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With pulicd radar systems, The isvenlive sysem (1)

R1] Appl. Mo 727,163 inchudes 2 mismatched filter (M) for comrelating  received
[22] Filed: Oet. 8, 1995 signal (Bd) with a comelator signal (92) having o different
length thas the tranumit sigsal (84) and for providing &
151) IO e GOIS 719 roictermined wumber of reduced mnge sidelobes (97) a the
2] USQL . M2ISP, MYI62: MUIE% ourpyr of the mistastched filter (99). The mismatched filter
JAU95, M203  (90) has & first bocally optimum sequence that is the com-
[58] Field of Search ..o M5, 162, elator aignal (923 The mismatched flier (99) hay a8 lapu
34205, 101, |89, 195, 203 device (86} for receiving am cxtended bocally optimum
seaemoe (B4 that is a recefved dignal (B4). The first locally
[56] References Cited pptimum sequence (92) is 4 sub-ssquence of the extended
locally optimam sequence (B4). In a specific embodiment
us i s the misratched flter (90) kas a Barker-based code that (s the
T LT T T T — M9 comelstor signal (92) The mismstched filter (99) bas an
:jﬁ: :ﬁ’::‘g mu-u...i-.—_....—.u__"..—- ﬂ'ﬁ: imput device (86) for receiving an exiended Rarker-hased
i code that Is a received signal (84). The extended Barker-
AS683) 121986 Lee sl s MUIIL bogead code (B4) includes the Barker-hased code (92) as a
4901087 1990 Schweiber et ll i MBS s
SO 120N Ol ol 8, oot 20| b L
5140332 WI992 Matimetdd o . MMND
LEICE LI L e g f —— ] 18 Clalms, & Drawing Sheets
L]
/
4
/ ® 2
________ % S i
T ﬁiﬂg ¥} oty | commeLATOR SIGNALDATA
AND.  FFLAR [ MRATEED PROCESSOR
|ampupER || | '
L |
| LOCAL LOCAL [

I OSCILLATOR f, OSCILLATOR ;



FIG. 1a FIG. 1b

TRANSMIT WAVEFORM
IPERICD N}
22 N TRANSMIT WAVEFORM
{ [LENGTH Nj
— =1 e - —
i by w-r
P 30 28
20 RECEIVE CORRELATOR
OI===TT) RECEIVE CORRELATOR
b 2~
24 " N
\ 32 34 24
| "N
'
FILTER OUTPUT FILTER OUTPUT
H"‘.
“w FIG. 2
16
14 40
12k
10} [

="
=
=
=

o m 2 30 ag 60 &0

o
-
=
-
"

L]

.

"

»

5

;
e L
-

s

s

5

P

i
e
4

-

|
r i |

1 € 7 8
= T |
N A e T R e
[ACA| B*A| B*B |-A*B|-A*-A|B%-A| B*8 | A*8

|
| | |
| | I
L i A
P —— S EEEE-TENEDFTE 11 g-"
22 & B -A ;]
I
|
I
[
|
i

EEUSEEES Setn I N S m——

1 i



m

Ll ]

35

FIG. 6a




L

i

10~

FIG. 8

10

12

'] o

12



U.S. Patent Jul 28, 1998 Sheet 4 of 6 5,786,788

FIG 9a

SIDELORE #1



FIG. 10

15

1

12
il o

FIG. 11

78

16

10




5,786,788

Sheet 6 of 6

Jul. 28, 1998

U.S. Patent

fyis o e a* o

T L efebefeef —

ei -
Z6 1...,.'.'.,’
o BERCR _;E

X ———

AN AVI3a A" "0 "8] * » « |'u[0%]
\\\_

i
nn EL Bid

h*uﬁ._..a__.n..__u.mﬂ :.:th..-..:uﬁn__ _
IvHDT wao1 |

[
|
| = = 5____,_&,:1
NBLNd I aaarnany B3] e |,
HOSSIV0UI S any anv aNy
VIVOIVNOS — Lo a0 1| w31 B3 uui.r_:{“
4 ] e |

4 ONOD S| HIXIN # HI X a4

||||||||| i1

Bl e ———
AL 06 \. HOSS3I00HG
L MHOLYHINTID

\\ . IYNOIS

i "Did




5,786,788
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RADAR SYSTEM AND METHOD FOR
REDUCING RANGE SIDELOBES

BACKGROUND OF THE INVENTION

1. Field of Invention

This imvention relates to pulsed radar systems.
Specifically, the present inveation relates 1o sysiems and
methods for reducing the range sidelobes of
pulse radar systems thereby facilitating the detection of
small targets in the presence of large targets.

