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ABSTRACT 

The design of microwave filters is widely studied in the literature and finds solution at all 

frequency bands specifications, which is currently in large phase of developments such as 
space telecommunications. In this paper, we present the application of the new technique 
recently developed and was initiated by Bandler, Implicit Space Mapping (ISM) to overcome 

the dense phase which follows the filter design made using a theoretical study and by means 
of electromagnetic simulation software: it is the optimization of the various structure 

parameters. In this article, we develop the application of the ISM algorithm on two filters 
topologies, Dual Behavior Resonator (DBR) and Non-Uniform Transmission Lines filter 
(NUTL), simulation and experimental results are also presented to show the robustness and 

efficiency of this technique. The appropriate simulation software is Agilent ADS. 
Key words: Dual behavior resonator, microstrip filters, non uniform transmission line, 

implicit space mapping.  
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Introduction 

Microwave filters have an important role in modern telecommunication systems, but with the 

expansion of wireless communications and Multimedia services, some constraints of weight, 
size, power consumption and cost are imposed, the task of microwave filters design becomes 

very hard since extremely severe constraints are added to the filter conception, such as 
selectivity, rejection, flatness and mounted of spurious peaks. Certainly conventional 
microstrip filters do not satisfy these constraints, which are very strong and antagonists. It is 

in this context that the developments of alternative topologies have emerged, such as: 
- Dual Behavior Resonator (DBR), these filters allow separate control of bandwidth and 

bands attenuated by acting on the transmission zeros [1-3], with an acceptable size. 
- Non-uniform Transmission Lines filters [4], can further reduce the mounted of 

spurious peaks. 

Also, it is possible with the theory extensively developed in the literature to conceive a 
suitable design for any application, respecting the imposed specifications. Nevertheless the 

most complicated and tedious step is the optimization phase. In the event of its success, the 
results are usually very satisfactory. Several optimization algorithms have been successfully 
applied to the synthesis filters, but their disadvantage is the exhaustive simulation time, thus 

encouraging the scientific community to focus its research to adapt optimization algorithm 
consumes less in terms of computation time. 

In this paper, we present the application of one of the latest developments in optimization 
algorithms microwave planar topologies, called Implicit Space Mapping (ISM) [5-7], there is 
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a nonlinear optimization, this technique was introduced by Bandler [8-9], and therefore it has 

developed through several phases such as: Hybrid algorithm (HM), General algorithm (SM). 
This algorithm through its nonlinear optimization to achieve the goals in a minimum time.  

In this article, we present the theory of filters widely developed in the literature, but it is 
crucial to determine the design of the proposed structure, then this structure is optimized by 
the technique ISM, we present a state of art of this technique and we describe the details of its 

operations for the optimization of the proposed structures using Agilent ADS [10].  
 

Design of Filters 
Band pass filter with DBR 

Changes in the most desired filters are based on the independence of the bandwidth variation 

and center frequency. The filters analysis with an electrical circuits (LC resonators) separates 
this dependence using conventional representation based on LC resonators introduced by 

Matthaei[11]. According to the synthesis procedure, the filter diagram circuit can be described 
from the same series LC resonators or parallel LC and inverters:  
 

 

 

 

 

 

 

 

Figure 1: Circuit diagram of a band-pass filter of the 3rd order. 

The bandwidth of the filter is defined by: 

     (1) 

With:    and    for a parallel resonator 

                                     For series resonator. 

DBR Filters structures have a role to decouple the control of the bandwidth and center 
frequency. These structures are based on the analysis of the LC product and L/C quotient, 
which helped to establish the variation of each resonator parameters to obtain the variation of 

the band bandwidth and center frequency independently.  
 

Principle of DBR band-pass filter design 

The planar filters resonators use transmission lines lengths typically λ/2 or λ/4 and with short 
circuit or open circuit stubs. These resonators are modeled as series or parallel resonators in 

which the parameters L and C are strongly linked. For example, in the case of a resonator λ / 2 
open-circuit stub, it is modeled as a parallel resonator, wherein: 

  and    (2) 

This relationship demonstrates the independence of the product LC and L / C. 
Changing these structures will provide independently adjustable bandwidth and center 
frequency filter. DBR topology developed by Quendo [1-2] allows this type of approximation. 

