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Introduction

People who are visually impaired face many difficulties in everyday life.  One such difficulty is moving from place to place, as their lack of vision prevents them from navigating around obstacles.  Without any assistance, the visually impaired people have no way of knowing if obstacles of any kind (walls, buildings, poles, etc.) are in their way.  The goal of this experiment is to produce a device that will signal to the visually impaired how far they are from certain objects.  More specifically, the goal is to build a portable device that can relate distances from certain obstacles into pitches whose frequencies are proportional to the distance from the object, and to test the limitations of this device.

To better understand the limitations of the device, a total of five tests will be performed.  Different colors in the world reflect light differently.  The frequency emitted by the device will be compared for distances from various colored pieces of paper, to determine how color affects the device.  When walking in the real world, a blind person will not approach everything from straight on (i.e. a 90 degree angle).  Thus, the frequency emitted by the device will be tested at different angles to determine what effect the angle has on the device.  The device must be usable at all times during both the day and the night, so the frequency emitted by the device will be measured in a dark room with the help of a flashlight, to determine if the device is still operational in a dark environment.  These three tests will provide a comprehensive understanding of the device, but they provide no practical information.  The fourth and final test will be to set up an obstacle course in a small hallway, and measure the time it takes for blindfolded subjects to walk through this course, both with and without the device, as well as the number of obstacles they bump into along the way.  With this data, both theoretical and practical, a conclusion about the real-life implications of this device can hopefully be made. 

Materials       

Breadboard 




Photoresistor 
LM555 Timer 




Loudspeaker 
Wire and Wire Cutters 



Resistors
Capacitors 




Flashlight 
Black, White, Red and Green Paper 

DC Power Supply or 9V battery 


Circuit Diagram:         
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Methods 

         In building the circuit, the first step was to choose a capacitor that allows the speaker to emit a pitch audible and euphonious to the human ear.  Calculations could be done to determine what pitch will be emitted at different resistances of the photoresistor, but, from a practical standpoint, it is much simpler just to experiment with different capacitors and make a subjective decision.

Once the circuit was built, the first investigation was to determine if there is any change in the emitted pitch when the photoresistor is moved to different distances away from different color pieces of paper. For black, white, red, and green paper, the output frequency of the device was measured, using the virtual oscilloscope, at different distances from the photoresistor.  The respective colors were chosen as they created a well-spaced range across the spectrum.  Starting at 80 centimeters (measured by a meter stick) away from the surface (a piece of colored construction paper taped to a box), the frequency emitted by the device was measure at increments of 10 centimeters.  Once the device was 30 centimeters from the surface, the frequency was measured in increments of 5 centimeters.  This set of measurements was performed three times for each color surface.  Calibration curves were constructed for each piece of paper.  In order to compare each color of paper, each frequency average was t-tested with the frequency average of the other colors at the same distance, to determine for what distance there is a difference in frequency for the different colored surfaces. 

The second investigation was done similarly to the first only performed in a dark room to simulate the device being used at night.  Since there is no ambient light in a dark room, a flashlight was used as a light source.  The flashlight was attached to the box containing the device, and the light was projected outwards, to be reflected off of the surface and back onto the photoresistor.  The frequency emitted by the device was measured at the same distance as the first investigation, calibration curves were formed, and t-testing was done in the same fashion.  The results of this investigation will be able to conclude if this device can function at night or in a dark situation, or if the device is only reliable in places with lots of ambient light.

The third investigation measured the angle at which the photoresistor faced the surface.  The distance of the device from the paper was kept constant, while the angle of the device to the paper varied.  The output frequencies were measured (and compared) as the device was moved in 10˚ increments from a “straight on” angle (which was called 0˚) up to 70˚, and repeated three times.  The relative change in frequency versus change in distance was also compared at 0˚ and 45˚.  At each angle, the output frequency was measured as the device was moved from 30 cm to 5 cm in 5 cm increments.  This was repeated 3 times for each angle.  The mean change in frequency at a specific change of angle was compared for 0˚ and 45˚ using both 95% confidence intervals and t-tests. 

