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A POTENTIAL DEVELOPMENT OF HAZE DETECTION SYSTEM 
USING AN OPEN-PATH OPTICAL METHOD
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	[bookmark: OLE_LINK319][bookmark: OLE_LINK320]Abstract: This paper describes a potential development of haze measurement system by measuring visibility of a medium instead of measuring concentration of particulate matter in air. This measurement system is using an open path optical method to measure visibility of a few series of known-VLT thin film. VLT or visible light transmission rate plays an important role in order to determine the visibility of a medium and can be an alternative method to determine the haze index. Current instrument to measure haze is very big in size and cost too expensive relatively. Therefore an alternative method using a laser pointer as a light source and a spectrometer as a detector is introduced. The result shows that the measurement system is capable to measure a few series of known-VLT thin film within the visible light region (535-540 nm). It shows that this measurement system is capable to measure the visibility of haze and the response time is less than 1 s is reported.
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Introduction 
Haze occurs when dust or smoke particles accumulate in open air. When these smoke and other pollutants are not dispersed by wind or other weather condition, they concentrate and form a usually low-hanging shroud that weakens visibility. The haze may become a health threat especially to human respiratory system. In Malaysia, haze is caused by open burning either by local or from neighbour country. Lingering smoke from forest fires on the Indonesian island of Sumatra are identified as the primary cause (BBC News, 2015). Farmers regularly burn scrub and forest to clear land during the dry season for agricultural purposes and these activities worsen the air quality.

In order to measure air quality, Singapore and Indonesia use the Pollutants Standards Index (PSI), while Malaysia uses the similar Air Pollutants Index (API). On both indices, a reading that is above 100 is classified as unhealthy and anything above 300 is hazardous. (BBC News, 2015). However there is a slight difference on the way of the indices are calculated and the values range from country to country. According to Malaysian Department of Environment (DOE) official website, the Malaysian API system closely follows the Pollutant Standard Index (PSI) developed by the United States Environmental Protection Agency (US-EPA). API for a given time period is determined by measuring the concentration of all five air pollutants which are SO2, NOx, CO, PM10, and O3. The maximum of all five pollutants is selected as the API and the specific responsible air pollutants for the API value has to be reported to indicate the relevant health effect category (DOE, 2015). Normally PM10 is selected as this is the main contributor to the haze in Malaysia due to flying ash of the open burning. Concentration of PM10 is normally determined using an instrument called high volume sampler (Li et al, 2008: Dotse et al, 2016: Show & Chang, 2013). However this instrument is too big and cost too expensive relatively. It is also time consuming to have the reading of PM10 concentration because it uses filter weighing method. Therefore, a new method by measuring air visibility is going to be introduced as an alternative method for measuring haze index.  Visibility is a measure of the distance at which an object or light can be clearly detected (Xie et al, 1999). Visibility information is essential in dust and air quality monitoring which often require frequent and accurate real-time observations (O’Loingsigh et al, 2010).
The measurement of visibility can be identified by referring to the amount of visible light transmission (VLT). As the percentage of VLT increase, light intensity will also increase. Thus, the visibility will also increase. VLT simply refers to the measurable amount of solar visible light (daylight) that travels through a certain medium. A medium with a high VLT allows most of the daylight to pass through while a lower VLT restricts the majority of light from entering a medium. 

In this paper, a new optical method by using a laser pointer as a light source to develop the VLT measurement system as a new potential method to measure haze is reported. This new technique is believed to cater the problem mentioned above as the experimental set-up is small in size and low cost relatively. It is also believed that using an optical method can yield a fast result of haze measurement and real time monitoring can be implemented.

Theory

The measurement of visibility can be identified by referring to the amount of visible light transmission (VLT). As the percentage of VLT increase, light intensity will also increase. Thus, the visibility will also increase. VLT simply refers to the measurable amount of solar visible light (daylight) that travels through a certain medium. A medium with a high VLT allows most of the daylight to pass through while a lower VLT restricts the majority of light from entering a medium. 

In this paper, a new optical method by using a laser pointer as a light source to develop the VLT measurement system as a new potential method to measure haze is reported. This new technique is believed to cater the problem mentioned above as the experimental set-up is small in size and low cost relatively. It is also believed that using an optical method can yield a fast result of haze measurement and real time monitoring can be implemented.               
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Using this equation, the absorption of light that passed through the air can be determined if the incident and the transmitted intensity are known.
 
