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ROLLING DUAL MODE M SSI LE The present invention relates to mssile controls
and particularly to a rolling mssile seeker system having a passive and
aotive seeker syst em Selection logic is also provided to switch from t
active.or passive systemduring flight.; 5 According to the pre (7, -3 —? e
i nventi.on there is provided a rolling veh| cl e seeker system co% I st ng: (a)

first rwgeptor means nounted pe@ind Al MdokNeEseelE cl e to receive energy in
a first spectral range of radratio om a prospective target and produce a

first output nal ) second 10 cep s nount upon the rolling
vehicle to rei@gvé’r%% geﬁﬁ#g'egpé& F‘é?sﬁllﬁnfj%&o‘f’? ag‘gt?‘?fﬁl?‘rﬂt?ﬁi’he
same prospect itoe at anogbingamd.spzlﬁdlﬁaekar ssysted bavingt asipgasive and &m)actiigeal
processi ng megagiHp ggﬁl aewgt s gﬁ&efd@idean@osemcﬁefw the

receptor neans to recelve sal rst an cond out put signal's
therefrom 15 @8tpreoatResaive systesy Agring; Hight{rom said first output signal
and a seconsl error signal fromsaid second out put signal and including

sel ection neans f cont i uous sel ect. etween said first_error..signal
and said secorﬁl‘ﬁ"%‘i%lr"ﬂ Py DYpRLd ﬁ%a?‘% pE%‘ﬁ%ﬁis? Fg* ‘é‘?rﬁf:g? -
means for conpeekexy syatdnfmrmmu sécbrﬁretltpmepsmm 2fountedrgzal ¢beed
threshol d signak,4 gV LSt : | | s an
gp %e}ziétar&em%e rasfﬁfgsgﬁ@&aieg del Fadia iation

deci si on si gn |rst out put si excee rese t hr esh
| evel for sai érm raserwest&vesm a@eemca@épaﬁ*opmn&%# d@ﬁeﬁzpnﬁg a
second deci 50 @8csgtopalmebihs Sﬁd)Ldit&@Cde'x OtHeD Wioliif Aleh@eTL Ofls Het@ivs esirgy

threshold | evel for _said sec out put nal_, .25 an for_selectin

ket yween said 'r & °8 ﬁ%“ésje grage(ﬁagg% é g?f%la i C ?faetﬁa"f rﬁ"@f%?‘%&f’%d
wWeT'ght i ng of safgetf iandt pradiice ea osrtondcoutipul sigyadt sandanq) sigozh precessihgr
swi t ching bet wagtl Siiedably SdastBdiated ORAneshod Firdhahsy axGAr dhdpat Qeééiﬁor

sel ection between said first and second deci sion signals, respectlvely.
The present i 9@t ith rRreiven sapl SFirshoand (998 F9OBRT (EPR | 9ighplsy there rom
descri pti oni®ftot peodreo@pBiyst gertorisignal ifiromwhisatd first output signal and

a second error signal from said second output signal and including
selection means for continuously selecting between said first error
signal and said second error signal, said selection means comprising
comparator means for comparing said first and second output signals

20 to preselected threshold signal levels, first generator means for
generating a first decision signal if said first output signal exceeds
the preset threshold level for said first output signal, second generator
means for generating a second decision signal if said second output

\/ signal exceeds the preset threshold level for said second output s:n.gnal

25 means for select:.ng between said first and second decision signals
according to a preselected weighting of said first and second dec:.s:.on
s:.gnals and switch means for switching between said first and second
error signals according to the selection between said first and second
decision signals, respectively.

30 The present invention will be best understood from the followmg
description of the acconpanymg drawmgs, in whichs:

Figure 1 is a schematic view of the dual mode seeker systemin a rollmg .
missile;

Figure 2 is an elevation view of a dual mode rolling missile in a geo-
35 metric vector representation with respect to an associated target;



Figure 1 is a schematic view of the dual node seeker systemin a rolling
‘mssile; Figure 2 is an elevation view of a dual node rolling mssile in a
T g¢e 35 netric vector representation with respect to an associated target;

-A JFi.gure 3 is an azinuth view of the missile and target of Figure 2; :
“Figure 4 is an end view of the mssile and target of Figure 2; Figure-5 is

a planar end view of the rolling m @si1e of Figure 2; Figure 6 is a f¥bw

chart of switching logic for the dual node seeker system of Figure 1;

Figure 7 ii's a blqck di agram of 'the dual npde system wherein each nobde has a
separat e F‘é&iﬁ&c% A& APaAF IWER Viewioh the mifsirecpad tazgeto&fesight s.
Figure 8 Pigarkl @gk di agram of the dual npde system hav- ing separate-

- feedback paths but with the electrical bore- sight of the unsel ected seeker
slaved to the electrical boresight of the selected seeker; and Figure 9 is

- a bl ock dFignzm df ishandead midw ofsthe wissdile hadh tardet gifare a conmon i
- feedback bg&g eTQe seeker for a homng mssile plays an inportant role - |
since it 1§°the méans whereby a target is first acquired and then tracked :
by the missile until intercept. During tracking, the seeker is required to

provi de i phghiat 508t @ PHanTrS shaeviket F ithe $BhYiRG Wigsshas Y _
proportion- "al navigation equation. The seeker also derives infor- mation
whi ch mayFBEYFEd2Fo the nmissile fuse systemto -

Figure 6 is a flow chart of switching logic for the dual
mode szeker system of Figure 1; ' o/

- Pigure 7 is a block diagram of the dual mode system
-~ wherein each mode has a separate feedback path and inde-
pendent RF and IR electrical boresights. |

Figure 8 is a block~diagram of the dual mode system hav-
 ing separate feedback paths but with the electrical bore-
sight of the unselected seeker slaved to the electrical

boresight of the selected seeker; and

Figure 9 is a block diagram of the dual mode system
wherein both modes share a common feedback loop.

The seeker for a'hqmiﬁg missile plays an important role
since it is the means whereby a target is first acquired
and then tracked by the missile until intercept. During
tracking, the seeker is required to.provide information
to the missile system for solving the classic proportion-
al navigation eéuation. The seeker also dérives infor-
mation which may be fed'to the missile fuse system to
- activate detonation at or near intercept.



