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When Technologies manipulate our emotions – 
Smell Detection in Smart Devices 

Joshua Sopuru, Arif Sari 
 

Abstract— Smart devices have greatly transformed our lives; smart devices have affected the way we think, interact, and process 
information. As technology continues to grow, we expect more transformation caused by improved technologies. Videos, Images, sounds 
etc. are exchanged easily from one end of a smart device to a receiving end. However, the transfer of smell (Odour components) is still a 
major challenge in making devices “really smart”. This research seeks to lay a framework for the identification of odour component and the 
transfer of odour formulas among smart devices. The research proves that,  with an assumption that if odour formulas can be transferred, 
the corresponding odour can be recreated on destination device using these formulas.  

Index Terms— Smart devices, VOC, Piezoelectric material, E – Nose, Smell, Odour, Gas.   

——————————      —————————— 

1 INTRODUCTION                                                                     
DOUR  comprise of volatile organic compounds usually 
emitted at varying low temperatures. The combination of 
one or more volatilized chemical compound produces 

corresponding odour component. The varying structures 
odour compounds take up make it difficult to be determined 
by a reaction of odour component with a specific chemical. 
Gas Industries have created odour detection channels, de-
signed to detect specific gases. Taking advantage of the known 
reaction specific gases have with each other, the presence of 
such gases is detected when expected reactions occur.   
For example, limewater can be used to detect the presence of 
carbon dioxide, Nitric acid reacts with sodium carbonate to 
form sodium nitrate, carbon dioxide, and water: Na2CO3(aq) 
+ 2HNO3(aq) →2NaNO3(aq) + H2O(l) +CO2(g) [1]. Combina-
tion of different gases produce reactions that are known over 
the years to signal the presence of a particular or group of gas-
es. This process of gas identification is ideal for environments 
needing only the identification of specific gases. There is how-
ever no known formula of gases that can actively react with all 
odour components in the atmosphere.  
No matter how tasking or impossible the identification and 
transfer of odour may seem to researchers, such development 
in technology will go a long way in handling several issues 
ranging from social to security.   

2 RELATED ARTICLES 
 
D The next big step to a new overwhelming technology for 
smart phones are the introduction of sensors. The Electronic 
nose (E-nose) probably may have made a positive step in the 
realization of this mind-blowing technology. The defence Ad-
vanced Research Project Agency (DARPA) conducted a re-
search on the development of a new E- nose system that can 
be embedded in smart devices like mobile phones. This 
framework was built using mass spectrometer with the ability 
to monitor all elements in sample of VOC, and then compare 
against a database with common substances. Although this 
framework is still under design, Honeywell's ACS Labs prin-
cipal research scientist Wei Yang is of the opinion that mass 
spectrometer can be miniaturized to fit in a smartphone [2]. 

However, this framework is yet to be seen implemented on 
smart devices. Although this framework promises detection 
and classification of individual components of gases, ques-
tions arise on the reduction of mass spectrum to fit into mo-
biles.  
 
Ghenadii Korotcenkov in his work “Materials for Piezoelec-
tric-Based Gas Sensors” covered various sizes piezoelectric 
materials can take and still be used for gas sensing [3]. Re-
viewing his work, we discovered that piezoelectric bases sen-
sors can be implemented into the existing E – nose framework 
to create a smaller and more efficient odour testing channel. 

3 BASIC COMPONENTS OF ODOUR 
Unlike colour, which have three fundamental components of 
Red, Green, and Blue (RGB), adjusting the intensity of these 
three monochromatic primary colour, any other colour can be 
produced; [4] odour components however do not have these 
common fundamental compositions. However, odour compo-
nents can be broken down into individual composition ele-
ments if the molecular compound formula is known. This re-
search identifies the elements in the periodic table as the basic 
components making up odour compounds. With appropriate 
mixtures of gaseous elements, odour components can be pro-
duced. 