While the above investigations examined the limitations of the device, it was necessary to also see if the device could function in a real life situation, to see if the device can and does actually work.  To test the practicality of the device, an obstacle course was set up in a hallway outside of the laboratory, using a variety of chairs, garbage cans, and open doors.  A subject was then blindfolded, and not knowing the arrangement of the obstacles, he walked through the obstacle course without the device.  The time taken to clear the course and the number of obstacles that were bumped into were recorded.  The obstacles course was changed, and the subject was given the device, and had to walk through the course again.  The time and number of obstacles struck were once again recorded.  A total of five subjects were used.  The times and obstacles were averaged for the subjects, and t-tests were performed to see if the device provide the blindfolded subject with any advantage.  

Results

In this experiment different colored objects and various angles of approach were used to examine the performance, output frequency (pitch) and sensitivity (change in frequency), of the device.  Additionally, the device was tested in dark and light environments to simulate usage of the device at different times of the day or in different areas.  Finally, blindfolded subjects navigated themselves through a maze with and without the aid of the device, enabling the device to be tested in a practice application. 

In a light room, the distance sensing device, in general, shows a different sensitivity when being used to measure distances from different colored pieces of paper.  The device was found to be most sensitive to black paper and least sensitive to white paper in the light room: the rate of change of frequency (kHz) divided by the change of distance ranges (maximum and minimum slope in cm) is 0.006 – 0.344 (kHz/cm) for the black paper, while that of the white paper ranges from 0 – 0.0873 (kHz/cm).  The ranges for the green and the red were found to be similar to each other: -0.00333 – 0.247 (kHz/cm) for the green and 0.001 – 0.253 (kHz/cm) for the red paper.

Figure 1 shows the average frequencies of the device and confidence intervals of these frequencies in a light room produced as a function of distance for four different colors: white, black, green, and red.  

Figure 1: Average Frequencies and Confidence Intervals in Light Room 
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At far distances (distances greater than 25 cm), the 95% confidence intervals of average frequency for all colors overlap one another.  This means that the frequencies produced by these different colors are the statistically equivalent; the color of object does not affect the response of the device at far distances.  

However, beginning at 25 cm, the confidence interval for the white paper is 9.26 ± 0.432 (kHz), and does not overlap with confidence intervals for the other colors: 8.44 ± 0.307 (kHz) for black, 8.61 ± 0.432 (kHz) for red, and 8.537 ± 0.268 (kHz) for green.  Starting at this point, the white paper is less sensitive to light change than the other colors of paper.  The frequency confidence interval of black paper diverges from the confidence intervals of red and green at 15 cm: 6.54 ± 0.0588 (kHz) for the black does not overlap with 7.01 ± 0.306 (kHz) for red and 6.83 ± 0.0493 (kHz) for green.  The black paper becomes more sensitive to distance changes at close distances than red, green or black paper.  

Even at close distances of 5 cm, the confidence intervals of red and green do not diverge from each other.  The confidence interval is 4.92 ± 0.131 (kHz) for green paper and 4.98 ± 0.522 (kHz) for red paper.  Thus, red and green paper cannot cause the device to produce different frequencies with 95% confidence at any distance between the paper and device.

The relationship between distance and frequency in the dark room is opposite to that in the light room.  In the light room, the frequency increases logarithmically increases with distance.  In the dark room, a flashlight was used to reflect light off the paper, causing frequency to decrease exponentially with increasing distance.  White paper is most sensitive to distance changes in the dark room conditions, with a change in frequency over change in distance range of -1.443 to 165 Hz, compared to 1.88 to -88.9 Hz for red paper and 1.78 to -108 Hz for green paper.  The distance versus frequency is compared in a dark room for white, red and green paper in Figure 2.  Black paper was not used because all the light was absorbed by the black paper in the dark room, producing no change in frequency with change in distance.