2. Description of the Related An

Radar systems are used in 2 variety of applications
ranging from missile guidance systems 8o air traffic control
syitems. Such applications require radir systems 1o acou-
rately detect and dscriminate targets, A typical radar system
his & ransmifes and a receiver, The transmirter trapsmits a
signal and the receiver desects signals that are reflected back
o the receiver. Signals that are reflected back are known in
the ant as radar retums.

In pulsed radar systems. the Cassminer transmits & pulied
sigeal sl 3 specified frequeacy. If & tasget is present the
received signal is a delayed version of the ransmilted signal.
Pulsed systems facilitate the calculation of the delay which
is wyed 1o caloulate the distance to the teget. If no tanget or
object is preseat, the received signal is woise oaly.

The transmifled signal s compared with the received
signal to determine if & larget is present. Often, Be received
sigmal is heavily commupted by poise and visual inspection of
the recedved signal does motf reveal the presence or shseace
of the warger. Radar systems typically wse comelstion to
overcame this dificulty, The correlation involves a summa.
tiva of products of the rectived signal with the wanmuited
signal. The cormelation 13 a measure of the simdlirity of the
traasmitted signal 1o the received sigaal. A Jarge similarity
berween the wansmined and roceived signals comesponds
a large probability that a targe! his bota detectad which in
turn comesponds & & large correlation betwesn the sgnals,

Typically & correlator comelstes the transmiied signal
with the received sighal. A comelator that 15 often wsed 0
perform this function is & madched filter. The signal wied by
the camelator for comelatios is matched o the ransmdtted
signal, The impulse respoase functioa of he comelstor i &
shificd folded vorsion of the wanamiticd signal and hence
als matches.

Oustput frowm the comelstor |s shown in 4 magninsds versus
time graph for snalog sigaals amd & magninde versus
sequence aumber graph for digital signals. The output of the
coprelator has & madn pesk where the comrelstion hetween
signals is the strongest. Several smaller peaks nexl 1o the
main peak are rangs sidelobes,

Radsr systems using manched filters ofien have lage
mage sidelobes at the output of the correlators. This reduces
their ahility to detect small tanget returns close in range W
stronger targel returns. This is because the main peak of a
small targst reture may be comparable in mageitude 1o the
mage sidelobes of n larger target return. The range sidelaobes
of the larger target return may obsoure the small target

2

V180 degree shifts, and involve wing a large signal set. As
a result, such systems are expensive and time consuming (o
build

Complicated filers were slso developed w0 reduce the
range sidelobes of radar systems. One such filler is described
{m “Oplimuem Mismatched Filters for Sidelobe Suppression.”™
by M. H. Achroyd and F. Ghani [EEE Trans AES-9 No. 2.
March 1973, pp. 214-218. The filter is a specialized Nl
imsened into e recelver. The filter s expensive and time
consuming (o build and implement,

Hemce.  nood exists in the ant for a radar system thal cost
effectively seduces range sldelobes for improving detection
of radar tangets.

SUMMARY OF THE INVENTION

The need in the art is addressed by the system for reducing
range sidehobes of the preseat lnveation. In the illusrative
embodiment the isventive system is sdapied for use with
pulsed radar systems and includes & mismatched filber for
comelaling a received dignal with a corelator signal having
a different length than the transmil signal and for providing
a predetermined mumber of reduced range sidelobes at the
output of the mismatched filier.

In & specific embodimend, the imventive sysem inclodes a
compuler for determining the trassmit signal and the cor-
elnsor signal for providing the redisced range sidelobes ot the
oufput of the mismatched filter

In e preferred embodiment, the mismatched filter
imcludes a correlator having & flest locally oplimum sequence
that s the comelntor signal. The mismatched flter has an
Imput for receiving am extended locally oplimam sequence
that i the received sipnal. The first locally optimam
sequence s & sub-sequence of the extended locally optimam
seqence.