The principle of using the DBR filter topology is presented as follows: 
Using the combination of two stop-band structures placed in parallel, where each structure 

controls its own zero transmission. In the figure (2), on the basis of open circuit stubs, we 
present the principle of this Unconventional topology. Figure (2-a) is related to the first notch 
filter structure, which sets the zero at low frequency. Figure (2-b) shows the second notch 
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filter structure, responsible for the high frequency zero. Figure (2-c) illustrates the association 

of notch filter structures which constitute the first order pass-band filter with DBR topology. 
 

 
 
 

 
 

 
 
 

 
 

Figure 2: DBR structure with stubs Uniform Impedance Resonator (UIR) 
These structures can vary the zeros frequency with acting on the effective lengths of the stubs. 
This can be accomplished by introducing the concept of Step Impedance Resonator (SIR) [3]. 

 
 

 
 
 

 
 

 
Figure 3: DBR Topology with stubs and step impedance 

The input impedance of the stub is given by: 

          (3) 

Low and high Frequency transmission zeros are determined when the input impedance 
presents a short circuit.   So  equal to zero, which gives: 

              (4) 

Then:                                                  (5) 

From this equation, the determination of the frequency position of the zero transmission can 
be achieved by the impedance values by determining the equivalent electrical length of the 
SIR resonator.  

Band-stop filter with non-uniform transmission lines 

Modeling of Non-Uniform Transmission Lines (NUTL) has been well developed in literature 

[12-14]. The modeling approaches commonly used is to determine the solutions of the 
equations of current, voltage and impedance along the structure taking into account the non-
uniformity and then infer an accurate model, which is to determine a model based on 

equivalent sources [15-16]. Modeling methods based on the numerical solution of the Hill 
equation that will model structures with non-uniformity profile have been widely used [17]. 

These studies have shown that non-uniform transmission lines have frequency behavior very 
different from those of conventional uniform lines; this difference is much larger than the 
non-uniformity law is complex. The main interest of this non-uniformity is to reduce the 

amplitude of the harmonics in undesirable non- linear RF circuits. The optimization of this 
reduction is achieved by a judicious choice of the law of non-uniformity, such as linear or 

exponential profile without changing the filter characteristics in the use band [4]. This unique 
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feature of these transmission structures has been explored to achieve a design of a microwave 

filter design by the equations of transmission lines.  
 

Principle design of band-stop filter with NUTL 

The first step is to determine the design of the filter with uniform transmission lines; we 
proceed by synthesis band-stop filter, and identifying all cells elements of the LC filter, and 

then replace them with resonant line. The design of this filter from transmission lines use s λ/4 
uniform line lengths reduced to a short circuit. Optimizing lengths is necessary to obtain a 

satisfactory response transmission. 

To design the filter with /4 uniform transmission lines length, it suffices to calculate the  

value for each couple LC, which will allow us to deduce the values of the parameters defining 
the uniform lines, the L length and W width. 
The uniform transmission lines filter cuts well at the fundamental frequency, but the first odd 

harmonic frequency fundamental rejection is present, which reduces the bandwidth of the 
filter. The objective of using NUTL will be the reduction or elimination of spurious harmonic 

induced in response frequency of the band-stop filter. 
 Once the band-stop filter design based on an uniform transmission lines is determined, 
converting each resonant uniform structure by another non-uniform structure having the same 

frequency behavior in the resonant frequency. The process will be to synthesize each non-
uniform structure by optimizing the profile which should be approximately known in advance. 
 

 
 

 

Figure 4:  Band-stop filter: (a) Uniform transmission lines, (b) Non Uniform  Transmission 
lines. 

