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EXECUTIVE SUMMARY

[U] The cavatmospherie kil vchicle (CKY) is the meast techaically challenging nspest of
National Missile Defense (NMD) development. The EKY must acquire and mrack the targer
complex, discriminate and select the reentry wehicle (RV), manenver to the RY, and kall it by kinetic
impact. Target discrimination and selection must be done with or without handover information
about the target from the rest of the NMD system,

[7] TRW has developed an onboard ‘autonomous) discrimination architecture and a set of
algorithms for the Boeing EKV, These algarithms have been evaluated against threats described in
the Technical Requirements Document (TRD) using simulated data, as well as against the target
suite flown on integrated flight test IFT-1A using data collected by the Bocing EKV. During the
past two vears, various technical concerns have been raised regarding the concept, implementation,
and performance of TRW's discriminanen bageling algonthms (BLA).

[U] Recently a POET team was tasked by BMDO JN/ to conduct an independent review of
TRW's baseline discrimination techniques. With cooperation from the Ground-Based Intercepter
Program Office (GBI PO), TRW, NRC, and DCIS, the POET teamn has completed three major

tacke: £1) m remrisnr Af tha erientifie, mathamarieal and enginerring panciples of TRW 2 BLA: (21
a review of the BLA's performance against the IFT-1A data as reported by TRW to the
Government; and {3) a determination of the projected performance of the BLA against possible
IFT-3 scenarios.

[U] Infulfillment of the first task, the POFT team reviewed the concept, design, implernentation,
and operational performance analyses of the BLA, primarily by studying techmucal documents

provided by TRW, IN/, the GBL PQ, and DCIS. The POET izam’s major findings may be
surmarized as follows:

U] 1. Overall, the BLA are well designed and work propesly, with only some refinement or
redesign required to increase the robustness of the overall discrimination funcrinn

(Specific comments on redesign are listed in items 2 and 3 below; items 4 and 5
pertain to robusiness).

[U] 2. The gap-filling algorithm (GFAJ, which was designed 1o fili data gaps induced by low
signal-to-noise ratic (SNR) signals early in the engagement timeline, has not yet been
demcnsimated to be effective. Its use may actually hort rather than help with baseline
disctirmination, a5 demonstrated in the IFT-1A postmission data analyses.

" . [U] 2 Among the eight fearures included in the BLA, only a few can be used in
combination for the discrimination function, Berause they are derived from only two
independent radiant-intensity sequences as measuved by the EKV ¢ensor, the eight
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features are highly correlated. One of the conscquences of this particular design is thac
the covariance mamices of certain feature subsets may become noninvertible.

[U] 4. The performance of the discriminadon architecture may be fragile. Training data sets
that closely match acmal threats are erucial to the performance of the multimodal
Bayesian quadratic classifier (MBQC) for the fine (ie., precision} discrimination
function. Performance may degrade significantdy if incorrect pror knowledge
regarding 1aTget signatures is used in the classifier dambase. The target signatures are
heavily influenced by threat type, target characteristics, sensor-to-target geornewy, and
enpagement timeline. Therefore, unexpected targets in the threat may challenge the
perfermance of the MOQC, Tt would be desirable tw eapand the cunrent discrimination
architecture te make 1t more robust by including, for example, real-dme adaptaton
capability and ¢ertain threat-type-based system-ievel discrimination,

<=meitiviny - ren

argamizations,

[TN A Tha rargar ta he intarcepted ic celected on the hagic of an “importance” meagure,
which 15 an ad hoc combination of two different methods of inference. One of the
inputs, the probability of being a lethal target (P, .}, is defined within the probability
theory, yet its combinadon with another input (an ad hoc “confidence” factor) for the
“importance™ calculation is done using fuzzy logic. As a resalt, it is impossible 10

caleylate the probability of selection (£, . ) analytically, and Montc Carlo simulaton
becames the only way for statistical evaluation of the discrimination performance.

[U] In fulfillment of the second task, the POET team investigated the purpomed discrepancies
among TRW’s IFT-1A data analysis reports and analyzed flight-test data in order to validate
impaortant algorithms and 1o check on the accuraey of key discrimination results rEparted by TRW,
The POET’s results may be summerized as follows:

[U] 1. The discrepancics in feature ellipses among the 45-day, 60-day, and revised 60-day
reports result from the fact that in the 60-day report the size of the ellipses was
mislabeled and for the 45-day report an improperly constituted GFA was used.
Further, the POET team determined that TRW’s decision to turn off the GFA for the
IFT-3 mission was technically justified.

LS N
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[ 3. Cutputs of the important discrimination algorithms reported by TRW have been
verified. The fading memory filler was properly designed and tuned, the featimes wor
comectly extracted, and the classifier database included in the mission data load
{MDL) was consistent with the reported feamre ellipses.

(U] 5. The Kalman filter that was originally developed by TRW 10 provide enhanced
discrimination features {but was later removed) could be wned to perfonm propety for
the IFT-1A MRV data and a set of noisy simulated data. But a robust procedure for
filter initialization must be developed to make this a generally useful algorithm.

(U] Infuifillment of the third tagk (which was to be performed if time permitted), the POET team
predicied the perfurmance of the BLA against IIT-3 scenating based on experience geined from
IFT-LA. According to the GBI PO, five target suite options are cunently under consideration for
IFT-3. The most stressing wuger suite for EKV discrimination contains the same ten targeis ax those
depleyed in IFT-LA: an MRV, a multiple service launch system (MSLS), and eight penaids.
Regaraless of wiuch target suite 1s selected signature data eollected on the [FT-1A targsty will be
cxtremely useful for constructing a representative MDL classifier databage for IFT-3. If targets are
deploved nominally in IFT-3, it is the POET team’s assessment that the TRW BLA will
suceessiully selecr the MRV as the intercept tarper, even for the mast stredsing tareet snite.
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[U]l Theissue has been raifed that TRW’s discrimination concept and its implemeniadon will pot
and cannot function to meet the TRD requirements. At the requast of Mr. Keith Englander (JN/T),
the POET team has made point-by-point responses to the issucs raised in a 10-page document
anthored by DCIS. Those responses are included in Appendix B of this report. Overall, the issues
raised sarve to emphasize that discrimination is a higlhly cowplkex and difficuty funcdon. Thouph it
is not the intention of the POET team to interpret the TRD requirements, it sees no evidence that
suggests any obyious noncompliages with the TRD, |,

[U] One of the most important exiticisms raised by DCTS is that during the IFT-1A postmission
analyses TRW unjustifiably shifted the preflight featire dismibution ellipeas between the A5-day
report and the 60-day report in omler to increase the BLA's discrimination performance. As
previously noted, TRW s explanation that an improperly constituted GEA caused the discrepancies
appears to be correct. The decision not to use the GFA for IFT-? also seems teasonable, Another
important issue concems the “improper” concept of ranking probability used by TRW for selecting
an intercept target. It is clear to the POET team that all points Taised comeerning this ieena were
based on mjsunderstanding of Bayes rule end misipterpretatior of TRW'S approach,

[UT" Itis a legitimate concern that the robustness of the BLAs discrimination function could be
compromised by the assumption that threat-typing information would be availahle for use in the

MDL dutabase and that target characteristics, motion parameters, and engagement geometry would
b known for a given _u_rgwsrcm.mn many of the thrcat types included
(in the TRD cannot be ohtained The POET study did not evaluate to what extent the BLA mgy be

used to moet the general requirements described in the TRD beyund the abiliry 10 determine which._

object among a threat cloud is ]cﬁlﬂll_(gj@n_ﬁ[.thgﬁth;ﬁ_ﬁﬂmg_ is known), However, the POET
A=8m’s concerns regarding the potential lack of robusiness of the cuirent BLA have been indicated
(earlier. The DOLT toaun alsu recognlzes that the cancept of threat typing can have significant
impact on EKV discrimination performance and that such umpact should be examined carefully in
the context of overall NMD architecture desi gn and threat assessment, Within the EKV scenario it
may be important to structure the discrimination architecturs 1o (ake advantage of threat-typing .

wformation while at the sama time reducing porential risk.
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1. INTRODUCTION

[U] The excamospheric kill vehicle (EKV} is the most technically challenging aspect of
National Missile Defense (NMD) development. The EKY operates by acquiring a threas <luster
from informazion supplied o it by surveillance sensors through the baule management, command,
coatrol, and communications (BM/C?) element. The EKV must fuse this information with the
scenc that its onboard seeker sees, select the reentry vehicle {RV), and maneuver to the RV,
destroying it by force of impact, If insufficient threat informaticn is available from the rest of the
NMD system, the EKV must be able to determing the lethal object using onboard discrimination
And TArger SClecTion.

(U] TRW has developed an onboard diserimination architecnme and a set of algorithms for the
Boeing EKV. These algorithms have been evaluated nsing data simulated according to the threat
desceribed in the Technical Requirements Document (TRD), as well as data collected by the EKV
sensor on the integrated fight test IFT-1A mission. Chvar the pagt nwn year varisns questions have
been maised concerning the concept, implemeniation, and performance of TRW's baseline
discrimination desipn.

[U] APOET team was recently tasked by BMDO JN/ 10 independently evaluate TRW's baseline
discrimination algorithms (BLA): the team began its work on 1 June 1998, The principal t2am
members were Dr. Ming Tsai (MIT Lineoln Laboratory, task leader), Dr. Frank Hangler (Lawrence
Livermore National Laoboratory/POET, task manager), Dr. Larry Ng (Lawrence Livermore
National Laboratory), Mr. Glenn Light {Aerospace Corporation), and Dr. Charles Meins (MIT
Lincoln Laboratory). As ontlined in the Statement of Work (Appendix A), the POET team’s major
tasks meloded (1) a review of the seientific, mathematical, and engineering principles of TRW's
BLA and (2) a review of the BLA’s perfarmance against the [FT-1A data, as reported by TRW to
the Government, Time permiting, the POET team would also examine the BLA’s performance for
the proposad IFT-3 scenarios.

[U] For the POET team to complete the study in about three months, the help of the
Ground-Based Interceptor Program OQffice (GBI PO), TRW, NRC, and DCIS was required.
Appropriate briefings, documents, and flight-test data were identified and requested from these
organizations through JN/L The POET team obtained a total of 21 documents and 2 data tapes; &
[1-2] from IN/1, [3-16] from TRW, [17] and [23] from the GBI PO, and [18-22] from DCIS.

(U] The POET team also received a one-day briefing from DCIS (16 Tune 1998) and a two-day
bricfing from Boeing/TRW and NRC (21 and 22 July 1958). In the first briefing DCIS presented
an evalugtion of TRW's baseline discrimination technology, claiming it contained a number of
inconsistencies and inaccuracies that could have caused roncompliance with the requirements
given in the TRD [21]. Results documented in the “Threat Typing Sensitivity Smudy Report
(I155K)” [6], “Kaltman Filter Performance” [7], “EFT-1A 45-Day Remort,” and “IFT-1A 60-Day

|
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Report™ [10-12] were cited. In the second briefing TRW personnel presented an in-depth review of
their EKV baseline discrimination technology, including concept, algorithm designs, operational
performance analyses, and IFT-1A data analysis [16]. NRC personnel also presented the results of
their independent testing.