In as alternative cmbodinent the mismntched filier has &
Barker-bassd code that is the correlstor signsl The mis-
mutchied filter has an input for receiving an extended Barker-
based code that is the received signal The extended Barker.
based code incledes the Barker-based code as a sub-
HoeneT.

In a specific embodimest. the mismatched Blier is imple-
mented with an sdjustable length comelator and a programe
mable signal transmiter which may be implementsd in
compuler software.

ERIEF DESCRIPTION OF THE DRAWINGS

FIG. LA s a dingram illoswrating periodic sutocorrelation.
FIG. 18 is a disgram dlustrating aperiodic astocomela-
(]

FIG. 2 is an example resull From the periodic sulocome-
Lation of a locally optimum sequence of Type A

FIG. 3 is a diagram illusrating the range sidelobe can-
cellations of the autocormelation of the locally optimum
sequence of FIO. 1

FIG. 4 is 8 graph of the comelatinn of the
sequence of FIG. 2 illustrating the lack of ramge sidelobe
cascellstion.



3

FIi0. 6B is & graph showing the cutput of & mismsched
filter uzing a correfator of length 64 and o tansmil wave
form of length 72 and comstructed in acoordasce with the
teachings of the present invention.

FIG. T is a graph showing the cutput of a mismatched
fllter using a coerelator signal of length 22 and tramsmit
signal of length 31 comstricled in sccordasce with the
teachings of the present invention.

FIG. 8 Is & graph showing the result of the periodic
autocorrelation of 2 |3 bit Barker code sequeace.

FIGS. 9. 9% and B¢ illustraic a iechaigie of the present
invention for constructing a mismatched code sequence for
& mismatched filter for achieving rangs sidelobe cancells-
ten.

FIG. 10 [5 & graph showing the outpue of the mismatched
filter coastrected using the techaique of FICL 9,

FIG, 11 is a graph comparing the resull of the speriodic
mocormelation of & 13 bit Barker code saquence and the
result of Bt owiput of the mismatched Aler of FIG, 9 unde
uscompesssted Doppler conditions,

FIG. 12 is o block diagram of n radar syskem comstructed
in accondance with the teachings of the presest inventios.

FIG. 13 Is disgram of 0 mismatched filier construcied In
sccondance with the teachings of the present lavention.

DESCRIFTION OF THE INVENTION

The inventich is described below in refaence 1o he
accompany drawings in which like refevence pumersls
denote ke parts. While the present inveation is deseribed
herein with reference (o Mustrative embodiments for par-
ticuler applications. it showuld be undersiood that e imven-
fion is soi limiled therslo, Thode having ondinary €kl in the
ant ond soress (0 the teachings provided herein will recog-
size additional modifications, applicstions. and embodi-
ments within the scope thereof and sdditionn! fields in which
the preseat invention would be of significant utility.

FI0. 1A is a disgram illusteating perfodic autocomelation.
A tranamit signal 20, & correlator signal I3, and o resubting
outpal 24 of a cornelator (ol shown) i shown, The ransmit
signal 20 js represeptative of & reflected ransmit sigmal
reczived at the radar system receiver (ot shown)). Periodic
awtocorrelation is wsed in systems employing continuous
wave (CW) radar recesvers. Due 1o the matare of the Cranamit
wave form 20 such systems are limited in their abllity to
establich accurute disances 1o Lagets,

The tranamitl signsl 20 i typically & periodic sequence
with a peried of leagth N which is also the longih of the
correlptor signal 21 Owme period of the transmil signal 20 js
the comelator signal 22 Both the transmil signal 20 aad the
correlator signal 11 we represented by binary sequences.
Fach elemest of the binary sequences may be 2 “one”™ or
“negative omc”™.

If the lengih N of the comelator signal 22 1s even, then it
is possible to have sidelobe canoeliation af the oatpet of &
radar syem comelator {matched filier) (not showa). This is
becamigs when performing comrelation, a particulsr filer
output value i calculsted by multiplying cach bt (ot
shown) of the comelator signal X2 with & corresponding bit
in the transmit signal. and then summing wp the N products,

n

4

4
signal bits with e coerelasor signal bies resuling in & sum
of 2er0. When performing speriodic correlation. this is pot
pessible.

