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Abstract. The transmission line matrix (TLM) method in structures and requires low computational effort and memory
conjunction with the genetic algorithm (GA) is presented for capacity.
the bandwidth optimization of a low profile patch antenna.
The optimization routine is supplemented by a system iden-
tification (SI) procedure. By the Sl the model parameters of2  TLM modeling
the structure are estimated which is used for a reduction of
the total TLM simulation time. The Sl utilizes a new stability |n this paper we investigate methods to reduce the simulation
criterion of the physical poles for the parameter extraction. time of the TLM simulation through the model parameter es-
timation from significant parts of the impulse response using
S| methods. As soon as the model parameters can be esti-
mated with sufficient stability, a network oriented equivalent
1 Introduction model may be established and the TLM simulation can be
truncated at this point. In higl® resonant structures with
The modeling of the electromagnetic behavior and the desigriong impulse responses this method can save typically up
optimization is an important issue in the development of newto 90% of the total TLM simulation timeKuznetsov et aJ.
systems and services. Fullwave techniques operating in time2005. But even in low@ structures a reduction of 50% is
domain (TD) as e.g. TLM and FDTD are advantageous forachievable. Therefore, a Sl for the modeling of broadband
structures where the system response at several frequencigguctures is also advantageous.
is needed. An efficient global optimization method is avail-  The simulation results of the TLM electromagnetic mod-
able by the genetic algorithm (GAJghnson and Rahmat- eling package YATSIM Yat, 2007 have been used as a ba-
Samii 1997, 1999. The GAis typically used with a methods  sjs for the SI procedure. YATSIM provides an open source
of moments whereas here it is adopted to the transmissioBoftware package for time-domain electromagnetic full-wave
line matrix (TLM) method Fichtner et al.2007). Any GA  simulation based on the TLM method. Our benchmark ex-
optimization requires a repeated computation of the electroample is a low—profile microstrip fed patch antenna that has
magnetic structure under consideration. In order to lower thepeen optimized for maximum impedance bandwidth using
computational burden a system identification (SI) methods isg genetic algorithm (GA). The description of the GA op-
applied. On the one side the Sl allows a reduction of the totimization approach is outside the scope of this paper, see
tal TLM simulation time by estimation of the future signal e.g. Johnson and Rahmat-San(ii997 1999 and Fichtner
response. On the other side the SI results in the extractiogt al.(2007). In the following we compare the SI results for
of the model order and the model's parameters allow for thethe initial (non-optimized) antenna to the results for the GA
determination of a lumped element network. The networkoptimized antenna. The CAD antenna model of the antenna
oriented modeling of passive microwave circuits and anten4s shown in Fig.l. The antenna is designed to have its first
nas provides a compact representation of the electromagneti@sonance mod& Mo at 6 GHz and the second resonance
modeT Moo at 12 GHz (for patch antenna in the xy-plane).
The green bridge-like objects in Fig.do not correspond to

Correspondence ta\. Fichtner physical objects but indicate the locations of probes for E-
BY (fichtner@tum.de) and H-fields, where the time domain impulse response has
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Fig. 1. CAD rendered view of the simulated and optimized patch
antenna.
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The SI method applied in this contribution is based on a sys- (b) Optimized antenna

tem model deduced from the singularity expansion method

(SEM) (Baum et al. 1993 Heyman and Felsenl985. Fig. 2. Patch antenna impulse response: TLM simulated and recon-
Therein a scattering process in TD is subdivided into the enstructed by system identification.

tire part and the pole part. The entire part is responsible for

the high frequency processes inside the EM structure con-

cerning reflections, delays and other transformations of the

initial wave front. The pole part describes the low frequency

processes given by the quasi static exchange of the electric1990 the extracted poles can be categorized into physi-

and magnetic energy stored at different locations in the mi-cal and unphysical poles. The first are structure dependent
crowave circuit. For a given input signalz) we compute  whereas the latter only increase the quality of the approxima-

the response signal¢) from the convolution tion. From the SEM we know that the late time response of
1 a back-scattered signal is given by structure dependent res-
b(t) = a(t) x [hpoLe(t) + hent(1)] (D onances. Thus a parameter estimation with a constant ob-

servation time window at different times in the late time part
should result in constant pole positions for the physical poles.
P it In order to classify the poles we applied the MPM for a con-
hpoLE(t) = Z Cie™ P (@) stant observation window at different times in the response
i=1 signalb(r). Two effects were uncovered: Firstly one part of

where

K the obtained poles have positions in the complex plane which
hent() = ) Dxa(t — Tp) (3)  are independent from the actual observation time. Secondly
k=1 there exists a minimal time border below which none of the

are the impulse responses for the pole and entire parts, rd20les has a constant position. The poles independent of the
spectively. The estimation dfy, 7 andK in Eq. (3)isnota  observation times can be considered as physical poles and
part of this contribution because the early time part has shorthe remaining poles as unphysical (numerical) poles.
duration and will not be approximated by a system model. _ _
The residue€’; and the poleg; in Eq. () characterize the ~ The number of physical polegy can also be obtained
late time response of the scattered signal and are subject fom the proposed SI method. We consider the case with
the SI. P> Py and compute the pole locations at two different ob-
In conventional parameter estimation methods such as théervation times. By this way we obtain two sets of poles

Matrix Pencil method (MPM) published lyua and Sarkar Plz{p:(Ll), cee pf,,l)} and Pzz{p(lz), e pf,z)}. Next we
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Fig. 3. Modeled patch antenna amplitude spectral response.
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Note that in the metric4) for a pole in set ]p,(,l) the clos-

est pole of set 2 must be chosen in order to minimize.  rig 4 Modeled patch antenna input impedance.
However, the physical poles have almost constant position,

i.e. p,ﬁl)%p,(,z), whereas the unphysical poles deviate consid-

erably and therefore increageP. The metricAP mainly 5 Conclusions

depends on the number of unphysical poles presented in the

expansion). Choosing a smaller pole numberdecreases  The time domain simulation of EM structures is very effi-
the metric because some of the unphysical poles will van<ijent for broadband structures but may require long simula-
ish. This works down t®=Po. For smaller vale® <Pothe o time for low loss resonant components. System identi-
physical poles will start to change their position for differ- fication can help to establish network oriented models of the
ent observation times which increases the mef®. Thus  stryctures from parts of the impulse response thus avoiding
the number of physical pole is found by varyingP and  the need to simulate the total duration of the scattered sig-
looking for the minimum value of P. nal. A combination of time domain electromagnetic model-
ing and system identification has therefore the potential to
reduce computation time considerably. In this paper sys-
tem identification has been applied to a bandwidth optimized

The impulse responses of the non-optimized (initial) antennd’ atch antenna and to a band filter structure with good agree-

and the bandwidth optimized patch antenna described irEiTnm between full time TLM response and Sl based estima-

Sect.2 have been computed by the proposed SI method. The
results are shown in Fig. Figure3 shows the corresponding )
amplitude characteristics. It can be seen that the optimized"‘:k';c’W'?d%eme“tSThe i‘é‘_hors are '”d‘:bte‘j to the Dﬁ”tsc_her
antenna has additional resonant frequencies. These provide/tk@demischer Austauschdienst (DAAD) for supporting the scien-
. . L tific exchange between the Moscow Aviation Institute and the Tech-
larger impedance bandwidth compared to the initial antenna.. A
. . _hische Universit Minchen.
with two resonances. It has to be mentioned that the addi-
tional resonances may considerably influence the group de-
lay properties. Therefore the impedance bandwidth criterion
used here applies well to wideband antennas for several naRReferences
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