#
activate detonation at or near intercept. - 3- A homing mssile seekgiq
must operate, however, in a nultitude of diversified environments. It
faced with a great nunber of possible counterneasures. Exanples of the 7
things jt m ght encounter are non-perfect target 5 signatures, clutter,
spill -ower, and background, etc. which degrade receiver sensitivity,

mul ti'plegtargets in close formation, and TreXiTrum seeing range with a

m ni numtarget signature which requires acquisition and tracking at .| ow
signal noise ratios. 10 These environnents inpose upon the seeker a variety

of desirable attrAhaminginissile sddlar oordt iaperate Ahovwasreat Nglry,a t here

i s not one seeker st ' b 5 | < e .appr oxl RE UM

gui dance for all nbossﬁg]me%fer%él ngg%oﬁft#ﬁ?%ﬁéé)’a ?Ee"f Ir%éc%ea?ée‘fg}cl-gpl%

tromagnetic ener ¢y FRRRE CUIMBRD QTR e autemprdures. | Expurdege,

passive infrared gpdage o@ﬁﬁ&\/ﬂ@%ﬁ;ﬁ@f&&%&ef AHre §{drilpei Al @lrddiose
n

range. In addigion, differe ener gy seekers behave guite differently as a
function of pataftEREWRSr LUhtes s SRIG QYRR it Packar ndsaigte 20
ing climatic condhicmsieanradd arardiver @‘eﬂdiﬂ:iaﬁtunyg,l rdlﬂ.][tigg.% -talr?;ea:(kih it on,
caunt er measure t o] |.dom cover a .l arge nunber of bands of t.he

el ectromagneti c %ec S uLPr%Sn%q]:el gyo\?gxdgg}%i%grgtsleor{?garrean&ﬁéﬁq:} z?pﬁ\llnm
to a rolling nisdiarget rsigriatunsevhiidh lregnidels Boauisiitizm agd daackiag

operation and conrdy q_lovpfsir’@d]j HbideSs Ydt8od.s well known in the art and is
described in U S. Patent Nos. 3,333,790 and 3, 351, 303. .

10 These environments impose upon the seeker a variety of
. desirable attributes which are often conflicting. Ac-
cordingly, there is not one seeker system which can
maintain or even approximate an optimum guidance for all
possible operating conditions. While a reflected elec-
15 tromagnetic energy mode can provide usable error signals
at long-range, passive infrared modes can provide a more accu~
rate error signal at close range. In addition, different
energy seekers behave quite differently as a function of
 parameters such as missile to target range,'the-prevail-
20 ing climatic conditions and the nature of the actual tar-
get. In addition, countermeasure techniques seldom cover
| a large number of bands of the electromagnetic spectrum.
\v) - The above considerations are equally applicable to a
rolling missile, that is, one which is deliberately
25 rolled. The operation and control of rolling missiles
is well known in the art and is described in U.S. Patent
‘Nos. 3,333,790 and 3,351,303.

Referring now to Figure 1 there is shown a block diagram
and a dual mode seeker system for a rolling missile,
30 that -is_, a seeker which will provide target information



~ Referring nowto Figure I there is shown a block diagram and a dual node
seeker systemfor a rolling mssile, 30 that is, a seeker which wll

pr e target information -4- for nore than one spectral range of - A
ra ion. In the particular configuration illustrated, the seeker is shown
to receive el ectromagnetic energy reflected froma target and/or infrared
energy emtted froma target. 5 The system basically conprises a d
substantially cylindri- cal mssile body 10 having nmounted at the front-
thereof a hemi spherical dome 12 capable of passing infrared radiation. Two
radi o fr&RIeMOry dhan Ans reaty cFaJ!BJ%Lftﬁ radiafionopiHy Ehel ectric

pol ySt}’lrQﬁgr%iQﬂiiloa'ﬁ‘fdr&iM mﬂiﬂmt Ristldd, A sRbiar tihe fﬂngRt of the
ms- sile bo : spi nni magneti ¢ gyroscope arr.angengn avi ng

opti cal eﬁmztfs" (Wﬁﬁe’s%\/ﬁ#eg?%r‘g@c%?%g%/rﬁn? ' éi?éﬁﬁq%ﬁ?oéi:‘?’% nmount ed-
behi nd t e tdrgetl 2ndifor sirghrdred remertdie 4 ttdde fmsn B tanrhelifi, are fed to
15 mLr guay ) ' ctj vel The .m S . 22 are

dri ver;"’c b;’ﬁ% %ﬁﬁ-&cﬁ%ﬁ%ﬁﬁﬁ%éasae %ﬁaﬁﬁ%&%&%icﬁ%-ves signal s
from a dedddwimsiledadyl 10 havwing eounfiad adgnddve Frand: diheraafl bet ween

t he | ocal, 544l ; 1eer | rbads_;es | fst a0 work. The
signal s far gir%(fdn:'ig ers lzc(%lzh'an Z%ngreec eclld]iréo%@ﬂ;phas_eﬁ;cyor%gﬁro?dzw whi ch in
turn is EoGREdM oFHe Hirde frpadensocBEornenngs L4 d@nd br 34. The

nodul at olsuh ias GRIIRROPYinG Jikf Rt Elsistiydfen®d s larmd so feeds

demoqiyl 2t untla MantiG A1} dffUldd % FlSUY 4 s sensor 38
sile body 10. A spinning magnetic gyroscope arrangement \-J
18 having optical elements (not shown) to receive in-
frared radiation is mounted behind the dome 12.

The signals'from the RF antennas 14 and 16 are fed to

15 microwave mixers 20 and 22 respectively. :The mixers 20

' 'and 22 are driven by a local oscillator 24. A phase
shifter 26 which receives signals from a demodulator 28
and a relative angle sensor 30 is situated between the
- local oscillator 24 and mixer 20 in a phase shift net-

20 work. . The signals from mixers 20 and 22 are fed to a

| phase comparator 32 which in turn is coupled through an
RF signal processor 23, to a modulator 34. The modulator
34 is coupled to a reference generator 36 which also o/
feeds demodulator 28..

25 The signal from the IR detector and error sensor 38
mounted rigidly to the spinning'magnetic gyroscope 18 is
fed to an IR signél.processqr 39. A three-position sig-
nal select logic switch 40 will either pass the IR error
signal from thg IR detector error sensor 38 or the RF

30 error signal from the modulator 34 to an amplifier 42

- which -is coupled to both a gyroscope torquing mechanism
44 and a demodulator 46 which also receives signals from



