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CurHanu B €N1eKTPOHHUX CUCTEMAX

* Ha noyaTKoBIVi CTagii pO3BUTKY, €N1eKTPOHHI NPUCTPOI | CUCTEMU BUKOHYBaNU
dYHKLi BUMiptOBaHHA | peecTpaLii pe3ynbraris.
3 yA,0CKOHaNEeHHAM enemeHTHOI 6a3u i NiABuULLEeHHA Ti HaaiHocTi obnacTb

3aCTOCYBaHHA CTasa BK/OYaTH B cebe aBTOMaTM30BaHi (3a y4acTio NtoguHK) i
CMI—HanM EHEKTPOH HUX CUCTEM MOBHICTIO aBTOMATUYHi Kepytodi cuctemu. OfHe 3 NepLumx i HalBaKAUBILLNX
i H 3aB/aHb YNPaB/iHHA — Pery/loBaHHA CTaHy 06'eKTiB.
Electronic System Signals AaHb yip pery. A cTary N
* PeryntoBaHHA BKtOYae B cebe NOC/ifOBHICTb onepaLiiil, OCHOBHUMM 3 AKKX €:
CUTHaAM B €NeKTPOHHUX CUCTEMAX KepyBaHHS. — OTPUMaHH# BiOMOCTel Npo cTaH 06'ekTa abo npouecy (BUMipioBaHHA);
30HAyBaNbHi CUFHAAM aKTUBHUX ENEKTPOHHUX CUCTEM. — OTPMMaHH# 330BHi KOMAHAHWX BMJ/IMBIB, WO BU3HAYaOTb HEOBXiAHMI cTaH 06'ekTa abo
.. . . npouecy (3aaBanbHa s, 33AaBanbHuii BNAWB — 3aAalollee BosgeicTame [poc.] );
Signals in electronic control systems. pouecy (sa AR, 334 Adtow A [poc);

S fine f f acti ) . — 06pob6Ka OTPUMAHMX CUrHANIB 3 METO BU3HAYEHHA Hanbinbw edpekTUBHOIO

Sounding waveforms of active electronic systems YNPaBIHCLKOTO BMBY;

— $opMyBaHHsA KepylOUmX BMBIB, AKi 33 AONOMOTOI0 BUKOHABUMX OpraHiB (akTioaTtopis)
3MiHIOIOTb CTaH 06'eKTa.

CurHann B eNeKTPOHHMX cUCcTeEMAX

* 3a oCTaHHi pOKM cnocobu ynpasniHHsA, anapaTtypa i nigxia
PO3pO6HWMKa [0 CTBOPEHHA aBTOMATUYHUX CUCTEM YNPABAIHHA
icTOTHO 3miHuAKCA. Lle noB'a3aHo 3 umudposum
npeacraBneHHAM iHGopmauii Ta nporpamHoto peanisauieto

OCHOBHIi 3MiHM B MPOEKTYBaHHI N1EeKTPOHHUX CUCTEM
NONArakoTb Y HAaCTYyNHOMYy:

v HaiibinbL cyTTeBi onepaLlii Hag CUrHanamm BUKOHYIOTbCA Micns
npeacTasieHHs ix y dopmi ABiliKoBMX BaraTopo3pagHMx umcen;

v/ 3aMicTb NiHINHWX NepeTBOpeHb Hak aHa 0roBUMM (HenepepBHUMM B Yaci)

anropuTmis. CUrHanamm cTaau BUKOPUCTOBYBATMUCA KiHLLEBO-Pi3HMLIEBI NepeTBOPEHHA

* 3 nornagy Ha TexHiKy, Lie CTaNo MOMK/MBUM 3aBAAKM (undpose ynpaeninks);
iHTEHCUBHOMY PO3BUTKY MIKPOENEKTPOHIKM, LLLO NPU3BENO A0 v Bigbynaca Ll,eHTpaJ"|i3aLl,iﬂ DYHKLI: 3aMiCTb AEKIBKOX KEPYOUMX I'IpVICTva'I'B
36iNbLIEHHA KiNIbKOCTi €1eKTPOHHUX KOMMOHEHTIB Ha OAMHULI0 /ANA CKNBHOTO OG'€KTa MOXE BUKODUCTOBYBATUCA OfIH NPOUECOP, AKMT

