EE355/GP265 Handout #17

The phase history of a point

We have seen how we can exploit the frequency change of a radar echo with
time to improve its resolution over the real aperture radar case. This resulted ion
what we called an “unfocused” processor. By this terminology you might guess that
there is an alternative called a “focused” processor, which we will discuss now.

We begin by studying the variation of the phase of a radar echo as our
platform flies by. Here’s the geometry:
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We can derive an expression for r(t) as follows:



Xio

oveledy v)oge xz vt

/})Y‘(ﬁ) Yoé 0«‘5;,,,.\(( a\__; Cfosés,.,. a?Pyomk a{e_é.,zj 9‘—-} X:: 0
()

N
P
. Note  vg= r(o).

St ™ e ,L’_y .?_5_":45%9?0«5__ B

v = ot x®

"

Ylevier

\S Y\o? *.V?“..'.ﬁ'}.' .

v () =

Now, (e only nied consider valves of x (or vt) for foub h
e dliminated part o€ B gurface, Task s Witk fre aultana
beam, (ke kbow thet ]Jv;a“‘_l,

2L 28

~

Since In met  cases The anlenna lewgth L6 moch greafer
Than The Yodat %a.vcltﬂe*k,_,_w&. €N aSswme

.
)(L< < Yy

-~




o ey
vee) x e (e 35

\ v"*tz'

’)r_

Hewe

#e f s P 61

Neglecting e constunT phose Yerm,

arwe
P E T = €

]

CMele That T phase B gead futic i time. epBre have woo

Seen that be fore

CThos e see Tt e azindth response of e radar echo

_okl% a Cif\\%p_{«wﬁ;m

et e e _c,qu“q;,fea-\-k ‘ 'f:kqu_cn(.j C laract GV\S‘NéS_ o TF-QS
e hsfory?

‘F(.e) z "" ¢ @)

Gl {or the chp glope S

i
s= N & _u-).

1

v
. )\V\O



InMe agimutn Alrechion e offen ose B torm  chirp et rafher

Yham  chwp slope te disFinguish  TH from  rthe runge medulabtn.

K""’W.‘T"g_, The chirp Slope Jrate, we Can Thes wpply The
Same kind  of matehed  Lilder in pdumeth Db we used
The  runge processing eperation, ke can define a reference
signal  ank corvelate it aganst The Aisteibotion of

Scattecers T agimeth  Jo achiewe resoldtion o otk

Aaimuth  resoltion relatian

Now: te cam evaluate the resoloton  ochevable by
matched 4‘1 ter processing in aztmuth, e khow that
The veselution ill be *he  reciprocal  of bandwihth oy
i wws  for  range processikg.

Jn range, twe obdmined  band (idd s by The Collvuing

P

Bw = ¢.T

Lo know The chirp vute, but whet s our egervalent

Value of Mhe pulse dength T I+ s Sumply tha Fine That

the  target s ;l/um,t.o«f((/f Lj o  anttana,

: \}e(w ;!‘7 vV

%@ Iqe,mdrk betamn wicl i



. Vo
So fer velocty v oand  beamuadth T

Hewce our  bandodth  m Heeds

~AVT oA

)\‘fo Vﬁ-ﬂ

BY

13

.”2\/

——a

2
whith  means our vesolution i seconds f_'.s.___(ngh:wko_.,‘!m._.,r. ,.ms;»;)

.

and The Vesolutton g metes 15 Jest vt

& A Versy SVFP”.‘.S.!PE,_. resclt

The  agimdh reselubon in mekess s .v"‘..f;(.‘if’.‘%de."‘f‘v. ottt
Wivele nyth
VdOc.x‘Lj
Ny o

P Buerything bk antoana length !

Clearly TWs Grimth matched €ilieriig iy a poacr bl technmgee.
Formmg thages Wiy this oppreach B called  "sgnthetic epectue

] .
Creadar] becauk we cam understand also as o ggnthetic

,..beq\m.{orma'mg , pkob\ebs.



