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ABSTRACT 

 
The continuous advancements in the field of distributed 

wind energy generation enables it as a viable renewable 
energy source for both commercial and residential 
consumers. This results in a need for low-cost three-
dimensional anemometers to understand windflow around 
architectural installations.  Infrared (IR) technology is the 
core sensing element behind the development of our low-
cost anemometer. The challenge with using IR outdoors is 
the interference caused by external sources such as the sun. 
The test examined the output of the IR phototransistor in 
relation to its displacement from the IR emitter, under 
several conditions. The results show that there is a direct 
correlation between the output of the IR emitter and the 
contribution of the IR interference on the output of the 
phototransistor. This correlation leads to methods for the 
mitigation of the interference and validates the use of IR 
technology for the development of low-cost anemometers. 
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1 INTRODUCTION 
 
There has been a continuous growth in the area of 

distributed energy.  One of the means of energy production 
is a small-scale wind turbine.  Turbines such as parapet 
turbines are now able to take advantage of architectural 
wind, not solely wind that travels along the horizontal plane 
of the earth.  Architectural wind is the channeling of wind 
due to the topology of buildings.  The topology over the 
landscape of a city can magnify the velocity of the wind 
particularly in the vertical axis.  This requires sensors to not 
only operate along the planar axis but also to take into 
account vertical airflow.  

Monitoring architectural wind availability requires the 
use of a three-dimensional anemometer for extrapolating 
the magnitude of the wind along each axis.  The cost for 
these sensors drove us to the development of our own low-
cost three-dimensional anemometer [1].   

The design of our three-dimensional anemometer, see 
Figure 1, is based on the integration of both beam theory 
and infrared (IR) technology.  The focus of the research 
was the viability of using IR technology as the sensing 
element in our anemometer.  Figure 1 has two parts to the 
image, the first being the foreground drawing which shows 

a representation of the internal beam structure.  The large 
red arrow shows the shelf for the placement of the IR 
sensors and the black arrow represents the motion of the 
parallel beam structure.    The second aspect of the image is 
the outer shell that translates the wind force onto the beam 
structure and help with protecting against some of the IR 
interference.   

 

 
Figure 1. A picture of the low-cost three-dimensional 

anemometer with an overlay of the internal beam structure. 

 
The foreseen challenge with using IR technology in an 

outdoor environment is the effects of environmental 
interference, such as the sun.  In this paper, we examine the 
performance of the IR technology as it performs in ideal lab 
conditions and then introduce simulated interference.  From 
these results, we draw conclusions on the viability of IR-
based position sensing for robust outdoor operation. 

 
2 TESTING SETUP 

 
The testing system consists of three sections (Figure 2), 

each addresses specific requirements of the test. The first 
section is the positioning platform, used to control the 
placement of the IR sensors.  The next is the external IR 
interference LED array, used to simulate a small amount of 
interference such as solar interference in the IR spectrum.  
The third section is the control and data acquisition. 

The primary section of the testing system is the 
positioning platform.  Its purpose is to have a repeatable 
process to aligning the position of the IR pair.  The bases of 
the positioning system are two Melles Griot precision 

IR
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single-axis stages.  They are both fixed to a one-inch 
wooden board; this allows for a portable setup, as future 
tests require the system to be taken out into the field.  The 
stages are controlled using compact micrometer drive 
micrometer. 
 

 
Figure 2. The overview of the testing system 

 
Attached to the precision platforms are the IR mounts.  

These mounts are produced using a 3D printer, the 
Makerbot Thing-O-Matic with the StepStruder MK7.  They 
are constructed using ABS plastic through a fused 
deposition modeling (FDM) process.  The IR mount is built 
in three parts. The first part is the precision staging mount.  
This mount is designed to take advantage of the attachment 
screws holes located on the top of the stages.  To 
accommodate the second part, the vertical arm, the stage 
mount are designed with a port and an under mount fitted 
groove.  The vertical arm raises the IR sensors above the 
precision stages and closer together.  This allows for the IR 
sensors to touch face-to-face, setting a zero differential 
state, without the precision stages touching each other.  The 
final part of the IR mounts are the IR holders.  The holders 
are designed to slide on top of the vertical arm and receive 
the IR sensors through the open slot fitted for the printed 
circuit boards.   

The IR sensors are individually attached to their own 
PCB.  The IR sensors that are being tested are the 
VEMT3700 and VSMG2700; they are both manufactured 
using PLCC-2 packaging which are surface mounts. The 
PLCC-2 packaging is not conducive to direct soldering of 

leads so a PCB was designed to accommodate the 
packaging.   