The filter output 24 has a mainlobe or correlation peak 12
when the comelator signal 22 overlaps a portion of the
transmit signal 20 that is identical to the comelator signal 22,
Otherwise, sidelobes M realt

Fig. 1B is 8 dagram illosesting speviodic sutoceoere|stion,
A mamsmit signal 20, the commelator signal 22. and an output
¥ of the correlator (matched fllier) s showa, The tramsmit
signal 2 is equivalent (o the comelaor signal 22, When the
maiched filler correlaies the transmit signal 200 with the
commelater signal 22 the tumber of terms being mulliplied
altermaics from odd o even. Therefore. it is impossible to
obtain a phurality of coatipmous zero mageitude sidslobes,

FIG. 2 Is an exampls result from the periadic autocarme-
Lation of & locally optimom sequesce of Type A A locally
optimum sequence (of perind Nj has a periodic autocarre-
Istion respomss M6 with N4 zeros 38 on each side of
mainicbe 40, Type A soquesces have an sutocorrelstion
response where the tero adelobed 38 afe siljacent (o the
mainlobe 40.

For the present specific exampls, the Type A sequence is
consucied from complementary codes of leagth NA.
Complementary codes are pairs of binary sequences whose
autgcorre lation responses have sidelobes of equal magnitude
bust opposite sign. Por example, the code A<(1, 1, 1, <1] azd
the code B={l, L. <1. 1] are complementary codes becawse
thelr autocomelation responses are [~ 1.0, 1.4, 1 0, < 1] asd
(1.0 =1, 4, =11 1] respectively. Whes the stoccrreistion
responses of the sequences A and B are added together.
sidelobe cancellation resalts,

The periodic ssquence with period Ps{A. B, <A, B| of
lemgeh N is the locally optimum sequence of type A with the
autocarrelation response 36 The correlator sigaal I (A, B.
-A Bl

A locally optimam sequence of rype B is a sequence
whise autocorrelstion has 2ero sldelobes in the reglon [N,
N2 on either side of the comelation pesk. Those sidlled in
the st will appeeciate Gt Type B sequences may be used
without departing from the scope of the presen! invention.

FIC. 3 Is & disgram Qoswacing the mnge sidelobe omm-
cellations of the sslocorrelstion of the optinim
sequence 2T of FIGL 2. A comelstor signal 22 |s represented
by the sequence [A, B, -A. B) and is comelated with 2
transsmil dgnil sequence 20° with & pethod comeiponding 1o
the correlator sigual 22, The corelator signal 22 is shown
ihified two spaces o the right of whire & correlation peak
wolld be generated. A corelation pesk |s penerated when
the oorrelator signal 22 overlaps an identical portion of the
transmit sigmal 20", For Mlustrative perposes, the position of
the correlstor signal 2T with respect o the transmit signal
20" k= shown geperating a second tero side Jobe (not showa)
adjacent to the main peak (sot shown) The following
discussion spplies 10 the gemeration of the first, seoond.
third, and fourth sidelobes all of which have zero magnitude.

Let x and y represent any two sequences, The correlation
of x and ¥ Is desoted a1 x*y. The folbowing properties hold

“ for comelation:
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capiel; (=A)*B+A*B=0, In addition the partial comelation 1
(ATA) is o sidelobe from he sutocorrelation of code A, The
partial comelation 3 (B*B) s a sldelobe from the swtocor-
relation of code B. Since A and B sre complementsry codes,
partial comelations 1 and 3 cancel cach other. Similarly.
partial corelations 5 and 7 concel each ather.

Thus, when the partial comelations 42 are added o
compule the sscond 2ero sidejobe (mot shown ) the resulting
witlue it 2er0. The above argunsent spplies o the calcalation
of the first 2ero sidelobe whers the cormelator signal 22 is
shifted to the left one (N/16). nnd the thind zero sidelobe
where the comrelator signal 22 §s shifted to the right one
{NV16) From [t cument position. When calculating the fourdy
2ero sidelobe. the comelator signal 22 is shifted 10 the Aght
two Spaces (N/E) from its curment postion. The comelation
is: ASBEB-Ap{-APB+B* A=), resulting in the fourth
reta sidelobe.