Synthetic beam Viewporni

Long physical antenna

& o

}\ /Q-P)\_» /}

e S — ~ & phusiw) antenna
7 o= ~~

/ - ~
>

teaves from  obisct  arve

Svmncu{ Cgke,«eh.ﬂv Lv
the. lohs cmbenna

/ -
(/_ 2
Objcd“
B anodar reselotion T é—-—-
Moy platbormm 9N sihy
\y_f, M sth-ﬁ—l\.v.—

\‘

B A =S =N " S I

/ . |
’ ‘- Iy
o 7 ~
/ -~ —
/ e
/K//", /:_:.\_\
[
Obj‘c.g,‘i"

__O-m-y‘w Y?}p‘ui-!lq = A

ﬁs‘j'\""‘

D D o D@ Y“\QVIhb Sh-a”

Qn’enhﬁ\

<“"‘~‘W($ ‘6\/‘0& bb)cc,‘t’- ave
‘ suww\eri v The onccsbor

oty (orrecHon  for
platform ymotion

The femgth of e synthetic operture. Lgymh depends on bew

cthe fre

/‘H&a, m The udar cae

o ressloton die do Fwomtay travel

bermuidts of the qu“3»~.ow"*~> A Felne U,

we. obdain an extr facfor of Fuo



Si& proccss,l_@ algovitlhm

..CO*.".S.!J.C". a. vronrgl ~Cam po'_e;s)c(/& A€

’]\ "-9&"0»*\96_ ’f\
e La T e sa
T A Y . 7

Tewo ‘.)i;‘o.‘sh'v,h!re‘/’ celimng are  shown. Each vepresents & sequenck
Cof complex azimdh  sampls  whih e Can nefebmf£ilte fo Levive
AL imth resditiom of r% . Our . aguith  processihg algorithm
_stmply veads in samples down  from ench  columh im The M“.".‘\ﬁ

Capplies P gopropuate  referemce  functon) and  evtpoh the

correlation vefult,

..... e NO'}“C_) +L‘°V9L\/ fhat becaue Fhe +fuwo b Ihs S eve o\'i'

Arffevent  ranges, The  referemie  matchek £irltes ore diffeear

C1n That the chivp slopes  ave muersely prepor tonal  to

Fange.,

Cotumth bin 5 rather than _Us_fh‘g_ the Scme Ohe ower agafv

G see did in Hae Yuinge processing case.



- Squmn 2 Oeo met v es

As n the wnfocuscd  cast, The radar ma,ﬂofbﬁ B

,POI“”*?‘A Q*....@Q.ﬁ?.&\_ihi‘,)__‘"eh(( the meajority of the eneryy

 may het (ome  Frem Fhe  gero D..app’t" leocarion, Lletts

ook at o Sqw;aftd case andk  see  how That cheanges

The ){)husc_ hnbi‘O?‘y-_“. o

Let's ler the ‘_35,!.)5"(;/;'?_’!" bc de-vw-e ‘ Dopplcr C‘e"*f’o‘u }_‘Mg vahe.
or locatton when e targeh P_O‘_h'\* goes throwgh fhe omfenna

bovesight, Hcm(e/ ' B the bunse  Trom Yhe objedt  te The

pe
radar at this iastaah , and So forth.
CJa +his s ibeation L, rather Yhan beiny -Sjmwe_f‘.’.\z'\f abeut

2ebO Dopp,c") the cimoth vfru,wem\, Spectrum o S)‘\\f“‘ﬂ/&v.bj

G {thvehc-j Q_qu o  Fae Doppjcf‘ Ce"\““"o;d{_) {DC.J T‘) T':‘,'s'f o

order The bu~dwuiddth  venainS The sommt .

het  arve whe Pcwczs.m«..'f‘efﬁ_ ot  Yhe p%@x . 1‘“.5"“0"7 in
+ g qe.ome'{"‘jz

e stifl have Tie exact relatioh

rEGE) T vt evrer



[Vove alse That 1n Fhy coordinatc sys¥em the composite

_Sgunt. Grple $q s velared to the  Doppler centroid by

‘g J LAV Xpe | =2vl €y,

Cbecuse for Xy ov tye € O we bave @ positve Doppler:

P R
Sih Sq = v <(>osdm sgunt defired as forwawh \Oukim,_)
Ve

Noting Yhat v &

BY

1 L
e, +,XM,.,..,,Y..,

Y]

T

ot &’“&\{‘... .

2 T 2
T T Vpo o~ VT E o+ Ve

N"‘.'".) define o mew Fime vavieble £'= € - Tre , ceniterd at fre
Ctime . The object s aligned  Wth The antenna Doresight . Mow

.rl )= v Dl "Vl&\} Ve ("‘5- *Lﬁ 'Q * Ebc)

[
;3 .