no yep3i BUKOHYE iX GYHKLT B pexkumi noginy yacy;

v/ BHACNIZOK LbOro NOCMAMNACA YBara A0 anropuUTMIYHOro BOKY ynpasaiHHA
(Tob6TO A0 HAaNWCcaHHA ePpeKTUBHOTO i HaAiHOro MPOrpamHoro
3abe3neyeHHsn);

* Taka iHTerpasbHa cxema B/J1aCHe i € MiKpONpoLLeCoOpoMm. v’ NOCUAEHHS yBaru 40 CTBOpeHHs BOyA0BaHMX 3aco6iB caMogiarHOCTUKM

npUCTpPOIB.

NAOLLj KPUCTaNa; WO, B CBOKO Yepry, A03BOINI0 PO3MICTUTH
06umMcnioBaY NJIOC KOHTPO/IEP HAa OAHOMY KpUcTani
HaniBNPOBIAHWKA, PO3MIiLLEHOrO B EAMHOMY KOPMYCi.
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ENeKTpOHHI cuctemm ynpasaiHHA

(Hanpuknag, asTomobinem) Knacuoikauia curHanis
CucTeMsl CrcTeMbt . . L
3a o3HakKoto $i3n4HOI NpMpoan Hocis iHdpopmaLii:
nepegayn epesadn i
* eNeKTPUYHI;
JTAHHDIX JIAHHBIX P ’
- * eNeKTPOMArHiTHi;
Cnpouy cxema p cucmemu Kepy
* OMTUYHI;
* CNpoLEeHN PO3MAL eNIEeKTPOHHOI CUCTEMM YNPaBAIHHA * aKyCTUUH;
06'eKTOM [,03BONAE BUAINUTU YOTUPU OCHOBHI TUNYK BNOKIB: Y
* TaiHLWi.

— [aTumMKK (4Kepena BXigHUX curHanis),

— cucTeMM nepeaadi AaHuX,

— eNeKTPOHHUI 610K (610KM) ynpasniHHa (EBY),
— BMKOHaBYi mexaHiamu (BM).

. . . Knacuoikauia curHanis
Knacnoikauia curHanis Pikay

3anexHo Bif PpyHKLi, iKa onucye napameTpu CUrHany,
BMAINAOTb aHANOrOBI, AUCKPETHI, KBAHTOBAHI | LMPPOBI
CUrHaNM :

3a cnocobom 3a4aBaHHA CUrHany :

* perynsapHi (aetepmiHoBaHi), 3agaHi aHaniTUYHOT GYHKLiEID; « HenepepeHi (aHas0roBi), ONMCYBaHi HenepepeHoIo

* HeperynsapHi (BuNagKosi), Aki 6epyTb AOBINbHI 3HAUEHHSA B byHKLUi€eto;
6yLb-AKMII MOMEHT Yacy. [1na onucy Takux CUrHanis AVCKPETHI, onucyBaHi GpyHKLI€ELO BiANiKiB, B3ATUX B
BMKOPUCTOBYETHLCA anapaT Teopii IMoBipHOCTEN. NeBHi MOMEHTY yacy;

KBaHTOBaHi 3a piBHeEM;

LMCKPETHI CUTHANW, KBAHTOBAHI 3a piBHem (undposi). —

MopaHHA curHany i cnekTp @i3nyHKUI ceHc cnekTpanbHOi GyHKLUIT

* € fBa cnocobu NofaHHA CUTHaNY B 3aN1€XKHOCTI Bif 061acTi BUSHAYEHHA: YacoBUA |

YaCTOTHMIA. Y nepLuiomy BUNaAKy CUrHan NPeacTaBaseTbea GYHKLIE yacy. e CurHan s(t) NoAaETbes y ernn,qi cymu HecKiHYeHHoro pagy

