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Pulsed radar scenario
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Pulsed radar scenario

5 Radar’s .
- —— B ") Radar’s ( O : - | Identification
i) .antenna procesSi | E [CIassification
| Waveguide unit

section
e N
_1 _ ]
LT, -1

I;’/Cauchxl 'ﬁ
ll m 'C A LT_1
UERE: g(s)F—g(t)
o
\ y

 The dispersion properties of the transfer path & »
determinant for the detection ability

x
TUDelft Pulse shape distortion in WG's — an analytic TD study 4




SYNopsis
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» Time-domain modal expansion in closed waveguides
e [llustrative numerical experiments

e Conclusions
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Prerequisites

e Material parameters:
— ¢ >0 = electric permittivity
— 0 >0 = electric conductivity
— >0 = magnetic permeability
— k= 0 = linear magnetic loss coefficient
— ¢ = (ep)”” = wave speed

e Instrument: the time Laplace transform f(t)H (t)ﬂ £(s)

e Impedances:
— ( = p(s + r/p) = longitudinal impedance of the medium
— N =-¢(s+o0/e) = transverse admittance of the medium
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Propagation / propagators

Propagation path Propagator
Free space Eexp(fyR)} R = radial distance
4R v=s/co = propagation coeff.

Stripline |z| = axial distance

Z 1 1
[eXp(:F’Y|Z|) y=—[(s+ a)(s + 5)]/2
C -
o _ Boltzmann relaxation
Material dispersion qefficients a> 0, 8> 0

VA
Pl = (02 + )
modal eigenvalue

Modal geometrical dispersion
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Closed waveguides ‘

e Time Laplace transformed Maxwell egs.
BXIEI—??EZ.A], W:WL;dR{ with
OXE+(CH = -K, WicR + oW
— 0 = spatial differential operator
— E = electric field strength
— H = magnetic field strength
— J = volume source density of electric current
— K = volume source density of magnetic current
e Geometric vectorial decomposition
— || = parallel to waveguide axis
— 1 = perpendicular to waveguide axis
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Closed waveguides

W =W, x R with
W, C R2+6WJ_
y

* Modal decomposition & _» modal constituents:
— transverse magnetic (TM) modes k__» in terms of E)
— transverse electric (TE) modes E.__» in terms of H,

 Time Laplace-transformed scalar wave equations
AN oo AE AH
(Brfh + 09 — WC) {Ean} == {Qn M }

» Time Laplace-transformed Green’s function of the
dissipative scalar wave equation

[BJ_'BJ_ + 8”8” — 7’ (S + Od) (S + ﬁ)]@

/ /
= —9 (iL‘J_,iL‘J_,:C” — ac”)
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Modal decomposition

W=W, xR with
W, C R2+8WJ_
4

* Modal expansion functions k. _»
solutions of the transverse Helmholtz equation

(8”8” + ﬁ:i) o =0, forxz; e W,

—Dirichlet B.C.-s on W, E__» TM-modes
—Neumann B.C.-s on W, k__» TE-modes
—normalisation:

0 (z, ') = Z N, Yon (1) on (2))
with "
N, = / on (1) on (L )dA
Wi
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Modal decomposition

W=W, xR with
W, CR*+ow,
y

» Spectral Green’s function
é - Z Nn_lcpn (mJ_) YPn (m,J_) Jn (ZD” — azh,s)

in which
(919 —@ 9n (wn - @), 3) = —0 (wn - f”ﬂ)

e Modal characteristic
o (s+a)s+8) | o [s+(a+p)/2

Yn = ) + K, = > + 02
with Y )
Q?Q,L _ ’{i o C (O:I._ B)
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Modal decomposition

W =W, x R with
W, C R2+8WJ_

e Time-domain Green'’s function
Gn=> Ny'on(@L)en (@) gn (mn - Q’W)

with
V2
In (.’L'” - .’L’h,t) - g exp[— (05 _;5)11 JO|:CQn (tz — ‘.’L'” — .’L‘MZ/CQ) :|

H[t— ‘;B” —w” /c] for Q2 > 0

[ Oscillatory behaviour ]
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Modal decomposition

W =W, xR with
W, CR*+ow,
v

e Time-domain Green'’s function
Gn=> Ny'on(@L)en (@) gn (mn - Q’W)

with
/ + t , 2 /2

H[t— ‘:13” —a:” /c} for Q2 < 0

[ Monotonic behaviour ]

5 . .
TUDelft Pulse shape distortion in WG's — an analytic TD study 13




[llustrative numerical experiments

e Analysed quantity:
P, (a:H — wﬂ,t) = gn (a:H — wil,t) ¥ S(t)
with S(t) = feeding signal
e Normalisation:
—time: thorm =1 ¢ ref, With Q7 . > 0 sufficiently large
—space: @) — | lnorm = ||| — [ Qnret
—analysed value: P, (:cH — a:h,t) to its peak absolute value

e Medium inside the waveqguide:
—vacuum, {«, 8} = {0,0}
—Rogers RO4003™, {«, 5} = {0.0027,0}
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[llustrative numerical experiments

e Feeding signal: triangular pulse
(t/tw H(t) for t <ty
T(t,ty) = AL 2 —1t/ty forty, <t <2ty
L0 for ¢t > 2t

with 2¢,, = the pulse width

e Medium: vacuum
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[llustrative numerical experiments

» Feeding signal: triangular pulse ©; <0 | e e
(t/tw H(t) for t <ty EEE g /A\
Tt tw) = A2 —t/ty fort,<t <2ty <.
L0 for ¢t > 2t £
with 2¢,, = pulse time width
e Medium: Rogers RO4003™
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Relevance:

TD pulsed signal transfer <=—» FD analyses
correspondences )
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[llustrative numerical experiments
» Feeding signal: clipped ramp function

[t/ H(t) for t <ty
Rt ) _A{l fort > ¢,

with ¢, = pulse rise time

e Medium: vacuum
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[llustrative numerical experiments
» Feeding signal: clipped ramp fL_©; <0 |

[t/t H(t) for t<t,
Rt t;) = A {1 fort > t,

,_"‘w” —wi‘|/6|

with ¢, = pulse rise time
e Medium: Rogers RO4003™

0250, 0 <Opng| el

i : : : , - B
08 ] 2084 o
: - 0.6+ : o/

\ \‘_a:/ 4e
Relevance: £
TD reconstruction of the pulse shapes of =\t
monostatic or multistatic radar returns e
tnorm Y

<] : :
TUDelft Pulse shape distortion in WG's — an analytic TD study 18




Conclusions

e Examined: influence of material- and geometry-
induced dispersion of a pulsed signal in a closed
waveguide

e General applicability: effective tools for constructing a
deconvolution algorithm that filters out the pertaining
dispersion

e Practical application: RADAR k_» reconstruction of a
target's dimensions and shape from the irradiation by
a field with dedicated pulse time shape
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