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Abstract- The review presents a distinct classification pursuant to latest humidity sensor types, principles of work, 

production technologies and their applications in day to day life. Furthermore, performance characteristics of the different 

humidity sensors such as electrical and statistical data will be detailed and gives an added value to the report. Significant 

developments of humidity sensors are critically reviewed and the advantages of thin film composites have been discussed 

in detail. The main objectives and brief outline of the present investigations carried out in this review are presented in 

brief. 
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I. INTRODUCTION 

 

Humidity refers to the water vapor content in air or other gases. A humidity sensor (HS) senses, determines and states 

the relative humidity in the air. It, therefore, measures both moisture and air temperature. The warmer the air temperature 

is the more moisture it can hold. Humidity measurement instruments usually rely on measurements of some other quantity 

such as temperature, pressure, mass or a mechanical or electrical change in a substance as moisture is absorbed [1]. By 

calibration and calculation, these measured quantities can lead to a measurement of humidity. Modern electronic devices 

use temperature of condensation (the dew point), or changes in electrical capacitance or resistance to measure humidity 

differences [2]. The first crude hygrometer was invented by Leonardo da Vinci in 1480 and a more modern version was 

created by polymath Johann Heinrich Lambert in 1755 [3]. 

 

II. ABSOLUTE HUMIDTY SENSORS (HYGROMETERS) 
 

In early years, meteorologists were interested in an instrument capable of measuring the water content of the upper air 

latitudes where the water concentration was less than 10 ppmv at air temperature of −56 C. In 1948, a dew/frost 

hygrometer based on moisture condensation on a mirror was developed to measure the absolute humidity in extremely dry 

air of stratosphere with the lowest detectable humidity level of 90 ºC frost point [4]. In 1967, a fully automated dew/frost 

point hygrometer based on a mirror with much better performance was developed with much faster response. In 1978, a 

solid-state moisture sensor based on porous anodic aluminum oxide was developed with fast response and wide 

measurement range (−110 C to +50C). In following two sections, we will review the mirror-based hygrometers and solid-

based moisture sensors [5]. 

 

III. REQUIREMENT OF HUMIDITY SENSORS 
 
The most important specifications to keep in mind when selecting a robust humidity sensor are:  

 The material should have high sensitivity over a wide range of humidity and temperature. 

 The device should also have good stability and reversibility. 

 There should not be any hysteresis in the characteristics. 

 The sensitivity should be independent of the ambient temperature. 

 The reliability of humidity sensors is affected by many environmental factors such as contamination due to oil, 

dust and other materials in the air. 
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 It should have a short response and recovery times. 

 It should be less portable. 

 It should be resistive to contaminants. 

 It should have good mechanical properties and durability. 

 

Humidity measurements can be stated in a variety of terms and units. Few of them are given as under: 

 

A. Saturation Humidity 
 

Saturation Humidity is defined as the ratio of the mass of water vapour at saturation to the volume of air [6]:  

 

SH= ………………………………………...………….(1) 

 

where, SH is the saturation humidity (g/m3), mws is mass of water vapor at saturation (g) and v is the volume of air (m3).  

The saturation humidity is a function of temperature and can provide the maximum amount of moisture content (mass) in 

a unit volume of gas at a given temperature. 

 

B. Relative Humidity 

 

Relative humidity (RH) refers to the ratio of the moisture content of air compared to the saturated moisture level at the 

same temperature and pressure. In the early 1900, RH was derived from measuring a physical change that moisture 

absorption caused in certain natural materials such as silk or human hair. Nylon and other synthetics were subsequently 

used [7]. Since the 1940s, more mechanical methods have been replaced by electronic RH sensors due to their greater 

accuracy and dependability and their lower cost. In the fairly recent past, specialized polymer-based resistive and laser-

trimmed capacitive sensors with monolithic signal conditioners have been introduced. RH is defined as below:  

%RH =   X 100 .............................................................................................(2) 

 

where, Pw is water vapor pressure and Psw is saturated water vapor pressure at the gas temperature. 

 

C. Dew/Frost Point 

 

Dew point is the temperature and pressure at which a gas begins to condense into a liquid. It is also used as an 

indicator of water vapor in high-temperature processes, such as industrial drying. It is the function of the pressure of the 

gas, but is independent of temperature and therefore defined as the absolute humidity measurement. Calibration data for 

each specific sensor are stored in nonvolatile memory for improved accuracy. When the dew point is at or below freezing, 

it is called the frost point. 

 

D. Part Per million 

 

Part per million (PPM) is equal to a volume of a given gas mixed in a million volumes of air. It is also an absolute 

measurement and given in Eqn. in 3. 