Figure 2: Average Frequencies and Confidence Intervals in Dark Room
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At 60 cm, the 95% output frequency confidence interval of the white paper, 208(11.3 Hz, diverges from those of red and green, 150(15.8 and 132(0 Hz, respectively.  Beginning at 60 cm, the white paper is more responsive to change in distance than red or green paper.  Throughout the entire test, the frequency confidence intervals of red and green never separate.  At 5 cm the red paper has a confidence interval of 2540(449 Hz, and that of the green is 2020(286 Hz.  The sensitivities of the red and green paper are statistically equivalent at all distance from the object.
  By investigating the angle of approach between the photocell and an object, it was discovered that the angle of approach is a limitation of the device.  The largest change in pitch, i.e. the best detection of and sensitivity to the object, occurs when the object is approached from straight on.  As the photocell rotates from a direct view (0°) of the object to an indirect view, the frequency increases with increase in angle.  The pitch of the distance sensing device varies depending on the angle at which the photocell approaches the object.  Figure 3 illustrates that the angle of approach affects the output frequency of the circuit.  
Figure 3: Frequencies vs. Angle for Constant Distance
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The average relative change in frequency at a 45° approach angle, and that at direct approach angle at five specific changes in distances were compared (appendix).   Black paper was used during the test because it had the largest frequency range for a set distance of the four colors of paper tested above.  The confidence intervals for a straight approach versus a 45° approach overlap only 1 out of 5 times (at the farthest distance change), meaning that relative change in frequency at a specific distance is not constant with angle.  As the position of the photocell varies from a direct view to an indirect view, the relative change in frequency decreases. 


In the practical application of the distance sensing device the average time walking through the course with the blindfold and no device is 46.60 seconds, with a 95% confidence interval of 7.33 seconds.  With the blindfold and the device, the average time walking through the course is 63.44 seconds, with a 95% confidence interval of 8.07 seconds.  Using a simple t-test, the value of T for the time with and without the device is 3.028.  This is greater than the t-table value of 2.306, meaning that with 95% confidence, the average time taken to walk the maze with the device is different, and greater than the average time taken to walk with the device

While walking the course without the device, an average of 3.4 obstacles were hit, with a 95% confidence interval of .48 objects.  With the device, an average of 1.2 obstacles were hit, with a 95% confidence interval of .73 objects.  Using a simple t-test, the value of T for the number of obstacles hit with and without the device is 4.919, greater than the t-table value of 2.306.  This means, that with 95% confidence, the number of objects hit without the device is different and fewer than the number of obstacles hit with the device. 

Discussion
In the light room test, black paper becomes more sensitive to distance change than the other colors of paper at 25 cm, white paper is found to be less sensitive to distance change than red or green paper at 15 cm, while the sensitivities of red and green never separate.  In the dark room, neither red and green react nearly identically to distance change , while white reacts relatively differently to distance change at  cm.  The frequency increases as distance increases, white in the dark room frequency increases as distance decreases.   Increasing the angle of approach produces increases in frequency at constant distances as well decreased relative frequency change with specific changes in distance.  The obstacle test showed that the device has positive practical implications, but is not without limitations.

In the light room, as the distance between the colored paper decreases, the photocell becomes more sensitive; the average frequencies produced for different colors increased exponentially and at different rates for different colored papers.  As the distance between the device and object increases, the photocell became less sensitive.  This means that at small distance, it is easier for a subject holding device to discern the change in pitch corresponding to a particular change in distance; a small change in distance creates a large change in pitch.  The main explanation for these phenomena is that as the device gets closer to the piece of paper, the amount of stray light from light sources in the room decreases because the colored paper blocks a large portion of light.  The smallest distance tested is 5 cm because at 0 cm, the user would have already hit the object and no light would reach the photocell.  Since the intensity of light reflected off the paper remains constant (assuming that no light bulbs burn out), the frequency is affected the device for a given color when the distances in between are tiny.  Therefore, at 5 cm distances, the average frequencies give a good indication of the frequency produced by the device in a light environment.  

