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ABSTRACT 
 

This paper presents the design and development of a fluorometry sensor network with LED 
excitation. The design of the electronics in junction with the capability of LED excitation will 
significantly reduce the size and costs of the flrorometer units. The coverage and effectiveness of the 
sensing and monitoring capability will also be greatly enhanced by the addition of the wireless 
networks. 
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INTRODUCTION 
 

The use of fluorometry for the detection of aromatic compounds has been an effective analytical 
technique for many years.  In particular, excitation in the 300nm to 400 nm spectrum causes 
aromatic compounds to fluoresce within the active range of uncooled silicon photo detectors. 
However, applications of this approach have been often limited due to the requirement of an arc (e.g. 
mercury) lamp to provide the excitation.  Recent advancements in wide band gap semiconductors 
have enabled the commercial production of light emitting diodes (LEDs) with emission peaks below 
400 nm. As a result, it now becomes feasible to significantly reduce the size, weight, and power 
required for the fluorometers, with the additional benefits of reduced unit cost and increased lamp 
life. And with wireless communication networks, this low-cost, low-power, light-weight device can 
greatly improve the effectiveness and efficiency, in time and space, of the sensing and monitoring 
modality. 
 
Particularly, to facilitate the applications, we have developed a simple and effective fluorometer 
using LED excitation and Si-photodiode detection.  This device was intended primarily to be a 
qualitative detector.  Nonetheless, since the primary source of uncorrected error is the lifetime decay 
of LED efficiency, it can be utilized for quantitative measurements for an extensive observation 



 

period between calibrations.  Potential applications include fuel leak detection, fluorescent taggant 
detection, aromatic solvent detection, and the detection of non-aromatic solvent plumes in soil.  In 
both monitoring and remediation activities, the availability of rapid and cost-effective detection can 
have profound impacts on program efficiency. 
 
 

FLUOROMETRY UNIT 
 
 

Aromatic compounds such as those found in gasoline fluoresce in the presence of an ultraviolet 
(UV) light source. This allows for a reliable detection method in which questionable environments 
or samples which are exposed to UV light and monitored for fluorescence. The detection of 
fluorescing materials in this manner has proven to be especially useful in leakage diagnostics, 
particularly the detection of low levels of petroleum products in cooling water. 
 
The current implementations of this technique require relatively expensive equipment, which pose 
limitations on its availability and potential applications. However, because of recent advancements 
in light-emitting diode (LED) technology, UV LEDs have simultaneously become more capable and 
less expensive. This introduces a highly cost-effective method of generating the UV light necessary 
for the sensor. By replacing conventional UV lighting previously produced by mercury lamps, UV 
LEDs offer an economical alternative with minimal drawbacks. The cost of an entire electronic 
system featuring UV LEDs may be less than that of the replacement bulbs required over the life of 
an arc-lamp-based system. 

 
As shown in Figure (1), the fluorometer consists of four primary modules of UV source, optical 
filters, photodiode, and the control and signal-processing electronics. In this section, the functions of 
these key components will be discussed. 
 
 

 
 

Figure (1): Block diagram of the fluorometer unit 
 



 

1. Ultraviolet Source (LED) 
 
The most noteworthy feature of the system is the use of ultraviolet LEDs as the excitation source. 
Although they cannot fully match the arc-lamp sources in wavelengths produced, modern LEDs 
have great advantages in cost, durability, compactness, and power efficiency. 
 
While much work with fluorescence detectors takes advantage of increased optical efficiency using 
shorter wavelengths than are presently available from LED sources, some applications (such as tank-
leakage detection) will present a “yes/no” scenario in which concentrations are categorized as either 
negligible or substantial. This also reduces the necessity for a robust calibration, since the data is 
mainly qualitative. Furthermore, the substantial improvements over previous devices in cost and 
lifetime motivate a search for marginal applications where fluorescence sensing was previously 
uneconomical and even a qualitative device is a boon. 
 