(U} The POET tearn concluded that, with these docements and briefings, they have had adequate
resources with which to carry our their 1asks. The team reached their conclusions, which are
documented 1n this report, primarily by studying the issues mised, Teviewing the available
documents, and independently analyzing the flight-test data.

[Ul In Seetion 2 of this report, TRW’s baseline discrimination technology is reviewed and
evalvated. In Section 3 the POET team’s assessment of the baseline discrimination performance
against the IFT-1A data is presented. Projected performance for IFT-3 is given in Section 4. A

_-preliminary evaluation of the performance of the Kalman filter is discussed in Section 5.

! Sections 2, 3, and 4 direcdy address the major tasks that were outlined in the Statement of Work,
which, for completencss, is included as Appendix A. Appendix B was compiled as the result of a
Iatay request by Mr. Keith Englander of TM/T; it gives the POET team's point-by-peint responzes to
the issues Taised by DCIS.
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2. REVIEW OF TRW’S BASELINE DISCRIMINATION ALGORTHMS

1 The FOET study t=am's forst task was to review the scientifie, mathamatical, and enginsering
principles of TRW"s BLA_ This task was carried out prinarily by studying the brielings and
documents provided by TRW., As reported in this section, the POET team's review includes the
discrimination eoncept, algorithm design, and operational parformance analysis against the TR
threals.

2.1 DISCRIMINATION CONCEPT

211 Quverview

(U] As descabed L [8] and [16] amd iluslsleal iu Figwe 1, the GEY discwinatcn: funchon 18
highly imegrated with the guidance, navigation, and control {(GN&C) logic. The discrimination
funetion continually provides target-ranking information to the GN&C in a Hght eoupling loop so
that the seeker can, within its onboard processing power, keep the most likely lethal target in its
focal plane throughout the heming phase and eventually select the correct target to intercept in the

endgume, Discdmination is porforncd Ln dwce phascs (bulk, coavac, and £ac), which cmploy
alporithmg of increasing complexity and demand increasing processing power. The bulk
discrimination fimgtion 15 mainly for quick rejection of easily identified nonlethal targets; the fine
(i.e., precision) discrirmination function 18 for final target selection.

Ul Fing discrimination is actually a classical multimodal Bavesian quadratic Gauvssian classifier
(MBQC). Snch_g classifier assumes a set of target models (or hypotheses) and is defined by a
dutabasc that copsists of prior probabilities of all target models combinad with the associated mean
vegtors and cny%ri:mce matrices of a set of fearures. The classifier provides, for cach feature vector
of a track ﬁ.lf.'l,f what is called the probability of being the assigned target (P 47 ) 85 an input to the
mission djn:ﬁmr software for target selection,

[U] The MBQC database includes feature data from as many missile systems as spacified in the
TRD [1). The database can be reduced using systemetyping informarion; i.e., if the system rype of
the incoming threat is known prolaunch, only dara pertinent to that missile type is provided to the
classifier, using what is called the mission dara Toad (MDIL).
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(U} Figure 1. TRW/Boeing EKV discriminanion conceps (coursesy of TRW),

21.1 POET Review

[U] Tight coupling between the discrimination and GN&C functions is & valid concept, In fact, 8
deslgn based on this eoncept is virtally unavoidable given that the EKV secker is required to .

provide early acquisition (epproximately 60 s before intercept) and to operate even withoul larget
ohject mapping handovers from the Giround- Hased Radar ((3RR).

[U] The MBQC, as adopted for the fing dm:nmauan function, has several atiractive properties.
Itis understandable, easy to train {if representative data are available), easy to use, and expandable
‘o more complex threat scenarios. Other misyile defenseh, elements, such as the Theater
High-Altitude Area Defense (THAAD) . }d and the NMD GBRy.1se the same classifier design,

o5
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[U] Figure 1. TRW/Bocing EXV diserimination concept {couriesy of TRW).

11.1 POET Review

N Tight conpling between the discriminalion and GN&C functons is 2 valid concept. In fact. a
design based on this concept is virtually unavoidable given that the EKV seeker is required o
provide carly acquisition (approximately 60 s before intercept) and to operate even without target
object mapping handovers from the Ground-Based Radar (GBR).

[ The MBQC, as adopted for the fine discrimination {funchon, has several artractive properties,
It is undezsiandable, easy to tratn {if representative data are available), easy to use, and expandable

(b more compiex threa! scenarios. Other missile defense elemcents, auch as the Theater
High-Aldtude Area Defense (THAAD) radar and the NMD (3BR, use the same classifier design.

4
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The MBQC has a signilicant inherengfdrawback, however, in that It depends very mMuch oo the
training data. If the actual threat and the tralning data are closely matched, the classifier is expected
to petform very well; if there are meaningful mismagches the performance may degrade
considerably. It may be difficult for this kind of ¢lassifier 10 handle unexpected targets pf the threat
successfully. T

n L

[U] The concept of P,y may need clanfication. When the MBQC is executed for a given feature
vector, X, the a posteriori prabability of the feature vector being from one of the hypotheses
defined mn the classifier database, p(#,|X}. is calculated. Suppose there are ¥ hypotheses. Then

N
P ) = [P{HJ)P(XIH;-H{ p{H.-}pEX|H,-}} ,
i-1

L=

where p(i,;)1s the a prior probability of A, and p(X|#,) 35 the likelihood functon of X. It is
obvious from the above equation that

N
2 D=1
c— 1

Note that P, as defined by TRW is, in fact, the p{F|X) of a given X when #; is the RV. Suppose
there are M targets nnder wack at a given time by the EKV sensor. For each target and the
comesponding feature vector, X;, P,p(X,) = p(RV|X,) is calculated by the MBQC. There is no
reason 1o assert that the summation of the P, of all the targets in the threat complex hasto be 1.
That is, usnally

M
E PaplX=1 .
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22 ALGORITHM DESIGNS :

2.2.1 Overview

[Ul Asdescribed in[5] and [16], the BLA include the bulk classifier, gap-filling algorithm (GFA),
featurc cxiractor, comsc classificn, finc disciminetion functdon, and “imporiance® calgnlation.
These algorithms interact with other elements within the track, fusion, and diserimination {TFD)
maodale, including the two- and three-dimensional trackers.

Tk classifie m TFD I
s T od *

- T - T . 50

ine MBGQ

22.2 POET Review

[U] In general, the BLA are wall designed, 'though there are o few arens where refinement or
Tedesign is necessary in order 10 increase the ropusmess of the overall discrimination functon.

wated 1o be 1 . . oo P .1

e m t

i suitahility fi

[U] The GFA fills the OR gaps with values equal to & . Th, where & is a preset constant between
Oand 1, and T# ig the detection threshold. Because of data gaps, the mean and standard deviadon
estimates of a radiant-intensity signal are biased; gap-filling is meant to reduce such biases.
However, if % is not correctly chosen, another kind of bias may be created, It is the POET team’s
opinion that the GFA should be redesigned. One option is to incorporate into the gap-filling pracess
knowledge about the signai, snch }{% limit of the bandwidth.
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[U]l The mean vectors and sample covariance marrices of the MDL classifier database are
obtained premission out of many simulation runs usimg feature vectors calculated at a fixed tme
¢lose to the endgame. In real-time operation, for each target a feature vector and its associated
estimation covariance are calenlated frame by frame, and the feature vector alone is used to ™
calculats P, in the MBQC. This approach inroduces a mismaich between training (MDL) and
testing data, because the later nsually have Jarger dispersion ghan the former (due to lower SNR).
A proper approach is to include the vuvariance of feature exiraction to compensatc for the SNR~
induced mismatch,

'Ll Laaalinag fag

USE [CHIW L v -

"

. led the
gy f track
atl :10an
g1 m, the
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[Ul The “imporiance” measare, the basis upon which the intercept target is selected, is the
cucome of an,&xdd combination of twa different methods of inference. One of the inpuis, 2, is
-defined within the probability theory, yet its combination with the confidence factor for the
impo calculadon i3 doue usiug fugzy lugie, As a esull, it Iy impossible w valeulae e
pmbabi)iry of selection analytically, and Monte Carlo simulation becoings the only way for
stanisgtal evaluation of the discritnination performance.
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23 OPERATIONAL PERFORMANCE ANALYSIS

231 Overview

[U] TRW has been using a software package, DISCSIM, to evaluate the performance of the base-
line discrimination architecnore. DISCSIM includes wals for signature generaton (OPTISIG and

0O8C), feature extraction (MODEL), feature selection (BESTY, overall performance simulaton
(VICTIM), and data visualization. The most important performance index, what is called #,, .,
is the fraction of VICTIM Monte Carlo runs for which the RY is selected as the intercept targer.

U] TDISCESIM bag been applisd by TRW to evaluate the bascline discrimination function against

232 POET Review

[U] The best feature subsert is selected within BEST according to what is called the probability
of identfication (P ), which is calculated using numerical integration. P, is diffcrent than
Fratanss “’M”" wl YICTDW Ml Culu 1uus. Iu cach ol dese IWung Curio ns e
MBQC it actually executed using the feature subset as selected by BEST. Given that Py, and
P yeree @re two different performance indices, the best feature set determined by BEST may not
produce the hest performance by YICTIM. In its independent assessment work [17]NRC Teported
that the BEST feature set produced a P, . that was below the required performance levels in 2
fow cozes and soractimes caused the situulativn wuls 10 crash, A potendal soludon o thas pmblEEﬁ'

1s o select the best features according (o the £,y of the MBQC in a large number of Monte Carlo
s, : AT arg
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[U) -In TRW’s pesformance tescing, test sarmples were generated in VICTIM wnder exactly the
sarne conditions as were used to generate the MDL classifier database in MODEL. Both modules
agsumed the sarme target characteristics, motion parameters, and sensor models, and both ysed the
tame values for the variables used for the BLA {track lengih, filior sonyenty, Nags, cic.). This
perfect match may at least parily explain the excellent test results, A guestion rermains 28 to what
the performance will be in real-world sitations, where-fhreats are not exactly known and sensors
may deviare from nominal operating conditions. It will be-interesting to 1est the MDL designed for
the TRD near-term threat against data collected by intelligence sensors andfor data simulated by
indcpendent organizations, N e -
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1. REVIEW OF REPORTED PERFORMANCE FOR IFT-1A

[} The POET team’s second sk was to review the performance of the BLA mchnelogy against
the IFT-1A flighe-test darg as reported by TRW 10 the Government. TEW s znalysis resalis were
first degumented in the 45-day tepont [10], then in the §0-day report [11, 12], and finglly in the
revised bAJ-gay Teport [L3]. LTe gata reparted 1n the G0-day 1eport ware provided 1o e POET 1cam
(14, 15]. A mumber of issues were resolved by analyzing these dats. In this section the
discrepancies among TRW's doza analysis reports are discussed first The mesolts of the POET's
analyses are then presented. The emphasis is on discrimmation issues.

