10 flighl.and the simulation 
will be used for mission planning and performance prediction. As f1ighl dala becomes available me 
simulation models shall be further updated. The end·to-end simulation slWl evt:ntually be a 
comple!elydocurncnlcd model of the ALTA IR vehicle and mission u-aceable 10 me flight test data 
results. . 

12.4 SOFIWARE 
A single point of control shall be eS13blished for software management and a software 

development plan crea,ed which defines soch crileria as language. ~hi,ecrure, verifICation criteria 
and techniques, and documentalion Iajuirements. 
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Requirements shall vary widely from very stringent rOf flight software to nOlle for a desktop 
analysis prog:ram. Five general categories of controlled software modules are: flight, ground 
suppon, prelaunch, operations. and simulation software. 

12.5 SYSTEM TEST REQUIREMENTS 

12.5.1 TEST PLANS 
A comprehensive teSt plan including such elements as schedules, facilities, equipment 

environments. and training shall be developed. This plan shall also address such issues as the 
objectives and ration.ale of the program as it relates to technical risks. operational issues. and system 
pc:rfonnance. TIle plan ~l mow !low testing outside the ALTAIR program, such as w:ndor 
testing, and tests completed on subsystems used from other programs. is utilized. TIle plan ~a1l 
explain the relationship of the various simulations. subsystem tests. and integrated systems teSt to 
the mission objectives. More detailed test plans shall be prepared for the individual test facilities 
and test programs. 

12.5.2 GROUND TESTING 
The ground test program shall include acceptance testing. qualification testing • 

environmental testing, integration testing. and development testing. The goals of this testing shall 
be to validate the system design. perform complete syStem characterization and calibration of the 
satellite. validate syStem simulations, ensure functional capability prior to launch. ensme 
compatibility with command and conlTOi ground systems, and satisfy launch vehicle interface and 
other mission design constraints (e.g. , safety). 

Integration testing shall SUPJMI and monitor payload, spacecraft and satellite integration. 
The purpose of the teSt shall be to assure that elements which operated according to specifications 
conunue to do so wilen integrated with othe:relements into larger systems. Additionally these tests 
shall establish the functional capabilities and characteristics of tile integrated system whieh caMOI be 
measured prior 10 that time. 

Environmental testing shall be pc:rf<nned to demonstrate that the ALTAIR system shall 
survive adverse environments, such as the launch environment. and shall function properly in the 
space environmenl 

12.5.3 END·TQ-END TESTING 
End·t~nd fWlCtionai and performance testing ofthc optical payload. and the integrated 

satellite, is required against simulated engagemenu prior to launch. Rep~sentative simulated 
w&ets shall be requimi as pan of this testing. Functional tests shall include exetCising the: actual 
flight software in as realistic conditions as possible (e.g., it may not be possible to slew the actual 
satellite but the slew commands can be simulated). Performance testing shall include far field jitter 
measurements and control subsystem characterization (frequency responses and error 
mcasW1:mc:nts). The optical subsystem shall be tested to vaify optical quality. transmissioo. and 
other key design factors. Special attention should be paid to measuring base mocioo disturbances 
and characteriring LOS stabilization to on-orbit levels. 

12.6 CDm'AMINATION 

12.6.1 GENERAL 
A contamination conlTOl plan shall be developed for ALTAIR which covers lIS design, 

fabrication, assembly, test, storage, transponation.launch, and operation. This plllll shall contain 
requirements. specifications and procedures covering the following: material selection, facility 
design and opc:mion, environments (including clean rooms and other areas). contamination testing 
and monitoring. allowable cleanliness levels. bakcout procedures. contamination budgetS. 
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appropriate actioos 10 be laken when allowable levels have been CJ[cccded, and documentation, 
The plan shall identify contamination issues requiring analysis and a recommended approach . 

