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Abstract: We present an architecture of controlling a 
proposed spectrometer system for detecting pollution 
in water and gas. The system is based on LED sensors 
using a Michelson interferometer and stepper –motor 
for moving split mirrors. The system is designed so 
that changes in LED light intensity could allow to 
detect a wide spectrum of polluted substances. The 
architecture uses a special duty-cycle to reduce the 
uncertainty of pollution detection. The electronic board 
of the system has been constructed and tested with 
encouraging results thanks to the use of a PMT 
(photomultiplier tube). 
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1. INTRODUCTION 

Urban air pollution is therefore one of the 
most important environmental issues that may be 
considered due to its direct effect on human health. It 
mainly results from anthropogenic (human) activities 
and has diverse causes and sources. “Stationary 
sources,” such as factories, power plants, and smelters; 
“area sources,” which are smaller sources such as dry 
cleaners and degreasing operations; “mobile sources,” 
such as cars, buses, planes, trucks, and trains; and 
“natural sources,” such as windblown [3] dust and 
wildfires, all contribute to air pollution. Due to the 
trans-boundary nature of airborne pollutants, it is 
difficult for any single organization to take 
responsibility for overall emission levels [1]. Thus, the 

control of air pollution is entirely legislation driven [4]. 
As such the passing of new legislation may only be 
effective if the specified compounds can be monitored 
accurately [5]. The primary airborne pollutants covered 
by European legislation are: SO2, NOx (NO/NO2), 
benzene, Ozone, CO/CO2, and particulate matter 
(PM10/PM2.5) [6]. Concerns with emissions of 
volatile organic compounds (VOC) from waste 
industrial facilities are increasing, but monitoring waste 
facilities is complex for both economical, 
computational and practical reasons [7]. Data from 
industrial processes are sparse, it is frequently 
necessary, therefore, to make estimates of emission 
factors on the basis of material balances, yields, or 
process similarities. Conventional emission estimations 
focus on statistical treatment and standardization of 
emission sources with consequent collection data 
strategies on measuring concentrations.
Beyong direct measurements, prediction of validation 
of pollution is a specific area of air monitoing where 
different algorithms have been developing to assure a 
complete mechanism of knowledge. Gaussian, 
lagrangian, Poissonian, etc are types of prediction 
modeling used in diverse field among which we find 
geostatistic ones [8]-[11]. 
 

2.  LED SOURCES AND SENSORS 

Bring system or separate ecological collection  is a 
method (and a location) where people and users bring 
segregated materials to be put in separate containers or  
A brief and salient literature on specific LED-based 
applications is described in the present paragraph. By 
far, the majority of LED applications encompass 
absorbance measurements in flow-through cells. 
Hauser and Chiang are among the most active in the 
use of LEDs as spectroscopic sources and were the first 
to report the use of a blue LED as a spectroscopic 
source as these devices first became available [12]. 
Early blue LEDs were not particularly bright and 
efforts were especially made to adapt or even develop 
chemistry such that yellow to red LEDs, traditionally, 
the brighter emitters, could be used [13]. Benson and 
Worsfold leads another group active in the use of LEDs 
and has described high reliability flow-based 
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measurement systems for dissolved Fe and monomeric 
Al [14]. LED-based detectors are smaller, less 
expensive, and provide performance as good as any 
commercial alternative.  Fig.1 illustrates an example of 
LED device and typical heterojunction of carriers 
transportation os depicted in fig.2. 

 

 
Figure 1. LED device. 

 
The stability and reliability of LEDs have led to field 
and process analytical chemistry applications. 
Worsfold and co-workers have used the above 
ammonia measurement strategy for process monitoring 
as well [15] and Hauser et al. have reported on a 
process monitor for nickel in ammoniacal media that 
uses a near infrared (NIR) LED as a source. Tan et al. 
[16] were among the first to describe a multi-
wavelength spectrometer containing multiple LEDs 
and phototransistors controlled by an 8031 
microprocessor.  
 

 
 

Figure 2. Heterojunction structure 
 
Like all electronic devices LED also displays a 
frequency response described in Eq.(1) and depicted in 
fig. 3. 
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Figure 3. Frequency response 

 

3. PROPOSED ARCHIECTURE AND CASE 

The proposed architecture is based on the scheme of 
fig.4 where the following units are illustrated: radiation 
source based on LED device, a specimen block, a 
selector of wavelength for changing frequency 
according to the sample under test, a photoelectric 
detector  and a unit of displaying based on labview 
interface. 
 