3. DISCREFANCIES AMONG DATA ANALYSIS REPORTS

[U] There are two discrepneies reparding discrimination performance among the IFT-1A 45-day
report, the 60-day report, and the revised 60-day report, The first discrepancy is that the |- ellipses
thacTepresent the dat. dispersion of the MDL target models change substantizlly in size, shape, and
ocation from the 45-day to the 60-tay report (¢f. Figures 4.4.2.5,4.3-3 and 4.4.2.5,4.3-T of | 13}
As 8 tesult, the P, of the MRV increases greatly (¢f. Figuwes 4.4.2.5.4.3-% and 4.4.2.5.4.3-6 of
{13]). The second discrepancy is that the sizes of the 1-0 ellipses decrease a great deal from the
§0-day repart 1o the revised 60-day report (cf. Figure 4.4.2.5.4.3-1 of [12] and Figure 4.4.2.5.4.3-1
of [13)), but the P, does not change (of. Figure 4.4.2.5.4.3-5 of [12] and Figure 4.4.2.5.43-3 of
[13).

[U] TRW's explanation ior the second discrepancy was that the ellipses showa in the 60-day
report were mislabeled, and that they were actually 2.8-¢_{rather than 1-a) ellipses. The POET
team was able o verify this poim by calcylating the 1-a cnip;és using the 200 MDL featare vestors

eI ATZeT provided bx TRW [14]. /

L9
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(U] The explanation tha;iIRW!;ﬁ'erud for these discrepancies appsars to be reascnahle. Their
decision 10 tum off the(TFA for IFT-3 was also reasonable. At the same time, these problems
highlight the issue of robustess of the BLA, As demonstrated in The IFT 1.4 POSUMisSion analyses,
10 obtain “good” waining data Is nog % easy task even for a domestic Aight test,

—

32 INDEPENDENT DATA ANALYSIS KESULTS

[Ul The key results of TRW's IFT-1A discrimination daca analysis were prescnted in
Figures 4.4.2.5.4.3-1 through 4.4.2.5.4.3-6 of the revised 50-day repert [13]. Thase resolts were
checked for accuracy by the POET team asing dats provided by TR [14,15]. In addifon, the
POET team tried to verify the outputs of some important algorithms,

d and used
3 results pre

— A et Ambgy

3.2.1 Fading Memory Filter

(U] The measured radiant-intensity slgnals in each of the two color bands, /1 and J2 , are filtered

using a fading memary filter before they are combined and used for feature extmaction, The Slter
nme constant was set to 1 ¢ for the IFT- 1A postmission data analyses. Both raw and filtered radiant

intensity signals were provided to the FOET team, The consistency of these data with the twning
of the fading memory filter wag then analyzed by the POET team.

ectral nine
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[U] Figure 2. Power spectral densities of the raw intenyity signals of the nine targets observed
for IFT-1A for J1 (a) and J2 (b).

[Ul Figure 3a shows the results of applying the fading memory filter and 2 second-order
Butierworth low-pass filter to the J1 sequence of the MRV, The fading memory Gler is also a
low-pass filter, but it is first-order and the tilier coefficients are time-variant. The time constant of
the fading memoty filter was set to 1 §, 2nd the cutoff frequency of the Butterworth filier was tuned
to 0.3 Hz. The outputs of the two fliers are essentially identical after the initial 4-s transient
response, Further demonsiration of the similarity between the two filtered signals is their power
spectral density functions, as shown in Figure 3b, Based on these results, the POET tearn concluded
that the fading memory filter was properly designed, impiementsd, and tuned,

13
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{U]J Figure 3. Outputs in the time domain (a) and frequency domain (b) of the TRW fading
maomiory filtar (I & thno oonstant) and a sceond-order Duttes wun the lew-pusy filter (0.3-1z cugr
Jrequency} when applied 1o the J1 sequence of the MRV,

32.2 MDL Data Dhstrilputivn

[U] Figure 4 shows the scatter plots of the feature vectors generated and used by TRW in the
60-day MDL. Figure 4 confirms the scatier plot shown in Figure 4.4.2.5.4.2-1 of the 60-day report
{12, 13], There are a total of 11 target models (or hypotheses} in the database. One targer model is
constructed for each targei in the mission complex, except that the MRY is represented by two
models: one spinning (MRV) and one tumbling {MRVT). ’;D

[Ul Figure 5 shows the 1-& ellipses computed from 200 feature vectors. {Although a set u'f\lﬂﬂ :
feature vectors per target was actually used to generate the MDL, onl Z(flf} f them were provided
10 the PGET team.) The center of each ellipse correspotids to the sampld mean of the 200 featur
vectors, The probability of samples falling within a 1-o ellipse is 39.3%. Bigure 5 confirms that

ellipses shown in Figure 4.4.2.5.4.3-1 of the 60-day report [12] are 2.8-0 rather than 1-o ellipses

M
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[U} Figure 4. Scatter plots of the feature vectors {200 per target) generaied and used i the
JFT-14 60-day MDL.
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323 Statistical Performance

Lve ' S T ecifically,

o

N

(U] The POET team’s estimate of the MDL’s statisticol performance was obtzined m:nrdmg ta
tee following procedures:

U] 1. Calculate for each of tre 11 target models the mean vector and the covariance marix
nging the given 200 featurs vectors,

[17] 2. Assign a prior probability of 0.1 to each of the 11 target models, except the MRV and
MEVYT. Priors for the MRY and MRVT are set to 3/4 and 1/4 of 0.1, respectively.
(This partition is arbitrary,)

(W13, An MBQC is constructed using results obtained from (1) and (2).

(Ul 4. For each target, tast each of the same 200 featurs vectars against the clagsifier
designed in (3). For tach feature vector under test, calculate the a posterior
probubility of being each one of the 1! target models, Azsign the fenture vactor to the

\ terget model that has the largest a posteriori probability. Tally the assignments of the
200 fearure vectrors,

[U1 5. Construct a confusion matrix by combining the tallies obtained in {4) for all targets.

[U] 6. Estimate the probability of leakage (P, ). the probability of false alarm (Poh and the
probabﬂn}r of error (7, ) based om the confsion marrix,

13



Misleading BMDO-POET Analysis Page 29 of 73 Pages

ofthe National Missile Defense Atachment D of Lefter to White House Chief of Staf
IFT-1AFhyby Experiment by T. A Postol

TABLE 1
Confusion Matrix for Object-Orientad Digerimination U]

*  Fliter A
+ 200 leabure vectors per target model
» [dentifical raining and testing data sets
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(11} The statistical performance shown in Table 1 is based on the so-called object-oriented
discrimination, in which the discrimination decision 1s made cbject by object. But what i3
employed by TRW is the so-called complex-oriented discrimination, in which the lathal rarget is
selected by examining the whole threat complex observed and racked by the EKY scnsor. The
complex-oriented discriminaron is expected w provide better performance than the
ohject-oriented discrimination. Becouse the IFT-1A data were provided te the POET @am on an
chject-by-object basis, the statistical performance of the complex-oriented digcrimination cannot .

e
be pbtained in this case. '

-

324 IFT-1A Feature Extractior

(U] Discrimination feamres were exiracted recursively at each frame time vsing radiant intensity
monsrements of the ko eolor bunds. Approprinte weights wors assigned to the measursementa. For
Ulustration, the sequences of features #1 and #5 of the MRV and the MRLR2 as extracted by TRW
postmission gre shown in Figures 7 and 8, respectively. It can be seen that these fewtures converge
in about one oscillation period; values of fearure #5 are zeroed out in the first 5 s after acquisition,
and, for unknown reasons, feature data provided by TRW have dropouts.

— e ——

(V] 'Toe POET weam independently extracted these featurcs nsing the filtered radiant intensity
measurements | 14). Because measurement weights were not included 1n the data package, uniform
weights were assumed, The feature sequences thus extracted are also shown in Figures ¥ and 8 for
comparison with TRW's results, Obviously, the estimates for feature #1 are in pood agreement, and
the trends for feature #5 are similar, although the actual estimates are somewhat different. Taking
into account the difference in using the meusurement weights, the POET team concludes that
TREW?s teatute extraction alporithm has been validated.
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[} Figure 6. A posteriori probabilities of being each of the 1arget models for each of the 200
MRV feature vectors; they add up 1w 1.
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U Figure 7. Comparison of TRW's and POET’s feature extraction for the MRY.
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(U] Figure 8. Comparison af TRW’s and POET s feqture extraction for the MRLR2.
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325 IFI-1A P, Caleylations

(U] According to the TFD architecture, in &n interval i&m@m;‘ly before the endgame the feature
vector derfved from each track file is evaluated against the MDL classifier, and the a posteriori
probability of being one of the 11 target models as detined in the MDL classifier database is
Calculated. The a posterieri probability of being classified as an RY is referred wo as the P, 1. A
particular target among all targets in the threat complex is selected for inercept based on the £ AT
and what is called the confidence factor, If the confidence factor is the same for all targets, the target
with the largest P, 5 15 selected.

(7] The valuez of P, lov ull twrgets obeorved by the BEV la IFT-1A weors caloulated
postmission. Results for filter A were presented in the 60-day report (Figure 4.4.2.5.4,3-3 in |13])
and are repeated here in Figore 9, Only two featwey (#1 and #2) were used in the first 5 5 after
acquisition; two addidonul features (#5 and #7) were used in the next 12 .
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3 IFT-1A targets:
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[T} Figure 9. Values of P,y for 6l targets observed by the EKV as calculated iy TRW.
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{U} Figure 10. Vafues of P ., for all torgets observed by the EKV as caleulated by POET,
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(U] Figure 11 shows, for each given MRY feature vector, the a posteriori probability of being one
of the 11 tfarget models (hypotheses) defined in the MDL. Tt ¢an be seen that the a posteriori
probability of being the MRV is the largest, except in the first 5 5 of the engagement timeline,
Similarly, Figure 12 shows the a posteriori probabilities for the first MB (MB-A). In this case, the
lasgest a posterior probability belongs w wrget models (SCR-A, SCLR, or SCR-R) ather than the
MB-A at all times. This is not a surprise because the MB-A was misdeployed. These figures
demonstrate once again that the a posieriori probabilities of all target medels add up to one for a
given Larget feanme yector.

