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Abstract
The development of highly sensitive, selective, reliable, and compact sensing systems to detect toxic chemical and biological agents are of great importance to national security. This paper examines the best such naturally occurring sensing system, the smell or “olfaction,” as well as artificial sensing systems built to emulate the nose .The goal is to combine lessons learned from natural and artificial olfaction with opportunities presented by advances in nanotechnology .Main components of ENoses are considered in this paper review. We know that the number of infectious or metabolic diseases can dissipate specific odour, which can be noticeable on the sweat, breath and in the urine. By training up the ordinary array sensors we can make it as intelligent E-Nose, with the help of electronic hardware circuits and neural network. We develop the Enose to detect sinus problems, infections, diabetes, liver problem and tuberculosis (TB), are explained in this paper.
Introduction:
Electronic/artificial noses are being developed as systems for the automated detection and classification of odors, vapors, and gases. An electronic nose is generally composed of a chemical sensing system (e.g., sensor array or spectrometer) and a pattern recognition system (e.g., artificial neural network). . The response of all sensors in the e-nose together constitutes a unique profile that gives the “fingerprint” of odour. Electronic noses are intelligent instruments that are able to classify and quantify different gas/odours.
Human Olfactory Model:
Anything that has an odour constantly evaporates tiny quantities of molecules that produce the smell, so called odourants. A sensor that is capable to detect these molecules are called a chemical sensor. In this way the human nose is a chemical sensor and the smell is a chemical sense. The human’s ability to smell is not so perfect in comparison with animals. Human brain devotes only 4, 8 cm2 to the entire olfactory apparatus .At the same time a dog uses 65 cm2 and a shark utilizes 2, 3 m2, despite of its inferiority, a human has about 40 million olfactory nerves. This allows detecting even slight traces of some chemical components. Some odourants can be detected even if the concentration in the air is only one part per trillion. Odour information processing in human model is

tremendously complicated task. It has been discussed in a huge amount of works. 
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                   Scheme of the human olfactory system.
Humanity knows much about the functional characteristics and structure of the brain and can comprehend at least some of its information processing mechanisms. However, overall dynamical properties of the brain are still unknown. If we can catch odour the behavior of the olfactory system it can be helpful to understand how other parts are involved. Main operations of olfaction can be divided roughly in five parts: sniffing, reception, detection, recognition, and cleansing. The olfaction begins with sniffing that mixes the odourants into a uniform concentration and delivers these mixtures to the mucus layer in the upper part of nasal cavity. Next these molecules are dissolved in this layer and transported to the cilia of the olfactory receptor neurons. Reception process includes binding of these odourant molecules to the olfactory receptors. Odourant molecules are binded temporarily to proteins that transport molecules across the receptor membrane with simultaneous stimulation of the receptors. During this stimulation the chemical reaction produces an electrical stimulus. These electrical signals from the receptor neurons are transported to the olfactory bulb. From the olfactory bulb the receptor response information is forwarded to the olfactory cortex. Odour recognition

part takes place namely in the olfactory cortex. Then the information is transmitted to the cerebral cortex. Remind that there are no individual receptors or parts of the brain capable to recognize specific odours. The brain is key component associated the collection of olfactory signals with the specific odour. Cleansing finishes the olfaction process. For this purpose the breathing fresh air removing of odourant molecules from the olfactory receptors is required. To grasp the mechanism of olfactory perception the model of our nose can be considered. The schematic view on the human nose is presented in Figure shown above.

 Architecture of E-NOSE:

The electronic nose has two functional units:
· the sensors that collect and generate  Data 

· software that interpret the data

Electronic nose is the colloquial name for an instrument made up of chemical sensors combined with a pattern recognition system . The reversible adsorption of volatile organic compounds (VOCs) to the sensor surface leads to a change of physical properties (conductivity, resistance, and frequency) of the sensor, which is measured. Remind that the main task in odour recognition to create a model as similar to the human model as it is possible. From this point of view electronic/artificial noses (so called ENoses) are being developed as a system for the automated detection and classification of odours, vapors, gases. ENose is represented as a combination of two components: sensing system and Pattern recognition system. 