* Kpim 3BM4HOrO 4acoBOro NOAAHHA CUTHaNIB | GYHKLIM Npu aHanisi Ta 06pobui AaHUX rapMOHiHHMX CKNafloBMX (CMHyCOT,CI,) 3 aMI‘IﬂiTy,anIA w) duw,
LWMPOKO BUKOPUCTOBYETLCA ONMC CUTHANIB YHKLIAMM YacToTw. [liiicHo, ByAb-AKNiA AK . K i .
3aBroOfHO CKNaAHMIA 3a CBOEID HOPMOIO CUTHAN MOXKHA NPEACTaBUTMI Y BUINAAT CyMM L0 HenepepBHO 3aN0BHIOIOTL iHTepBa 4acToT Big 0 A0 o, i
6iNbLL NPOCTUX CUTHANIB, i, 30KPEMA, Y BUMNAAT CYMM HANNPOCTILLNX rapMOHIAHNX no4YyaTkoBMmMM d>a3a:vu4 ¢(W)

KO/IMBaHb, CyK\/I'lHiCTb AKUX HAa3UBAETHLCA YAaCTOTHUM CNEKTPOM CUTHANY. . PO3MipHiCTb CI'IeKTpaanO'I' ¢yHKL|,i‘|' € p03MipHich CMrHaJ'Iy
’

NOMHOX€eHa Ha 4ac.

+ [Lns nepexoy A0 YACTOTHOTO CMIOCOBY NPEACTAB/IEHHA BUKOPUCTOBYETbCS NEPETBOPEHHS
OVPE )= f s(t)e 5 dt

-0
* KomnnekcHa dyHKUiA S(w)l Ha3MBaETbCA CNEKTP. GYHKLE abo CneKTp. WiNbHICTIo.

[8)| - cnektp amnnitya; $(w) = arg(S(w)) - cnekTp das.
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MapameTpu curHanis
MoTyHicTb curHany  P(t) = s*(t) 7
E = [a’(:)dt

. . —o0 .
Tpusanictb curHany T BU3HAYAE iHTEPBAN Yacy, NPOTATOM AKOTO CUTHAN iCHYE
(BiamiHHMI Big HyNA)

EHeprisa curHany E

[uHamiuHuWit A4janasoH € BigHOWEHHs HalbiNbLIOT MUTTEBOT NOTYXKHOCTI CUrHaNy A0
o . P,
HalimeHLoi D= 101g =

Prin

LnpuHa cnektpa curHany B — cmyra yactor, Wwo micTuTb OCHOBHY eHeprito curHany

basa curHany — ue A06YTOK TPMBANOCTI Ha LWKWPUHY cnekTpy TB

BiZiHOLIEHHA CUrHan-WymM

O6car iHpopmalii, Lo MoXKe NepeAaBaTUCA CUTHANIOM, XapaKTepU3ye NPOMYCKHY
34aTHICTb KaHany 3B'A3Ky, HEOBXiAHY ANA Nepeaadi Lboro curHany. BiH
BU3HAYAETbCA AK AOOYTOK WMPUHM CEKTPa CUTHANY Ha Moro TPUBANICTb i
AVHamiuyHuiA gianasoH: V=BTD

MpuKNaL enekTpoHHoro 610Ka ynpasaiHHA

DaewTpo- by
EDopMpna

FEPROM — nporpamosaHa
nam'atb (MOCTINHWIA
3anam'ATOBYIOYMIA NPUCTPIA,

n3y);

EEPROM — nocriliHa nam’aTb
a (Mm);

RAM — onepatusHa nam’aTb

(on);

A/D — ALM;

1o l:l-" T CAN — enekTpomHa undposa
WMHA AAHMX (Hanpumep, 4na asTo EC—
Ue UsMepeHHble SHaueHUS HanpAKeHUS:
maccosbiil pacxod 603dyxa Ha anycke,
HanpAeHUe akKymynAmopHod 6amapeu,
daanenue 80 snyckHOM KonREKMOpE U
daanenue Haddyea, memnepamypa
oxnamaroueli HudKocmu u 8030yxa Ha
anycre).

