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Abstract  Many technical devices but also non-technical devices 

and objects are sensitive to water. Excessive amounts of water 

may lead to a damage or even malfunction of them. Water 

detection can thus be a useful tool for preventive maintenance, in 

particular in combination with wireless sensor nodes. In addition, 

with respect to warranty of technical devices, water detection 

also helps to identify if specified operation conditions have been 

violated.  In both cases, it is important to achieve a high detection 

rate whereas false alarms should be avoided. A common source 

of false alarms is condensation due to changing environmental 

temperature. In this paper, we suggest a water detection sensor 

that has low sensitivity to condensation yet high sensitivity to 

leakage water. Due to low power consumption, it is well 

appropriate for wireless applications. 
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1.  BASIC INFORMATION 

 With respect to online condition monitoring, a water 

detector is an electronic device that is designed to detect the 

presence of water and provide an alert in time to allow the 

prevention of water damage. Common designs are small 

devices that are mounted on a floor and rely on the electrical 

conductivity or the permittivity of water to decrease the 

electrical impedance between two electrodes [1]. Depending 

on the application, the detector may trigger an audible alarm 

or other means of signalling in the presence of enough water 

to bridge the contacts. The devices are useful near any 

infrastructure that has the potential to leak water, such as 

heating, ventilation and air conditioning, water pipes, drain 

pipes, vending machines, dehumidifiers, water tanks or 

simply in outdoor usage, e.g. of mobile electronic devices 

such as mobile phones. Wireless implementations have 

advantages in many situations [2]. An exemplary application 

is shown in Figure 1. 

Many sensors for the detection of moisture and water are 

commercially available and are state of the art. Simple 

sensors use switches that are actuated by a floating body. 

Such sensors require a comparatively high amount of water. 

Sensors with high sensitivity are found in dew point 

measuring devices, e.g. [3-4] or condensation detection, 

e.g. [5] with sensing principles ranging from optical over 

capacitive and resistive to radioactive principles. 

        

Fig. 1.  Example application for water leakage detection on a roof 

with air insulation. If water leaks through the roof, the construction 

underneath can be damaged. A wireless monitoring system may 

detect intruding water and thus raise an alarm. Consequently, 

maintenance starts as early as the intrusion and major damage of 

water sensitive parts is avoided. 

In most of the applications it is sufficient to detect the 

presence of water. Perhaps surprisingly – this is not 

necessarily the actual problem in water intrusion detection. In 

the latter it is important to distinguish between sources of  

moisture. While moderate condensation, e.g. out of the small 

air volume of the enclosure of an electronic device, may be 

uncritical or cannot be considered as operation outside of  

specifications, larger amounts of water - intruding from the 

outside - are critical or may lead to a loss of the warranty for 

a certain product.  

 

2.  SENSOR PRINCIPLE 

In order to distinguish between condensation and 

intrusion/leakage water we need to identify differences 

between these two types of water. One parameter that may be 

the specific for each type of water is the specific conductivity. 

Water from condensation is usually rather pure and has a 

comparatively low specific conductivity. However, due to 

contaminations on the surface, e.g. due to dust, this low 

conductivity will usually not prevail. Therefore, this 

parameter cannot be used to distinguish between the two 

types of water. Another difference between condensation and 

intrusion/leakage water is that the latter needs to flow in some 
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sense to reach a point of interest. In contrast, condensing 

water actually forms drops at the location where it appears. 

This also implies that there needs to be sufficient amount of 

water to overcome adherence to the surface. If the amount of 

water due to condensation becomes large enough to overcome 

adherence forces, this will also lead to an alarm. This is 

usually a desired behaviour of the device. 

The second approach can be found in water indicator 

labels, which many manufacturers of electronic devices 

include into their products. These tapes change their colour 

when they get into contact with water. As the exposure of 

electronic devices to a large amount of liquid will void the 

warranty, the manufactures (or the repair centre) can use a 

stained water contact indicator label to justify refusing 

replacement or the repairing of the device. However - as 

mentioned above - sole condensation from humidity due to a 

change of temperature should not lead to a loss of warranty 

because this can occur during normal operation of such 

devices. 

An approach to improve the robustness with respect to 

high humidity and/or condensation is to include a protective 

sheet into the water indicator tape. A realization of this 

approach is the water contact indicator tape 5557 from 3M 

[6,7] (Figure 2). Water condensing on top of the tape is 

separated from the dye in the indicator layer by a transparent 

PET layer so that the water on top does not stain (or wet) the 

indicator layer. However, when a larger amount of water is 

present at the edges of the tape, it gets absorbed into the 

hydrophilic water indicator layer thus leading to a colour 

change.  

 

 

 

Fig. 2. Illustration of a water indication tape [6]. A transparent top 

film is used to protect the indicator layer and thus also direct 

condensation is avoided. Water that enters into the indicator layer 

from the edges leads to a colour change of the same. The change 

remains after the exposure to water is over. 

