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Summary: 
In this paper a sensor system for the in-situ monitoring of dirt removal in the running washing process 
is presented. In this work, a sensor is presented for adjustment or optimization of washing processes in 
textile service companies. The developed impedimetric performance sensor consists of a dirt and refer-
ence sensor area as well as a measuring and RFID communication module. At the sensor areas the 
impedance is measured during the washing process, recorded and transferred to an external evaluation 
unit. The impedance values can be used to determine the dirt removal during the washing process. 
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Introduction 
In Germany, 1.8 million tons of textiles for pro-
fessional use, are processed by service compa-
nies every year with a turnover of about 3.2 bil-
lion €. Due to constantly increasing customer re-
quirements regarding the cleanliness and hy-
giene of textiles, up to 2.5% of the processed 
textiles (depending on the type of textile or laun-
dry) are sorted out within the scope of quality 
control. On the other hand, excessive use of heat 
and detergents, bleaches or disinfectants leads 
to increased energy costs and premature dam-
age to textiles. Hence there is a need to adjust 
and optimize the washing process at regular in-
tervals or permanently in a feedback-loop. 

State-of-the-Art  
Today primary wash monitors are used. These 
consist of defined soiled test textiles, which are 
colorimetrically evaluated after the washing pro-
cess. However, an evaluation of the washing 
process is only possible afterwards. Further-
more, no direct conclusions on the effect of the 
process parameters are possible, so that an iter-
ative adjustment is necessary. The process is 
therefore laborious and complex for the user. 

An RFID module including an impedimetric per-
formance sensor shall enable the in situ online 
acquisition of relevant process parameters. 

Concept 
The concept provides an in-situ detection of the 
dirt removal via impedance measurements and 
online data transfer during a running washing 

process by means of RFID technology. Essential 
characteristics are:  

• The sensor should pass through the process 
with the laundry items and behave like a tex-
tile in its mechanical properties 

• The dirt removal is to be measured by re-
cording the residual dirt on a sensor area 

• Measurement data transmission should be 
feasible out of the washing machine drum. 

The impedimetric performance sensor consists 
of a sensor area and a RFID transponder with a 
textile-based antenna. The in-situ detection of 
the dirt removal enables the identification of 
functional correlations between the dirt removal 
and the process parameters (e.g. drum drive, 
chemical dosing; temperature; time) during the 
running washing process. 

Sensor Principle 
The sensor area is based on a textile electrode 
structure, which is soiled with a practice relevant 
type of dirt. This textile electrode structure con-
sists of electrically conductive yarns (textile elec-
trodes) included in a textile matrix. The geometry 
of the textile electrodes determines the measur-
ing accuracy and response threshold to be 
achieved. The dirt load dependent dielectricity of 
the textile electrode structure (residual dirt on the 
sensor area of the impedimetric performance 
sensor) is detected by impedance measure-
ments. 
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Fig. 1. Electrode structure and sensor area 

Different electrode structures were evaluated. 
Figure 1 shows the chosen structure were higher 
proportion of the impedance signal comes from 
the textile and is therefore influenced by the con-
tamination, compared to other arrangements. At 
the same time, the total value of the impedance 
is kept at a minimum level. Since the impedance 
must not be too low for the measuring circuit of 
the RFID module. The optimal sensor area con-
sists of an electrode structure with electrodes 
that are guided at right angles to each other and 
attached to both sides of the soiled textile. The 
electrodes cross over each other at two points, 
so that the total impedance is still sufficiently 
high. Due to the improved electrode structure, 
commercially soiled textiles as well as specially 
produced soiled textiles could be used for the 
sensor area. 

Measuring Circuit and Data Transmission 
An RFID-module had to be developed, that per-
forms the impedance measurement and enables 
wireless data transmission from the washing ma-
chine drum. Evaluation of textile electrodes have 
shown, that the impedance ranges from 10 Ω to 
500 Ω, when excited by a measurement fre-
quency of 1 kHz. 

The RFID-Module is composed of an integrated 
impedance converter circuit from analog devices 
(AD5933), which performs the impedance meas-
urement, a microcontroller and a semi-passive 
RFID-Frontend ASIC and a textile dipole an-
tenna working in the UHF-RFID-Band.  
The dipole antenna is realized using an embroi-
dered conductive yarn. The electronic compo-
nents were encapsulated with “Silikonharz Elas-
tosil RT 646”. The flexible textile antenna is con-
nected via inductive coupling with a loop within 
the encapsulation. This allows the size of the 
rigid RFID module to be reduced. 

To assess the feasibility, a reader antenna was 
mounted in the glass door of a front loading ma-
chine and the communication with a test tran-
sponder placed inside the washing machine was 
checked. 

 
Fig. 2. Textile RFID antenna. 

Results 
To verify the measuring principle, the impedimet-
ric sensor was placed in a washer extractor. The 
impedance measurement was performed at a 
frequency of 1 kHz. 

Experiments with the impedimetric performance 
sensor in the washing machine during a washing 
program with a low mechanical agitation and a 
high liquor level (wool washing program) were 
done. A measurement frequency of 1kHz was 
used for the impedance measurement. 

Figure 3 shows the impedance over time. A per-
centile filter was used for averaging in order to 
remove disturbances caused by the environ-
ment, especially the wash liquor, different soak-
ing or covering of the sensor areas by other 
items of the laundry batch. 

 
Fig. 3. Impedance curve during the washing process. 

In summary, the impedimetric performance sen-
sor allows the monitoring of the washing process 
and can be used to adjust temperature and con-
centration of the detergent or bleaching agent. In 
contrast to conventional wash monitors, there is 
no need for time-staggered removal and drying, 
which makes the readjustment of wash pro-
cesses easier and faster.  

It could be shown that inductively coupled dipole 
antennas can be realized with the help of con-
ductive yarns. It could also be shown that RFID 
transponders can be read in metallic environ-
ments like a washing machine. 
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