FIG. 4 is a graph of the aperiodic comelsiion of the
scquence of FIG. 2 illusorating the lack of range sidelobe
cancellation. Whes the correlator signal (shown in FIG. 3 &
¥ is coarelated with an identical signal having length N_no

FIG. % is » graph of the result of the outpur of &
mismalched fller utilizing complementary codes. and con.
structed in accordamce wilh the leachings of the preset
invention. The mismatched filter (not shown) of the present
inventice performs aperiodic comrelation yet achioves side-
lobe cancellation similar 10 the sidelobe cancedlation resuls-
img from periodic autocorrlation such as discussed in FIGS.
Zand 3

In the present specific embodiment, sidelobe cancellation
is achicved by extending a period of the ramsmit signal (zot
shown) by & mamber of bis k from the beginning of ihe s
period. The period of the wansmit signal is cquivalent to the
comelator signal (sot showe). As an examgle, assume the
comelator signal is [A. B. -A. BJ. The transmil signal is
exiended @ |A, B, -A, B, Al The resulting comrelation
shown in FIG. § has a penk st Ne20. and fiour zero sidelobes
4,

15

n

b L]

Those skilled in the an will sppreciste that the output of

4 mismsiched filler costructed in accondance with the
teachings of the present [nvention may be made arbitraly
long with variable length regions of zero range sidelobes by
sclecting the appropeiate code leagth N and he number of
itz ke

The resalt of FIG. § was obtained by using the mis
mutched filter whose were obiained by following
a method of the present invention that includes the steps of:

|. obtaining a first and second complementary code,

2. forming a locally optimem sequence of complementary
codes having the first complementary code and the
second complementary code 4 dub-soquences and
uﬂﬂhﬂywwwmﬂmh
correlator sigaal

) m:m signal by extending the locally
oplifem sequence by a first subset of the locally
optimam sequence. The subsst depends on the desined
numnber of reduced range sidelobes.

Those skilled in the art will appreciate duat the transmis

u
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by which the comelator signal (pot shown) is extended o
obtain the wansmit signal.

FIG. 6B is a graph thowing the output of 2 mismsiched
filter wiing & correlatoe of length 64 and 2 wransmit wave
form of leagh T2 and coasrucied in acecedance With Be
teachings of the present invention. The resulting comelation
has a peak at N=72 and has k=8 zero sidelobes.

F1G. 7 is o praph showing the output of 2 mismatched
Rher wsiag a comelator signal of leagth 32 and & wansmit
signal of length M constructed | sccordances with the

of the present invention. The resulting comrelation
has k=0 zero sidelobes

The result of FIG. T was obisined by using a mismatched
filter {not shown) whose sequences (mot showm) were
ablainsd by the following method of the present investion:
performing a computer search to chtain a transmit scquence
and A comelator sequence such that the corelatica berwesa
dmid transrmil sequence and the cormelalor sequence has &
pluraliey of tere magnitude sidelobes,

FiG. 8 is a groph showing the result of the periodic
atocoarelation of & 13 bt Barker code sequence. Barker
codes have aulocomelation sidelobes 53 whose magnitudes
are ol most ome.

A numsber k of additiosal hits may be appended 1o the
transmit signal (ned shown) or che correlstor signal (mor
shown) to obtain 2ero sidelobes at the output of the mis-
matched filser of the present invention (mot shown). The k
bits may be determined shroogh comper search. or by
Using an allernstive method of the present invention dis-
cussed im FIG. 9.

FIG. % {5 a diagram [lustrating » technique of the present
invention for comstructing & mismalched code sequence for
o mismatched filter for achieving range sidelobe cancells.
on A coprelsior signal 56 is represemied by the Barker-
baded code Cmf=1. 1. =1 L=L =L L L=l == =1].In
2 first test comelation 84 a test transmit signal 58 is formed
by appending a O bit 10 the Barker-based code C. The lant
twebve bits of the test signal 58 are multiplied with come-
sponding twelve bits in the correlator signal 56 and then
added in & comelation process. The result is o preliminary
tidefobe value of -1, Ouly the first cleven bits of the
correlaor signal 56 coatribuse 10 the value of te prelimi-
nary sidedobe since the Last bit of the test signal 58 is 2 zero.
To cbiain a zero sidelobe value 61 in the correlation process
the appended 0 bit must be chasged 1o =1. The resulting e
ignal &b s shown producing & oo magaimde sidelobe as
owtput. When the twelfth bit (1) of the code C is mubiplied
by the appended bt (—1) tbe result i3 1. When 1 s added 10
the prediminary sidelobe value (~1), the result is & first zer0
which repreacots the first 2ero sidelobe 61 The first
appended bit 13 i <1,