* . oo . | -
nmounted rigidly to the spinning magnetic gyroscope 18 is fed to an IR
signal processor 39. A three-position sig- nal select |ogic swtch 4%€E§DI

eithef pass the IR error signal fromthe IR detector error sensor 38 he
RF 30 error signal fromthe nodulator 34 to an anplifier 42 which- s 0
coupledlto both a gyroscope torquing mechanism 44 and a denodul ator 46

whi ch a&so receives signals from - 5- The Teference generator 36. The

out put fromthe denmodu-.lator 46 is fed to a servo notor 48 which drives
the mssile control surfaces 50 and.52. The IR signal proc- essor 39 and RF
signal processor ZReareferenceogphedator536an @heoouspgnafremlabeodemadu-
whi ch provides fo ecti on qQf C I ex/0 apy stﬁgupled
to the AC anpl|f|g?%§% ﬁkhﬂgh%e m?hr% %?ggsm?%8§g§?oggébé torvﬁFnE
mechani sm 44. | n opesaleonpntholsguréaceRo®A ARdF éureTEemFRISFEEé vBre6~

both radio frequeaﬁgoélsaagﬁdrgﬁlEigﬁglfbeabassaeges aae hmEbabedpiédn&bS
Ol’lgl natlng fromthe target an

u re
error signal séleé?o?r89rmPFBn§élé@ieSEPﬁegﬁ @ﬁégg 5 88&88téﬁg
error signal .to hggewhmehﬁbighhi beothkesberl, gLE. anfe isleouplédlmglthesAguch

h I h b
T k1§t e LSRR . S B, B8y 9880 Sty

selector 37 to prmebﬂanismednate swi t chi ng capabllltles. The error S|gnal
sel ector 37 neasures signal anplitudes fromthe 20 two seekers and conpares

" them wi th pre-set thresholds to determ ne whether the rel ated i ror nal
is of suf- In operation, the system shown in Figure wil recel e

10 both radio frequency signals reflected f:om a target and
infrared signals originating from the target and depend-

N\

ing upon pre-program logic in the error signal selector
37 will select between these signals to produce an error
signal to home the missile to the target. The select
15 1logic is such that it continuously searches for the best
signal and the'signal not presently being utilized will
be continuously updated in the error signal selector 37
to provide immediate switching capabilities. The error
signal selector 37 measures signal amplitudes from the
20 two seekers and compares them with pre-set thresholds
to determlne whether the related error signal is of suf-
ficient fidelity.

Referring now to Figure 2, a rolling missile 54 is shown
in elevation view with respect to a target 56. The tar-
25 get 56 is moving in a direction indicated by vector T
- whereas the missile motion velocity vector is identified
as J. The missile to target line of sight vector &
extends between the missile 54 and target 56. The mis-
sile to target line of sight rate of change vector 'éf .
30 and the missile motion velocity rate of change vector 5
are displaced 90° from © and U respectively. The IR



ficient fidelity. Referri'lng nowto Figure 2, arolling mssile 54 is shown
in elevation view with respect to a target 56 The tar-

25 get 56 .is noving

in.a direction indicated by vector T whereas the mssile moti on veIOC|ty

v is identified as [ERR]. The missile to target line of sight vector
[ extends between the mssile 54 and target 56. The ms- sile to target

| of sight rate of change vectoré [ERR] 30 and the mssile notion .éé

velocity rate of change vector

[ERR] are displaced [ERR] from[ERR] and
[ERR] respectively. The IR -6- seeker electrical boresight and RF seeker

el ectri cHedkereslgutaical deotesighit aand REY cseekernell &t tebeelti vel y. An

Pind hadEAld R gl eR LY ataRs o RO Sl Al L PO

view of this sane ﬂ]SSI|e and target with the mssile rolling in the di-

rection

di anetri
Pl ane sa.
| ocat ed

ah | ARAE 4 {4 tcﬂff ﬁé Whme ' Sm S40IN Sa[}rd:'tgéi‘ag@‘eé of r!?:.dﬁf gntennas 14

and 16 are | o- cated at t

ont of the ms

S|ngle 10

calls shawesdq Fiere Iand aseldentigalsomials naer gure 5 as

n%@:@l@. t heitg fd;*@ 4nh ﬁ@séﬁ!s? ta%w ét(&lt\fﬁw?gl;]ﬂ?ﬁtsémse wogl d be
at. a. t he ne oO. e 0 e .ant gnna a an
o, S Bkl I s ad e SN Aty A SR D 2 A g

r epr esenthf
in the dineedttiicm ass indiiczettest] Hyy tltea g ife) V) l\/Echanl cal or electrical

tracking is achieved through one or

seeker which

10

15

As shown in Flgure 1, the RF antennas 14 and 16 are lo-
cated at the front of the missile body 10 in a single

diametrically opposed plane. This plane is represented

in Figure 5 as Plane a. Assuming that the missile has
two control surfaces, these would be located at a %0°
angle from the plane of the angle of the antenna a and
represented as Plane b in Figure 5. Again the missile
will be rolling in the direction as indicated by the
arrow. s

Mechanical or electrical tracking is achieved througﬁ

~ one or more feedback loops in the dual mode seeker which

20

25

operates on error signals derived from either the in-
frared ehergy or the radio frequency energy. The selec-
ted error signals, which will contain information des-
criptive of the magnitude and direction of the missile
to target line of sight rate of change, is then utilized
to provide control signals for the control surfaces of
the guidance missile thus insuring proportional naviga-
tion and an eventual intercept of the target by tracking.

The angle E:betweén the missile to target line of sight
and the missile boresight is continuously measured along

nore feedback | oops in the dual mode

-



? A . . . .
operates on error signals derived fromeither the in- 20 frared energy or

the radi o.frequency energy. The selec- ted error signals, which wll
contarn information des- criptive of the magnitude and direction of the '

mssile to target line of sight rate of change, is then utilized to provi-g
controf--signals for the control surfaces of 25 the guidance missile thus
i nsuri ng: proportional naviga- tion and an_eyentual intercept of the target
by tracki ng. The angle [ERR] between the nissile to target line of sight
and the nissile boresight is continuously neasured al ong -7- the angle
sensing Pl ane a otheiapgke ssensing Rlaneja-ofiFiauxe (3 | | $ince nrhe BisTr ed

error wil'l vary sg{soigl-réliing, h@hﬂ Qﬁ*éamr@u r@@id»ﬁrwgiltst@ryn St o ¥d+ |
be pl aced al ong the error sensin r&tane of

f st eering
control surface Prul%- b Bhe FFigRel vﬁ*‘Fe‘FHq’nvﬁn% hat‘?lé“tﬁ ’a#g
di spl aced a [ERR]p:Emgée 416y t Eife adXdr S$Erss gy Rbbarse aof Fr;inetm:es;dulg t he

target fromt I nfrared node, the out fo.t r

associ ated el et roMcE TS (BePT 1 £ 'ﬁ#]’%)uf %%Pnfaéi% ?gﬁ% ba@fnﬂt‘t%%’\rd%tl

vol t age whose rragm.ll:dml]s witdpothe tnissile andelsidbsplaced tarRt ke of

sight rate of chagpge, v@&?%,p%@faﬂé Qroppd;,}l@f@éki,p?taeeaf@}@et
azimu

defined by the eI evat | on an onents of the |jine

of change. The fr&gpRmele oinfrared @%soﬁ%lmﬁﬂ"fﬁg%f Eh%et%r?ﬁ‘ﬂg‘ﬂrb?“ he
spin rate of ‘the f@érﬁ%é&{@%@teﬂ&tﬂ'&xiéﬁckstﬁ@edar OPhis Nouwtgucomde,

the ant ennas 61 aélglu}g éamguwseé{daafsocigtged SASS an(iygi.st@&g Jgéig)‘j:gsglr_The
tional to the missile to target line of sight rate of
change & and whose phase is proportional to the angle
defined by the elevation and azimuth components of the
line of sight rate of change. The frequency of the

15 sinusoidal voltage is determined by the spin rate of

_

the spinning magnet 18.