26




Misleading BMDO-POET Analysis Page 38 of 73 Pages

ofthe National Missile Defense Atachment D of Lefter to White House Chief of Staf
IFT-1AFhyby Experiment by T. A Postol

Feature Feature : ]
@1 ™ #1 and #5

| 11 Target Modela; -

MAYV
~——=  MEDRLR1 -
—— MEDALR2

SCLR
BCTHA
SCTEE
I -~ = MEDBALA :
- — - MWEDBALB

== - - - LARGEBAL

) - - TS

- —— MNMR¥T

| Figure 11, A posierior! probabiifsies of all Rypotheses given MRY feaiiire veciors.
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{UI Figure 12. A posteriori probabilities of olf hypotheses given MB-A feature vectors.
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4. PROJECTED PERFORMANCE FOR IF1-3

[U] The Boeing/TRW EXY is scheduled to participate in the IFT-3 Hight test. It is desirable wo
project its discrimination performance in such a Aight test based on experience gained from
IFT-1A. According to TRW's postmission analysis reports {12,131, the BLA can successfnlly
discriminate IFT-1 A targets.

[Ul According to the GBI PO, five opdons of target suite are currently under consideraton for
IFT-3. The tarpet deployment conditions are ulso wet to be specified. As shown in Figure 13, the
lase and currant option of target swile i3 identical v that for IFT-1 A, This option, which containg a
tetal of ten targets [an MRY, a nuldple service launch system {MSLS), and eight penaids], repre-
sents the most stressing target suite for the EKV discrimination. On the other hand, discrimination
is not an issue at all for the first option because the target suite oaly includes an MRV and MSLS.
Subsets of the eight pennids are inserted in an incrensing order of complexity into target snites for
options 2, 3, and 4.

U} Regardless of which target snite will be selected for [FT-3, the targets to be Hlown have been
cbserved by the EKV sensorin IFT-1A, Signature data collected on these targets will be exmemely

useful for constructing a representative MDL classifier darabase for IFT-3. If targets are deployed
HOMINANY 0 Uk -3, 101§ PO L TEATN'S ASSESSTNENT TRAT LKW 'S BLA Wil SICCessTully select me

MRY as the intercept target, even for the most stressing scenario (option 5). However, there ars
concerns when the deployment is nonnominal. Nonnominal deployment conditions have been
observed in previcus fight tests; for example, the mediom balloors in [FT-1A and IFT-2 were only
partially inflated.

(U] TRW swdied the impact of anomalons deployments of penaids on discrimination in an IFT-3
scenario [16]. The MDL included a small number of misdeployed penaid models in the database.
VICTIM simulation resulrs showed thar diseriminaton performance was largely insensitve 1o
nomnominal deployment of penaids, -

& tumbli~

~

il
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5. REVIEW OF THE EXTENDED KALMAN FILTER

[U] A Kalman flter (KF) was originally developed as a performance enhancement to the TFD
functon. The KF can provide a set of six additional discamination fearires. A detailed study of the
KF and is applicaions 0 disciimination was conducied in November 1995 [7]. The KT was

remwved from the TFD in June 1996 because, according to TRW, the EKV's onboard processors
could not support s operations in real time.

[U] The KF was originally studied by DCIS [19-21]; the POET team also reviewed the KF, even
thongh this task was not included in the team's ariginal Brarameant of Worl Beennse of time
constraints, the tearnt only looked into the feasibility of using the KF for feanre extraction,

¥ The signal modcl crmployed in the TRW KF 1y given as

In such & muxlel the due sequences of 1 and S2 are described as the sum of two components: 2
mean and an oscillatgon. The model includes a state vector of six elemernts; mean of 71 (J1),
mean of /2 (/2), amplitude {4 ), frequency (o} and phase (¢} of target intensity oscillation, and
tilt angles (8 ) between the two color bands.

[U]'.!; The KT estimares the six states (or paramerers) recursively, In essence, it is intended 1o solve
a NOnlpear parameter estmaton problem. The OBbservapility martix of the signal model 1s

invertble, meaning that ail of the six states are obgervable. Given that the model is nonlinear, an
extended Kalman filter (FEF) was needed. The EKF derived i3 linear mode] for estimation ar each
iteration based on prior best estimates of the state vector, For a pocr state estimate and its
companion covariance mamix, the EKF could sasily diverge.

[U] The FOET team ermulated an EKF according to [7] using MatLab sofrware. This fiter was
tested using data frowm simulaton as well as from IFT-1A field measurements. In thase exercises
the inigial state vector and covariance were obtained using visual estimation, and the process noise
of the filter was set equal to 1% of the state vector. Figure 14 shows the outputs of the EXF when
appliml w raw 41 and sz stgnals of e IFT-14 MERY. The EKF appears o cack the signals
reasonably well. Compared with the results obtained from the fading memory filter (Figure 3), the
EKF seems to provide a faster track convergence: the convergence (ine is roughly 1 s for the EKF
and 4 s for the fading memery filter,
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{U] Figure 14. Outputs of the extended Kalman filter as opplied 10 raw £1 and 12 signals of the
IFT-1A MRV,

[U] To further demonstrate the convergence of the EKF, Figure 15 shows the results from a
computer simulation. J1 and J2 were simulated using a pardcular set of valyes for the six staizs.
Bach signal was then periusbed using an additive zero-mean white Gaussian noise with standard
deviztion equal to 10% of the signal. Figme 16 correspondingly shows the converging time
histories of the six states and the companion standard deviations. These results show that the EKF
can be mued to behave properly in a noisy environment,

32
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* Raw J,
O Raw J,

EKF Outputs

Raw and Filtered J, and ., {W/sr}

[} Figure 15. Demonstration of the convergence of the extended Kalman filter using simulated
naisy two-band intensity signals: inpues and owpuss of the filter,

33
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[ U T Figure I-ﬁ.Pemqmtr:aﬁon of the convergence of the extended Kalman filter using simufared
notyy two-band intensity signals: time histories of the state vector convergence,
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6. SUMMARY

[U] APOET team was tasked by BMDO IN/ to study TRW's baseline discrimination algorithms
{BLA) for the Boeing EKV. The srudy included three major tasks: (1) a review of the sciennfic,
mathematical, and engineering principles of the BLA, (2) & review of performance agamst the
integrated flight test [FT-1A data as reported by TRW to the Government, and (3} & projecton of
the BLA's performance for IFT-3. The scope is basically limited to the BLA and the scenarios
where threat types are known. The POET team carried out the asks mainly by meviewing the
technical documents provided by multiple organizations and by analyzing flight-test data.

U] In fulfillment of the first task, the POET team reviewed the concept, desigm, implementation,
and operationzl performance analyses of the BLA. The major findings include the following:
(1) most of the BLA are well designed and work properly, except for a few, for which refinement
or redesign is necessary in order to increase the robustness of the overall discrimination function;
(2} the perfonmance of the MBI may degrade signifcanty i incorec prive houwlolge alwut s
threat is nsed in the classifier database; (3} the GFA, which was designed to fill the dama gaps
induced by low-SNR signals early in the engagement timeline, has not yet been demonstrated Lo
be useful; and (4) the “importance” measure, the basis upon which the intercept target is selected,
is the cutcome of an ad hoc eombinatdion of probabiliry theory and fuzzy logic.

(U] In fulfillment of the second task, the POET team looked at several IFT-1A data analysis
reporis and analyzed fight-test dara to verify the key discrimination results reported by TRW. Une
of the major discrepancies berween the 45-day and the 60-day reports involves the shifis of feature
eltipses. The POET tam agrees that an improperly constituted GFA was the source for this
disorepancy and considezz the decicion to urmn it off for IFL2 reaconshle POET'e TFT-1 A dsta
analyses have validated the fading memory filter and the feature extractor. The target-ranking
probabilities obtained by TRW and POET are in good agreement, with an exception that during
featyre transition TRW’s results show that the P, of the MRV drops to almost { befere increasing
o close o 1: the POET's results show a smooth transifion. Stadstcal resulis indicate that
performonce of the TRYW BLA within the allowable scenarics of IFT 1A i lese thz.@;ch
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[U] It has been a concer that the discrimination concept and f1s implermentalion will not and
cannot function to meet TRD requirements; however, it is the POET tearn's consensus that the
majority of the specific technical arguments to support this concem are unwarranted.

[Ul Another concern was Taised that in the generation and use of the classifier dambase it is
assurned that threat-typing information is available and, for a given threat sysier, target
characteristics, motion parameters, and engagement geomery are known, even though oo reliable
prior knowledge on threat type can be obrained. This issue is acrually owtside the zcope of the
POET snuly; however, s FOET wam rccognizes that prior lmowledge of the threat ppe can
improve discriminarion performance if it is correct and degrade performance if it is incorrect. How
to provide a cormect thrzat type is an overall NMD system design issue, Also, within the EKY it
rmay be Important to stucture the discriminetion architzctare 1o take advantage of threat-fyping
information and avoid the potential risk at the same time, '

[ The POET also ook an excursion from its statement of work to investgate the Kb, which was
originaily developad to provide enhanced discrimination feanures and was later removed from the
BLA. A KF was emulated and run against both simulated and IFT-1A field data, and the results
showed that the filier could be wned to perform properly, but that a Tobust initializaton procedare
has yet 10 be developed. A ats

%
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APPENDIX A
POET STATEMENT OF WORK
A.l SCUPE

[ The BOET will provide technical evatuations of TRW s digcrimination tschniques developed
for the BOEING Exoatmospheric Kill Vehicle (EKV). The POET evaluation will address the
echnical performance of the techniques as indicated by available data and a3 reported by TRW,

ALl Background

[U] The Excaimospheric Kill Vehicle (EKV) or front end of the interceptor is the most
technically challenging aspect of NMD [National Missile Deterse] interceptor development. The
EKYV operates by acquiring a threat ¢luster [rom informution supplied w it by surveillance sensors
through the Battle Management, Corrnand, Control, and Communications (BM/C element. The
EKY rust fuse this information with the scene iis on-board seeker sess, select the KV [reentry
vehicle], and manguver to the RV, destroying it by force of irnpact. If insufficient threat information
15 availahla from the rest of the WMD crstam. the FEKV mnst ba ahle to detarmine the lethai ahiect
through on-hoard disctimination and targe! selection. To do this, the EKY must process and fuse
on board sensor maltiband data, perform target corelation and fusion with data from off board
sensors (UBYS), perform featre extraction, and classify targets according to lethal versos non-lethal
objects.

A2 Objective

[U] The overall ohjective of this effort is L assess the performance of the EKV diserimination
algorithms implemented in the BOEING EKV by TRW, and to complate the assessment within
about Lww wonihs. The asscysmem will evaluare the performance of the algodims using availabie
data from Imegrated Flight Test 1A and other information from TRW, Nichols Resesrch

Corporation, the GBI Program Office, D, Nira Schwartz, and the Department of Defensa Inspactor
General. The POET study will address two primary issoes:

U] Is the wet of discriminaton algorithms, softwarc implomentation, and asacciawd data

developed by TRW for use in the BOEING EKYV consistent and correct in its scientific,
mathematical and engineering principles?

[U] Whaut performance do the algorithms, software implementation, and associated data provide
using the data provided by IIFT 1A?