Sensing system is represented as an array of chemical sensors where each sensor measures a different property of the sensed chemical, or as a single sensing device or as a hybrid of both. The major task of this component is to catch the odour. Each odourant presented to the sensing system produces a signature of characteristic pattern of the odourant. Database of signatures is built up by presenting many different odourants to the sensing system. It is 

used further to create the odour recognition system. Pattern recognition system is utilized to recognize procedure. The goal of this process is to train and create the recognition system that will be capable to produce unique classification or clustering of each odourants so that an automated identification can be implemented. This process incorporates several approaches: Statistical, ANN, Neuromorphic. Creating of a mathematical model of the dynamics in the olfactory bulb is arduous problem. Modeled after the human nose, the ENose relies on the interactions of sniffed chemicals with an array of sensing films that create an identifiable pattern. 
Two components of ENose are described in details below.
 Sensing System:
  Sensing system allows tracing the odour from the environment. This system can be single sensing device, like gas chromatograph, spectrometer. In this case it produces an array of measurements for each component. The second type of sensing system is an array of chemical sensors. It is more appropriate for complicative mixtures because each sensor measure a different property of the sensed chemical. Hybrid of single sensing device and array of chemical sensors is also possible. Each odourant presented to the sensing system produces a characteristic pattern of the odourant. By presenting a mass of sundry odourants to this system a database of patterns is built up. It is used then to construct the odour recognition system.
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                         Schematics of an electronic nose.
PATTERN RECOGNISING SYSTEM:

Pattern recognition system is the second component of electronic nose used for odour recognition. Its goal is to train or to build the recognition system to produce unique classification or clustering of each odourant through the automated identification. Unlike human systems, electronic noses are trained to identify only a few different odours or volatile compounds. This is very strong restriction to use the senoses for human recognition. State-of-the-art does not make possible to identify all components of the human body precisely. Recognition process incorporates several approaches: Statistical, ANN, Neuromorphic. Many of the statistical techniques are complementary to ANNs and are often combined with them to produce classifiers and clusters. It includes PCA, partial least squares, discriminant and cluster analysis. PCA breaks apart data into linear combinations of orthogonal vectors based on axes that maximize variance. To reduce the amount of data, only the axes with large variances are kept in the representation. When an ANN is combined with the sensor array, the number of detectable chemicals is generally greater than the number of unique sensor types. A supervised approach involves training a pattern classifier to relate sensor values to specific odour labels. An unsupervised algorithm does not require predetermined odour classes for training. It essentially performs clustering of the data into similar groups based on the measured attributes or features.
           Neuromorphic approaches center on building models of olfaction based on biology and implementing them in electronics. Unfortunately, there is a lack of realistic mathematical models of biological olfaction. Thus the area of neuromorphic models of the olfactory system lags behind vision, auditory, motor control models. Olfactory information processed in both the olfactory bulb and in the olfactory cortex. The olfactory bulb performs the signal preprocessing of olfactory information including recording, remapping and signal compression. The olfactory cortex performs pattern classification and recognition of the sensed odours.
There are two competing models of olfactory coding. The selective receptor comes from recent experimental results in molecular biology. It can be thought of as an odour mapper. This approach is similar to visual system with the idea of receptive fields of olfactory receptors and mitral cells in the olfactory bulb. The second approach is a non-selective receptor, distributive-coding model that comes from data collected by electrophysiology and imaging of the olfactory bulbs. Neuromorphic approach has an advanced feature consisting in incorporation of temporal dynamics to handle identification of combinations of odours.
Olfactory Signal Processing and Pattern Recognition System:
The goal of an electronic nose is to identify an odourant sample and to estimate its concentration (in human recognition case). It means signal processing and pattern recognition system. However, those two steps may be subdivided into preprocessing, feature extraction, classification, and decision making. All these subparts can be viewed in Figure. But first, remind, a database of expected odourants must be compiled, and the sample must be presented to the nose’s sensor array.
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Figure: Signal Processing and Pattern Recognition system stages
Consider all signal processing and pattern recognition stages:
A. Preprocessing
Preprocessing compensates for sensor drift, compresses the response of the sensor array and reduces sample-to-sample variations. Typical techniques include: normalization of sensor response ranges for all the sensors in an array; and compression of sensor transients.
B. Feature extraction

Feature extraction has two purposes: to reduce the dimensionality of the measurement space, and to extract information relevant for pattern recognition. Feature extraction is generally performed with linear transformations such as the classical PCA.