.To track the target in the RF mode, the antennas 14 and
16 and their associated electronics are utilized. The
_ antenna output is alsc a sinusoidal voltage whose mag-
20 nitude is proportional to the seeker to target line of
sight rate of change & and whose phase is proportional
. to the angle defined by the elevation and azimuth com-
\/ ponents of the line of sight rate of change. The fre-
_quency of this sinusoidal voltage is equal to the roll
25 rate of the missile.

The selection of either the IR error signal or the RF

error signal to control the missile sterring can be per-

formed either during or prior to flight and is based on

some optimized or nearly optimized set of rules deter-
30 mined by the particular application for the missile.



antenna output is also a sinusoidal voltage whose mag- 20 nitude is
proportional to the seeker to target |line of sight rate of change [ERR] and

~ wh phase is proportional to the angle defined by the elevati on and .
ad?%éph/con} ponents of the line of sight rate of change. The fre- ‘quency
s”sinusoi dal voltage is equal to the roll 25 rate of the mssile.

" of
The sel ection of either the IR erTo? Signal or the RF error signal toy
control the mssile sterring can be per- formed either during or prior to
flight and is based on sonme optim zed or nearly optim zed set of rules
det er- 30rhe m=tigicmedeuivedufor pepformingnthis séleqtionl e -8- The

dec's'(”‘&%ﬁ"Qﬁkfﬁﬁféfﬁéﬁigﬁnguéﬂ ssgiéﬁg qéélééefatﬂggrnatlon such as

signal to noi'se ratios, error requency spectral
characteweerﬁ|Q§Sniicmagnlﬂ¢¢%rsﬁWQQM#¢@ﬂI%2&%##%1aﬁh¢ﬁ$%??ENt aspect of
the dual j@de-secekes; Not only does the dual node seeker have an IR node
-and RF node but the RF node nay al so have two subnodes, a skin track node
and a passive (honme on jan) node. The prinmary objectlve of the 10 swi tching
node |DgiThis $witchitd 166 iPdbs el aiportdmt cagpese| eftthlet hreshol d

mo. il dhiahdiade £EHKEr PG boRE dogt Sehe (4T od€ s0RBEE. TS LTD
al | reasdras can ypRsnode candt RY -made nlelatut]@% %E WGP may, 2k3@pl e of a basic
swi t chi NG 1 Q01 16,5 C\odSs | 4 USkin track mode and a passive
(home on jam) mode. The primary objective of the
10 switching mode logic is to select the mode, relative v
to a preselected threshold level, which will insure
the best possible intercept performance for the mis-
sile. The selection should consider not only the
"clear sky" case but all reasonable types of counter-
15 measures as well. . I '

An example of a basic switching logic scheme is illus-
trated in the Figure 6 flow chart and includes input
- information from the IR mode and both RF submodes.
This input information includes an IR AGC signal 82,
‘20 an RF Skin Track AGC signal 84 and a RF passive (ECM) .
AGC signal 86. These signals 82, 84 and 86 are fed to : o~
respectiﬁe independent Threshold Decision Elements 88, : N
90 and 92. As symbolically shown in Figure 6, Decision
Element 88 asks the question, "Is the IR signal-to-
25 noise ratio greater than, or equal to, the threshold
(preselected) level?" Similarly, Decision Elements
90, 92 each ask a question, respectively,



7 . .
trated in the Figure 6 flow chart and includes input information fromthe
| R nrode and both RF subnodes. This input .information includes an IR AGC
signal 82; 20 ‘an RF Skin Track AGC signal 84 and a RF passive (ECM A Bl
signal 86. These signals 82, 84 and 86 are fed to respective independ A
Threshg*d Deci sion Elenents 88, 90 and 92. As synbolically shown in Flgure
6, Decinsi on El enent 88 asks the question, ="Bs=the IR signal-to- 25 noise
ratio greater than, or equal to, the threshold (presel ected) |evel?"
Simlarly, Decisigh Elements 90, 92 each ask a question, respectively,

_9- "Is the RF sKihstrtaRR &Fn skick tziamk skaém ’elrs%cr’%\tﬁégyedt'erto

than, or equal to, n@ﬁst&reai&fibdgﬂr%%%ﬂ ehadl), beveha aﬁé,, hé i:h@eBEold

paSSI ve ITDde SI gn n atl grea er
P ehel 08 (b Sodpres8itRed], Savela iante! sroahaaokr coaasivs’ nhdSosiqral-
intercoupl ed to AND-fiatise 28+iB8graadetO8@huhi cbropgualetbp sheotHaasholdt h

Lne NG ecke) BRabeTEkKAT, 1Lgmbie BRS! BLaTFhETE LAen TRcpHChY) By

criteria illus- nal norse ra At a
node nust exceed 82paveclinterdoupledhsbdANByERtEA BﬁdeBBtoabé 400awbiight e.

A weighting is es%ﬁ@&éﬁgegnsHEEOEBthEh§1£B GHQEYES/ﬁobﬁeEQEESﬁgdrébé§9ed

then the RF Skin next, and lastly t passi ve npde. _Acc¢or d-
ingly, if the | R B¥emstBRaPegision Eiomenks- thTE@hGPﬂ1§5°nlEVéFerEEcﬁiﬂﬁﬁ‘
El enent 88 will naketébetHaei &hensﬁgnaietbhﬁoié’enﬁdelshQMaspa*aehtsall y in

Block 94. |1 1he }Bi0G.3k0Rbebd RohOUeICeLR" ERPOLAGLE  Ebve ! SHOBLAE
P to be a candidate. A weighting is established such that
~ the IR mode will be selected first, then the RF Skin .
Track mode next, and lastly the RF passive mode. Accord-
ingly, if the IR AGC signal 82 is above the threshold
15 1level, Decision Element 88 will make the decision to use
the IR mode shown symbolically in Block 94. If the IR:
AGC signal is below the threshold level, Element 88 will
feed this information to AND Gate 96 which will also re-
ceive any positive indication from Decision Element 90.
20 With both a "NO" decision from Element 88 and a "YES"
. decision from Element 90 arriving at AND Gate 96, the
Gate operates and the decision is made to use the RF Skin
‘Track mode, as shown in Block 97. If the decisions from
\v) Decision Elements 88, 90, are "NO's" and if a "YES" de-
25 cision is rendered by Threshold Decision Element 92, the
AND Gate 98 operates and the decision has been made at
-that time to use the RF passive mode, as represented by
Block 102. When elements 88, 90, and 92 each provide a
_ "NO" decision, their outputs, coupled to AND Gate 100,
30 operate the Gate 100 and the decision has then been made
to use the no-guidance mode as symbolically shown in
Block 104. If the no-guidance mode is utilized, the