Bxiowi cuznanu moxyms Gymu ii

CuUrHanm akTMBHUX AaTUYMKIB

* AKTMBHI JaTYMKM MOXYTb BUKOPUCTOBYBATU 30HAYBa/IbHi
CUrHanw.

* Hanpuknapg, matu reHepatop EM BMnpomiHoBaHHA, AKe nicna
BiAOMBaHHA Big, 06'eKTy cnocTeperkeHHs, dopmye BXigHWUI
CUTHaN, WO NPUMNMAETLCA | NOTIM NiANATAE NOAANbLUIN
06pobLi.

Signal and Accuracy

* Itis important to understand how the signal passes
through the system, is amplified and transformed in it.

* Itis necessary to go deeper into the relationship between
transformations of the signal and the character of the
system operation, particularly the accuracy of the system.

* Especially interesting is the influence of signal
characteristics in active electronic systems.

Waveforms

¢ Different waveforms were used in considered methods
of measuring coordinates and speed, that is some types
of waveforms have been known to us.

® The aim of this topic is:
— generalize and expand our knowledge about waveforms;
— classify different waveforms;
— get some notion about math description of waveforms;

— to realize that waveforms play basic role in electronic system
theory and practice.

Channel structure

Internal

Sources of 7
undesired Noise
& jamming Display or
signals Receiver control
J | Receiving system
econdary Radiation \ Slofe]
o Signal receiving line
s Medium Direct
( Waveform transmission line Signal
Sources
of clutter

Waveform Transmitter
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Channel

The object is a source of information.

Any channel is subjected to different kinds of noise and
disturbances.

The radiated waveform is “modulated” by the object and transforms
into the signal.
Direct signal is used for processing.
The main elements that we should consider are:
* Waveforms (sounding radiation);
® Noise and clutter and their models;

* Object and secondary radiation (scattering, reflection).

Radar Channel
:;uit‘é: Not only targets but also other
e =i |

objects can be considered as
sources of secondary radiation

| (earth surface, clouds, etc.). They
akage 1
i can be both targets and clutters.
somces | J e Radar_|
of clutter | e BianosiaHe BUKOPUCTaHHS KOHKPETHOT (hopMM 30HA.
S Waveform curHany Gyae po3rnsiHYTO B KOHTEKCTi MOr0 4acoBuX Ta
HaCTOTHUX XapakTepucTuk
Information is i inp s of the r signal

phase, polarization, receive time, receive direction)
Medium brings in distortion into waveforms and signals
Attenuation leads to

energetic p: S
Refraction bends the trajectory of the beam and causes errors
Interference of EM wave leads to fading

Clutters mask signal

Math Description of Signals

Waveform is deterministic (mostly)

Reflected signal always carries random component (more
or less)

Correlation, convolution, spectral analysis, Coding theory
Examples of waveforms:

— Rectangular RF pulse

— Gaussian RF pulse

— Pulse burst

Effective pulse duration

BunGip KOHKpPEeTHOro TUNy curHany Ta TexHika o6pobku curHany
B €ITEKTPOHHI CUCTEMIi 3HAYHOK MipOIO 3anexuTb Bi
KOHKPETHOrO NpU3HaYeHHs Ta yHKUIT cuctemu.