 

The State of the art of technology Implicit Space Mapping 

The distinctive characteristic leading to the success of space mapping ‘SM’ is that allows at 

complex electromagnetic model called fine model an effective optimization using an 
adaptation with a model based on circuit theory called coarse model with iteratively and rapid 

optimization. The original SM algorithm is proposed in 1994. In this algorithm is assumed 
linear mapping between the parameters of the model spaces coarse and fine models. The least 
squares solution of the linear equation is used to associate the correspondence points between 

the two spaces [18]. The Implicit Space Mapping (ISM) algorithm is based on the idea of 

reassignment parameters, in this method a set of auxiliary parameters (such as r) is taken to 

adapt the coarse model to fine model.  While the coarse model is calibrated by these 
parameters and re-optimized to predict the best fine model. ISM is a simple and effective SM 

approach, it integrates its mapping in the coarse model, and it automatically adjusts the 
extraction process parameters. 
 

Basic Concept of Implicit Space Mapping Algorithm: 

SM characterize by replacing the optimization of fine model with high fidelity by a coarse 

model, using the iterative optimization and adopting its substitute. In general terms, the coarse 
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model is fast but less accurate where the fine model is very accurate despite a very large 

computation time. When SM is applied to structures of microwave circuits, the model "fine" 
is often solved by an electromagnetic full wave simulator, and the coarse model is typically 

solved by the microwave circuitry theory. The ISM optimization problem is widely studied in 
the literature [5] [19] [20], it can be enunciated as follows. We denote: 

            (6) 

The response vector of the m frequency selected, and 

                                                                                           (7) 

The vector of the n parameters of the design. The original optimization problem is given by:  

                                                  (8) 

Where  is the optimal design of the model vector "Fine", and U is the objective function, U 

might be a mini-max function with upper and lower specifications. As mentioned above, since 
the high-fidelity EM simulators consume a lot of time, solving above using the direct 

optimization method is prohibitive. To do this, we have two resolvers, the first is very 
accurate but time-consuming calculation, the second is less accurate but very fast. It applies to 

both solvers to study the same structure, and we identify two different responses, the first 
response of the model is called Fine model response noted Rf  and a second coarse model 
response Rc. 
 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5: Resolvers required for ISM 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: ISM implementation concept 
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In this representation the algorithm ISM offers to find the response  determined from the 

substitute generic model (resolver 2) and optimized to align with the Fine model response Rf 
(Resolver 1). The process of this optimization affects the parameters assigned as the dielectric 
permittivity and the heights of the substrates. 

 

 (9) 

 

With wi,k are weighting factors, which are generally taken equal to 1for  wi, 1 = 1 and equal to 
0 for wi, K = 0 for all values of k <i. 

Surrogate model is then constructed using the parameters assigned, then re-optimized and 
adapted iteratively until the result of substitute model simulation  is sufficiently close 
substitute specification of the desired structure U. this optimization process affects the vector 

dimension of the structure. 

                                                      (10) 

 

The optimized vector is introduced into the resolver 1, his response is then compared with the 
objective U. the process stops when the Rf response reaches U. 

Another problem is how to get the starting point. Generally, the spatial mapping starting point 
x(0) is obtained from the optimal solution of the initial coarse model, for example:  

                               (11) 

We can also estimate the initial solution in terms of engineering expertise. More details will 

be given in the applications of two types of filters, band-stop and band-pass filters.  
 

Application to microwave filters: Band-pass filter.  

The band-pass filter is designed on a substrate with a height h = 254μm, permittivity r = 9.6 
and the dielectric losses are of 0.0009, the metal thickness T = 35μm, the desired response S21 

is described by the following template: 

 

Figure 7: Template describing the reference terms for designing the band-pass filter 
 

In the process of optimizing the vector xf represents all variables in the design (Fig.8), in 
order to reduce the computation time  during optimization, the dimensions L1, W1, W2 and L2 
are determined by the theoretical development subsequently the optimize vector will be 

defined as follows: 
             (12) 

The center frequency of the bandwidth is .  The length L1 is given by  
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, it takes ,   and . 

 

 
 

Figure 8: Band-pass filter design 
 

For each width Wi is associated the length Li. 

 
Figure 9: structure Simulation by ADS Momentum: (Long Dash) Initial iteration,  

(Short Dot Dash) Second iteration, (Dot) Third iteration, (Line) Fourth iteration. 