To determine the valse of the second appendad bit 14, a
2ero is appended 1o the resulling lest signal 60, which r=sulls
in a second test sigmal 62 (see FIG. 98). A second test
correlation 57 is similar to the first test corslation 34 with
the exception that the second test signal &2 is used in place
of the best signal 58 in the flest test comelation 54, The output
of the test correlation 8T is 1. This insplies that the appended
0 bt 14 must be changed to & | as shown in & second



Let o represent the sumber of bits in & test signal, Cin-1)
a 1261 correlation oatput with bits (n-11) to (p=1).
As long as Cla- 1) has undty magnitide. a zero sideiobe may
be obtained. Using the above methad with the comelstor
slgnal 56, five zero sidelobes are oblained because O 17)=]
which does not have & unity amplitede. The resubting best
sigmal is |-L L.<1. 1.=L =1, 1, 1, =} =1 - b1~k -l
I.=1] and is used a4 the final wansmit signal and has length
N=17. The resulting mismatched cods set is a (12/17) sl
meaning that the comrelator signal is (2 bils long, and e
transamit sigaal is 17 Bils long,

The fourth appended bit (not shows) and the fifih
spoended bit (not shown) are determined by following e
above patiern for detcrminiag appended bits, In general. the

of the test correlations 54, §7. 59 comesponds o the
appeaded bits 13, 14, 15
In the event that e twelfth bit of the correlator signal 56
wiss | then the appendsd bits wouild comespand 1o pegative
af ke outpet of the comesponding test comelations. As 8
general rule an appended bit » of a test signal may be fousd
using e following equation: Cin—Ip{last bit of comelator
signal 56)*(bit n of the tost signali=0,
Those skilled in the ant will appreciste that the fanl
tranami! signal and (he comelator signal may be swisched
withaut departing from the scope of the present investion.
The above technigue for determining 3 Eanimil <lgnal and
& cormelator signal for providing sumber of reduced range
ihdedobes at the outpit of a rader system cosrelator hat e
Tollowing steps:
|. cbixining » Barker code and dropping one bit if the
Barksr code has an odd length;

1, cormelating the Barker oode with a shifted version of the
Barker code for obtaining a correlation output value;

3. forming am extemded sequemce by appending a
pequence value 1o the shifted Barker code so that the
resulting comrelation between the shifted Barker code
and the Barker code cancels said comelstion outpu
value resulting in & zero; and

4. repeating the above sleps &S necessary to form extended

sequence thal will resull in & pre-determined mumber of
zem range sidelobes when correlated with the Barker
code in a radsr system eonelator (ot shown).

FIG. 18 is 2 graph showing the oulput of the mismatched
filter constructed using the techaique of FIGS. Sa-9¢. Five
t=ro sidchobes 66 are shown adjscent 1o 4 maln peak 68,

Comrelation data presented up w0 this point is based on
sequences with a constant amplinade uoughout the extire
sequence. This comesponds (o gl returns with zero
frequency (DC pulses), In most radar recedvers tnget refums
have & small remadning frequency component related o a
Doppler shift induced by the target velocity. The received
pulse has a small sinusoidal ansplitude modulation refeered
to is uncompensated Doppler. In addition. the Lage! retam
has a moise compesest Thus, the radar sysiem comelsor
inot shown) comelates a comellor signal with & recelved
sigmal that is pot the exact ramomit signal, This has the cffec
of degradlng the mage sidelobe response of ihe biphase (0
degrees and 180 degress cocrespoading 0 | and -]
respectively) code contained in the pubie. The mismatched
codes developed [ accordance with e (2achings of the
present invention e no maore vulserahle 10 uncompensaicd
Duomnler than thelr matched counteroarts.

b

#

=], =1, =L L=1, 1.~1] of the mismached filler of FIG. 19
is weed as the correlator signal (pot showm) and the comelator
signal |1, L. =1, L =L =1 L b =1 =1 =1, 1] of FIG. 10
is used 21 the ansmit signal (nol showm).