In the results section, 95% confidence intervals for each given colored paper at every distance were calculated and plotted to give an indication of the ranges of the frequencies.  Yet, these confidence intervals do not tell us whether or not the frequencies are statistically different. 

T-tests were performed between the frequencies produced by the device when it encounters a different colored paper as a function of distance.  Graphs of the t-test (Figure 5 in appendix) illustrate the distances at which the pitch due to different colors are equivalent by t-test of 95% confidence level.  At distances less than 25 cm, black is statistically different from red, white, and green.  This might be because black absorbs all the frequencies of light and does not reflect any wavelengths of light.  Thus, the photocell cannot pick up any light reflected off of the black paper; the pitch produced will be vastly different at even distances of 25 cm.  

Since white paper reflects all wavelengths of color (including red and green), the photocell cannot discern between white and other colors at distances greater than 15cm.  Yet, for distances within 15cm, the t-test shows that white is statistically different from the red and green.  Yet, for the green and red, the t-test shows that even at distances closer than 5 cm, the colors is the same statistically.  The reasoning behind this is that red (of wavelength 640 nm) and green (540nm) are rather close together on the color spectrum.  

Determining the relationship between the distance between the paper and photocell and frequency of light absorbed by the cell in a dark room has the inverse relationship as that of the light room.  The light emitted off of the paper was from a flashlight that was attached to the circuit.  In general, as the distance increases, less light was reflected by the paper and absorbed by the photocell, thus explaining for the exponential decay seen in Figure 6.  The white sheet of paper showed the largest range in slope, from –1.443 to -165 Hz/cm.  This is due to the trait that white absorbs no light and, when at close distances, the majority of the light was reflected immediately back to the photocell leaving little room for the light to be absorbed by surrounding objects.  As the distance increased, the number of objects and dark “space” increased, allowing more light to get absorbed by the surrounding environment.


Red and green papers were slightly less sensitive, with changes in slope of -1.88 to -88.9 Hz/cm and -1.78 to -108 Hz/cm respectively, because they do absorb certain wavelengths of light.  Therefore, the initial reading at a close range will be less than that of the white paper and the final readings at a relatively far distance will be similar because the surrounding environment is absorbing nearly all of the light.

   
Black paper was not used in this experiment because it absorbed all light, leaving none to be reflected, even at relatively short distances.

The frequency versus distance relationships for the light room and the dark room are both exponential, showing that the pitch changes linearly with the square of the distance. However, the frequency versus distance graph is positively sloped for the light room and negatively sloped for the dark room. This occurs because the stray light that is present in the light room, which gives a pitch of 10.6 kHZ by itself. Moving the photocell closer to the object had the effect of blocking stray light. In light room, at closer distance, the resistance is higher and thus the pitch is lower as the photocell is brought closer. The inverse is true for dark room. 

Additionally, the frequency results from the dark room were subject to more instrumental error than the light room, making the data for the dark room more inaccurate than that of the light room. The frequencies in the light room are obtained via the virtual lab instrument on the PC, which gives a random error (the average of the standard deviations) of 0.173 kHz. Counting cycles on the oscilloscope was used to calculate the frequencies in the dark room. Three knob settings on the oscilloscope, 2 μs, 1 μs, .5 μs give an instrumental error of 0.1, 0.2, and 0.4 kHz respectively.

Decreasing the direct focus of the photocell towards the object (by increasing the angle), causes the amount of light reaching the photocell to increase because less light is blocked by the object, thus increasing pitch of the device.  When the distance from the device to the object is kept constant, a direct viewpoint produces a frequency of 2/3 the size of that at a 70º angle.  For each increase of 10º, the frequency increased .204 ± .318 Hz (using a 95% confidence interval).  This large confidence interval, compared to the mean, indicates that the data is not strongly linear.  

In application, the frequency dependence on angle will affect the use of the device.  Rarely will a user directly approach an object.  He will often even approach objects at various angles during an approach.  This type of movement will cause the pitch to vary with angle of approach, instead of exclusively with change in distance, as the device is intended to do.  