Experimental setup 

The experimental setup is shown in Figure 3. It is called an open path system and has been reported in many papers (Mohamad et al, 2014: Manap et al, 2009: Xia et al, 2008). Since the experiment is conducted in a laboratory, there are a few limitations which need to be considered.
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Figure 3: Experimental setup

The path length between light source and detector which is limited relative to on site measurement is restricted to 100 cm. The changes of room light intensity during the experiment is carried out is also ignored. The laser pointer also produce a beam which has unstable intensity. Therefore, changes in light intensity of the laser pointer is also ignored.
In this experiment, a battery operated laser pointer is used as a light source. It can emit laser emission and has the highest peak at 532 nm and can transmit up to 8 km. The light detector that is used in this experiment is an Ocean Optics HR2000 spectrometer. The spectrometer has a range from 200 to 650 nm and it provides resolution down to 0.65 nm (FWHM). A software called SpectraSuite is installed in a laptop and used together with this spectrometer. This software is used to display the reading intensity of the measured subject.
In the initial stage of visibility measurement, the VLT of the thin films were measured by using a commercial transmission meter as shown in Figure 4. It is called 3M Solar Film Transmission Meter (TM-3M) and normally used for tint film visible light transmission measurement for car window tinting industries.  
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Figure 4: Commercial TM-3M Transmission Meter.

It is able to simultaneously measure and display IR rejection value and visible light transmission value. This meter is self-contained light sources and self-calibration. No manual adjustment is needed. The users only need plug the power supply, turn on the switch and put the solar film in the opening. The resulting performance data reported by manufacturer shows that it can be used in the region between 380 nm and 780 nm with ±2% accuracy (colourless and transparent material). This step is to validate the reading of VLT of each thin film. Then, the known-VLT thin films were measured by using an optical method. Spectrometer will detect the intensity of the light that passed through the thin film and results will be displayed by using SpectraSuite software.

Thin films are laminated on a clear glass plate as shown in Figure 5 so that it can easily stand vertically. This is to ensure that the beam that pass through is perpendicular to the surface of the thin film to reduce any light scattering.
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Figure 5: Thin films on glass plate holder.

Results and Analysis
In initial experiment, the VLT-of known thin films were measured using a commercial device TM-3M Transmission meter. The percentage of VLT-thin films that had been recorded by commercial transmission meter was 10%, 35%, 48% and 69% as shown in Table 1. The measured value of 10% and 35% VLT thin film show a perfect reading. However the value of 50% and 70% are slightly lower than the VLT percentage labelled by the manufacturer. This is due to the thin films are laminated on the glass plate that can absorb some of the light transmission.

Table 1: Measured VLT of a few series of thin films.

	Labelled VLT (%) by manufacturer
	Measured VLT (%) 
by TM-3M meter

	10
	10

	35
	35

	50
	48

	70
	69



This value is also aligned with the TM-3M meter specification whereby it has ±2% accuracy. Therefore these measured values are acceptable. Then the experiment was followed by a measurement using an optical method. In this measurement, SpectraSuite software is used to record the intensity and the integration time of the measurement is set to 0.1 s.  Based on the spectrum displayed on SpectraSuite, the best peak that light transmits is in between 536-539 nm. Thin film with high percentage of VLT will allowed more light to pass through it. The intensity counts recorded is higher and the result is shown in Table 2 below.

Table 2: Transmitted intensity of a few series of thin films.

	VLT of thin film (%)
	Intensity (Counts)

	10
	11154

	35
	15767

	48
	29918

	69
	35575



In order to view the difference VLT percentage have difference counts clearly, a graph of intensity versus wavelength is plotted as shown in Figure 6. 
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Figure 6: Intensity of light vs. wavelength of VLT thin film

As can be seen, the percentage of VLT-thin film increase, the light intensity is also increase at the wavelength between 536-539 nm. These measured values can be used as a reference for future development of an optical sensor system to measure VLT. However some improvement need to be carried out since the increment of the intensity counts in not align with increment of VLT percentage.

Conclusion and Future Works

Based on the result, the developed measurement system is capable to measure intensity of different set of thin film visibilities at the region in between 536-539 nm. The measurement system also shows fast response time which is 0.1 s. The purpose of this experiment is to develop a VLT measurement system in the future by using an optical method is achieved. It has a potential to be used to measure the haze index as an alternative method.  For future works, this setup will be used to measure the real smoke in a chamber. This is to verify that the measurement system is capable of measuring haze in the future. This system is expected to be an alternative method to measure haze with a fast response time. It is also expected that the real time monitoring can be carried out using a LabVIEW programming.
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