¥

feed this information to ‘AND Gate 96 which will also re- ceive any positive
i ndication from Decision Element 90. 20 Wth both a "NO' decision from -
El enpnt 88 and a "YES" decision fromElement 90 arriving at AND Gat é 96, -
_the p operates and the decision is nmade to use the RF Skin Track node,

as gfn in Block 97. 'If the decisions from Decision Elenents 88, 90, are
"NOS" and if a "YES" de- 25 cisigg s rendered by Threshol d Decisi ow

El ement 92, the AND Gate 98 operates and the decision has been nmade at that

tinme to ugse_ the RE S] re ted BLock, 102. \When el enents
88, 90, a ﬁ?%ﬁf%a%ﬂggéQb¥gegggsﬁK§aaéc?é?§§?’tH@?idotgﬁu?E?%&SUpled to AND
Gate 100, tBGalbypeande aberepresenbednlyt Keege8esrohihgsBlhek B86n nade to
use the n ' ' gl | ' o 4. If the
no-guidang%g#%ggg$§eE?gﬁfgéaé¥gﬁg b&é%%ﬁnfggi efﬁﬁﬁ%g ﬁ%%gfrack but ,

rather, would fly ballis- tically and, as represented by Keep Searching

Bl ock 106rhéFe at&sébeet@DtbaAECE +8aS6AECHNYOthd bPReBELeABES. idhere are
sever2$ basi ¢ reasons mgg'the greferfﬂcei in FLgure ? havg been shown.
The | nﬁ%%g?ﬁedgékﬁY?e e nEROVR. i FRepIBRde o1 8 PESLGEF 88 nce accuracy
due to theisdeabt swibhhtprevidet redtetaggbdancd actaeacy deaeptosive, it is
- not subjegt to, n ﬁ&y es: tohS t et:ls.n Lven any
positive %ﬁ%i%£§$%9;§§ﬂg enéléfgéﬁghgﬁ F%ngﬁngég %f+%? g%hg%'than t he
except i orpagsives eltietdynot| subjecbntei gophterneasyren; debaysigan be
di scri m ngl£de 295651 s o 80§ Svel VARY fos PE1 Fe CONA1 G4 EEERT 68Nwhen
10 or what to counter with, other than the exception of \;J
flare decoys. It is conceivable that such decoys can
be discriminated against by more advanced logic con-
sideration. ' ' '

1

The selected signal can then be converted to the fre-
15 quency corresponding to the missile roll rate if it is
not already at that freguency. Following this conver-
sion, the Signal is fed to the guidance system which in
turn shapes ﬁhe amplitude of the sigﬂal prior to Erans-
mission to the control section of the missile. Finally,
20 at the control section the steering command applied to
the missile control surfaces is a periodic function .
whose fundamental component is.a sine wave equal in W,
frequency to'the missile roll rate. The amplitude of
the command signal is proportional to the missile to
25 target line of sight rate of change G and the phase of
~ the signal is such'that_the mean rate of change 3; of
the missile velocity vector ¥ is in the same direction
aflthé missile to target line of sight rate of change
g.



The sel ected signal can then be converted to the fre- 15 quency
corresponding to the mssile roll rate if it is not already at that ggz%%
frequency: Following this conver- sion, the signal.is fed to the gu
system.whi ch in turn shapes the anplitude of the signal prior to trans-
m ssion~to the control section of the missile. Finally, 20 at the control-
secti ont he steering conmand applied to thgimkssile control surfaces is a
periodi ¢ function whose: fundanent al conponent is a sine wave equal in -
frequency to the ssile roll rat e of the co nd nal is
proportional to tﬁgeﬁFSEFFeSFHefgitBpﬁéﬂgigng glguﬁﬁ%lPBFe ﬁiﬁge [ ERR]
and the phase of fheiaggthk IR andhRFhsystbmsneaﬁlluseratedhangslgaﬂﬁl7of

e eot! o, vel OCkih " ol SRRk 218 ElfctaBRad aFELEAR B2 bOZcdhAS!|C

to target line of 'SI'g fate ere are several possib
confi gurations foclrnuet-eﬂamenQStHBOWR dndmRresgstais. 1n|FPH§FPaﬂélen

Figure 7 (which igng ih”%h.f:}me‘éwi:u%bh%% @légéamlefJPQGEEQI [it(illﬁ.ﬁléaf,
el ements.shown in nore detali Figure 1)

WO .separ at.e
cl osed | oops are &BAFi i8d, OPRaloPP, 18n§hF035 ?ﬁegﬁﬁ ﬁg°§8gk8F°EPSS§8 a?%und
the RF error SIgnakra@dsagaahoaad-baetneopRlaeeherxnlseenearcmodeaharband

error signal. Both.logps are_clqosed si my n e Qr
signal, either I|R°BP eEEPﬁgstna§é|ecP§§ §3§ﬁeL¥F3% PséglgqﬁﬁFESqegh%
the RF seeker porﬂyothh Eheudesired] ERRpr ssgne&;tslahgunﬁBr0603®h|bﬁlagso

receives a Si 0 t tibgicdl RArenIRF Seekelrhe
RF seeker fee Egig&%égzggrgﬁﬁdg hﬁslﬁggggegrifgﬁﬁard ath 6% LERR
is also fed to Supprtlon of Figure 7, is fed to a Sulmer 80" whi

v

also receives a signal correspondlng to the RF electri-
cal boresight from the RF seeker feedback path 62 around
the RF seeker forward path 64. éf is also fed to sum-
15 mer 66 in the IR portion of the seeker which includes a
similar forward path 68 and feedback path‘70. In rela-