 
2. Optical (UV and VIS) Filters 
 
The detector used has reasonable quantum efficiency (QE) down to 300 nm, so it was necessary to 
filter out excitation leakage. The prototype was assembled with a longpass filter with 50% 
transmittance at 570 nm (Schott OG 570). It will be replaced in the future by a GG 475 filter to 
improve sensitivity in the yellow-green at only a small cost in increased interference. In addition, 
when searching for a specific flurophor, it may be possible to obtain a dichroic bandpass filter 
matched to its peak emission. Since dichroic filters have considerably sharper edges than traditional 
filters do, it would be feasible to detect emissions much closer to the excitation band. 
 
The use of a bandpass filter to limit spurious visible radiation from the LEDs was also investigated.  
This filter has a bandpass characteristic with half adsorption points at 345 and 385 nm (Hoya U-
360).  Some improvement in signal-to-interference ratio was noted. But is was not significant 
enough to justify the use of the filter. 
 
 
3. Photodiode 
 
The detector consists of a small array of uncooled silicon PIN photodiodes. Four are used, with a 
total active area of 8.40 mm2. (They were sourced from Photonic Detectors, part number PDB-
C154SM.) These were chosen for their easy availability, low cost, and small form factor. In 
retrospect, a single larger photodiode would have been more convenient to handle and would have 
provided a larger active area for roughly the same overall size. 
 
The detector is operated in photoconductive mode with a bias of 2.5 volts. The overall response is 11 
µA per (W/m2) at 500 nm (≈ 75% QE). The preamplifier used is a transimpedance amplifier with 
automatic DC null, allowing substantial tolerance of steady ambient light. Following the 
preamplifier are a variable gain stage and an analog-to-digital converter; remaining signal processing 
is performed by software. 
 



 

Performance of the detector did not achieve the level of expectations, due to higher than expected 
levels of noise, as well as self-interference generated by the excitation driver. The former is far less 
critical, since random noise may be averaged out. Despite the interference problem, readings with 
target present or absent differed by several times the noise variance, meaning that reliable detection 
would be expected despite anticipated reductions in system sensitivity due to LED aging. Work on 
an improved revision of the detector is continuing. 
 
 
 

 
 
 

Figure 2: Sensor head with all signal processing electronic components. 
 
 
 
4. Control and Signal Processing Electronics 
 
Most of the system’s functions rely heavily on an internal microcontroller.  Excitation level and 
detector gain are both under software control. The excitation drive is modulated on and off at a rate 
of 1 kHz, allowing the rejection of low-frequency noise and disturbances. Power-line frequencies 
and their second harmonics (emitted by most types of lamps) are removed through digital filtering. 
 
Sensor output is via either of two mechanisms. A digital-to-analog converter provides an analog 
voltage output, with zero- and full-scale configurable between 0 and 4 V. This is intended to allow 
local display on an analog meter, and potentially to ease interface with existing data-acquisition 



 

systems. In addition, a serial port (currently RS232) is the primary interface used in the laboratory, 
and could easily be reconfigured for field use and/or converted to RS485 through a simple change of 
interface ICs. The serial port is also used for software updates. 
 
 
 

 
 
 
 

Figure 3: Sensor head and interface board with the radiotelemetry transmitter. 
 
 
 
 

EXPERIMENTS 
 

To evaluate the performance of this research prototype, a complete sequence of critical tests has 
been conducted in order to fully document the deficiencies for immediate corrections or future 
improvements. The sensor was initially tested for differential reading between a water reference and 
an aqueous quinine solution of 80 parts per million (ppm) concentration.  The difference was several 
times the resolution limit imposed by noise and drift, indicating the feasibility of qualitative testing.  
Samples of gasoline on water were then used.  The reading was lower than in the quinine case. 
Therefore, continuing work on the improvement of signal-to-noise ratio is necessary for the 
enhancement of the long-term stability for reliable detection. 
 
 



 

 
 

CONCLUSION 
 

The use of fluorometry in sensor applications is usually reliable but costly. In addition, the arc lamps 
traditionally used to generate UV radiation occupy considerable space and give off large amounts of 
heat, considerable inconveniences in monitoring and surveillance applications. The replacement of 
arc lamps with UV LEDs reduces the cost and the size of the sensor. This allows the possibility of 
attaching compact sensors at sites to be monitored and suggests promising utility in other 
applications. With the addition of wireless network capability, the fluorometry sensing can be 
expanded into distributed format for greater coverage and effectiveness. 
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