=Yy

YA
L + V f 4‘ Zvlﬁb{ﬁ

oy weing Phe same ek pansion e el before

1 1 ] {l
A, v € v f‘ix.
T&_) v rD(_ (l* 2. fbﬁz—‘!’ "‘-———;‘—;:z



—[ O~

Tl"e“"; heq ‘C’C“"'h:) The Constant ?kgsc fern aga\-r\ )

Pp VY T
g = S (YVE L Vb
. r o< ¢ Tpe Ve 7
w =27 Vz v 2 g 2
- Y€ TVE e €
The A Ypc
L ?
q‘uadlm”G fer'm WWhear Fevim
as before but at CoO¥IEs poinliting
range Y rathe- J":L "CLC'IW"CD
+k“h ro Ol Lot AT

Doppler cemrrol d

As j)&'{;bve’. o chirp '(’tquehr-? (s

R ZSS)
fe 2.FF
I T § SR VL f %
= ST o~ = L2¢ - 2V 'eoc
. S >Voc

Ac €¢'=o (4re pua+ 0F ctoze Lokcs;vglﬂ' 0~\'9"\-Wc‘\+>

=2V ey

'F': s = 'th

A ."DC

...‘l;y"_..;.sfh CS
= Q)

The c'f\;VP rate C‘@n _) (s

_@ - @'(e) -2Vt

- TT = Sl
2=1 AYpC




) —

//‘@V‘(Q QK P'd. of The rcce\;:eu’ CL‘)\-]y,D Sfec;l-kuh-\ s

-~

AT N
-3 r//\/ \\E""— B+ -é"r““;—\ \T(c*p'e, G‘é@

| / “)

i
Ere

T
J

/\/a-l( Fhe -\-u:me \IV} Fhe ch\y\\ éo”ows {yoh e \/C{Q:lf;, C\h(&

ontenna lev\g'\'k

Yoe A Ve N
b = 9 2
EEY €ann - Lv
\Y;

Bbua%: steak - o . f

2 ek 2t 2v
LV Yo A ya

oo v
—-—-—> MN[0 pvf = I & doesh'f O(QPP"‘A oA x ov ¥

2




u V\'(O('g_,g;e(/{ S‘Ar/\, 67(':“.'9“

/. s/(‘t d( f)"t?') l'b‘('» IDCO\WU\.QU.“'\\ o~ g))o\’,‘/&:

Yo D Isooox 0.06

s e
L 1
2. || Cyele +«v.~e hetoneen bursts: (v=100 mig)
Cocle +me = Qoo na T
200 g
5 n““‘)( 0‘ Dvpp\(" {'w]vc»(';g
2v 5 . 29 .
fos Bosimosn dug = W sn(aann)
- %_\'_ ihux
» s
2 wo Y50 -
fny = X - - 200 He

006 =aebev (OO0 aa

=) Landwidt. = Yoo Hz

L“ i ‘Jc“" k“"\‘*) ?»\SC) ?

gcx{- = \“7\’\
- JO,%& \Soe0

= 30 b
Y vewd 2 20w Projected bewm = 900 ma
I = i Ged
. "’7 I‘Lf\.g N %y,c’v‘__(b ~ .?’\; = ’g—’o.

: S‘\(ol\:\‘\ Oty SC\V‘(‘(} WS L L'.V’S (PU\SCS)



&,

Chedd desgy |

kYA
— =006 gec oS
Yoo

32 s @ M@ e D
[ 0.08¢ x oo ;-r/; = 16 a (‘c(g Nen 7>Om) So ij

27_ J,Jsgg 19 ek . sHe .

e

Sup[’“(_ (S (,Q(A G V‘ P~ ISC) Co;(rrs‘hhp,g b, 7h )

G

:I;j‘v ~ Ol H’ S 0.,(:)(200 T ZL (2™ (s)lﬁﬁ} ls o rel 'h—‘;‘l-\ %O ’“)

] So hig u..l” s\y)\”b bivr cv+Pv+ |}-;~»)(.



A ‘ +ernate cAch;,l« }\_e,’f\'\uk ;

CM:W: 30 m~

OO0 anfg
pv\s(, Splﬂc;"‘) \s pe—
2 = ¥ s 6o
= Luret S T 5_;.
™ e )
5 azifiagh \ : -
‘FVC"V(/V’L‘.) !)lv, S - 6"‘

Q\'Duv‘k Spo\gt.;., for OV*PU*’ :

ik

(’0:‘1 4 = T

s i b

2139 v [odie i

- O.{m

- ‘(‘ Yo
(L GV\ S J\’QM <

C.Lhe
2 leo X
Q.06 lyoo O



	handout17_p1
	handout17_p2-14