 
 

Figure 4. Eterojunction structure 
 
The preliminary overall view of the instrumentation 
under construction is illustrated in fig. 5. That is the 
final version of the instrumentation dedicated for 
spectroscopic measurements. The presented 
architecture is a part of this instrumentation. 
 
 

 
Figure 5. 3D representation of proposed 
instrumentation 
 

 
 

Figure 6. Control unit based on PWM . 
 
The control of the architecture of  figure 4 is based on 
PWM (Pulse Wave Modulation) technique as shown in 
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the designed (fig.6) and constructed board (fig.7). 
However the detector used (fig. 8) in order to reveal the 
LED radiation captured by the system a RGB of  
S7505-01 that produces noise that has been removed 
thanks to a dedicated conditioning circuit as included 
in fig. 8. 
  

 
Figure 7. PWM board 

 
 

 
 

Figure 8. RGB sensor 
 

 

 
 

Figure 9. Construction and testing session 
 
 

4. RESULTS AND FINAL COMMENTS 

The main outcomes of the architecture testing is the 
output voltage at PIC microcontroller used for the 
architecture by varying the duty-cycle (fig. 10). We 
have two examples of this behaviour in fig. 11 and in 
fig.12. LEDs are increasingly assuming a significant 
role in chemical and physical analysis [17], in 
particular, in gas sensing systems. For the time being, 
the foreseeable impact of LED-based devices for 

dedicated research instrumentation [18] [19] is very 
significant. LEDs provide an advantage that no 
continuum source, choppers or combination thereof can 
match. Indeed, amplitude stability of pulsed LEDs 
tends to be better than that of corresponding laser 
diodes. Concerning the implemented chamber, the 
choice fell on a single step-based resonant cell, even if, 
in some features, this kind of cell has the advantage of 
having a volume greater than of a non-resonant one, 
and this limits its use for small and compact systems 
for on-site monitoring of gaseous species.   
 

 
Figure 10. PIC output signal indications 

 
 

 
Figure 11. PIC output with 50% of duty-cyle 

 

 
 

Figure 12. PIC output with 70% of duty-cyle 
 
But prediction  as recalled above is a very important  
issue for air monitoring [20]. Automatic weighting of 

164ISBN:9788896515204 4th IMEKO TC19 SYMPOSIUM



pollutant sample by means of nanomaterials could be a 
further improvement [21]. 
 
 

5.  REFERENCES 

 [1] L. Piper, A. Lay-Ekuakille, A. Vergallo, V. Pelillo,  “A 
Novel Pseudo-Stationary Modeling of Pollutant 
Measurement Prediction from Industrial Emissions”, 
XX IMEKO World Congress Metrology for Green 
Growth September 9--14, 2012, Busan, Republic of 
Korea 

[2] G. Andria, A. Lay-Ekuakille, M. Notarnicola, 
“Mathematical Models for Atmospheric and Industrial 
Pollutant Prediction”, XVI IMEKO  World Congress , 
Vienna, Austria, September 25-28, 2000  

[3] P. Vergallo, A. Lay-Ekuakille, Spectral Analysis of  Wind 
Profiler Signal for Environment Monitoring , IEEE  
I2MTC , May 13-16, 2012, Graz, Austria. 

[4] A. Lay-Ekuakille,  V. Pelillo, C. Dellisanti, F. Tralli, “ 
Sar Aided Method for Rural Soil Evaluation”,  SPIE2002 
Remote Sensing, 22-27 september in Crete (Greece) 

[5] M Ghanem, Y Guo, J Hassard, M Osmond, M Richards 
(2004), "Sensor grids for air pollution monitoring", In 
Proc. 3rd UK e-Science All Hands Meeting, Nottingham, 
UK, 2004. 