 

Figure 10: S21 response simulation of the structure by ADS Momentum:  
(1) ISM optimization, (2) theoretical optimization [3] 
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Tableau 1: Summary results of ISM process optimization  

Design du 

filtre 

W3 

(mm) 

W4 

(mm) 

W5 

(mm) 

W6 

(mm) 

L3 

(mm) 

L4 

(mm) 

L5 

(mm) 

L6 

(mm) 

Initiale  0.1 0.1 0.1 0.1 1 1 1 1 

6
ème

 

Itération 

0.093 1.07 0.035 1.22 1.77 2.9 1.23 1 

Théorique [ 

] 

0.128 0.855 0.0612 0.95 1.992 2.893 1.13 1.638 

 

At the 6th iteration, and with optimum dimensions that different from those found 
theoretically, the filter response with the ISM optimization process joined the theory 
optimized filter response, it meets the imposed specifications. The following figure (fig. 11) 

shows the measurement results of the band-pass filter optimized theoretically [3]. 
ISM optimization technique significantly reduces the computation time, and has shown its 

robustness in convergence to the optimal values within a few iterations, responding well to the 
imposed specifications. 
 

 
Figure 11: S21 response of experimental measurement result [3] 

 

Band-stop filter 

The band-stop filter is designed with a LTNU on substrate having: height h=1.52 mm, 

permittivity r = 4.32, and the dielectric losses are of 0.018, the thickness metal thickness T = 
0.035 mm, the desired response S21 is described by the following template: 

 
Figure 12: Template describing the set of specifications to design the notch filter  

 

In the optimization process the xf vector will be fixed, in this case L0, W0 and W1 are 

theoretically determined, then the optimal vector is defined as follows: 
                   (13) 
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The center frequency of the band stop is . Length is given by , we take 

,  and . 

 

 

 

Figure 13: Band-stop filter design  
 

 

Figure 14: Structure simulation by ADS Momentum : (dashed line) with initial dimensions,  
(Line) with dimensions found in the 3rd iteration. 

 

Figure 15: S21 response Simulation of the structure by ADS Momentum:  
(1) ISM optimization, (2) theoretical optimization [12] 

  

1.5 2.0 2.5 3.0 3.51.0 4.0

-80

-60

-40

-20

-100

0

freq, GHz

d
B

(S
(2

,1
))

d
B

(S
(4

,3
))

1.5 2.0 2.5 3.0 3.51.0 4.0

-80

-60

-40

-20

-100

0

freq, GHz

d
B

(S
(2

,1
))

d
B

(S
(4

,3
))

2 1 

W0 

W1 
W1 W3 

L1 

W2 W2 

L3 L1 

L0 
L2 

W0 W0 W0 

LT 



International Journal of Emerging trends in Engineering and Development                              Issue 2, Vol.7 (November 2012)                                                                                                    

Available online on http://www.rspublication.com/ijeted/ijeted_index.htm                                                       ISSN 2249-6149 

 Page 378 
 

Tableau 2: Summary results of ISM process optimization  
Design Filter  W1 

(mm) 

W2 

(mm) 

W3 

(mm) 

L1 

(mm) 

L2 

(mm) 

L3 

(mm) 

Initial iteration  7 7 7 10 10 10 

3
ème

 Iteration  5 9 12.955 18 17 16 

Theoretical 5 9 12 17.5 16.6 15.76 

 

At the third iteration, the filter response by the ISM optimization process joined the theory 
optimized filter response [13], it meets the imposed specifications. ISM Optimization 
technique significantly reduces the computation time, and has shown its robustness in 

convergence to the optimal values within a few iterations. The following figure (fig 16) shows 
the two models simulation, the surrogate model with ADS circuit theory and the fine model 

with ADS Momentum. The figure (fig. 17) shows the measurement results of the band-stop 
filter optimized theoretically [4].  

 

Figure 16: Response models: (Dashed line) surrogate, (line) Fine 

                          

Figure 17: S21 response of experimental measurement result [4] 

Conclusion 

The implicit space mapping concept for optimization design has been presented. ISM was 

applied successfully in the determination of two filters design. These results are compared 

with theoretical results have given very good satisfaction. The realization of these filters with 

the dimensions found theoretically responds well to Specifications imposed. ISM algorithm 

allows improved optimization efficiency and less computational time. 
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