12.6.2 SOURCES 
Sources of cOfllamination consist of: materials used in the manufacnue of the spacecraft, 

panicularly organic materials; environment contamination during manufacn=. assembly, storage. 
test and uansponalion; and environmental contamination during opcrntion on orbiL 

12.6.3 DESIGN 
Contamination sh.IlI be reduced by appropriate design. This includes material selection and 

physical design 10 minimiu the effectS ofvoLalilc materials. Thermal vacuum bakCOUt of hardware 
shall be used 10 reduce contamination from outgassing. The use of covers, bags, fIllers and similar 
devices 10 IfilP contaminantS, or direct them away from sensitive optical sUifaces are e~amples of 
other design procedures for reducing contamination. 

12.6.4 HANDLING 
ConU'OlJed environments and procalures shall be used 10 control contamination, 

Environments shall vary from clean rooms with striCt standards for equipment. materials. dress. 
and JAocedwes 10 manufacruring areas where grinding or machining may producllarge quantities of 
contaminants. In every specialized area the environment, ajuipment, and proccd~ shall be 
controlled in accordance with the contamination control plan. As pans and assemblies flow intO 
increasingly cleaner environments the procedures shall assure that they are cleanal. and packaged to 
conform to the higher stmdaJds.. 

12.6.5 STANDARDS AND BUDGETS 
Budgets and standards shall be established to control cleanliness in the manufacture and 

operation of ALTAIR including tolen.nces and waiver proca:iures. 

12.6.6 TEST,ANALYSIS. AND DOCUMENTATION 
Test and monitoring procedures sllall be developed for assuring that the environments and 

the manufacruml or assembled pnxIUCtS are in accon:Iancc with requirements. Documentation sllaH 
include teSl records, standardized proc:edwu. and a Jog of clean room status including any unusual 
conwninaring 0CCIIl"m1l!:e$ and !he ......... d:tive II!:1ions u:.o;ed to~store the facilily and ilS contentS 10 
an acceptable level of cleanliness. Documentation sllall also include the results of studies and 
analyses of cleanliness issues. 

12.7 SATELUTEENVIRONMENTS 
TI!e ALTAIR satelli.e shall be subject to many adverse environmental conditions: thermal, 

vacuum. vibrntion, radiation, contamination, electrostatic, and electromagnetic. Specifications. 
desi$l1 guidelines, tests and analyses sllall be developed to assure that the ALTAIR satellite sllall 
SUCVlve and opuate ptoperly in these environments. In addition to the launcll and on orbil 
environrnenlS,the manufacturing, storage, Ir.lIIsportation, assembly and tCSt environments sllall be 
addressed. 

12.8 SAFETY,SECURITY. AND ENVIRONMENTAL IMPACT 

12.8.1 SAFETY 
Safety requiR:tyJCnts for the ALTAIR program sllal1 i!>Clude, in addition to the establisllal. 

itlduslrial standards for the workplace, special safely considaations for laser open.tion and for 
spacceraft open.tion during launch, on orbit. and subsequent rttnlly, 

~,. 

12.8.1.1 LASER SAFETY 
Appropriate actioo sIIa11 be taken to cnsure that all laser eye safety requirements are 

I .a$CT eye safcty requiremcnlS indude safe eye CJl~ distances, laser beam fOOlprinlS on 
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the ground, ground (esting of components and SYSICms, on-Orbil operations approach. and the 
proper documentatiOIl. Appropriate actions shall be taken 10 ensure the wet)' of all related 
hardware from laser damage. 

12.8.1,2 LASER C! FARING HOUSE AlITHORIZA TION 
TI!c project office shall work closcly wilh the Laser Clearing House 10 ensure thai 

appropriate plocedures are implerntmcd and predictive avoidan<:e ~u~mems iIJl: met Positive 
control of the laser line of sight during any engagement to a ~scribed angular volume shall be 
provided. 

12.8.1.3 LAUNCH SAFETY ASSESSMENT 
The Air Fon:e ",lOj ..... , office shall ensun: that all appropria~ safety requirements as 

assessed by the !aWICh control authority shall be mel for both the lauoch vehicle and 1lIrg.:t vchiclc:s. 