The second section of the testing system is the 
controlled simulated-interference IR emitter array.  The IR 
emitter array consisted of four 5mm high-intensity IR LEDs 
set on a circular mount.  Each of the IR LEDs are designed 
to have a peak output at the 850 µm wavelength at the peak 
sensitivity of the IR phototransistor.  The circular mount is 
produced using the same 3D printing process.  A cardboard 
channel was constructed to direct the IR light from the IR 
emitters and to mount the circular mount.  

The final section is the electronic controller and data 
acquisition.  At the core of the controller and data 
acquisition is the National Instrument USB-6211.  The 
USB-6211 is used to provide the controls for the IR circuit 
and interference, as well as read the data from the 
accompanying circuitry. In Figure 3, it shows the basic 
schematic of the control circuit.  The system used an 
external power source with a +5V voltage regulator; this is 
due to the low current output of the USB-6211 and the 
100mA draw for the IR emitter.  The next part of the 
electronics is the IR emitter-detector circuit.  In Figure 2, 
the IR emitter LED is attached to a power transistor at its 
emitter.  This BJT is driven by a digital output of the USB-
6211 at the base to turn the IR emitter on and off.  A 
resistor biases the IR transistor and the USB-6211 reads the 
voltage across it.  The IR emitter array is controlled by the 
same means as the IR emitter LED. 
 

 
Figure 3. Schematic of control circuit 

 
3 TESTING PROCEDURE 

 
3.1 Calibration 

Calibration of the test system consists of three parts. 
The first part is examining the zero state of the IR sensor 
position.  To begin this process, the micrometer control on 
the IR emitter stage is set to zero.  Under the view of a 
microscope, the IR transistor stage was moved closer to the 
IR emitter stage until the two IR pairs make first contact.  
At this point, the transistor stage is moved back very 
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slightly to make sure that there is no stress being applied to 
the vertical arm.  Then, the position of the IR transistor 
stage is locked down. 

The second calibration is setting the noise floor of the 
electronics.  To set a noise floor, a zero input condition 
needed to be applied to the test system.  Due to the optical 
nature of the test, a zero input condition required the 
disabling of the IR emitter as well as having to be tested in 
a dark room to avoid inference by the testing environment.  
The test was preformed at 500-micrometer steps from zero 
to ten millimeters.   

The final part is measuring the intensity of the IR 
interference LED array.  This was done using an Apogee 
SP-110 pyronometer attached to the USB-6211.  With the 
array attached to its channeling mount, located over the 
pyranometer, a five second recording at 1000 scans/second 
shows an output of 2.4 mV from the pyranometer which 
translates to roughly 12 W/m2 of solar-irraditation 
interference.  

 
3.2 Testing Procedures 

The testing system is designed to examine the effects of 
external IR interference on the IR position sensor used in 
the low-cost three-dimensional anemometer.  The USB-
6211 interface was controlled using the MATLAB Data 
Acquisition Toolbox.  The tests were conducted under three 
different conditions.  The first condition required the IR 
emitter to be turned on while the IR interference was 
disabled.  This provided a baseline for the performance of 
the IR pair.  The second condition required the IR emitter 
turned off while the IR interference was enabled.  This 
shows the effects of the external interference on the IR 
phototransistor.  The final condition required both, the IR 
emitter and the IR interference, turned on and enabled.  
This condition shows how the IR emitter and IR 
interference interact with each other.   

The testing procedure under each condition is the same.  
The IR emitter stage is first set to the zero position.  The 
MATLAB program recorded at a rate of 1000 scans/second 
for 5 seconds, then pause until the IR emitter stage is 
incremented by 0.5 millimeters. This process is repeated at 
0.5-millimeter increments to 10 millimeters.   
 

4 RESULTS 
 

The data collected from tests are analyzed by first 
taking the mean of the data collected at each position for 
the given condition.  The mean values were then used to 
create a Vout vs Displacement curve.  These curves are 
overlayed with each other in Figure 4.  The curve D1 is our 
zero input condition performed during the calibration and 
sets the noise floor.  The curves labeled D2 to D4 represent 
conditions 1 through 3 of the test.  The final curve, D5, on 
the graph is the difference between mean data at each 
position from conditions 2 and 3.  This curve closely 
follows the results of condition 1. 