7
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(U] It may aiso he possible within the 2-month study duration to estimate the performance the
algorithms, implementation and associated dara would provide given the expected sensor dats for
IET 3. If evaluation of IFT3 potential perforrnance is not possible in the 2-month study duration,
such wark could be done by extending the smdy as needed if desired by IN/L

Az TASKS

[U} The work will be divided into two tasks corresponding to the issues to be addressed, Every
effort will be made to complets the evaluation by August 1, 1998, but both tasks will be done in
cooperation with TRW, Nichols Research Corporation [NRC], the GBI Program Office, Dr. Nira
Schwartz, and the Deparirment of Defense Inspector General. Fult and tmely cooperation fram
these individuals is required for completion of the POET smdy in 2 months as desired, BMDO-TN/
will provide liaison to the above organizations and assure full and timely cooperation. POET will
provide an interim progress and siatus report to JN/I at the end of the first month of activity.

[U] Task 1: Review of discrimination algorithms, software implementation, and associated data

developed by TRW for use in the BOEING EEV [or consistency and correcness in irs scientific,
Mamemanca) and engineenng prnciples

[U] This task examines the principles and assumptions on which the algorithms are based and the
manner in which they are implemented to determina that they are fundamentally consistent and
comect. In particular, the statistical and mathematical assumptions, technigoes and applications
will be reviewed lor accuracy, sufficiency for die purpuses inwnded and appropriaieness for te
application. The scientific principles used in feature definition, measnrement, and chamcterization
will be reviewed for consistency with the best available information on the relevant phenomenol-
0gy. The engineering approach used to implement the algorithms will be reviewed for consisiency
with the aigorithm foundations and for consisiency with current best engineering practice.

(] Task 2: Review of performance sgainst IFT-1A data

@ Th:s task examines the performance of the algorithms and implementation when used to
discriminate specitic data. In particular, this task reviews the performance obtained with the data
from IFT-14A and evalvates the performance reported by TRW to the government for accuracy.

A3 DELIVERABLES

[Ul" The deliverable will be zn interim and final report describing the conclusions reached and

delivered 1o TNA. The final reporl will ba produced and delivercd to TN on compistion of e
study.

i
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[U] Every effori will be made % complete the evalpaton by August 1, 1998. However, as
ndicaed above, the timely completion of the study reguites the cooperadon of THW,
Nichols Research Corporation, GBI Program Offiee, Dr. Nira Schwartz, and the Deparmant of
Defense Inspecior Generdl o providing data and Infortnation necessary for the POET evaluation.
If it becomes apparent that complation by August 1, 1998 s not possible, the POET will inform
IN/i promptly and indicate the data or information reguired for com pletion.

A5 PROGRAM MANAGFMENT

[U) NI will be responsible for overall task management with Mr. Keith Englender the point of
contact The POET task leader wilk be Dr. Ming-Jer Tsai, Dr. Frank Handler will be the POET task

manager. Release of results or inforroation generated by POLT analysis will be only to TN/ unless
olherwise specifically directed by INfL

A% LEVEL OF EFFORT

Evaiuailon 18 {Menaed [0 C¢ ToT 2 MONEs., [UnRng UHs UME 10 5 ancvipawd a5 mauy as 4 POET
personne! will be participatmg at any one tme, using approximately 4 staff months over the
inlensive period.
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APPENDIX B
RESPONSES TO ISSUES RAISED BY DCIS

B.1 REVIEW OF ISSUES

[U1 In the course of its review of TRW's EKV discrimination work, TXCTS has asserisd that
TRW's discrimination concept and its implementation will not and cammot function 1o mest the

specifications of the Techninral Reguirements Docament (TRD). Responding to thess issues was not
ncluded in te original stody pian (see Appendix A); the POET team was requested 1o do so after

the study was completed hy Mr. Keith Englander of IN/L -

(U] The most recent concerns are documented in f19- 21], Given that marty of the concerns raised
in these documents are similar and that [21] is the most complete statement of these cancems, the
POET team helieves it s appropriate 1o respond to the isguea mised in [21]). Most of Ukese Txsues
have already been discussed in general terms in the main body of this report. In this section, the
most critical issues are grouped into six points: the POET team's findings are then presented.
Point-by-poit respanses are found tn Section B.2.

B11 {ritiral Isaes

(Ul Many issues {2 toml of 53 bullets) were raised in the 16-pape hriefing docnmment [21], The
most critical may be stated a3 follows:

(Ul 1. In their operational performance analysis TRW took a narrow, Hmired approach in
asstming That threat-Typing infomation would be available ang that, for 2 given threat
System. targel characteristics, motion parameters, and engagement geomatry would ke
known. In actuality, reliable prior knowledge on threat type cannot be obtained, and
the uze of such knowledge for diserimination is not pemited by the TRO,

[U] 2. Because improper faamme exmaction mathods were amployed, many anomalies weis
observed, including thar featares were corfelated, that some baselins featurcs (#3 and
#6 in particular) were never used, that discrimination performiance degraded with the
agditon of features, and that the best fearure subset selected did not produce the best
performance.

[U] 3. The concepi of “probabiity of Tanking™ used for selecting an intercept tarpet is
impropet. ‘When applied to the [FT-1A Postemission analysas, many problems were
identified: nomalizing the Pyr to 1 resulied in noncompliance performance with the
TRD; fearure elipses were not drawn in terms of 3-¢ uncertainty; using the “distances

4]
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10 the ceniers of the assigned ellipsas” for maroat ranking was misleading: and large
overlapping area between ellipses indicated poor performance.

[U]4. During the IFT-1A postmission analyses, the preflight fearure distribution ellipsas
were shifted between the 45-day repart and the 60-day repont In order to increase the
discrimimation performance, The explanation that the gap-filling algorithm (GFA) is
the reason for the shifts is not tue,

(U] 5. The optical signatures conliin spikes and dips due to nateral physical characieristics
of the targets. NRC test resulis show thai when the signatures possess spikes no target
is selected in many cases and there are a large nuraber of false alarms; when dips ocour
the baseline alggrithms (BLA) coilapse.

[C] “wae IKF), which * ot the suggestinn ~° ¢

Ex SLNE BRI Ty and
pr .

B.1.Z POET Team's Findings

[U] Tuis the consemsus of the POET 12am that the majority of these concerns lack technical
Justification. Overall, however, these ¢oncers reflect the widely recognized complexity of the
discrimination task. The POET team sees no evidence that suggests eny obvious noncompliznce of
the BLA with the TRD.

[U] The POET 1eam’s Andings concernmg the $iX major issues are summarized in the following
paragraphs. The team based these findings on careful review of all the available dacuments,
independent analyses of Bight-test data, and the experiences of the members of the POET eam.

(U] (1) The TRD contains no requirements relative to single-threat system assignment; however,
it is wcll recognized that prior kmowledge of the rhrear type can improve discrimination
performance if it is correct and can degrade the performance if it is incorrect. How 10 provide a
corect threat type is an NMD systern-design issue. Monetheless, the EKV discrimination
architecture can be swuctured 1o take advantage of threat-typing information and avoid rsk at the
same time. For example, at the expense of additional complexity, the performance degradation due
W uza-typing eTer ¢an P& munmized by running in paralle! multiple sets of the mission data load
(MDL) and then zccepting resulis from the panicular MDL that produces the best system-level
diserimination performance.

{111 (2) Mast of the feature extraction algorithms described in [, 16] appear to be sonnd in both
ecncept and implementation; the GEA may 0e e only excephon,
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[U] The fact that increasing the number of features after first improving performance eventually
canses the performance to decrease is curicus but not unprecedented. Possible explanations include

(2) insufficient training data, (b) non-Gaussian featore distributions, (c) highly correlated features,
and {d) mismatches betwesn waining and testing of the moltimodal Bayesian quadratic ¢lassifier
MBQCY.

[U] 1he pestteature subset selected by BEST may not always produce the highest 2, because
BEST makes the feature selection based on £y, which is calculated numerically, and VICTIM
obtains P, bused on Monte Carlo muns. It may be 2 good jdea that BEST also uses Mentz Carlo

mns to select features.

[Ul (3)Cleany, ing ¢oncept of “probapilTy of ranking” was misunderstood and misinterpreted.
Good descriptivns of this concept can be found in [5,18].

(U] P,r is 2 probabilistic measuse calculated according to the Bayes’ rale for each target in the
observed threat complex. For a target under track, P,y is calcnlated against all target models as
dofincd in the MDL. It ls actually the g pusieivrl proUsblily of the larger betng an Ky among all
target models. P,7 does not need to be normalized to 1 because the summation of P, over all
targets is not equal to 1. For example, given two target tracks with P, of 0.9 and 0.5, the rack
with P, = 06 will be selected as the RV although the two P, values do not add ug 1o 1.

[1] To calculats the P, of a target, the ¢ovariance matrix, which describes the distibutivw ut
dispersion of feature vectors of the targer, is used. In o two-dimensional feature space, the
covariance matix i3 typicaily represented as an ellipsis of  certain size and orientation. It does not
matter whether the eflipse is drawn for 3 or 1 & or for any other value, as long as it is correctly
identified.

(U3 In TRW's design the “distances 10 the centers of the assigned ellipses™ are never used for
target selection. An intercept target is selected using what is called the “imporance” measure,
which i5 calculated by combining 7, and a confidence factor. The 3 nobis distance is used
for bulk and coarse discriminations, which is the distance between 2 givepfeature vector and the

canter (or the foature moan vectin) ull & LEpel (eAUrE WsIEbaton n}unﬂhzed by the asscciated
covariance.
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[ TRW's fine (ie., precision) discriminafion function implicidy includes what is called
objectorienied discrimination and complex-grient=d discrimiration. The former computes the
4 posteriori probability of belonging to each of the target models as defined in the MDL. The laer
exarqines the a posterion probabilities of being an RV (ie., P,z ) for all targets in the observed
threat cemplex and then selects the terger with the largest Pyp as the intarcept target. Waen the RY
and non-RV ellipses overlap heavily, the objest-orented discrimination fonction aigne nsually
produces poo1 performance, but this performance can be improved significanily by the follow-on
complex-oriented discrimination. This means that £, ,_ , can be higher than what is percetved by

inspecting the fearure eltipses.