 

3.1 Volatile Organic Compounds (VOC) 
 There are hundreds of VOCs. These VOCs can have high 

intensity of smell or low intensity depending on their concen-
trations. In humans, hundreds of VOCs exist. The human ol-
factory system detects smell from the body with a sensitivity 
level as low as 1 ppm to sub ppb [5]. It is therefore important 
that the sensitivity of any effective odour detection device 
should go as low as that of the human olfactory. The Human 
Olfactory function with high sensitivity and specificity in de-
tection of odour. Biological noses are able to distinguish indi-
vidual components of VOCs thereby easily creating reference 
to differences in VOCs. This level of sensitivity and specificity 
is required for VOC detection in smart objects. 

O 
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3.2 VOC Identification by chemical characteristics  
Odour molecules are detected based on their reaction with 

target sensing materials. Elements making up VOCs react 
when exposed to certain sensing materials. Properties like 
volume, mass, electric charge generation, molecular weights 
etc. can be used to identify wide range of elements. The corre-
sponding change is then converted to an electronic signal by a 
transducer. Different types of transducers exist for chemical 
sensors. These transducers include electrochemical, heat-
sensitive, optical and mass sensitive. Our framework utilizes a 
combination of different sensory array, based on the operation 
of the E Nose to achieve transfer of VOCs over smart devices. 
Among the different characteristics of elements, we are more 
interested in the molecular weight of compounds. The molecu-
lar weight of compounds remains a unique attribute in identi-
fying compounds. If composite elements in ambient air can be 
identified by molecular weights, their corresponding formula 
can be fetched from a database of known molecular formula 
and weights. 

Of certain, VOCs do not come pure in real life scenarios, the 
complex mixture of VOCs make it difficult to identify individ-
ual weights or masses of composite elements. Using the com-
bined functionality of the E nose with a preprogramed piezoe-
lectric computerized circuit, we hope to retrieve clue to indi-
vidual properties of composite gases in a VOC. 

3.3 Electronic Nose  
Full-length Electronic nose (E-nose) was first developed in the 
1980s; it was designed as a smart instrument for detecting and 
distinguishing complex odour[6]. With the knowledge of the 
human olfactory, the E nose system was built. The typical E-
nose devices includes a sampling system, an array of chemical 
gas sensors, an analogue to digital converter (ADC) and a 
computer microprocessor with sample classification methods 
(Pattern-classification algorithm). 
Fig.1 shows the detection process of electronic nose in refer-
ence to the biological nose [6].  

 
 
 
 
 

 
 
 
 
 
 
 

 

         
Fig.1 Relationship between the E-nose and the 
biological nose 

 
The E nose mimics how the biological nose function. Using 

wide array of sensors, the E nose is able to detect complex 
VOCs. Particular odorants are detected based on the unique 
respond pattern from all sensors. This ability of the E nose 
makes it sensitive to wide range of VOC if programed. With 
its neural network, the E-nose is able to pick out particular 
odour components. Improving the function of the E-nose 
simply entails increasing its knowledge base of known odor-
ants. This is possible through training the E-nose in an ideal 
environment. 

3.4 Quart Crystal Microbalance (QCM) Sensors  
The quartz has the ability to convert pressure into electrical 

pulses. Quartz crystal microbalance is a type of microbalance 
mass sensor. The QCM consists of a transducer, which is mass 
sensitive. Using a bulk acoustic wave sensor, the QCM is able 
to identify gases by mass. Sensors are coated with PVC blend-
ed lipids and molecular imprinted polymers thereby increas-
ing the sensitivity and specificity of the QCM. Widening the 
range of specific Identification of gases (gaseous elements) in 
the QCM will involve training and recording changes ob-
served when specific gas elements are introduced into the 
QCM system in an ideal environment [7 -8]. 

Combining the functionalities of the E nose with the mass 
identification property of the Quartz Crystal Microbalance 
(QCM) sensor using piezoelectric material, we develop a 
framework that will identify individual components of a VOC 
by molecular mass, retrieve chemical formula of Gases and 
transfer chemical formula of identified VOC to another smart 
device for replication. 