12.8.1 .4 SPACE DEBRIS ANALYSIS 
General analysis of the probability and consequences of (i) a collision between the 

spacecraft and a target booster, (ii) InIClltional des\l'UCtion of any of the target systems, (iii) other 
possible equipment failures which CQUId pose a space hazard shall be performed 

12.8.2 SECURITY REQUIREMENTS 

12.8.2.2 EXPERIMENTAL DATA 
Raw data from the CJCpcrimenl subsySlCms shall be treated as unclassified unle~s 

otherwise designated. Reduced data with engineering units and performance results shall be 
classified in accon:lance: with the ALTAIR S«:uriry O"'ificatiOll Guide. Imaging dam from 
onboanl. SCIl$Ol"S may be classified for cenain targets. OnboaJd encryption capability shall be 
provided and downlink bandwidths shall be compatible with experiment requuallenlS. 

12.8.2.3 EXPERIMENT HARDWARE 
All experiment hardwan: is WIClassificd including exlCrior views and drawings. 

12.8.2.4 PHYSICAL SECURITY 
Appiopriate action shall be taken in accordance: with !he ALTAIR Sa::urity 

Classification Guide 10 ensure that physical security shall be provided during syslem lest, 
intcgnltion at the launch site, launch ops, and on-orbil mission open.tions. 

12.8.2.5 DATA ENCRYPTION 
Data encryplOf$ shaH be compatible with real time dowrliinking of spa~craft health 

and s13tusdata and cnoca! payload performance pat"al'lXlC1"S during the cngaganc:nu. 

12.8.3 ENVIRONMENTAL REQUIREMENTS 
, 

12.8.3. 1 ENVIRONMENTA.LASSESSMENT 
The Air Force project office shall ensure thai all appropriate analysis and 

documentation is provi<k:d to support Environmental Assessments (EA.) al the impacted ground, 
laun'h. or other suppon siles. Particular emphasis mUSI be placed on the engagements thai include 
the ac.tive illumination of the ground wget and calibration si tes. 
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13.0 SCIENCE DATA REDUCTION AND ANALYSIS 

13.1 PREMlSSION SIMULATiON AND PREDlCllON 
An end-lo-end simulation ofw ALTAIR space cxperimcm shall be developed and 

mainlained undeTconfiguration conll'Ol by the Chief Engineer. The experiment simulation shall ~ 
used 10 assist in system design, predict experiment pcrfCJl1TW1ce, aide in system les! trouble 
shooting, suppon on-orbit miSSion operations. and post-mission to validate system design with 
experimental data. 

An important pan of this activity sball be 10 Oelamine what modifications 10 the A TPIFC 
algorithms are required between engagements 10 improve the probability of mission success and 
obtain the most useful data from the program. 

13.2 SYSTEM TEST RESULTS 
End item test data, appropriate lab measurements. and system test ruulls shall be maintained 

in a data archiyal configuration 10 support simulation efforu and post-mission dau analysis. As 
new data is COllceled, both pre-mission amI post mission, it sltall be used 10 update system 
simulations, error flowdowns, and performance predictions. 

13.3 KEY MEASUREMENTS 
To fully undentand the ~ TP system performance and phenomenology data collected, it is 

important that tile appiOptiate sct of insuumemed signals for both the r;p.::ecraft and payload 
subsystems be identified early in the design process. The data coUectcd should include critical 
signals !hat support the systematic ~tanding of the contributon to tile resulta/'lt A TP system 

""~. 

Initial 

A preliminary assessment of the cx!em to which test data meet scalability and traCeability 
requirements shall be perfonncd. If changes 10 the plans for future flighlS ~ required these shall 
be identified. 