[J] (4) The ‘eature ellipses changed in location, size, and shape from the 45-day report to the
- 60-duy mport. As a result, the P, of the medivm-size reentry vehicls (MRV) increased signifi-

cartly. TRW's explanation, which hinges on the GFA, seems to be reasonable. In either case the
g MRY was selected as the lethal target,

T F FLEA

g
B
\ly
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[U] TRW admits'thai addtional work on the GFA is necessary, and they appear to be praceeding
, With caution regarding the use of a GFA. The data to supportits use have not yet heen preseatad to
the POET team, '

U1 (%) The ACPS part of the US5-4 znd the reflecting appendages/threat wings as cited by DCIS
} do not physically produce spikes on optical signature dara, The “spikes” referred to here are
- ftifacts of an incorrect senspr noise mode! and improper logic in paris of VICTIM, which are ot

; TRW’s responsibility. (HL-Y
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{ztandard deviation of the composite intensity normalized by the mean} and #7 {standard deviation
of temperature). It i3 incorrect 1o assert that becanse dips occasioned by an improperly consiuted
GEA rause a fuilure of the system dips of gome other orgin, Le., aspest-angle varlation, will canse

a sirmdiar resuoit,
(51 s - e i -
1 exAnd

[U) TRW's report has shown that the extended Kalman filter (EXKF} can be tuned to converge [7].
Independent sirmulation by the POET team confinmed these results. But neither study adequately
addressed the issue of sensitivity to noise permrbation. In noisy conditdons the EKF is known to be

sensitive to initialization of the state vector and covariance matrix. A rabnst inftialiration procednra
s needed to make this a generally usefitl algorithm. TRW has acknowledged that the KF, EKF, and

fterative EKF peed additional development before they are ready to be implemenied, but there is
no contracteal requirernent to implement any of them.

E.2 POINT BY PONT BISCUSSEION

[U} ‘This section presents the POET team's point-by-point responses to the issues by DCIS. At
the request of N/L, the issues given in [Z1] are presented page-by-page and bullet-by-hullet; the
POET team’s response to each bullet is inserted in red immediately under the original text.

Page 1 - Non-Compliance without exception of Baseline Discrimination technology with the
TRD

'. (U] Tide page,

Page 2 - Kalman Filter (KF) family of Feaiure Extractors failed to comply without
exception to the TRIVSOW

*  Jameison [ISEG] commitiee meommended spectrum analysis.

-

(U] There is no comtractual requirement that the KT function shonld he sneluded in the
Jdiscrimination process.
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+«  Kalman filter was to extract additional targe nomber of feamires.
- Kalman Fiiter April 1996 report pages 11 (Jameisen) and page 120 {(feature list).

/{51 w extract e = ey g
'y 05C
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Statement of Work (SOW) requires systcm dgsign robustness to foture maodificadons.
KF and haseline discrimination failed 1o comply with the TRD or SOW,

Q‘L'} Thers is ne evidence that the system design is not robust enocugh to avcommodae 4
eil-funcroning KE if that should be required in the futare.

+  The KF, axtanded Kalman flter (EKE), and iterative extonded Kalman Glter (IEKF) all
fafled NRC test on November 1996,

[[:] NRO's tesr rosnbs ane noe availahle foe neview. Boe TRW s report L7] hus shiswn Tha the FRE

can be tned to converge, ndependeat simulaion by the POET team confioned these resulls (s
Sectdons 5 and B, L)

+  Entire KF family oscillated/collapsed under small percent of noise pertucbation.

/[Lj Meithor TRW s study [7] noc POLT s wdepomdeit shnulatiow adeguately addicas i braue of
sensitivity (0 noise perturbation. But the EKF is known (o be sensitive in noisy conditions o the
initialization of the state vector and covariunce matrix. What is necded is a rohust iniializatdon
procedure,

«  In November 1996 the KF was removed from the EKV

( fU] TRW has acknowledged that the KF, EKF, and IEKF need addidonal development before
|| they are ready o be implemented. but ther: is no contraciual requirement Lo implement any of

\rhem,

TEW oxouncd the KF remaval dus to the caccas memimy il oyuiml. Howoveo, s KE
failed with all the memory it necded to operate properly.
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(U] The requirement is for TRW 1o mest the P, requircments levied by Boeing in the Frime

ftem Developmen: (P1D) document. They can do this with any ¢ombination of algocithms it

succsads. TRW clumed that ihe baseline discimination aloge is advqute For the near-teem e
. specilied by the TRD and the IFT.3 mission,

Page 3 - Non-Compiiance without Exception with the TRD

¢ Itisimpossible to predict/assign, just prior to the amack. a sinple threat system.

- Sources:
- TTSSR 1995 and [506

- 45-d2y. bl-day report and Addendum | to the 6i-day 1eport
- NRC (est reports, Final and prior dated 12/2/98

-TRD

- &F April 1996 test report,

(L7 The TRD spevifies ne sequirements relalive 7o Singly-Lhrea sysIem assigrm ant. and tis issuz
is nurstde (he seope of L POET study. The POET s study did aur aviluate 10 whelezearms BLa
may o¢ used W0 meel the generdd tequirements deseriped in the TRIDL kevond the anilioe o
determiie which ohject within a threat eloud is hethal ¢ glver thal the farea: fvpe s knowns
howwever, the POET team recowsnizes that rha fancepn of daesud teprng hag sigailic o inpae e
EKY discrimiration pertormanca and that g impwet shouic be exumined carefuily i the cunosy
of gveradl NMD acchitectars plarning and throat assessment

(L]0t i well recogmzed that prior krowiedge af theat (vpe can imprave dosecminaica
pertormanee it is comect and cen degrade perfarmance i i is incorrect, How L provide o comet
Hisant typa i an MMD avatem deaizu B 1S Deleved (at the EEY liseAminiion achiesn
can be suctured o tke advantge of threst-tvping infomeation and avoid msk 4 the sume am.

*  Evenifsingic threar sysiem was assigned just prior to the anack ther:
- The Singlz Assigned Threar Sysicmm Parameters (SAYSP) needad for the Basaling
diserimination are unavailahie, ang :he prhahiiine oF prodiening thair soeurses deos
not comply wittour exception w the TRE

*  EBwenif SATSP wer available just priar 10 the artack then-
- Feane exiraction 'reies’ ure false, Depencent Features ars falsely selecnd ra by
ellipsis location t imprave P.select,
'IHCTCESH!Q numher of featurme  cwpcar P seicot  decrecscs 1failcl TRD
[eyuirements).

7 ae tacr thn IPordasing the number of Levtbres arter LS @X20eTl [rst inproving
_P-ilrlf_"?ﬂﬂf-'w t_ﬂ'e_ﬂlllilll__‘r' FHAVSES F ey 10 0RUI20Se B CUrions and warmng further invessigation. v
1613 nor o basts foe cledming fiure 1 meet (Be Apeciications at the TRIY. The TR Cacroatl ha

47
Unclassitied Draft



Misleading BMDO-POET Analysis Page 59 of 73 Pages

ofthe National Missile Defense Atachment D of Lefter to White House Chief of Staf
IFT-1AFhyby Experiment by T. A Postol

Unclassified Draft

Prime ltem Development docurnent) requires 2 cerain performance (expressed as Py,p,,., Jiitis of
course sensible to uptimize perfarmance and not insist that all features must be used regardless of
htheir effect on performance.

- Ellipsis location and feature extracted values are subject to unpredicted bias
created by signarure GAP to dramatically influence P-select (fails TRD
TeqUiremEnts ).

[U] The intensity saquencas generated by MODET for imioieg purposas exhibited data zaps in

the beginning of the cngegement Gmeiine when the SNR is low. TEW employed the GFA to fill the
data saps, which biased and rotated the feature distribution ellipses. In the [F1-1A 60-day eeport
[12]. TRW cffectively eliminaled the GEA problems by delaying the provessing of inwensity data
until the SNR was safficient.

(U] Animproperly constituted GFA clearly would have a negative eliect on qiscnminaton. bul
(his does not mean that a failure 10 meet the TRD requirements has pecurred.

- Prohability of Ranking does not comply with the S5PK. as shown in TRD.

(1] Ranking according to probability of lethality is a2 sound stadstical concepl. These
probabilities {reterred (o 45 P,¢ by TRW) For all tarzets i the theeat complex do not add up © e
unity. There are no reasond o suggest any conflict in principie between this rankiag concept and
e reyuirement Lo meet an overadl SSPK,

Page 4 - “Threat Typing Sensitivity Study Report” (TTSSR): A Narrow Limited Concept
mAar aoes not COmply withoor excepuon widn tie TRT»

»  TTSSR 1995 page 5 (U): The batle manager can use surveillance data to provide
threat typing information w0 the EKY system at launch. Figure 3.1 shows how
derailed surveillance data can be used to narrow the threat system from any of the
thirteen systams down to potentially a sinple system. TRW providad no validatinn
of their selection,

*  Namowing the threat system down just Prior ke the attack based on fuel tvpe and
lamich location is grossly inaccurate. The TRD does not assign a threat type sysiem
to booster fuel type and launch location for a specific country (TTSSR 1995, papge
12, TRD page A-72, 10).

-Thi3 i3 inconedt since,

- The enamy is knawn to switch Land and Sca missiles and their payloads (GBI en
12/2/98).

- Just prior 1o the attack single threat system out af the entice threat library for a
gpecilic country and aleng tha TRID can be not agsignad.

- The assigned threat system and all the RVAO[d)/{t/[s-¢}/[Dips¥[Gaps] and what
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19 peeded for TRW to perform amd to assign o target is ool gvailable (Page 123,
addendum $0-day Report}.

= Intelligence provides updated data every 2.6 months, not prior to the attack (GBI
information supplied on 12/2/98).

- Ieligencedsurveillancs community assigned g threat sysism lbrary per couniry,
ner single threat gystem target Just prior ta the attack.

- The agcuracy/probability of the prediction is 1/N where N is the oumber of possi-
bilitica in the TRD library and it dues not comply with the TRD {(SSPK).

- Whal are unprediclable war condittons? (TRD pape A-2; second para).

['] The TRD gives no requirements refative o threat fyping sensitivity. and the issuc iz outaida
the scope of this stidy.

(L7 At the expense of addiional complexity, the degradation of discriminaion performance duee
63 fhreal (vping etror may be minimized by running io paralled moluple sets of the MDL and then
aceepling resufts from the particulst MU that produces the best cumplcxwi&luq ,l_i_%scriminur_ii:-n
perfoeminge, '

Page 5 - TRD versus TRW Discrimination Concept
(U] This page is é\cmmhh ihat illustrtes the concept of using threat-typing information,

Page 6 - Tmproper Feature extraction method that does not comply without exception to the

TRIVSOW
. DLCST avftware malfunction is not the rcasan for thie nou-cawpliane ol hic Daxlios
technolagy with the TRD but improperflack of [eature extraction rules are the
problem.
- NRC hand exiraction feamres/vaiues assure high P-select and eliminate this
£XCUse.

)

[U] The best fealure subset seledted by BEST muy not always produce the highcst, Prupe - .
because BEST makes its feature selection based on Py which is caleulated using numerieal
integration. VICTIM obtains P,,p,, based on Monte Carlo runs. Tt may be a goad idea that BEST,
als use Monte Carle runs to select features. - .