The graph of FIG. 11 is based on & sampding frequency of
10 Mhz which cormesponds to a range separation or range
gate size of |5 meters betwoen samgples. The rasmit signals
are amplitude modulated by a cosipe (mo! thown) of uni
amplinide and an uscompensated Doppler frequency of 10
Khz. In the preseat example. the inilial phase of Ge cosine
is 30 degrees.

The wertical auis represents decidels (dB) relative 1o the
CORTES| correlation peaks 76 at 0 dB. The result 72 of
the | 2/17 code set of FIG. 18 has significantly reduced range
sidelobes T8 in comparison to rasge sidelobes B2 of the
autocorrelation response T4

Genenlly. the applicability of mismatched codes of the
present lnveation to reducing range sidelobes b nol affected

uncompensated

FIG. 12 s a block dagram of a radar sysicm 10 com-
strucied in sccordamce with the teachingi of the present
invention. The radar system 10 includes o signal generator B
that is wsed to genesate pulsed rader signals that are trams-
mitted via an amtemna 12 Tramsmined sgals reflect off
targets (pol shown) and are rocefved ot the anteana 11
Recsived analog signals are processed by o szt 14 of filters.
amplifiers. mivers, and oscillators before being coaveried o
a digital format by an snabog 1o diginl conventer 16 The
resulting digital sigmal is input to 8 mismatched filter 99 that
correlates (be digial signal with & comelator signal of &
different lengih. The output of the mdsmatched filter 90
having reduced range sidélobes &5 Guen Input 10 a progessor
1B for fusther amalysis. The processor 18 may be imple-
menizd as o compuler unlng trge delection software,

The signal geserator 8 may also be [mplemented as 2
computer that may be used to determine the transmit sigaal
(not shown) and the comelaior signal (mot shown) for

the reduced range sidelobes al the cutpit of the
miimatched filice 4.

Those skilled in the wrt will appreciate that if the mis-
matched filier 94 is an analog comrelator. the positions of the
apalog to dighal cooverter 16 and the flter 99 may be
switched witholt depating from the scope of the presest
investion.

FIC. 13 is chisgram of & mismatched filter M constrocted
In pecordapce wilh the teachings of e presenl investion,
The mismutched fller ™ includes an exiend transmit
sequence B4 Baat reprelents a received signal, o delay line
86, a set of mubtipliers 38, a comelator sequence 92, an adder
#4. and an output shift register 96,

A programmable sigeal geserator (nol shown) generases
ihe ransmit sequence B which (s cxtendsd by k extra s
beyond thet of a corelaior sequence %2 The mamsmin
sequence B4 is shifted isto the delay line 86 one bit ot a time.
As e sequence B4 is shified imo the delay line 86, the

88 multiply cach bit of the sequence B4 with a
correiponding bit in the correlstor sequence 92 The mull-
plied bits ars thes summed in the adder %4 to produce a vale
for the correlation respoise which b+ shified into the shifi
Tegister 96, Whea the comelation of the signal 84 with the
correlator signal 92 is fnished. the shift register 96 has k
tefo sidelobes 97 included among Bie values 95 available
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need to have the sume beagth as the sequence values stored
in the shift register B4, The shift register %6 may have
diffexent lengths depending on the application.

Those skilled in the art will also appreciste that the delay
line ®6 may be a shift register, that the sequences 84 and 92
may be swilched without departing from the soope of the
present invention, and that an sdjestable length correlator of
conventional design may be wied without departing from the
scope of the preseat invemtion, In addition, the mismaiched
filier 80 may be implemented in computer sofware.

Thus. the present invention has been described hercin
with reference to a particular embodimest for & particular
appllcation. Those having ordinary skill in the an and sccess
to the present feachings will recogrize additional modifics-
tioas applications and embodiments within the scope
thereod.