13.5 ANOMALY REPORTING AND RESOLlJIlON 
The Science Opentions Center anomaly resolution shall be directed by the Mission Scientist 

10 enslIn:!ha1 mission objectives ~ being met. The Chief Engineer shall be responsible for 
ensuring proper implementation of appropriate a.ctions thal affect experimenl ronfiguration. changes. 
The Oricf Engineer shall be respon$ible for directing engineering SllppOl l in tl'QUble shooting and 
workamund proposals. . 

13.6 FINAL REPORT REQUIREMENTS 
A final repon thaI directly addresses the critical issues associaled with the ALTAIR 

experiment shaU be gcnmtcd within 6 months after mission completion. This repon shall be 
delivered in coojuoction with the fmal data archival package that is 10 be provided to the archival 
center. The fmal repon shall provide an assessment of mission success. analysis of the data 
collected. lessons learned, and recommendations for follow-on activities I() SUJ1POiI DEW SySlCnlS 
developmenL 
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13.7 DATAAROUVAL 
SOlO places Strorlg emphasis on !he importanCe of verifying and validating all appropriate 

mission data collected. The Mission Sdemisl for ALTAIR shall ensure that final data prodUCIS are 
appropriately processed in accordance with procedures outlined by the lead SDIO data m:hival 
center. The lead center for the ALTAIR mission $hall be designated by the ALTAIR Program 
Manager. A data management plan shall be developed by me Dala Mana~r and shall serve as the 
guide for the appropriate data collection, processing, and archiving activities. 
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LIST OF ACRONYMS 

ACS 
AFSCN 
ARn 
All' 
ATPIFC 
CCAFS 
CG 
CPCA 
CSTC 
r£W 
FA 
ELV 

roy 
GCS 
GPS 
GTS H" lAW 
ICBM 
IFOV 
IfP 
IRBM 
IRU 
IT 
rv&V 
IHUlAPL 
kbps 
LOS 
LRF 
LV 

:b 
MlF 
MWIR 
NEA 
NPB 
PA 
PAP 
PBV 
PIT 
PL 
roc 
PSD 
RADC 
RME 
RMS 
SBL 

Anirudc Control System 
Air Force Satellite Control NetwOri: 
AUlOfIWed Remote TracJdng Starion 
Acquisition. Tracking. and Pointing 
Acquisition Tracking PointinglFire Control 
Cape Canaveral Air Force Station 
Center of Gravity 
Camp Parks CommunicaOOn Annex 
Consolidated Space Te~ Center 
Directed Energy Weapon 
Environmental Assessment 
Expendable Launch Vehicle 
fu:;perimem Planning Document 
Experiment Rtq~ment$ Docwnent 
Engineering Support Facility 
Eastern TeSi Range 
F~ Control 
Field of View 
Ground Calibration Site 
Global Po$itioning System 
Ground Target Site 
Health and Status 
In Accoroance With 
Intercontinental Ballistic Missile 
Ime:mcdiate Field of View 
Impact Point Prafu:tion 
Intamediate Range Ballistic Missile 
Intcrial Refetence Unit 
Intun..,.;li a,c Tracker 
Integration Verification and Validation 
lohns Hopkins University/Applied Physics 1..a0000tory 
kilob\u per second 
Line of Sight 
La.ser Range Finder 
Launch Vehicle 
MegabitS per second 
Mission Requiretnt;nts Document 
Modulation Transfer Function 
Malium Wave In~ 
Noise Equivalent Angle 
Neutral Panicle Beam 
POinl Ahead 
Payload Attachment Fining 
Post Boost Vehicle 
Passive Intennediate Tracke: 
Phillips Laboratory 
i'ayload Operations Center 
Power Spectral Density 
Rome Air Development Center 
Rclay Mimx Experiment 
ROOt Mean Squared 
Space: Based Laser 
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SDIO 
SDiOITND 
SGLS 
SNR 
SOC 
SOH 
STR 
SWIR 
lED 
TIlR 
TCS 
TFE 
TSC 
TIT 
TVCS 
UV 
VAFB 
WSMR 
WTR 