 

Figure 4. Vout vs position displacement for tested conditions 
 
The data is then processed to further examine the signal-

to-noise ratio (SNR) under the different conditions.  To 
determine the SNR, the power spectral analysis is 
performed on conditions zero and one.  Figure 5 and Figure 
6 are the plots of the power spectral density for each of the 
conditions.  For the two analyses the data collected at the 
1 mm displacement was used.  

 
Figure 5. Power spectral analysis for condition zero 

 
Figure 6. Power spectral analysis for condition one 
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From the power spectral density graph, the majority of 
the power is at 0 Hz for both conditions, representing the 
signal power. The spike occurs because of the non-
oscillating output of the IR emitter. From the power 
spectral density of condition one a secondary spike occurs 
at 120 Hz (Figure 6).  This spike is interesting because the 
only external light source present during the test was the 
computer monitor which has an operational frequency of 
120 Hz. From the spike we can infer the sensitity to the 
presence of external light oscillations.   

 
5 DISCUSSION 

 
The initial take away from the data collected is the 

curve of the Vout in relation to the displacement for the IR 
emitter alone, D2 line on Figure 4.  This curve suggests that 
the ideal operational distance for the IR pair is zero to three 
millimeters.  This range is determined based on the linearity 
of the curve during that interval.  The advantage of the 
small linear range is it allows for the construction of stiffer 
smaller spring structures for the suspension system of the 
three-dimensional anemometer.   

The second take away is based on the relation between 
the curves labeled D2 and D5 on Figure 4.  This suggests 
that subtracting the samples of the emitter being turned off 
from when it is on can mitigate the effects of the 
environmental IR interference.  The implementation of this 
method can be achieved through the pulsing of the IR 
emitter at a rate slower than that of the data collection. 

The amount of IR simulated interference in this test was 
a fraction of the total amount of energy that is produced by 
the sun at its highest point.  From the calibration of the IR 
LED array, we see that our simulator only produces about 
12 W/m2 compared to the max energy produced by the sun 
at 1100 W/m2.  But when looking at the phototransistors 
range of sensitivity, the primary range of sensitivity is 
between 600 and 1000 µm wavelength.  Within this range 
of wavelengths, the total value of solar irradiation is 
roughly 450 W/m2 [5].  Not accounting for the insensitivity 
of the IR phototransistor away from its peak of 850 µm, the 
12 W/m2 is 2.7% of the total power which represents a 
significant interference signal.  The trends depicted by the 
curve D5 should hold true for greater interference as well. 

The last set of data processing is the power spectral 
density analysis which is used to determine the signal-to-
noise ratio (SNR) of the system.  The power spectral 
analysis graphs are in decibels which provides a clear 
distinction of the power density for the various frequencies.  
To determine the SNR, the source power is computed by 
integrating power density over the primary peak from 0 to 
1 Hz (DC). The noise power density is found by integrating 
over the remainder of the frequency band of interest (1-
500 Hz).  The SNR calculations are computed with the 
fractional expression values.  For the zero condition, the 
source power was 1.1x10-3 W/m2 and a noise power was 
0.289x10-3 W/m2.  Without a signal being applied, there is 
not much more power in the signal range than the noise 

power. In the case of condition one, the signal power was 
1.29x103 W/m2 and the noise power was 1.56x10-2 W/m2.  
Based on these values the SNR for the IR emitter is 
8.3x104.  This large SNR suggest that the majority output of 
the system has a strong signal and a low noise floor. This 
result in combination with the small optimal operating 
distance can produce a fairly small internal structure.    

 
6 CONCLUSION 

 
From the data collected through our test, we have come 

to show the use of IR technology in the development of a 
low-cost three-dimensional anemometer is a viable option.  
We were able to conclude that we are able to redesign the 
suspension structures with a stiffer design to the sensitivity 
of the small movement range.  Also, by implementing an 
the pulsing or alternating of the IR emitter on and off. the 
system can mitigate the effects of the ever changing IR 
environmental effects. 

 
6.1 Future Enchancements 

The next step in validating the use of IR technology is to 
do further tests in the field.  The original testing system was 
designed to be a portable system and taken outside so no 
changes needed to be done to the system.  Using the method 
of a pulsing IR emitter, we can further understand the 
effects of the direct sunlight onto the system.   A secondary 
test with a covering over the IR sensors can be performed to 
simulate the outer shell of the low-cost three-dimensional 
anemometer, as seen in Figure 1.  If the final testing of the 
IR technology is successful, then its implementation into 
the design of the three-dimensional anemometer and testing 
will occur. 
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