 

PPM =   ………………………………………………….(3) 
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IV.  TYPES OF HUMIDITY SENSORS 
 

A. Sensors based on Capacitive Effect 

 

Humidity sensors relying on this principle consist of a hygroscopic dielectric material sandwiched between a pair of 

electrodes forming a small capacitor. Most capacitive sensors use a plastic or polymer as the dielectric material, with a 

typical dielectric constant ranging from 2 to 15. In the absence of moisture, the dielectric constant of the hygroscopic 

dielectric material and the sensor geometry determine the value of capacitance. The basic structure of capacitive type 

humidity sensor is shown in Fig. 1. 

 

 
Fig. 1 The basic structure of capacitance based humidity sensor 

 

At normal room temperature, the dielectric constant of water vapor has a value of about 80, a value much larger than 

the constant of the sensor dielectric material. Therefore, absorption of water vapor by the sensor results in an increase in 

sensor capacitance. At equilibrium conditions, the amount of moisture present in a hygroscopic material depends on both 

the ambient temperature and the ambient water vapor pressure. This is true also for the hygroscopic dielectric material 

used on the sensor. 

 

By definition, relative humidity is a function of both the ambient temperature and water vapor pressure. Therefore, 

there is a relationship between relative humidity, the amount of moisture present in the sensor and sensor capacitance. 

This relationship governs the operation of a capacitive humidity instrument. On Alumina substrate, the lower electrode is 

formed using gold, platinum or other material. A polymer layer such as PVA is deposited on the electrode and these layers 

senses humidity. On top of this polymer film, a gold layer is deposited which acts as a top electrode. The top electrode also 

allows water vapor to pass through it, into the sensing layer. The vapors enter or leave the hygroscopic sensing layer until 

the vapor content is in equilibrium with the ambient air or gas. Thus capacitive type sensor is basically a capacitor with 

humidity sensitive polymer film as the dielectric. 

 

B. Sensors based on Resistive Effect 

 

Resistive type humidity sensors pick up changes in the resistance value of the sensor element in response to the change 

in the humidity. Thick film conductor of precious metals like gold, ruthenium oxide is printed and calcinated in the shape 

of the comb to form an electrode. Then a polymeric film is applied to the electrode; the film acts as a humidity sensing 

film due to the existence of movable ions. Change in impedance occurs due to the change in the number of movable ions. 

Humidity sensors measure and report the air’s relative humidity. They are used in homes, wine cellars, and working 

environments that that are so humid that they negatively impact working conditions.  
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Humidity sensors are also used in vehicles, industrial HVAC systems and meteorological stations to help in the 

predicting and reporting of weather conditions. The basic structure of the resistive type humidity sensor is shown in Fig. 2. 

HSs are competent for the detection of the relative humidity in different environments with respect to electrical, optical 

and other physical parameters [7]. These sensors have drawn huge attention in the industrial and medical fields. The 

calculation and control of humidity are crucial in several regions such as food and electronic industry, domestic 

atmosphere, medical, etc. Hydrophilic properties of the polymer, polymer composites and modified polymers have been 

used in HS devices. Jain et. al studied the behavior of HSs with PANI doped with different weak acids such as CSA, 

diphenyl phosphate, and maleic acid blends. Choa et. al showed the influence of temperature and relative humidity of PPY 

sensor [8]. The author found that the initial impedance of the PPY sensor was increased with enhancement in the humidity 

and decrement of temperature, respectively.  

 

 
Fig. 2 The basic structure of resistance based humidity sensor 

 

The reproducibility of PPY sensor was outstanding at different humidity circumstances. Parvatikar studied the electrical 

and humidity sensing properties of PANI/WO3 nanocomposites. Kulkarni et. al studied the poly(N-methyl aniline) doped 

with several acids by a chemical polymerization technique with ammonium persulphate as an oxidizing agent. These 

polymers were then effectively developed as HSs. Among the several acids utilized for the doping of polymer, the H3PO4-

doped polymer demonstrated the excellent sensing response and was found to be an excellent applicant for HS. HS based 

on PANI nanofibers was synthesized by Zenga and its response to humidity was studied. The sensor responded to low 

relative humidity (<50% RH) generally by decreasing electrical resistance with enhancing humidity. Though, at higher 

relative humidity the sensor quashed its responses by enhancing the electrical resistance with humidity [8]. 

 

E. Effects of Humidity on Ecosystems 

 

At high humidity, there is much water in the air, whereas at low humidity less amount of water vapor is present in the 

air. Humidity affects the rate at which water evaporates from the surface of organisms, eg. in transpiration or sweating. 

This, in turn, affects their distribution on earth. 

V. CONCLUSIONS 
 
The moisture sensing properties, modern technologies and in use mechanisms of several humidity sensors based on 

applications and different sensing fundamentals consisting of ceramic, organic polymer and hybrid composites have been 

classified and comprehensively explained. Among all humidity sensor patterns, the impedance- (resistive) and capacitive-

based sensors are exposed to be the top suited and most popular ones in advanced applications such as laboratory research. 

Recent developed humidity sensors, especially those incorporated with nano-scale elements, provide promising 

performance with the high impact role to a development of accuracy, reliability and economic efficiency. 
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