BaprTicTb Ta cknagHicTb, NOB'A3aHi 3 NEBHMM TUMOM anapaTHOl
Ta nporpamHoi peanisadlii curHany, € OCHoBHUMY chakTopamn y
npoLeci NPUAHATTS piLLleHb Npo BUGIp IHKEHEPHOTO PiLLEeHHS.
PagionokauiiHi cuctemm moxyTb BukopuctoByBatn CW abo
iMnNynbCcHI chopmm xBUMb 3 Moaynsuieto abo 6e3 moaynsuii.
MeToam Moaynsiuii MoXyTb ByTu sik aHanoroBUmu, Tak i
LumcpoBUMM.

PosginbHa 3gaTHICTb 3a AanbHICTiO Ta AONNMAEPiBCbKMM 3CyBOM
6e3nocepeHbO NOB'A3aHI 3 KOHKPETHUMU XapakTepucTukamm
30HAYBaNbLHOrO CUrHany.

Knowledge of the power spectrum density of a waveform is
very critical.

In general, signals or waveforms can be analyzed using time
domain or frequency domain techniques.

We consider many of the most commonly used waveforms.

Relevant use of a specific waveform will be addressed in the
context of its time and frequency domain characteristics.

Waveforms
Classification of waveforms
cw Pulse
cw
Unmodulated M Fhase Code Noise
LFM, Steppted FM
Multifrequency
Pulse
Conventional wB uws Multifrequency

Polarization
FM PhCM Mod
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NB, WB, UWB spectra

Low Pass and Band Pass Wave Forms

+ Signals that contain significant
frequency composition at a low

BignosigHo i ¢inbTpu HY, BY, CmyroBi, PexekTopHi

Narrow Band frequency band that includes t
2 DC are called Low Pass (LP)
£ signals. |
Ultra Wide Bandwidth - Signals that have significant Low-pass High-pass
Spread Spectrum frequency composition around -
some frequency away from the |
origin are called Band Pass m \ /
g e S (BP) signals
Band-pass Band-stop
frequency
HanGinbl nowmpeHi cMyroBi curHanu, To4Hille By3bKO-CMYroBi
] Extraction of quadrature components
Mathematically, BP signal: ~ x(f) = rlt)cos{2mfyr +w ir))
Envelope i
arrier f  Phase M 2 cos 2R,
(AM) L 2eos2nmfyt
A _ 1 d i)
The frequency modulationis  f, (1) = 5 ¥ H1) = F(i)cos(2xfut + WD) o ) L-.
The instantaneous frequency is filry = ‘L d-[znfu.'+\,u‘ln’ll = fo+ i) W) = x(fcos2nfyr
2 ot b e ol
/ = Xl rysin Zmft
If B << f, /itis NB - narrow band pass signal el 1)
o

Band pass signals can also be represented by two low pass signals known as
the quadrature components

x(6) = x(H)cos2nfyr — xg()sin2nfyr

X, and x,, - real LP signals referred as quadrature components (In-phase and Quadrature components)

L .._mn.ui

[

=2sin2ufiyr

- LI Filter

Spectral and correlation analysis
« A time domain signal has a Fourier Transform (FT)

Flw) = JI[!Jr' o dr

* Inverse FT

|
flry = 52

Jl Flw)e™ do
« The signal autocorrelation -

function ) )
Rit) = J_f (fir+1) ot

The asterisk indicates complex conjugate —a

+ The signal amplitude spectrum is || F(w)|

Fim) = J‘mh-""” dr

Power spectral density (PSD) Sf(w) is the FT of the

autocorrelation function

Si(®) = Jﬁrir}(-"""

Ydt

—a

Rit) = J.f“|r|.fu+n dt
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Amplitude spectrum for a continuous
sine wave

filt) = Acoswyr

ol
cos2nfyr
- -

[}
| -
fo o Jo

Filw) = Ar|6{w = wy) + 6(w + ty)]  Fourier Transform
Infinitesimal bandwidth around f,

Amplitude spectrum for a single pulse, or a train of
non-coherent pulses

[ Terel
falt) = '|}1'<-.r|:£]- z T2
|r| atherwise
Fylw) = .-\r.\mf[(?] JVV\M_
- -
frequency
=