S

tion to Figure 1, the summer 60 functionally represents
the output of mixer 20 combined with the signal from
phase shifter 26. The RF seeker forward path 64 in-
- 20 cludes the route from the mixer 20 through the phase
comparator 32, the RF signal processor 33, and modulator
34 to the RF output portion of the signal select lbgic
switch 40. In Figure 7, one possible arrangement is
O illustrated for the RF feedback path 62 which is also
25 shown in Figures 8 and 9. The output of the RF seeker
' forward path 64 is fed to a demodulator 82, then through
an integrator 84 and a modulator 86 to the summer 60.
These circuits function in a manner weil—known to those
- skilled in the art and a detailed description of their
30 operation is not believed to be necessary. The summer
66 is a functional representation of the optical elements
{(not shown) which are a part of the spinning magnetic
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15 mer 66 in the IR portion of the seeker which includes a sinmilar forward
| h 68 and feedback path 70. In rela- tion to Figure 1, the sumer 60
onal |y represents the output of mxer 20 conbined with théeé signal
shase shifter 26. The RF seeker forward path 64 in- 20 cludes the
"rode/fromthe nmixer 20 through the phase conparator 32, the RF signal:.:
processor 33, and nodul ator 34 ta tjpe RF output portion of the signal \
select logic switch 40. In Figure 7, one possible arrangenent is
illustrated for the RF feedback path 62 which is also 25 shown in Figures
8 and 9. ghrosvdpellardarigemd¥t dekeTHerIRrskgkdh fokrward gshtlo a

denodul at 82, .t t,hAr oygh..an Jd tor 84 d ul at to the
sumrer 60%%#@5&“?%‘%0&?‘%%%‘% ifgk&f%rge r%’rfﬁoesr%? ﬁ%\ﬁm{%{t se skilled
in the artdedettonieridredaisanr i3 iand R tdignalBPragmessay G ito not
bel i eved s SETE IS, 1A éggg’-' : fg@wtat'on of
t heI o\pgtica {ﬁgngntg (n?tors-gca))\%n) whi c %g'rdé?aal pgart o"lf %1&% I

-12- gyr oddope The Iy araken Feefhagk pakdk ngIndes EhIPWER i ncl udes the
route frompHdydly e QR 1iEidy amhid REEIRHHcsHd Forplayy mécend | R

si gnal processor, 39 t he .| R ,out put rtion of the nal select.logic
swich b e e | Ahe SRIT IR FROTAIAT SHATHAE (1o THFATHDugh ¢ he
anpl i fi er bétwean the) IR Semkert ddepdbarkrpaEath @0 smdldsumbiexr 8 Nni ng

k3

€ spl hning nmagnetic

Cummor o6 SR SeRpEzeE, Siga i I M MG R bR 00 102 fwo

posi t 1&n fnitweh posiftHionh syteh J 4 sthicdh seHagts between them as

to which will continue on'to the control section of the
missile. |

Alternately, one loop corresponding to the selected mode
. can be closed with the other seeker continuqusly posi-
15 tioned in an open loop manner by the errof signal from
the closed loop sYstem as illustrated in Figure 8. This
'is accomplished essentially by providing two position
switches 76 and 78 in the RF seeker feedback loop and IR
seeker feedback loop respectively and connecting these
20 two switches in parallel. As in Figure 7, the Figure 8 -
illustration is a simplified functional diagram of cir-
cuit elements shown in more detail in Figure 1 and dis-

cussed herein above. ' | N

Figure 9 illustrates aﬁother alternative in which the
25 IR and RF tracking loops share a portion of the basic
IR system. As with Figures 7 and 8, Figure 9 is a simp-
1lified functional diagram of circuit elements shown in
Figure 1. Specifically, the spinning magnetic'gyroscope
_ and its'associateq electronics are shared and thereby
30 provide an integration in the feedback path of the RF



to which will continue on to the control section of the nissile.
Alternately, one |oop corresponding to the sel ected node can be cl oseggW th
t:ne ot her- seeker continuously posi- 15 tioned in an open | oop nanne(éggathe
error si~gnal fromthe closed | oop systemas illustrated in Figure 8} s
I's acconplished essentially by providing twg position switches 76 and 78'in
the RA\seeker feedback |oop and | R seekeF fdedback | oop respectively and
connecting these 20 two switches in parallel. As.in Figure 7, the Figure
8 illustration is a sinplified functional diagramof cir- cuit elenents
shown in nore det &feken Ergokéng dodpdi sA singte sbared ZIRofeedBaglr pagh

il lustrates anoth t | Is LG ' : ' s QOPS
share a portion o?btﬁé_ggg?%b%ﬁ %Hs§gﬁﬁﬁﬁé?§?§ﬁ?if%3?gégibg%g§§F9gF%§§é 9
is a sinp- IifiedTF9n§#96ﬂél561%@¥aﬁ96+°cV$%hi@l@téﬁ%nvbeéhemnthﬂ FRgaFre 1.

Speci fically, thethgi RPi BgsEBANSuHE1 I¥EOEREPErAHH s1§nabsSe6i Bh&€Ureedback
el ectronics arg shagﬁd aﬁg the£e£é 38 grov%de niptegration in the
feedback path df PRERRF Wheniutilized Dy 4 ?iﬁ%‘f‘% B #heRE| geekeFed IR
feedb?ck Fat? ?0 tsau;ihgépdopnwtbhjhecopem and hthéi ER cseékgur spinninghe
signal selec o] : r S e

the error signalg%%g¥%%£?eég%§%§°§Qe%gf%.gg%%%Eiﬁt?+$§%gg%y¥§%eg}§#ﬁgéé$f
the RF seeker tradefregighbpofii thebRF ogeekend the | R seeker spinning

magneti ¢ gyroscope will serve to position the electrical boresight of the

RF seeker. : - _
The fundamental outcome of each of the above configura-

\,; ' 10 _tions is that while either mode, IR or RF, is being
utilized to derive an error signal, the electrical bore-
-sight position of the alternate mode will be continu-
ouSly ﬁpdated either by the error signai derived from
the selected mode as shown in Figures 8 and 9 or by in-

15 dependehtly tracking the target in its own mode as
shown in Figure 7 though it is not at that time the
mode selected for actual missile guidance. 1In this
~ manner the best error signal for the missile steering
command is provided on a continuously updated basis in
. 20 ordexr to optimize the performance of the missile against
the prevailing target or targets. In the latter two
. methods, the IR and RF electrical boresights are ideally
\_ identical; however, normal system imperfections limit
~ this to some non-zero difference. By roiling boht the
25 IR seeker and the RF seeker in combination with the mis-
sile control surfaces, single plane guidance is achieved
periodically through 360° about the rolling axes. This
greatly reduces the guantity and complexity of the hard-
- ware involved in the guidance and control of the roll
30 missile. These simplifications primarily result'ffom
the fact that only one guidance channel is required from'
the antenna to the control surfaces. ' -



