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Abstract: The state of catalysts and filters plays a key role in automotive exhaust gas aftertreatment. 
The soot or ash loading of particulate filters (GPF or DPF), the oxygen loading of three-way catalysts 
(TWC), the amount of stored ammonia in SCR catalysts, or the NOx loading degree in NOx storage 
catalysts (NSC) are important parameters. Today, they are determined indirectly based on models 
that are calibrated by gas or pressure sensors in the exhaust pipe. This contribution overviews a 
novel approach that determines directly the state of the devices by a radio frequency based 
technique. For that purpose, the housing of the devices serves as a cavity resonator. As “sensing” 
element, one or two simple antennas are mounted in the catalyst canning. This contactless-obtained 
information correlates very well with the catalyst or filter state. 
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The state of catalysts and filters plays a key role in automotive exhaust gas aftertreatment. The 
soot or ash loading of particulate filters (Gasoline or Diesel Particulate Filters; GPF or DPF), the 
oxygen loading degree of three-way catalysts (TWC), the amount of stored ammonia in SCR catalysts, 
or the NOx loading degree in lean NOx traps (LNT; a.k.a. NOx storage catalysts, NSC) are important 
parameters. Today, they are determined indirectly and/or based on models that are calibrated by gas 
sensors installed up- or downstream of the catalysts or by differential pressure sensors in the case of 
filters. In other words, state determination is standard for all exhaust gas aftertreatment devices.  

This contribution overviews a novel approach to determine directly the state of the devices by a 
radio frequency based technique, in the following denoted as “rf technique”. For that purpose, the 
housing of the device serves as a cavity resonator. As “sensing” element, one or two simple antennas, 
are mounted in the catalyst canning. The electrical properties of the device (ceramic honeycomb incl. 
coating and storage material) can be measured. Such contactless-obtained information is very well 
correlated with the catalyst or filter state as will be demonstrated for different exhaust gas 
aftertreatment systems [1,2]. 

(1) Three Way Catalyst (TWC) 

For gasoline engine exhaust gas aftertreatment, knowledge of the amount of actually stored 
oxygen is required to control the air-fuel ratio during operation. The rf technique measures the 
electrical attenuation that occurs in the oxygen storage component with the removal of oxygen 
(=transition from Ce4+ to Ce3+), which goes along with an increased number of free charge carriers (=Ce3+). 
This allows to determine directly the amount of stored oxygen with the rf technique.  
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The first studies using microwaves to monitor the oxygen balance of a TWC were mentioned in 
2003 [3]. However, it took another five years until in 2008 the first measurements in real exhaust gas 
were published [4]. From then on, many studies were conducted. For instance, it has been shown that 
even lambda-control is possible without a lambda probe [5,6] and that the optimum operation point 
with respect to conversion can be found much more precisely [7]. Cross sensitivities to other exhaust 
gas components do not occur [8]. A suitable signal feature is the resonant frequency of the system, 
which can be easily determined with just one antenna [9]. The exhaust temperature needs to be 
considered since the catalyst canning expands as well as the catalyst substrate changes its electrical 
properties with temperature. This system can even be applied for gasoline particulate filters that are 
coated with a TWC coating [10]. For aging detection, several operation modes are proposed [11]. It is 
noteworthy to say that the rf system can be operated also in phases when the engine is turned off 
(start stop mode, hybrid electric driving mode) [10].  

(2) Ammonia SCR-Catalysts and lean NOx traps 

DeNOx with zeolite-based SCR catalysts requires the exact knowledge of the amount of stored 
NH3, especially when operated at low temperatures. It has been shown for all types of SCR catalyst 
materials that this decisive parameter can be determined directly, independently on the feed ratio [12–14]. 
Recently, even a fully rf-controlled system has been realized [15,16]. Besides the resonant frequency, 
the quality factor is also an appropriate means that even allows control of the system at higher 
conversion without gas sensor [17].  

The NOx loading state of an LNT can be detected, too. Interfering effects to oxygen are a matter 
of study at the moment, since they may limit the practical applicability [18]. 

(3) Particulate filters 

The soot load of diesel or gasoline particulate filters can be determined very precisely with this 
method [19,20]. The effect is at least as large as for TWC. Systems are already available from several 
suppliers. There are already strategies to distinguish between soot and ash loading [21]. Important noise 
factors are soot humidity and temperature [22]. Unlike systems that are designed for TWC, where an 
operation in the resonance mode is envisaged, mostly transmission measurements are conducted [23]. 
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