- Niscriminativn perfoumunce wiongly deprades with te additon of features.
- Final test eeport by NRC, page 16, indicates that without feamre #5 results
tmproved “substamially” contradicts the TRD on page 6, 10 that request the use of
all availabie data

IU7 Page & of the TRD stutes that five "KW shali integrate all available data o uplimize Lereet
szlection.” Clearty the relevant phrase heve is “to optimize target selection” The [acl that

1%

TTrT.. -1 . " e ~



Misleading BMDO-POET Analysis Page b1 of 73 Pages

ofthe National Missile Defense Atachment D of Lefter to White House Chief of Staf
IFT-1AFhyby Experiment by T. A Postol

Unclassified Draft

/ discrimiation performance degrades with the addition of more features is curious and warrants
further investigation, but the most important conclusion to draw is that such features should not be

uged. Iu.;_ﬁéi{;,gﬁﬁﬁb]e yize 2l availuhle date i that loads to degraded performanca.

- w Ei';wl..u Lﬂ_.L-Jy.;_'.I. ™, ﬂ"‘-’\-ﬂ [l}ﬁ \‘inhf--'} ] ]

[U] Theimproverment in performance noted in the NRC test report f17] (which is assoctated with

legving out feature #5) is possibly related to the improper usc of the GFA, as stated by NRC [17]
and confirmed by TRW [16].

»  Teaturcs #3 and #6 arc nover used aines thoy canse the baseline system ta collapas:
- NRC Test Report dated 12/2/97 on page 28 of test and NRC presentation on
1212197,
- While faature #3 is essential for the Pre-flight single threat systern adsignment and
the ability to draw pre-flight cllipsis, however, there 15 never an in-flight match
againat this foature,

*  Addendum 50-day and 50-day reports page 123, 124, and 125,
- Just prior to the attack, nafther the radar nor any one else can supply feature #3
values,

- Bven if pre-Bight Feature #3 are not of any use, it 15 essemtial to match this feature '
onboard.

- EKV measuremants of faature #3 are not of any use. Which incorrecty leaves the
eysertial pre-Dighl lealure vector not in common with the in-flight feanire vecror. -

/ [Ul No sshstantal argoment s being made here. Although teature #3 must be known or

caleulatrd as o part af the zeneration of an MDL. the fact that it is net then partivulacly usatul in
discrimingiion is largely irmelevant. The pptimization process showld specify the mast useful
features to employ in performing discrimination. The fact that the resuling setof {Catures nry not
confonn W inluidve Fuesses simply means that intwition is not 3 good guide in this case. Itmatters
nod at all that this parameter is needed o construet an MDL but then is not useful in actually doing |
digerirnnation.

(U] NMshould also be moted that Features # 2 and # 3 arc highly correlated . B Feature #2 15 selected
(a5 in the MDL for IFT- 1A} feature #3 will very likely be lett out.

* - Features are selected from the “dependent” group of features to falsely relovate ellipsis
centers and falsely lmproves discriminatdon perfurmance, This is an indication dhat
the digerimination i3 subject to bias, NRC final test dated 1252/97 page 18.

(U} The eight baseline festures are indeed dependent because they are derived from just two
independent sensor measurement sequences. This is a limitation of the EXV sensor mueasurements
rarher thar intentionad falsiticaton of dat.

Page 7 - Improper Gap filling methods fail to comply without exception to the TRD/SOW
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» (AP flling algorithins are subject to bias and inBuence the feawmefvalues extracted
for discriminaton.

- NRC Final Test Report dated 12/2/97 on page 16, 17, 18

()] The GEA as implemented for the IFT-1A postmission data analysis in fact caused two
problems: bias shift of ellipses and rotation of cllipses due to correlution between teatures.

+  (3APsizes and locations are unpredictable and unpradictably bias the exiracied teature
values, which result in unpredictable non-compliance with the TRD.

[U] The improperly constituted GFA did affect the results significantly. as shown in the [FT-1A
45-day repont 110). But as shown in the of-day report [12], the {ll etfects of the CGFA can be
overcome hy delaying the feature extmution provess uniil e SMR is high enough to aveid duta
oaps. NRC reported that when it modified the GFA to achieve the intended beacfir of properfy
implemented GEA, performance did indeed imprave.

» QAP filling alporithms can not be embedded into already predicted pre-fight
signatures. Obiects/GAP/ellinsis correlation are unknown and to be found and not
asstmed. But GAP fiiling was applied to pre-Hight ellipsis and caused them @0

tandomly shift location.
- The addendum 60-day report page 125 dated April 1, 1998 indicates no gap klling
was involved (only in the 43-day report).

[Vl Acteally. & new MDL was generaled 1or the IEE-PA QO-3aY 0313 analysss Daszd on Tack
intervals later and shorter than those used in the 43-day analysis,

*  The drastic shift of pre-flight ellipsis center with the induced Gaps is an indication of
the poor performance and the non-rebust nature of the discrimination method w©
bias.

[UT The need w adjust the MDL from the 43-day analysis w the 60-day analysis arose mainly
because the GFA was not properly implemented. The problem czflects the fact the discrimination
algorithms are still under development and testing.

= Whille NRC swed dian die fealwre eamacted values are subfect wo Gap filing, Mr Iy
Balin in his letter to GBI on March 5, 1998 indicauied that the new gap filling
algorithm was integrated into the VICTIM. The algorithm is “statistically sound.”

(L] The ill effeces of the GEA can be avorded by property weighing the data points.

+  The Addendum 60-day report dated April 1, 1998 claims the need for Gap evaluatfon.
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= But there is no method to fill the Gaps so features extract values will not be subject ©
hias, and therafore the complete concept is wrong. (statistical Analysis with miss-
ing data).

[T To say that the GEA induces bias in the data and thorefore thai the “compiete cancept is
wrena” ignores the fact that, evan in the ahseace of gap flling, there is naturally and necessarily a
bizts in Wl data cassed by the missing data below the detection threshold, While il is elear Uit i
improperly constituted GEA would negatively impact the discrimination process, it i§ also quite
pOSSIDE: that 4 properly consdnued GFA Wil have subsiandal bensluw du process, Whetler ov
not the use of 2 GFA will be bepeficial can only be determined after substantial simulation and
fasting. Ttis not possible to say at this time whether a GEA will be benaficial or not. TRW appears

\ be proceeding with appropriate caution regarding the use of a GFA.

Paga K. Tmproper Suechahility of ranking™ method thet fails to comply without exception
with TRD/SOW

»  Nonnalizing the Probability of Assigned Target (PAT) to value one, as requested by
the TRE page 10, results in non-compliance performance with the TRIL.

[T Foewluwae o da TR b e ogue et e iiade b mocasalins Do e ome.

(U7 P, 15 a probabilisiic measure calvulated according to Bayes' rule for each largst in the
observed threat complex. Tt does not nzed to be normalized to | because the summation of 7,5
ovor all targets is not equal to !, For example, given two targee tracks with 2,¢ of 0.9 and 0.5, the
mack with the Pyp of 0.9 will be selectad as the RY, even though the two Py values do oot add up

Jo L
+  *Probability of ranking” is incorrectly performed against one single pre-flight target
assignment and not against the entice attacking country intelligence threat library:
[ET]  For a treeor under reack. P2 15 enlenlated against all marger madels ag defaed in the M

P,y 18 the a posterior probability of the target being an BY among all @eget models. The MDL
van be generatad naing tarper madels from all theeat svstems or from & single syswem. depending
ot ww Lhe threat-typing information i5 used.

= P-select can not supersede the BEST cakeulated Prime [tem Development (PID) value
of P-select. :

- Addendum 60-day report page 123.
~ NELC test report dated 12/2/97 page 33.

(U] There appears to be some confusion hete between the Prime freim Developmen: (PID)
specifteatinn and the peobability of commect target identification, £,. The PID specifie: the
~contractually required vale of £,,,, , that the TRW discriminativn funiiuns must mect.
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!
(L7 1tis clear from the description of Py, provided in [7, 8, 16] that there is no a PTIOLL reasan
why the value of 2, . cunnet be larger ar smaller thun P, Which is the product of the ofl-ling

use of the algonthm BEST to find the best features to use in discrimination for a particular Birger
,Buite, engagement, and illumination condition,

*  The ellipses should be drawn for three sigma since Boeing requested that the PID and
P-select with not be less than a three siyma valne.
- NRC test report dated 12/2/97 page 35,

[U] Tt makes no diffecence whether the ellipses are drawn for 3 a. 1 6. or for any other value. as
leng as Ihey are comeetly identitied.

*  Large overlapping ellipsis areas as shown in the TRW 45-day. 60-day and addendum
1 to 60-day indicatz non-compliance with the TRD (SSPK).

IU} Large overlapping cllipses do not negessarily imply failure to comply with the TRI, The *
connection hetween fearure ellipses and the TRD SSPX is rather complicated. The discriminarion
Tequirement is specified in erms of P, . which is only a part of 3SPK. P, ;. is estimyted
through a number of Monte Carlo runs, In each of which the lethal Larget i3 salected acconding 1o

Pﬂl’

fUT In the Bight date analysis reports, leuluns distrituidons are shown as etlipses in two-teature
space. I is necessary to vonsider all features being used and their relative waights {covariance
mitrives) in calculating the value of Pyp for each target Values of Py for afl mirgets in the
Qbserved threat complex are ther used in determining the value of P

Taileai -

*  Distances to the center of the assigned ellipsis arc subject to hias ecror.

iU This is certainly true. A good MBQC databuse desisn shoold exclude any bias in the eature
distributions.

*  High parameter separation i3 not a guarantee for high discrimination performance, and
measuring distances to the center of the assipned ellipsis are misleading.

(U] The design for fine {i.c., precision) discrimination does not wse “distances W the centers of
the assigned ellipses™ alome for tarset selection.

L]

Page 9. IFT-1A versus IFT-3; both fail to comply without exception with TRD/SOW

+  Elight test IFT-1a and IFT-3 use identical threal system ohjectsfdynamicsfete. The
same featares extracted for IFT-1a must be identical for IFT-3. However, this is not
the case.
= NRC 1est repoet dated 122098 page 217.

a3
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[U] It has not yet been decided what the target suite shall be for IFT-3; therefore, it is pramature
10 say that the extracted features for IFT-3 and IFT-1A must be identical. In addition to target
kchm‘acierisﬁcs. the extracled featurcs also depend on sensor models, engagemant peometry, and
ilumination conditions. Ttis expected that the seeker sensor planned for IFT-3 will be an improved
version of that used in IFT-1A, '

. While IFT-1a had limited vse for feature #1 and #2 and needed #5 to perform, the
II°T-3 simulation nsed #1 and #2 and found #5 destroyed performance.
- Addendu § §0-day report page 125,
- NRC on II'T-3 {case #45) used #1 and #2 and found that removing feature #5
cause results o improve substantially. (Final Test dated 12/2/98 on page 10, 44, 28,
135-141L.

[U] The gangitivity af the discrimination performanse to featurs #5 hag haen erarad in [17] 00 he
due o the use of the GEA in its poorly constituted condition. When NRC modified the GEA,
performance improved markedly. This appears o be a credible asserdon by NRC and is a
reasonable explanation for the concem raised.