4 METHODS 
This research paper expanded on the E-nose using piezoelec-
tric devices to pick up molecular weights of gases. The sensors 
in E nose are designed to react with gases. The piezoelectric 
device pickup these gases as they pass through different sen-
sors, the weights of the gases are then compared with existing 
molecular weights of gases on the periodic table. The weight 
of the gases are also compared with the charges they create, 
mapping the charges and weight with corresponding values of 
known gases in the periodic table, the molecular formulas of 
the unknown gas can be determined. The Fig.2 illustrates the 
corresponding module below. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.2 A flowchart of the process after collecting gas sam-
ples from the E-nose 
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VOCs molecular pressure is retrieved via a thin pipe, the 
piezoelectric pressure sensors picks up the molecular weight 
and charge produced by the gases. The molecular weight and 
the electrical charge created are processed independently and 
compared with existing records of gases. If records match 
known gases in the database, the formulas of the gases are 
retrieved and can be transferred to another device and repro-
duced.  The Fig.3 indicates the flowchart representation of this 
project framework. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.3 Representation of the Project Framework 

 
 
4.1 Experiments 

 
In this research paper, researchers simulated based on two 

different environments as; Ideal environment (Pure VOC 
without impurities) and Real environment (VOC mixed with 
impurities). 

 
a) The Ideal Environment 
In the ideal environment, we ensured an impurity free pro-

cess. We conducted tests introducing concentrated Acetylene 
(C2H2) into the channel. Although detection period was slow, 
the molecular weight of Acetylene was returned with and er-
ror of 0.2 g/mol. We continued with the experiment by intro-
ducing other gases into the channel. The Fig.4 below shows 
the results gotten from other gases. 

 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.5 tests result for gases (Ideal Environment) 
 
b) The Real Environment 
In the real environment, we allowed impurities in the 

channel by introducing dust particles and carbon compounds. 
Introducing Acetylene (C2H2) into the channel produced a 
way different result from that done in the Ideal environment. 
We continued experiment introducing other gases into the 
channel. The Fig.6 below shows the results gotten from other 
gases. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Fig.6 tests result for gases (Real Environment with dust 

particles and carbon compounds as impurities) 
 
 

4.2 Discussion of Experiment Results 
The experiments carried out in different environment with 

same gases as sample produced different results. The results 
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gotten from an ideal environment returned a steady addition 
of 0.2 g/mol on the original molecular weight of gases intro-
duced. The results gotten from the real environment however 
where not consistent. According to our experiment, it is clear 
that this framework cannot work in real environments with 
unknown impurities. However, adjusting the piezoelectric 
processor in the ideal environment solved the problem of the 
0.2g/mol error thereby making it possible for the system to 
fetch corresponding gas formulas. 

4 CONCLUSION 
 It is interesting how smart devices have developed over the 

years, despite tremendous milestones already accomplished 
by smart devices, efforts are still being made to make smart 
devices smarter. Embedding smell detection and transfer on 
smart devices will not only make smart devices more attrac-
tive it will affect largely how we relate emotionally with these 
devices. In the cause of this research, we discovered the com-
plications facing researchers in coming up with a perfectly 
sized odour detection and transfer framework that can be em-
bedded into smart phones. Tentacles have spread into Nano 
sized piezoelectric materials in searching for sensing objects of 
small sizes that can serve as odour testing devices and still 
allow for integration into small devices.  The small size of na-
nomaterials provides the possibility of miniaturization and 
integration of large number of devices [9]. With the use of 
miniaturized piezoelectric materials, large odour detection 
architectures can be incorporated into the design of smart de-
vices.  