It is therefiore intended by the appended claims 10 cover
any and all such spplications. modifications and embodi-
mients witkin the scope of the present invention.

Accordiagly.
What is claimed is:
1. A system for reducing range sidelobes in a binary phase
coded pulsed radir system comprising:
means for providing a received binary phase coded dignal
having a firs: length;
means for providing & bimary phase coded comelator
signal having a second length differest from said first
length. and
mismatched fllier means for comelating said received
signal wilh said correlstor signal for providing a pre-
determined pumber of reduced range sidclobes ot the
output of said mismatched Eller means,
2 The inveation of claim 1 whercin sabd means for
providieg sabd recelved signal is a rader system transceiver.
A The invention of claim 1 wherein said means for
providiag said corelator signal is a radar system correlator.
4. The invention of claim 1 further including means for
determining said received sigeal asd said correlator sgnal to

provide a predetermined mumber of reduced range sidelobes 4

ol an outpt of said mismatched filter means.

8 The investion of claim 4 whercln satld means for
determining said received signal and wid corelsior signsl is
i

to peform a scarch on posiible received signals and on
possible comelstor sigaaly for determining magniwde pro-
files and lengihs of the received signals and the comelator
signals for providing 4 pee-desermined sumber of redweed
mange sidelobes af the output of said msmatched filier
means.

7. The invention of claim 1 wherein said received signal
Is a reflected ramsmil sgeal havisg as sdditiosdl molse
o0 1]

COmpaIter.
&, The isvention of claim 5 wherein said computer is ued 45

1]

10, The investion of claim 9 wherein sid first locally
optimum sequence is a subsequence of sdd extended
Incally optimum sequenoe.

1L The invention of claim 1 wherein said mismsiched

¥ filter means has a Barker-based code that is said comelator
shgnal.

12 The investion of claim 11 wherein sald mismatched
filter mesns has &n nput for receiving an extended Barker-
hased code that is said version of said ransmit signal. sad
exended Barker-based oode including said Barker-based
code as a sub-soque e,

13, The bnvestion of claim | wherein said mismstehed
filter means is implemented with an sdjustable length cor-
relator and 4 programmable signal rassmitter.

14, A method for determining a lransmil signal and &
comrelator signal for o binary phase coded pulsed rader
sysiem for providing a predetermined number of reduced
range sidelobes al the output of & radar syslem comelator
2 compriiing he #eps of:

obtaining  first and second complemestary binary phase

“.

o

forming a bocally optimum sequence of complemestary
codes having said fird complementary code and said
second complementary code a5 sub-sequences. said
locally optimem sequence representang said comelator
digmal: and

destgning a wamsmit signal by extendiag sald locally

optimam sequesce by 8 firs sabset of said locally
opiimam sequesce.

15. A method for determining & transmit signal and a
comelator signal for & binary phase coded pulsed radar
systern for providiag o predetermined ramber of reduced
3 range sidelobes at the output of a mdar system comelator
comprising the step of:

cbisining & Barker-based code having an even leagth:

correlating said Barker-based code with a shifted version

of sald Barier-based code for obtaimisg a comrelation
outpuat value;

forming an extended sequence by sppending & sequence

vilise 10 sabd shifted Barker-based code so (hal the
resulling comelation betwesn daid shifted Barker-bassd
code and said Rarker-based code cancels sald comela-
tion cutput value resulting in & zero; and

repeating the above steps as pecessary 10 form sald

exiended sequence that will result in & pre-determined
pumber of zero ramge sdelobes when correlnated with
said Rarker-based code in sabd radar system comelatar.

16 The invention of claim 15 wherein said sequence
valse is said correlation outpar value,

17. The investion of clem 15 whetein said Barker-based

5

30

L]

£, The iaventios of claim 1 further including a comelater 5 code is [-1. L =1, L =1, =L L. 1, =1 =1, L. -1. -1 |

kaving & first bocally optimum sequence that is said corr-
clalor signal.

9, The [svention of claim 8 wherein said mismalched filer
means has an impat for receiving an exlended locally opti-
mum sequence thal is said received digail

IR The invention of claim 1S wherein said exicnded
sequence bs [-1. 1. -1 1L =1. -1 L L. =1, =1, =1. =1, =L,
L=11,=1].