+  Flight FT-1 A and IFT-3 failed to perform with spikes that are integrated as part of the
TRD requirements,
- NRC baseling lest report page 16: "no taeet selected for many ¢ases™ aud “Large
number of falss alarms”™ when the signatures posses ¥ Spikes.” These cases were pot
integrated into the calculations for P-select/PAT (probability 1o select the BY). NRC
tizst report and presentation on 124/3/93.

[C] The “spikes” referred to here are amifucts af an incarrace sensor neis2 model and improper
logic in patts of VICTIM. which are not TRW's responstbility.

= DBut Spikes on signatures are not error in the nefse modeling as WRC claims, but part
of the TRD requirements, “several scattering centers” on:
- the ACPS part of CS5_4 (please refer to TRD page A-32).
- reflecting appendagesftlreat wings {please refer v TRD pape A-49, A-30,
55-18-M5, §5-18-Md).
- NRC test report dated L2/2/97 pages 224 balloon with stips,

(U] The "severdl scatlenns centers on the ACES of US5-4 are belicved (2 be radur scultering
ceniers. The “reflecting appendages/threat wings™ do not physically produce spikes on opticul
signature da. Artificial spikes may indeed be generated by the curment O3 and QPTISIG codes
hecanse of peoblems with reflectancy caloulations. Tt is incomect b suggest that the effect of these
sptkes. which are of completely wiificial origin, curry any sionifieance for the baseline
disuoiwiiitation Lo, The edsence of enecive sealkenng centers on targets is presumahly

ot — —
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properly included in the MDL. Any special sensitivity to these spikes can be properly investigatad
by running test cases with these attributes on the targets.

Page 10 - Lack of pre-flight threat targets assignment results in non-compliance with the
TRD

«  (BI said on 12/3/97: “Lack of Target Assignment prior to onboard discrimination
degraded the discrimination performance drastically . . . it does not comply with the
TRD”

(17 Ttis tmue that discomination performance degrades becausys ol the lack of prior knowledge of
the threat tvpe. The degree of degradition depends on how well targets in the entire threat hbrary
can be separased, For a simple theeat library such as the TR ncar-temm threuls, the degradation is
minimal, as shown in the TTSSR [6]. Tha TRD gives no requircments relative to single-threat
SyStam assienment, and this issug is outside the scope of this study.

»  Discrimination performance is subject to bias.
Page 11 - Threat Number (NRC Test Run 3}
Page 12 - Threat Number (NRC Test Run 3 cont’d)
Page 13 - Threat Number (NRC Test Run 9)

[U] These three pages illustrate the effect of aspect-angle variation on rudiant intensiry
ME2AsUrEmMEnLS.

Page 14 - Dips appears in Signatures with Tether, Appendages and single RY or a change in
sensor Aspect Angle that comply with the TRD

«  Dips in Signatures are created by a tether/appendage attachment (o the deployed RV,

. A change in the sensor aspect angle creates Dips in signature even with a singls BV,

!
IS The*" t

| — —-_.______\_-_-_‘______ ~
l\ ,:. llUrﬂ“iI Id:]_'[‘d A2v Il -

«  {ase run 3 does not have justified Dips in it§ composite signratures (Contradictory to
NRC}.
- NRC final test page 51 dated 12/2/98,
- 1R} requures discrimination with aspect angle 0-180 degree {page A-80)

55"
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+  TRW/NRC admits that Discriminarion algorithm collapses when Signature has & Dip.
- TRW letter to Mr. Boberson GBI dated March 5, 1995,

+  Automatic total Discrimination with single RV and attachment of a tetherfappendage
is false since algorithm ¢ollapses with a Dip in composite signatures.
- NRC final test dated 12/2/95 is false, since algorithm collapses when singte RV
has attachment or a tether.

(U] Tethered and sppendaged RY cases hove been run many times by WNRC with VICTIM. ko
particular scnsitivities have been reported. NRC has noc reported that these cases lead ty o
“collapsc™ of the sofrware. In the Few cases thut did not meet requirements, the tailure wis not
anebutable o lack of eaners separaton butrather i “taulty FOY [Geld of view ] manasetivil lopi
and nonsensical sensor noise model effects™ [17].

M7 Ieisincorrect o assert that because dips occastoned by an improperly constilnted GEA Cause
a failure of the systern. dips of same other origin, i.2., aspect-angle vaciation, will cause & similar
result. particularly when this has heen demonstrated to ha False (se2 tast casas shown on puge b4
of WRC test report [177).

Daga I5 Man complianga with the TRD for TRW 4§ day, 60 day, Addendum 1 ta fil.day,
and NRC test Reparts

*  TRW and NR{ falscly claim that the scnsor aspect angle remains constant during the
Bight.
- NRC test report dated 12/2/97 page 70 “sensoc aspect angls,” Addendum 1 to
G0-day report page 56.
f
(U] Ttisdifficult to respond to this claim because neither of the cited roferences (NRC test peport,
page 70 [17] and classified addendum to the 60 -day report, page 56 [12]} refer to seosor aspect
\anglz. -

*  Butthe Sensor Aspert anple does change and creates a signature Dip.
- TRD page A-83 indicates s change of 17 degree over 20 seconds for $5-18 M.

¢

(L] See the discossion on the previous page.
L
. The eflipse in the A3-day report are different from the ellipse in the A0-day report and
different from the ellipse in the Addendum 1 to 60-day report.
- Addendum 1 to 60-day report pages 124 till 134 “one sigma allipse for gach
clm 1

- 60-d2y report “one sigma ellipse for each class pages 130-131.

3d
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[U] The differences in the ellipses between the 43-day and the 60-day rcports have becn

satistactoriiy explained as being the resull of the changing impact ol the GEA, which should indecd

have a laege influence on the shape and location of ellipses. The differenees between the 60y

and the revised 60-day roports are simply as matter of mislabeling: the ellipses in the O)-day report
\ shoold read 2,8 instead of 1-o.

= Ellipsis change is not justified. The pre-fipht sinple threat assignment was not
chanped.

(] Acwally, 2 new MDL was generated for the IFT-1A 6f-day data analysis that was based on
track intervals later and shorter than those used in Lhe 43-day analysis.

+  Elkipses on the 45-day and 60-day report are overlapping each other. The larpe over-
lapping area indicates non—compliance of the discriminatdon with the TRD.

7] A large overlap of ellipses does not necessarily imply toncompliance with the TRLD:
however. it does indicate the likelihood of poor object-ordented discrimination performance. Also
see responses [0 the Bth issue stated on page 8 of the DCIS documcent.

s TRW claims that the only change between the 435-day and 60-day reports is gap Glling.
This should not influence the shape of the ellipse.

r
U1 Actually, the change was in wrack intervals used in generating the MDLs. This change did
nfluence the size, shape, and orientation of the feature ellipses. Please sefer to Secton 3.1 af the
main repoct For 2 dotailed discussion,

*  The ellipse should be drawn for three sigma since Boeing requested that the PID and
P-select will be of value not less than three sigma.
~ NRC kst repord dated 122 /97 puge 35,

(U] Itis immaterial what multiplicative value of G is wsed o deaw the cilipsis, c.g.. 1. 2. or 3 6.
provided that they are corectly idontified. Lhe ellipses are merely visual nds that reflect the
statistical distribution of the feawre valzes, Provided thit e vidu of @ is invariunt, druwing the
ellipses at various o valoes has no impact ont any material resuit

Page 16 « Non-compliance with the TRD for TRW 45-day, 60-day, Addendum 1 to 6-day,
and NRC test Repnris

*  TRWclaims that the only change in betweer the 45-day and 60-day reports is gap fill-
ing. This should not infuence the shape of the ellipsa.

+  Theellipse should be drawn for three sigma since Doeing raquested that the PID and
P.gelact will ha nf valna not less than three sigma.

- NRC test report dated 12/2/97 page 35.
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(U] The abovie two issues repeat the last two from page 15,

*  How does TRW explain the “high ranking with 1000 test runs” when large areas of the
BV ellipos overlaps with RVAQ=?
- Addendum 1 to 60-day report page 132: “when VICTIM i3 used to evaluate a
single realization, as IFT-la Bight test, the output is the object ranking metric
(probability that the object is the BY or assigned target) as & function of observation
time."

(U] TRWs fine (i.c.. precision} discriminarion function implicitly includes what is ealled
object-oriented discriminaton and what is called complex-orienced discrimination. The fommer.
glven 1 targat feature veetor, computes the a posteniord probability oF belonging 1o cach arf the tareer
models defined in the MDL and then assigns the feature vector Lo the taruet madel that is associsded
with the largest a posteriod probability, The Jawer funciion examines the a posteriocd probabilitics
of being an RV (ie. P p) for all targets in the ehscrved (hreat complex and then s2lects the Larpat
wilh the largest P,, as the intercent target. When RY and non-RY cilipses averlap heavily, the
object-grignted disctimination function afone vsually produces a poor performance. bul the
pertormance can be improved significuntly by the follow-on compiex-oriented discrimination, This
means that 2, cau be lugher than whal is percetved by only inspecting the fowene @[lipses.

(U] Figure B-1 illustrates this point; the [pure shows a pair of RV and RV associaed abject
(RYAQ) feature veclors located within two overlapping ellipses. The RVAQ feuture vector is
classiffied a3 an RVAO according to the object-orienied discriminution functien. because its
a posteriori probability of being an RVAQH s higher than thit of being an BV, The RY faature vecton
is clegsitied 04 an RVAQ for the same ceason, Dut the BY iy sviovicd as die ineicep wgen by e
complex-griented discrimination because the Py p ol the RY leutors vector is higher than tha of
,lhe EVAQ faaiure vector.

*  Even when the tarpet is assigned there are large numbers of false alarms and
non-compliance with the TRD {abont half the cases as informed by NRC on
1797,

f

{U1 It is difficult to understand this statement. In the Lurgel selection process. 2ither an BV ora
non-RY is selected. The probability of suceessiul tarpet seleetinn and the probablity of filse dhm
udd up 1 1. Therefore, when the RV is consistently assipned (or selorted) the false alarm rate is
Fi=iho N

*  TRW addendurn 1 to the 60-tay report claims that to fully demonstrate the rohustness
of the algorithms will reqrire & thousand more flight tests. This is false. the

non-robustiess, non-compiiance of the algorithms withowt exception to the TRI
can he shimen by the current available reports,

el
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[U] The IFT-1A flight st is only one realization of the allowahle test scenarios, Success in
IFT- 1 A does not puarantee a 100% success rate if the same flight test is repeated many times within
the allowable perturbation range. Given that the number of flight tests is quite limited. the
performance in a statistical sense should be obtained theough either analytical calevladons or
Meonte Carlo simulations.

(U] The POET team disagrees with the generalized assessment that the algorithms are in
noncompliance without exception, as shown in the current TRW IFT-1A data analysis reports.
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(U] Figure B-1. An illustradion of object- and complez-oriented diserimination.
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