Using miniaturized piezoelectric materials to detect odour, 
we discovered odour components are made up of volatile gas-
es, which have unique molecular weights. Each element pos-
sess unique attribute that we can use to detect their presence 
in a mixture. Our channel was developed on the already exist-
ing framework of the e nose. We introduce a computerised 
piezoelectric material that retrieves gas components by analys-
ing their masses and electric charge generated. The mass and 
charge retrieved are then mapped over a database of known 
molecular mass and charge. If a successful mapping is created, 
the molecular formula of the corresponding VOC in the chan-
nel is retrieved. This molecular formula now acts as the basic 
components for the recreation of the VOC (similar to the gen-
eration of thousands of different colours from the basic RGB 
primary colour).      

Our experiments proved that VOC detection and transmis-
sion via molecular formulas is possible for smart devices using 
this model, however we faced some challenges when large 
quantity of impurities where introduced into the channel con-
taining our test VOCs, our framework however, has not in-
cluded a solution for this problem.  
For further studies, we hope to implement in this model a 
mechanism able to filter large impurities from real VOCs 
thereby making our solution more efficient in real life scenari-
os. 

REFERENCES 
[1] Hwdsb.on.ca. Retrieved January 10, 2016, from 

http://hwdsb.on.ca/hillpark/Departments/Science/Watts/SNC1D
/Assigned_Work/Chemistry/Testing_for_Elements_and_Compoun
ds.pdf 

[2] [2] Tang, K. T. (2010). Portable electronic nose system with chemire-
sistor sensors to detect and distinguish chemical warfare agents. J. 
Micro/Nanolith. MEMS MOEMS Journal of Mi-
cro/Nanolithography, MEMS, and MOEMS, 9(3), 031010. 

[3] [3] Handbook of Gas Sensor Materials - Properties, | Ghenadii 
Korotcenkov | Springer.Retrieved January 10, 2016, from 
http://www.springer.com/us/book/9781461471646 

[4] [4] Theilmann, F., & Grusche, S. (2013). An RGB approach to pris-
matic colours. Physics Education Phys. Educ., 48(6), 750-759. 

[5]  [5] Šetkus, A. (2004). Detection of Dynamic Smell Intensity. Electron-
ic Noses & Sensors for the Detection of Explosives, 159-179. 

[6] [6] Ema, K., Yokoyama, M., Nakamoto, T., & Moriizumi, T. (1989). 
Odour-sensing system using a quartz-resonator sensor array and 
neural-network pattern recognition. Sensors and Actuators, 18(3-4), 
291-296. 

[7] [7] Mccallum, J. J. (1989). Piezoelectric devices for mass and chemical 
measurements: An update. A review. The Analyst Analyst, 114(10), 
1173.  

[8] [8] Guilbault, G. G., Jordan, J. M., & Scheide, E. (1988). Analytical 
Uses of Piezoelectric Crystals: A Review. C R C Critical Reviews in 
Analytical Chemistry, 19(1), 1-28.  

[9] [9] Niranjan S. Ramgir, “Electronic Nose Based on Nanomaterials: 
Issues, Challenges, and Prospects,” ISRN Nanomaterials, vol. 2013, 
Article ID 941581, 21 pages, 2013. doi:10.1155/2013/941581. 
———————————————— 
• Joshua Sopuru  is currently pursuing PhD degree program in 
management information systems in Girne American University, 
Cyprus, TR-6502000. E-mail: sopuru.joshua250@gmail.com  
• Arif Sari  is currently working as full time associate professor in 
department of management information systems in Girne American 
University, Cyprus, TR-6502000. E-mail: arifsarii@gmail.com 
 

IJSER

http://www.ijser.org/

	1 Introduction
	2 Related articles
	3 Basıc Components of Odour
	3.1 Volatile Organic Compounds (VOC)
	3.2 VOC Identification by chemical characteristics
	3.3 Electronic Nose

	Fig.1 Relationship between the E-nose and the biological nose
	3.4 Quart Crystal Microbalance (QCM) Sensors

	4 Methods
	4.1 Experiments
	4.2 Discussion of Experiment Results

	4 Conclusion
	References