Coherent gated CW waveform, or coherent pulse train of
infinite length

filt) = Z fylt—nT) Fylm) = 2r ): F 8- 2nrf,) 2
i & Fe :

7 Sine )
= =
-—
-], -
T The spacing between

the spectral lines is
equal to the PRF

AN _;f]‘ by, freses
h N2

A limited duration of the previous pulse train

N
filn) = er”_"ﬁ (= ) indicates comvalution
0

n Fyw) = ANt \_m.-.l..,"—" |+ 3 sincomefin :u:.-..‘

Pulse train of finite length JVV\N\_‘]VVV\{_«_)‘W\NL
- L -

- -

Amplitude spectrum for a coherent
pulse train of finite length

Typical LFModulation Waveforms

up-chirp down-chirp
frequency § & lrequency
)
[ ime time
- -
L
- - - -
T | T

Typical spectrum for an LFM waveform

T4 v v . v

; et j"il

LEM amphtuds spscium

NormFrequency = f-

f 0% 04 03 02 01 e 081 87 03 o4 04
0 Nermakized frequency
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Stepped frequency waveform (SFW) burst

| frequency

7 |

Stepped Frequency Waveforms

SFWs produce synthetic HRR target profiles because the target range profile
is computed by means of Inverse Discrete FT of frequency domain samples

of the actual target range profile.
Each pulse can have its own LFM, or other type of modulation.

The center frequency for the '.m step is:

fi = fo+iAf ci=0n-1

Within a burst, the transmitted waveform for the

step can be described as

Cieos2mfir + 8, iT<r<iT+7 b

() = ( ; J
[} elsewhere

#, - relative phases i, - are constants

Difference between detection and measurement procedures

While radar detection is implemented by threshold rule that is
applied to output voltage, range measuring procedure consists
in search of a maximum of the same function.

¢ Detection — comparison with threshold level
¢ Optimal measurement — finding maximum

® This concerns any measured value (angle,
range or velocity)

Optimal range measurement

X(t) =s(t- tdelay) +n(t)

y(®) =y, (O + Y, ()

Yo(0) = [ 8(t—tyyy )Nt - 7)d 7

©

Y, (0 = jn(r)h(t ~-nydr

—x

Influence of noise

y t
YA
u,fth

el

Error = [tz-tg|
Error is caused by noise!!! (R=ct’2)

Measurement

* Measurement is a separate task.

« Classical theory rigorously proves that to provide high-
accuracy of measuring both target range and velocity, the

waveform should be long-continued (accurate measurement

of Doppler shift) and as wideband as possible (accurate
measurement of time delay).

* This means using WB waveforms with Bt >>1
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Potential Range Accuracy

® The error is less if the SNR is more

® The error is less if the width of peak is less

® The peak is narrower if the waveform spectrum
is wider

¢ Accuracy of range measurement is
characterized by rms of error 6(R)=0cg

2 1
Tpa(R)

, 2E
Oy

eff ND ¥
Effective spectrum width SNR

How to find maximum?

Matched y(t) pulse
X(t) filter dyfdt | shaper

I~ Threshold Threshold

' L
1

‘

Potential Velocity Accuracy

® Velocity measurement is reduced to f,
measurement

® Accuracy is better if spectrum width narrower;
The best is monochromatic waveform

® That means that the requirements are contrary

® Accuracy of velocity measurement is
characterized by rms of error o(v)=o,

2
Wy Effective
2 eff
oo (V) ¢ 2E spectrum width

—
No “—lsnr

Accuracy is opposite to Error

* Potential accuracy of time (range)

measurement
— o SNRx a0

[

+ Potential accuracy of Doppler (velocity)

measurement |
— o SNRx 72,
oy
« Effective duration and effective spectrum
width are opposite