Strategic Defense Initiative Organization 
Directed Energy Oin:ctornle 
Space to Ground Link System 
Signal to Noise Ratio 
Science Operations Center 
Stale of Health 
Space Test Range 
Shon Wave Infrared 
To Be Determined 

Transportable Y.i,;i;, 
Ultraviolet 
Vandenburg Air Force Base 
While Sands Missile Range 
Western Test Range 
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APPENDIX A 
COt1.ATERALGOALS FOR ALTAiR 

Six collateral goals have been developed for ALTAiR which represent additional capabilily 
for ALTAiR and the oppornmity 10 demonstrate critical All' functions and tcchnology. The six 
collateral goals address ICCtmology issues identified by SOlO (sec Appendix B) but which are nQI 

~ by the primary mission. In addition, some oflhe collateral goals enhance or add to !he 
data already being gathem.i by the primary mission. Engagements against additional targets (liquid 
boosters, post boost vehicles and midcourse objectS) and satellite capability and therefore are nOi 
considered for inclusion into the mission until so directed (and funded) by S010. Figures A.I, A.2 
and A.3 depict candidate engagements. 

COUATERALGOAL I· PLUME PHENOMENOLOGY 
Col/tenon 0/ oddinoNll p/WIll phellOfl1el1lWGY dala in WfrIIebaiuis olMr lhan Ihroc rcqwrcd 
10 mut Ihe primary mission objective. 

This will tajuire modifICation 10 the JIlIyload to include additional senSQrl orenhaneed 
sensor caJlllbility. Of primary interest is a UV speeaometer, of lesser priority is a UV ima~r. 
Enhancat IR capability is of lowest priority. 

COLLATERAL GOAL 2 - UaUID FUELED BOOSTER TARGET ENGAGEMENT 
ATPIFC ~rimelll and 1M collection of pheflQtlltnoiogy daUJ agai/lS/ a represelllativt! liquid 
fueled boosrer large/. 

Preliminary studies of candidate booster targets have recommended two dedicated launches 
of a Titan n for ALTAIR engagements. Because the Signature of liquid fueled rockets is ITIIn 
sa=;ing 10 model, panicularly in the UV, and visible, the addition ofUY sensors should be done 
if this goal beeoInes a requirement 

COLLATERAL GOAL 3 - MIDLATlTUDE BACKGROUND DATA 
Col/eenon 0/ mid-/atitutk background cluner daUJ. 

A significant amount of midlatitude background clutter data can be coUocted by !he satellite 
configuration developed for the primary mission. The orbital inclination will determine the 
ma.>;imum latitude that can be achieved. If additional sensors are added as discussed in B.2, the 
achievement of this goal will be further enhanced. 

COUATERAL GOAL 4 - POST BOOST VEHICL£ TARGET ENGAGEMENT 
ATPIFC ~rimelll at1d the colltction of additional large/ phenometuWgydaUJ against a 
reprtsenllllive {JQS/-booSI vehicle (PBV). 

Acquisition and traCking reqUire~lIts will be more saingent than for the primary mission. 
II the hatdware design for the primary mission is OOequate with the sensor $Uite enhancements 
discussed in Goal II, then no further payload hardware changes appear llCCessary. A new target, 
possibly launched from a site other than E'm., wiU require significant additional payload software . 
and mission operations nctivity. 

COLLA TERAC.. GOAL 5 - MIDCOURS£ OBJECfTARGET ENGAGEMENT 
ATPIFC o;perimem agoinsl a fepre!ielllalive midcowse objecl usingfunclions traceable w 
an NPB wea{JQ" SySlem . 

In addition to new targets, possibly different launch vehicles and launch sites, this goal will 
probably require payload sensor upgndes beyond what is required for the primary mission (better 
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inertial, range. and absolute position measurementS for example). "There will be significant 
increases in mission opet"3.liOllS activity as wen. 