 

With respect to online condition monitoring, we are interested 

in an electronic readout of the water indication information. 

This could be achieved, e.g. with the water contact indicator 

tape 5557 from 3M combined with a light source and an 

optical sensor. However, in online condition monitoring we 

want to use the indication to prevent further harm to the 

device. Consequently, it is aimed that the water intrusion is 

eliminated. In this case, we want the sensor to have the ability 

to recover. Additionally, a wet water absorption layer can also 

easily be evaluated electronically using capacitive or resistive 

principle, which will typically be more compact in size and 

also of lower cost than an optical approach. Therefore, we 

suggest to combine the concept of water contact indicators 

and resistive readout to obtain a robust detector principle. 

It should be noted that although the indicator tape has a 

low sensitivity towards humidity, it may still cause false 

alarms. A study on aging effects has recently been presented 

in [8]. While this is a major concern with respect to warranty 

claims, it is of lower importance in the present application. 

First, no permanent colour change occurs in the suggested 

sensor as the sensor recovers from moisture. Second, 

excessive moisture due to condensation will frequently be 

accepted as a reason for an alarm. 

Our proposed detector design is based on the common 

water detectors principle utilizing the conductivity of water. 

Electrodes are embedded into a hydrophilic material. When 

water is present, the hydrophilic material becomes wet and 

due to the conductivity of the water the resistance between 

the electrodes decreases. 

 

 

 
 

Fig. 3. Illustration of the topology of a resistive water detector. 

In analogy to Figure 2, a water absorbing indicator layer is covered 

by non-permeable, non-conductive top and bottom layers. The 

detector can be attached to a surface, e.g. aluminium, steel or 

plastic by means of an adhesive. As the electrodes are covered, a 

conductive bridge can only be formed when water is absorbed from 

the edge of the detector. An optional lash may be used to facilitate 

faster drying of a wet sensor. 

 

3.  EXPERIMENTAL SETUPS AND RESULTS 

Based on the principle described in Section 2 prototypes were 

built and the sensitivity with respect to water and 

condensation was investigated. Figure 4 shows results for 

water intrusion. Here, we let a drop get into touch with the 

edge of the sensor. The hydrophilic layer absorbs the water 

and brings it to the electrodes. As soon as it reaches both 

electrodes of the sensor, a conductive connection is formed 

and the resistance between the sensor electrodes decreases 

rapidly. The drop distributes itself in the hydrophilic material 



leading to a further decrease of the resistance. Consequently, 

the drop is easily detected by measuring the electrical 

resistance between the electrodes. Once the resistance drops 

under a certain threshold, the presence of water is indicated. 

  

Fig. 4.  Conductivity change due to a water drop placed at the edge 

of the water detector. The conductivity changes rapidly within 

seconds to a maximum close to 10 S. Please note the logarithmic 

scale on the time axis: It takes several hours until the device fully 

dries and recovers to the original low conductance. 

As mentioned above, it is also desirable that the detector 

recovers after exposure to water. This implies for the use with 

respect to validating warranty, the information must be stored 

electronically, e.g. in an RFID enabled memory. The 

resistance change during the recovery of the sensor is also 

shown in Figure 4. Figure 5 shows a snapshot obtained with 

a thermal camera during this process. By this, the evaporation 

process can be visualized. Due to the enthalpy of vaporization 

of water, the lash gets cooler than the surrounding. In 

contrast, the part of the hydrophilic material that is covered 

with a water proof material, does not experience the same 

cooling. Instead, the water inside this part of the sensor has to 

first migrate towards the uncovered area, i.e. the lash.  

In order to assess the robustness with respect to condensation 

the sensor was cooled in a climate chamber to a temperature 

below 0 degrees Celsius. Then it was removed from the 

climate chamber. The results for the conductance are shown 

in Figure 6.  Immediately after the removal from the climate 

chamber condensation occurred on the surface. However, the 

resistance remained high and only started to decrease slightly 

after several minutes. The reason for this is that the 

hydrophilic material also absorbs some of the condensing 

water near the edge and also from the lash. However, the 

resistance remains significantly higher than for the 

experiment shown in Figure 4. As the resistance remains high 

in the condensation experiment, it can be expected that the 

probability of false alarms remains low. 

 

  

Fig. 5.  Infrared thermography image as obtained during the 

drying/recovery of the detector. The temperature is fairly constant 

over the entire area. A lower temperature is only observed at the 

sensor lashes, close to the edge of the protective layer, the 

temperature is lower. This is due to the enthalpy of vaporization of 

water. 

 

Fig. 6.  Investigation on conductivity changes due to 

condensation. The detector is cooled in a climate chamber to below 

0°C and then exposed to room temperature. The changes are orders 

of magnitude below the changes caused by a water drop. 

 

Figure 7 illustrates how the poor thermal conductivity of 

the hydrophilic material contributes to the reduced sensitivity 

towards condensation. Besides the warm air, the enthalpy 

released during condensation of the water warms the surface. 