Dyt =
Tett

Uncertainty principle

R And tdelay V <« FDoppIer
[oyeox !
O =—————
‘ Uo@etr * Tegt
N, 2V, 2R
SR b =75

2
I S
Y 2 foqgweﬁ *Teff

» Equivalent (effective) spectrum width is proportional
to the spectrum width of the signal itself Af=B

» Equivalent (effective) duration of the signal is
proportional to duration of the signal itself T,

* Values Af and T, are related between themselves by
FT and their property is:
Af -T,=K=const
K — is the basis of the signal
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At the output of MF or optimal correlation receiver, the
ACF of the signal is created
This ACF in generalized form is named ‘Ambiguity Function’ (AF). It plays
important role in characterization of the signal.

In complex form AF can be written as:
1% t, .« t |
v(t,w)=— [$(r+—)-$" (r——)-e™dr
it E,[f D$E=2)

Module of this function  y(t,®) is sometimes a very complicated
surface.

At =0 we get a section of this surface in the plane of time axis. In this
case  y(t,0) isjustan ACF of signal envelope.

At t=0 — section in plane of frequency axis ¥(0,®) .

Example — a bell-shape pulse

* Uncertainty principle
2t )

-

Time delay t »
Frequency shift o

At ®=0 we get a section of this surface in the plane of time axis. In
this case (t,0) is just an ACF of signal envelope.
At t=0 — section in plane of frequency axis ¥ (0, @).

Ambiguity Function

The radar ambiguity function represents the output of the matched filter, and it describes the interference
caused by range and/or Doppler of a target when compared to a reference target of equal RCS.
[BoBuMmipHa dyHKLUis %(t,f), Wo npeacTaBnse coboto 3anexHicTb BENMUUHI
BifIryKy y3romxeHoro ¢inbTpa Ha curHan, 3CyHyTuii 3a 4YacoM Ha T i Mo YacToTi
Ha Af BIGHOCHO curHany, y3rofixeHoro 3 UMM inbTpoM. IHWKMMK crioBamu, BOHa
XapaKkTepuaye CTyniHb BiAMIHHOCTI BiArykiB cinbTpa Ha cUrHanu 3 pisHoto
4acoBOK 3aTPUMKOIO (AanbHICTb) | YAaCTOTHOK 3aTPUMKOLD (pagiansHa
LWIBUAKICTb).

Ambiguity function evaluated at (z,f,)=(0,0) is equal to the matched filter output that is matched perfectly to
the signal reflected from the target of interest. In other words, returns from the nominal target are located
at the origin of the ambiguity function.

Thus, the ambiguity function at nonzero = and f, represents returns from some range and Doppler different
from those for the nominal target

Taknm 4MHOM, OYHKLIiS HEBU3HAYEHOCTI Y HeHynboBuMX T Ta Af ABnse coboro
BiAryKk 3 AesiKoi AanbHOCTI Ta 3a JONMNEePiBCbKOro 3CyBY, BiAMIHHUX Bif
3HaYeHHA ANt HOMiHanbHOT Lini

Ambiguity Diagram

® The radar ambiguity function is normally used by radar designers
as a means of studying different waveforms. It can provide insight
about how different waveforms may be suitable for the various
radar applications.

It is also used to determine the range and Doppler resolutions for
a specific radar waveform.

® The three-dimensional (3-D) plot of the ambiguity function versus
frequency and time delay is called the radar ambiguity diagram.
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Contour plot
corresponding to previous 3-D plot
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Zero Doppler Ambiguity function of an LFM pulse
(v=1s, B=20 Hz)
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Contour plot for AF of pulse train
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Zero Doppler cut of pulse train AF

Zero frequency shift cut of pulse train AF
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Ambiguity contour plot associated with a sinusoid
modulated gated CW pulse
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Ambiguity contour plot associated with an up-chirp

LFM waveform
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The best waveform ©

Note that the best waveform with respect to a criterion of
simultaneous measuring target range and velocity is the ideal
noise signal because it has ambiguity function, which is similar to
the delta-function located in a point of searched maximum.
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