COlLATERAL GOAL 6 - TRAJECJORY PROJECTfON, METRlC DISCRIMINATION, 
HANDBACK 
b;pe~nu again.!! rtpr~fI1Oljvt PBV's and midcouru obj~u /Iroz oddrtss ,~ftasibility 
of dtploy~fI1 rraja/ory projtction, mttric diJcriminarion, and hDndback. 

This goal requires much bette!" inertial, range, and absolute posilion measun:menlS than the 
prill1ll1)' mission. New sof/wan: algorithms. inCJl"3Se ~ mission operations activity. and ~tensive 
experimental data analysis will be required 10 achieve this goal . 
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APPENDIX B - CRfIlCAL TEOINlCAL ISSUES FORATP SYSTEMS 
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APPENDIX B 
CRITICAL TECHNICAL ISSUES FOR A TP SYSTEMS 

to the e~tentlhat sateUite sen~, 
ALTAIR goals have been deveJopcd to address the 

resolution is lower because of conslJ'1.ints on the 

, 

= '''' 
Critical Issues addressed by the Primary mission are: 

ISSUE L Coarse PointingtTarget Acquisition 

for the 
will detem:Jine the de~ of 

that the 

Given the Battle Manager provided target Slate Vtclors, can the A ll'/FC system point the 
spacecrnft with sufficient accuracy that the wide fieJd-of-view acquisition (caplW'C) sensor 
can detect the target {booster, PBV)? 

ISSUE n. Target Track/I"arget ID 
Can the individual targets (boosters, paVs) be reliably tracked and typed in the presence of 
hard earth, earth limb, and celestial backpound clutter using the acquisition sensor imagery? 

ISSUE rn. Passive Track Handover 
Can the acquisition tracker detem:Jine the Iinc:-of-sight to the target (booster, PBy) with 
enough a.ccuracy and stability to effect a handover to the passive int=nediate resolution 

="'" 
ISSUE IV. Passivc Intennaliate Track 
Does the plume: signature of a boosting target (booster, pay) provide robust enough 
phenomeooJogy 10 provide a stable \flICk source for a passive intell"ediate resolution 
tracker? 

ISSUE V. Plumc:-to-HllTdbody Handover 
Does the plume signature of a boosting target (booster, paY) provide robust enough 
phenomenology to allow a fife control ptlX"Ssor, using the imagery from an inlClCllediate 
resolution !nICker toaccuntc!y detennine the lIardbody location "relative" to the passively 
ITlICked target scene? 

ISSUE VI. Illuminator Point-Ahead/Active Track P.andovcr 
Can an All'/FC sySlem atCUI3tely point the illuminator beam at the target lIardbody 
(booster. PBV,lIi.1dcourse object) by properly accounting for both the physical separation 

. between the passive !nICk point and the hardbody. as well as the point-ahead offset due to 
the speed of light? 
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ISSUE VII. lhrdbody Discrimination/Active Fine TrackJAimpoim ~lection 
Does the illumination of tile boosting target (booster, PBV) provide robust enough 
phenomenology 10 allow an active new to discriminate !he tlatdbody from the phune, and 
10 actively C'aCk the hardbody with sufflciem precision for jitter stabiliurion, and 10 allow 
the aimpoint selection processor to choose an aimpoint for a directed energy wcapon? 

ISSUE VHI. Precision Point AheadlAirnpoinl Designation 
Can an ATP/FC system accurately and precisely offset the DEW line-of-sighl by properly 
accounting for both the pllysical separation between the active track point and the aimpoint 
selection, as well as the poou-ahead offset due 10 the spc:cd of light? 

ISSUE X. Autonomous Sequencing 
Can a DEW fll'C control system con.ducl end-l(Knd autonomous acquisition, IrKlcing. and 
pointing control? 