. The fundanental outcone of each of the above configura- 10 -tions is that
~while either node, IRor RF, is being utilized to derive an error signal,
the electyical bore- sight position of the alternate node will bé continu-
ously[]g-.ted either by the error signal derived fromthe sel ected node as
shown‘)‘ igures 8 and 9 or by in- 15 dependently tracking the target in
mode as shown in Figure 7 though it is not at that tinme the nole
sel ected for. actual m-ssile guidance. In this manner the best error signal

for the mssile steering command=~ d4provi ded on a conti nuously updated
basis in 20 order to optim ze the performance of the mssile against the
prevailing target or targets. In the.latter two nethods, the IR and RF

el ect 1l CahmBAGeehANbENRES abyadlca el gHdvidea w»e\tﬁrs ARl aeY St em

i nperfections”limt to sone "non-zero différence. By rolling boht the
25 IR seé?éFeEﬁd“FhélRFn§e8Féﬁﬂ Fargiet FEFECHING SReKeESHD asile contro

sgrf?c]?ﬁ, raum?hg Ali2feafdl Q&@Qealls.l wltg\é&dgmlalath Wecaitalpt)abtﬂ]h@#gh [|ERR]t f
abou e I0 I N axXes eauces (& ant | COfT'p exity o
Pho har e whehepRBcdAen FRhudadt Rekrady S i p AR e G |

m ssil € thesecsmumhubneatamgetpprmthMy nesubBSEdomhﬂmtrh@ac that only.
one gui da@%ﬁn‘éﬁéﬁggkuka 8QY 18 fof; O RS g& d Stc%m?}%a% t:LEt surfaces.

- 14 - vantages provi ncept
ut|I|Z|ngPRPPleEaﬁg?ﬂoﬂﬁéGRPﬁg°§eéW@r§°th&sFOIh QQF¢P5WEH&Fe al

W?at Eer OehganeeiegPaki khby rollling adissiioR senlRAlguddamcayyons! i M nation
of the

trol channel system; high m15511e reliability and low
10 missile cost due to reduced usage of mechanical moving

parts; and low guidance section cost-due to multi-func-

tion usage of preeently existing hardware componente.

The dual mode rolling airframe concept is not restricted
to tactical missile applications where'interqeptien of

15 a target is desired but can be epplied to any aircraft,
missile, rocket or space craft 1rrespect1ve of the at-
mosphere in which it travels prov1ded that the craft is
rolling and can utilize two or more types of electro-
magnetlc energy for guzdance. Having defined the sys-

20 tem parameters for a rolling missile for two modes of
guidance, similar techniques can be utilized for tying i:;
together a multi-mode system using three or more seekers

on a common rolling airframe.

It should be understood that while specific embodiments
25 of the invention have been illustrated and described
there are many modifications which can be made thereto

without departing f:em the scope of the in-
vention. Accordingly these embodiments are provided
| solely by way of'example and the invention should not be
30 1limited thereby, but is defined by the proper scope of
the appended claims.
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5 classic nultiple target problem increased el ectronic—count-erreasure
resi stapce; no | RF'RF donme conpatability proble I.tation of the

cost, high performance capability of the rol Ilmﬂmmmmﬁ“ﬂyrﬂ% @
gui dance/ con- trol channel system high mssilesr wd | ow 1A
m ssil e cost due tm,rgoMSd usage of. pgchanical noving parts; and low, * °
gui dansgs section cost due to nulti-func- tion usage of presently existing
har dwar e conpgnent,s. e dual .m r i irframe _concept is, not...
restricted to tac |Eéﬁ-ﬁrlrrl\n%ﬁeeﬂg%%isgéa%%%ssa tegfgr'énlgon'f'%rflcsglg??bn(ao st

target is dESirre%q-.‘Sg'étr G RE RS JSbRAth&l £§T Ir:i:% xrén%ﬁ'sie_e,e[a %&@éiodu.e g

space craft irrespective of the at- nosphere in It travels provi

that the crafterdeygiolild R0 ANMEE Apdbtdd Z rdife Br BASLAYRSNS BfolLCt T 0-
magneti c energy for guidance. Having defined the sys- 20 tem paraneters

for a rollingprospectifve Haryga® @Rl Praiugang efi 5é 1 dwtpudtecdiygles can be
utilized for tying together a multi-node systemusing three or nore seekers
on a commorb r dbl)i Bgcaind nEveptidr stearis] nMoaintet: ngpaodehdhatohinge specific
enbodi nents 25 of the invention have been illustrated and described there
are many nodi Viebdcilensovriegeive anengtidn fersqepnd tsreateidparangg) 9 om t he
scope of the in- vention. Accordingly these enbodi nents are_ provided solely
by way of exaf@ddagi@n HEAh IR |SHTSS IRAASPSTLI YR BFIehiand RIRIWS) 2 but
is defined by the

rol Iing vehi cIS88& r 9@?‘%%%& ihe ‘ﬁg&s? gﬁeid?qcﬁl]:itp@dcessj:néwme—a“ls- A

_ | operably associated with said first and said second

~ 10 receptor means to receive said first and said second
output signals therefrom to produce a first error
signal from said first output signal and a second error
signal from said second output signal and including selection
means for continuously selecting between said first error

15 signal and said second error signal, said selection means

comprising conparai'nr _ means for comparing said first

and second output signals to preselected threshold signal
levels, first genérator means for generating a first decision signal if -
\_/ said first output signal exceeds the preset threshold |

20 level for said first output sigﬁal,second generator rmeans for generating
a second decision signal if said sééond output signal
exceeds the preset thrésho'-ld -level for said second output
signél, means for selecting between said first and second
decision signals according to a preselected weighting of

25 said first and second decision signals, and switch means for
switching between said first and second error signals.
according to the sele_cltion between said first and second

decision signals, respectively.
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"receptor nmeans nounted upon the rolling vehicle to receive energy in a
first -spectral range of radiation froma prospective target and produce a

first, gatput S i ( ond receptor neans nounted upon the rolling *
~vehic o reﬁ“ﬂ‘ﬁ“mmumu‘mﬁ second spectral range of radiation fromthe

same Nfospective ¢ ange® ahd broduce a second output signal; and (c) signal
processi ng neans operably associated with said first and said second M
receptor means to receive said-fisggst and saﬁd[second out put signals .
therefromto produce a first error signal fromsaid first output signal and
a second,err S| L fr i kg sang i Lng
selectioa‘neghg f%giggﬁt?%bggggy§ggﬁggt?géegétﬁgeggégﬁdﬁfi?géygrror 15
signal and 33id Se6RAY Prbebs3iffaheandl da8ete6ha0ly NEAEEUEESY | SING

conpar at Or means for conparing said first and second out put signals
to preselgahedebhegabehdotspaplate! thef eksbrgeignal onotesebed o

generating a first decision signal if said first output signal exceeds the
preset tlgepyokte?@ricoyekifnalsaedetition neapst signal , second generator
means for generating a second decision signal if said second output signal
exceeds the preset threshold |level for said second output signal, neans for
sel ecting between said first and second decision signalg according to a
presel ectded Miieghroiladnsf vebisded seeker &N&t§9082dchg&Ws?Onngﬁﬁals, and

swi tch means for sw tching hetween saigiﬁLrst ggg_ggigg efrror signals.
accor di nd®t Faire e¥&PEC LPIRLEBOWEERNS MG ST MG Second deci si on signal s,