[6] A. Lay-Ekuakille, A. Trotta, Aerosol Extinction 
Uncertainty Determination for a Laser-Based Detecting 
System. TRANSACTIONS ON SYSTEMS, SIGNALS 
AND DEVICES. vol. 1, pp. 321-338, 2006 

[7] A. Lay-Ekuakille, A. Trotta, “Predicting VOC 
Concentration Measurements: Cognitive Approach for 
Sensor Networks”, IEEE Sensors Journal, vol.11, issue 
11, pp.3923-3030, 2011   

[8] A. Lay-Ekuakille, A. D’orazio, M., De Sario,  V. 
Petruzzelli,   “Analysis of Spatial Data in Inversion 
Techniques for Microwave Remote Sensing: Use of 
Intrinsic Random Function of Order k”, XXVIth General 
Assembly of International Union of Radio Science, 
University of Toronto – Toronto, Ontario, Canada, 
August 13 – 21,1999 

[9] A. Lay-Ekuakille, G. Vendramin, A. Fedele L. Vasanelli, 
D. Laforgia, A. Trotta, “Kriging Code for the Treatment 
of Environmental and Electrical Parameters for 
Photovoltaic Panels”, 6th IEEE - International Multi-
Conference on SSD (SSD'09). Djerba, Tunsia. 23-26 
march 2009.   

[10] A. D'orazio, A. Lay-Ekuakille, F. Prudenzano,  
“Mapping of Remote Sensing Measurements with 
Intrinsic Random Function Order K”, XVI IMEKO  
World Congress, Vienna, Austria, September 25-28, 
2000 

 [11] A. Lay-Ekuakille, A. Cataldo, A. Trotta, “ATOVS 
Temperature Measurement Retrieval Using Kriging 
Technique”, Proc. SPIE Remote Sensing, Crete, 
Greece, September 2002. 

[12] P.C. Hauser, D.W.L. Chiang, A photometric detector 
based on a blue light-emitting diode, Talanta 40 (1993) 
1193-1200. 

[13] H.-K. Chung, P.K. Dasgupta, J.N. Marx, 
Spectrophotometric determination of H[2]O[2] with 1-
anilinonaphthalene-8-sulfonic acid and 4-
aminoantipyrine with hematin as catalyst,  Talanta 40 
(1993) 1193-1200. 

[14] R.L. Benson, P.J. Worsfold, A flow-injection approach 
to the continuous monitoring of residual coagulants 

(aluminium and iron) in potable and treated waters, 
Sci. Total Environ. 135 (1993) 17-25. 

[15] S. Galanis, P.K. Dasgupta, Measurement of parts per 
million levels of potassium hydroxide in polyether 
polyol streams, Anal. Chim. Acta 429 (2001) 101-110. 

[16] K. Higuchi, A. Inoue, H. Tamanouchi, T. Hattori, S. 
Motomizu, Bunseki Kagaku, On-site analysis for 
nitrogen oxides using a newly dveloped portable flow 
injection analyzer the Japan Society for Analytical 
Chemistry, (1999). 

[17] A. Lay-Ekuakille, G. Vendramin, A. Trotta, LED-Based 
Sensing system for Biomedical Gas Monitoring: Design 
and Experimentation of a Photoacoustic Chamber. 
SENSORS AND ACTUATORS. B, CHEMICAL. vol. 
135, pp. 411-419, 2008  

[18] A. Lay-Ekuakille, P. Vergallo, N.I. Giannoccaro, A. 
Massaro,  D. Caratelli, “Prediction and Validation of 
Outcomes from Air Monitoring Sensors and Networks of 
Sensors”, V International Conference on Sensing 
Technology ,  ICST2011, Nov 28th – Dec  1st 2011, 
Palmerston North, New Zealand 

[19] A. Lay-Ekuakille, I. Palamara, D. Caratelli, F.C. 
Morabito, “Experimental IR Measurements for 
Hydrocarbon Pollutant Determination in Subterranean 
Waters”, Review of Scientific Instruments, Vol. 84, pp. 
015103-1 (8 pages) 2013, 

 [20] A. Lay-Ekuakille, P. Vergallo, F. Serrano, R. 
Velasquez, A. Trotta,”Predicting PV Module 
Characteristics with Outdoor Measurements: Modeling 
Improvements”, IEEE I2MTC 2011, May 10-12, 
Hangzhou, China  

[21]A. Massaro, F. Spano, A. Lay-Ekuakille, P. Cazzato, R. 
Cingolani, A. Athanassiou, “Design and Characterization 
of Nanocomposite Pressure Sensor Implemented in 
Tactile Robotic System”, IEEE   Transactions on 
Instrumentation & Measurement, Issue 8, vol. 60, pp 
2967 – 2975, 2010. 

 

165ISBN:9788896515204 4th IMEKO TC19 SYMPOSIUM