C. Classification

The commonly used method for performing the classification task is artificial neural networks (ANNs). An artificial neural network is an information processing system that has certain performance characteristics in common with biological neural networks. It allows the electronic nose to function in the way similar to brain function when it interprets responses from olfactory sensors in the human nose. A typical ANN classifier consists of two or more layers.

D. Decision Making

The classifier produces an estimate of the class for an unknown sample along with an estimate of the confidence placed on the class assignment. A final decision-making stage may be used if any application specific knowledge is available, such as confidence thresholds or risk associated with different classification errors. The decision-making module may modify the classifier assignment and even determine that the unknown sample does not belong to any of the odourants in the database.
APPLICATIONS:

· Prospects for Clinical Application of Electronic-Nose Technology to Early     Detection of Mycobacterium tuberculosis in Culture and Sputum
Ziehl-Neelsen (ZN) staining for the diagnosis of tuberculosis (TB) is time-consuming and operator dependent and lacks sensitivity. Electronic nose detect tuberculosis in clinical specimens and opens the way to making this method a rapid and automated system for the early diagnosis of respiratory infections. Electronic noses show a linear relationship between sensor response and concentration. This concentration dependency was exploited here to determine the detection limit. This relationship might also reveal relevant clinical information. For the treatment itself, it is not important how many bacteria are present in sputum, but the number of bacteria present greatly influences the infectiousness of patients. This opens the possibility to predict not only the presence of TB, but also the risk for patients to transmit the disease.

· ELECTRONIC NOSES FOR MEDICINE

Because the sense of smell is an important sense to the physician, an electronic nose has applicability as a diagnostic tool. An electronic nose can examine odors from the body (e.g., breath, wounds, body fluids, etc.) and identify possible problems. Odors in the breath can be indicative of gastrointestinal problems, sinus problems, infections, diabetes, and liver problems. Infected wounds and tissues emit distinctive odors that can be detected by an electronic nose. Odors coming from body fluids can indicate liver and bladder problems.
· ELECTRONIC NOSES FOR THE FOOD INDUSTRY

Currently, the biggest market for electronic noses is the food industry Applications of electronic noses in the food industry include quality assessment in food production inspection of food quality by odor, control of food cooking processes inspection of fish, monitoring the fermentation process, checking rancidity of mayonnaise, verifying if orange juice is natural, monitoring food and beverage odors  grading whiskey, inspection of beverage containers, checking plastic wrap for containment of onion odor, and automated flavor control to name a few. In some instances electronic noses can be used to augment or replace panels of human experts. In other cases, electronic noses can be used to reduce the amount of analytical chemistry that is performed in food production especially when qualitative results will do.
· E-NOSES FOR REPLACEMENT OF DOG TEAM 
Another important application is detection of humans buried in rubbles. It is actual task, for example, in earthquakes or damages on coalmines. To detect human body odour an electronical nose is applied. In principle, this ENose can be considered as an alternative to the dogs' work. Unfortunately, dogs can go up to a depth 50 meters and work only with the couple of his master. Another disadvan- tage that the long maintenance of the handler-dog team is too expensive. From all these points of view an electronical nose for humans’ detection will be suitable replacement of the dogs. Of course this nose is not too sensitive as the dog's one, but it can be used perfectly for these specific applications.
Drawbacks:
· For different applications it requires special pattern reorganization system.
· Computers are not as smart or flexible as dogs or humans or other biological creatures

“If we get a brand-new scent that we've never smelled before, we can learn what that means and recognize it the next time we encounter it”. Machines aren't very good at being able to adjust to new conditions.
· cameras can see outside the spectrum of the human eye and               microphones that can detect a vibration a mile away, but in terms of chemical sensing, we are far away from what biology can do

CONCLUSION:

In this paper we discussed electronic nose and applications of electronic nose in the environmental, medical and food industries. The major differences between electronic noses and standard analytical chemistry equipment are  

· electronic noses produce a qualitative output   

· can often be easier to automate

· can be used in real-time analysis.

In addition Enose has several advantages for real world applications including compactness, portability, real-time analysis, and automation. Along with current

applications the medical diagnostics, food & beverages industry, we can mention the future applications, except computer user identification, the virtual reality and virtual environment, recognition of terrorists can be divided. Thus the body odour humans’ recognition is the perspective future (approximately 3-5 years) technique with a number of possible applications.
    By increasing compactness of Enose and utilizing modern technologies     like nanotechnology, we can use Enose efficiently in many fields to present technologies.
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