\r/meZPZ?t Slr6e s.ig-na?lS%o- u%'da-gée ehdl hoRdsuslicte@ aegber styangm of daim 1.,

-

10 4. The rolling vehicle seeker system of Cla_iin 2 or 3,



in said signal processing neans additionally_includes neans to continuously
update the error signal not select- ed by the error signal selection ¢¢~s
5,3. 'The rolli'ng vehicle seeker system of d ai iderr
updafing nmeans utilizes the sel ected error Si J:mm m’namyl mg

non- sel<ected error S|gnal 10 4. The rolling vehitcl € seeker wsystem of _

Clai m &, 0r 3, -16- wherein said non-sel ected error signal neans |ncludes
at |l east one feedback path. 5. .The rotlléng vehicle seeker systemof Caim
2, where- in sai owherein sSadnamptselegtedaesroncsigesl anéardbinklpdel at
shared by the selected and non-selected error signals. 6. The rolling

vehi cl e seeker s\istamh anarfeadbadie pathtedi ng cl aims, wherein said first
receptor neans is active to receive radiation reflected froma prospective
target, and said second receptor neans is passive to receive radiation

emanating fromthe sane prospective target. 7. The rolllna vehi ¢l e seeker
system of O ai m 8. wiherqllingwhitie seeker syekpmpt hﬁémcgrrpwh§é§"at

| east two antennas to receive reflected ectro net|c iatio

passive second rédeftadd RERRE HEMA iaa ﬂ%gﬂ§ %%ciggﬁ?v% ?ﬁ?&ﬁ?gg
radi ati on emanating_ frqQm¢t r ectlve t et ehicle
seeker system of F3 rﬁq'fr%d&ai &4 ?q?%aég ‘Ee‘b‘?%"s?\'ﬁﬁﬁgﬁk éﬁsl: (a) a

signals.

K_j ' 6. The rolling vehicle seeker system of any of the
preceding claims, wherein said first receptor means is
~active to receive radiation reflected from a prospective
target, and said second receptor means is passive to
receive radiation emanating from the same proépective

target.

7. The rolling vehicle seeker'syétem of Claim 6, where-
in said active fir;; receptor means comprises at least
two antennas to receive reflected electromagnetic
radiation, and said passive second receptor means
comprises seeker means to receive infrared radiation
emanating from the prospectiveitagget.

8. The rolli#g vehicle seeker:system of claim 1,
wherein said first receptor means ingludes: (a) a

first anteﬁna operably mounted upon the_rolling

vehicle to receive said energy in said first spectral

range of radiation from the prospective target; and
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first antenna operably nmounted upon the rolling vehicle to receive said

eneray in sai i ﬂm range of radiation fromthe prospective

targe and m““mmummmu l)nd ant enna operably nounted upon the rolling |,
vehi ¢ B1)o al so recei vt sai d energy in said first spectral range of

oh fromthe prospective target; and wherein said signal processing
nmeans i ncludes: (c) first nicromayglgixer means operably connected t0'§§Td
first antenna to receive said first dufput signal; (d) second nicrowave

m xer nmeans opsy ak! ¥e£8HBCaNheENNA St AHAGP Wb 1 AHE SN NEpd @ﬁéorafmge sai d

first output signal; (e) phase shift network neans including a phas

shifter operapbyi&panest 82sbo radied vid saliddH Ry einli sig Neapset 0 shift the
phase of said first output signal in said first mcrowave m xer neans; (f)
an oscil | at orsppeepRl yrangeeoifedadd atdich Hiae tHe fpRyspes {1 ve seadgeegond
m crowave m xer neans. (g) a phase conparator operably connected to-said
first and secatd whereinvseatdxesdgialnpravesdsppitians timecidesh) {0)RF
signal processor of said error signal selection nmeans operably coupled to
sai d phase cofjstatnicnodavespixeiry eeans eperably comkdtedrtopsaddl vy
connected to said RF signal processor and responsive thereto, said

nodul at or addfirsharhepnangoopecaiiveg sadd ddnst suitpud retgsanald)

sel ection neans and to said phase shift network neans; and (]) circuit
means oper abl SEeVHh dBi@BOVaVeaMd XerT e adisy PR Al st (G BRdseédsai d

phase shift network neans for recgeiving gnd prqceﬁgiqgksajd sel egcted_ error
second antenna to also receive said fir output signal;

(e) phase'shift network means including a phase shifter . \/
operably connected to said first microwave mixer means
to shift the phase of said first output signal in said
first microwave mixer means; (f) an oscillator operably
connected to said phase shifter and £§ said secbnd
microwave mixer means. (é) a phase comparator operaBly
connected to said first and second Qicrowave mixer means
and responsivé thereto; (h) an RF signal processor of
said error siénal selection means operably coupied to
said phase comparator and responsive thereto; (i) a
_modulator operably connected to said RF signal processor
and responsive thereto, said modulator additionally
being opérably coupled to said error signal selection
means and to said phase shift network means; and (j)
circuit means opefably connected to said error signal_
selection means and to said phase shift network means
for receiving and processing said selected-er;qr

signals to control the rolling vehicle.--
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signals to control the rolling vehicle.-- 18 —%: rel-Hnrg—vehicl e

<
seeker systemof claim8, where- in said circuit ans conprises an
ampl i.fi er ‘operably connected to said error signal lﬂll ” HI and @
responsi-ve thereto, and a denodul ator connected tUoy ) il and
responsive thereto. 10. The rolling vehicle seeker systemof any of the
precediey cl ai ns, wherein said error signajgsel ection neans includes a

switch; error signal selector neans operably coupled to said switch to

control said switzh; e SfoBl i@l vékDEES SeEekBANSy §08MABKEY c8ARRESL €Y HeF e -
said error signal selector neans- for providing sard first error signal to

said error signalirsedzeiol ayiyeaiis; medts SeoMpei Ségnah QPLEESer BRARADbLyY
operably connected to said error signal selector nmeans for providing Said
second error sigmainnertsal dersaid satset osigeahsseldctfonomkbang waldi cl e
seeker system substantially as herein described with reference to the
acconmpanyi ng dr awiegpensive thereto, and a demodulator connected to said

amplifier and responsive thereto.

10. The rolling vehicle seeker system of any of the
preceding claims, wherein said error signal selection
i~j " means includes a switch; error signal selector means -
operably coupled to said switch to control said switch;
first signal prdcesso; means operably connected to said
errbr signal selector means for providing said first
error signal to said error signal seiector means; and
second signal processor means operably connected to said

error signal selector means for providing said second .

error signal to said error selector means.

11, A rolling vehicle seeker system substantially as

‘herein described with reference to the accompanying

drawings. .