ISSUE XVII. Plwne Phenomenology 
Do particular bands of MWIR, SWlR, visible, or UV offer advantages for passive 
acquisition and p«:eision !J1\Cking of boosters and PBY's and for accurately detennining the 
hardlxxly location "relative" 10 the passively tracked ~t scene? 

lSSUE xvm. Baekgrouod Clutter. 
Do particular bands of SWlR, MWIR Visible, or UV offer advantages in reducing 
background clutter for acquisition and aaclcing systems for DEW systems? 

Critieal issues also included in the £PO butllO!: addrused dirtttly by ALTAIR are: 

ISSUE XI. Post Boost Vehicle (PBV) Bus TflCnng/Dcploymcnt Tra,icctory Pi1)jcction · 
TIP, IPP, Handbaclc 
can a passive intermediate !JackeT. active fine tracker. and high resolution laser range finder 
dctamme the stale of vectors of a thrusting PBV with enough accumcy 10 provide threat 
tube pmiiction ( I I P);,impaet point prediction (lPp). and handback data to other \\I'eapon 
syslCm platform<; for reacquisition? 

ISSUE XlI. Post·Boost Vehicle Bus WatclUn~mination via Plume PenuJb,ation · 
Delta V Measwemetll 
Can an active fmc IJ1lcker and and high. resolution Iaser ranger meas~ the Delta V of a 
deployed object with respect 10 the PBV with enough accmacy to infer the mass ofche 
ejc:etc:d object? 

ISSUE XIII. Post Boost Vehicle Bus Watching· Discriminating Observablcs 
Are there discrimlnating fcatl1le$ associated with either active signatl1le$ or passive UV. 
visible. or IR signatl1le$ which have utility in discriminating RV's from decoys? 

ISSUE XIV. Active Finc Traclc ofM~Objecl$ 
Does the renected ellC1'l:Y from the illumination of a midcourse object provide robust enough 
phenomenology to allow active tracking of the midcourse object with sufficient precision to 
stabilize the line·or-sight for a directed energy weapon? 

ISSUE XV. Mid-·Co= Object Metric Discrimination· TTP, 'PP, Handback 
Can an active ftne tracker. and high resolution laser range finder meas~ the midcourse 
object state vector with sufficient accuracy to provide threat tube prediCtion, impact point 
prediction_ and handback data to ather SDS weapon systcm platforms for targct 
reacquisition? 
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ISSUE XVi. Mid-CoUTSe Object Interactive Discrimination - Delta V Approach. 
Can a direct deteetion laser radar measure the Delta V of a mid~ objeCt well enough. 10 
be usod in interactive discrimination? 
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APPENDIX C - SAMPLE ALTAIR BOOSTER ENGAGEMENT (MM II CHARACT'ER1SnCS) 
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SUMMARY 

Top Le ... el Requirements 

Quasi-static Marker Laser Beam Poin ting Bias Error 

Dynamic Marker I aser Beam Pointin& Drift Error 

Dynamic Marker Laser Beam Pointing Jiner &rot 

Tl1lCker Traceability 

Plume to Hardbody Hando~r 

Targets 

Launch Site 

Orbital Altitude 

Orbiwlnclination 

Fnxnaicity 

Launch Vehicle 

Recharge baneries following most stressful 
engagal1Cnt 

Thermal rttOVety following most stressful 
engagement 

Satellite Reliability 

Reporting (following an engagement) 
Health & Starus 
Quick Look Analysis 
Detailed Subsystem Analysis 

Final Mission Repon . 
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MISSION 

Classified 

Classified 

Classified 

Hardtxxiy geomettic image on f!lle track 
focal plane and the: plume image on the 
passi~ inlCmedialC trlIIcker shall 
subtend a number of piJcels 
Tl:presentanve of an operational 
DEW system 

~ 10 illuminatOr pulses 

Threat lCpicsentative 

CCAFS 

> 370 kin 

".
Circular 

McdiumOass 

<: 48 Ius 

<: 48 Ius 

>.85 for 
> 12 months 

'" 48hn 
, wm 

6 months after mission complete 