Consequently, the part that has a poor thermal conductivity 

attains a higher temperature. Assuming that the surface of the 

surrounding material will attain the dew point temperature, it 

can be assumed that the temperature of the sensor area will 

soon exceed the dew point and no more condensation takes 

place on the hydrophilic material.  
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 Fig. 7.  Infrared thermography image as obtained during the 

condensation experiment. The detector (dotted rectangle) is placed 

on an aluminium carrier. Marker one is located on the lash of the 

detector. Due to the low thermal conductivity of the lash, the 

temperature on the lash is higher compared to the environment. 

Therefore, less condensation will occur. Please note that the 

temperature on the aluminium is not correct due to the high 

reflectivity.  

 

4.  WIRELESS OPERATION 

In order to use the sensor in a condition monitoring 

system, it needs to be combined with a wireless sensor node. 

Due to the simple evaluation of the sensor signal, many 

wireless node platforms may be used. For our laboratory 

demonstration we make use of the nRF51822 Evaluation Kit 

from Nordic Semiconductor [9]. A photograph of the setup, 

and a sketch of the circuitry are shown in Figure 8. Instead of 

measuring the impedance, the current across a shunt resistor 

is determined. Consequently, a drop of the resistance will lead 

to an increased current. Experimental results are shown in 

Figure 9. The addition of water to the sensor is clearly visible 

as an increase of the current. However, the absolute values 

still remain low, therefore the setup is perfectly suitable for 

low power wireless sensors.  

 

 

 

  

 

 

Figure 8. Left: Illustration of the connection of the sensor to a 

wireless sensor node, e.g. the nRF5822 evaluation kit. Right: 

Laboratory setup with a wireless sensor evaluation kit as used for 

the experimental result shown in Figure 9. 

 

 

 Figure 9. Example for the detection of water with a wireless sensor 

node in a laboratory prototype. After the application of a drop to 

the edge, the water gets absorbed and reaches the electrodes. The 

conductivity increases and attains the maximum when the entire 

layer is wet.  

 

  CONCLUSIONS 

We present a resistive sensor for water intrusion and 

leakage detection. It is based on the change of the electrical 

impedance between electrodes that are embedded in 

hydrophilic material when this material becomes wet. In 

order to reduce the impact of condensing moisture, the 

hydrophilic material is partially covered by a waterproof 

material. Our experiments show that normal occurrence of 

condensation does not lead to an alarm whereas even small 

amounts of water intrusions are detected. Due to extreme 

impedance change and the high impedance in case that no 

water is present, the sensor requires very low power. 

Therefore, the device can be used for continuous monitoring 

of water intrusion, e.g. in wireless mobile electronic devices 

and for long term remote monitoring of various infrastructure. 

ACKNOWLEDGMENT 

The authors would like to thank Raiyan Hamid for 

supporting the laboratory experiments with the wireless 

sensor node. 

REFERENCES 

[1] Krahn, J.R., "A new diagnostic tool for determining and 

locating wet electrical insulation," Electrical Insulation, 

2000. Conference Record of the 2000 IEEE International 

Symposium on , vol., no., pp.524,527, 2000 

doi: 10.1109/ELINSL.2000.845563 

[2]   Pettersson, A.; Nordlander, J. & Gong, S. “ZigBee-Ready 

Wireless Water Leak Detector “Proceedings of the 2009 Third 

International Conference on Sensor Technologies and 

Applications, IEEE Computer Society, 2009, 105-108  

[3] Bakhoum, E. & Cheng, M. High-Accuracy Miniature Dew 

Point Sensor and Instrument IEEE Sensors Journal, 2015, 15, 

1482-1488  

0 50 100 150 200 250 300
0

0.5

1

1.5

2

2.5

3

Time [s]

C
u
rr

e
n
t 

[u
A

]

Application of  

water to sensor 

edge 



[4] Nie, J.; Meng, X.; Xu, L. & Zheng, R. Dew point 

measurement using a quartz crystal sensor Instrumentation 

and Measurement Technology Conference (I2MTC), 2013 

IEEE International, 2013, 41-44 

[5] Gould, D.; Meiners, M.; Benecke, W. & Lang, W. 

Condensation Detection Using a Wirelessly Powered RF-

Temperature Sensor IEEE Transactions on vehicular 

Technology 2009, 58, 1667-1672 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

[6] 3M: Water Contact Indicator Tape 5557, product description,  

[7]     Birkholz, R.; LaBrosse, P.; Mrozinski, J. & Ignacio, R. Water 

contact indicator, US Patent 7744997 

[8]   Oh, H.; Choi, S.; Kim, K.; Youn, B. D. & Pecht, M. An 

empirical model to describe performance degradation for 

warranty abuse detection in portable electronics. Reliability 

Engineering & System Safety, 2015, volume 142, pp. 92 – 99 

[9] Nordic Semiconductor: nRF51822 Evaluation Kit 

 

 