Although the actual frequency may be higher or lower depending on the angle, this problem would be solvable if the frequency of the device increases the same amount with the same change in distance at any angle; the user could listen for relative changes in frequencies.  However, the relative change in distance versus change in frequency varies with angle.  Using t-tests, with 95% confidence, it was found that the changes in frequency for 5 specific changes in distance are not statically equivalent for a direct approach verse an approach of 45º.  Variation caused by angle of approach clearly affects the practical application of the device.  A possible solution would be to leave the device free from the user’s body, so that the person can move the device towards a possible object at a constant angle of approach, and then repeat this movement at another approach angle.  Multiple approaches will allow the user to get a sense of the size and shape of the object, and the distance of the object from him.

The practical obstacle course test of the device produced results that were different than hypothesized.  While the device did significantly reduce the number of obstacles hit by the subjects, it increased the time taken by the subjects to clear the course.  This is probably due to the fact that the subjects were unfamiliar with the device, and thus it took them a while to get familiar with the device.  Similarly, without the device, the subjects seemed to walk faster, since the only way they could know where the obstacles were was to bump into the obstacles.  Even though the device increased the time, it bodes well for the practical use of the device.  The device clearly reduced the number of obstacles hit, and in real life, it is acceptable to sacrifice speed for the ability of being able to avoid obstacles.


The practical test confirmed many things in the real world application that were discovered in the laboratory tests.  Every subject walking through the course with the device bumped into the yellow trash can that was used as an obstacle.  The results of the first investigation showed that a yellow colored surface was less responsive to the device than darker colored surfaces.  With the device, the change in the pitch was much more discrete when approaching the yellow garbage can, resulting in everyone bumping into it.  Likewise, the angle of approach played a result in the practical test.  When a test subject approached an obstacle on an angle, the device was less responsive, and this often resulted in the subject bumping into the obstacle, or having to avoid a collision at the last minute.  Unfortunately, the obstacle course was not tested in a dark environment, and if further testing could be performed on the device, and obstacle test in the dark would be an appropriate and desired test, to determine how the practical test related to the laboratory investigation.
Since the distance sensing device needs a flashlight only in the dark, the addition of a circuit to regulate turning the flashlight off and on would further improve the practicality of the device.  In order to do this, a whetstone bridge could be built with a phototransistor in the bridge.  A voltage comparator could be hooked across the whetstone bridge, and this comparator could be hooked to a set of diodes in parallel.  The voltage comparator would be triggered by a threshold voltage, which could be calibrated to correspond to a certain light intensity as indicated by the phototransistor.  When the voltage comparator is triggered, voltage will be able to flow through the diode, providing light for the device in a dark environment.  On factor that must not be overlooked is to somehow shield the phototransistor from the flashlight, so once activated, the flashlight will not change the resistance of the phototransistor.  By adding this circuit, the device should be able to adjust itself to function in both light and dark environments.
Appendix:

95% Confidence Intervals (kHz)

Distance Change (cm)

45° Approach

Straight on Approach


30-25  



.2216-.3784

.3590-.9349

25-20



.04216-.2578

.7911-1.369

20-15



.08850-.2048

.6819-.9648

15-10



.1276-.2190

1.141-1.523

10-5



.5907-.6893

1.583-1.857

Figure 4: Average Frequencies of Different Colored Paper in Light Room
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Figure 5: T-test for Frequencies for Different Colored Papers in Dark Room
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Figure 6: Average Frequencies of Different Colored Papers in Dark Room
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Figure 7: T-test for Frequencies between Different Colored Paper in Dark Room
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3.  http://matse1.mse.uiuc.edu/~tw/sc/c.html
4.  http://www.cs.tut.fi/~ypsilon/80545/HumanAuditory System.html
5.  http://www.cache.k12.ut.us/htmlfiles/mtcrest/baerj/m1pitch.html
�





6





+12V





C2





C1





R2





R1





1





4





8





3





2





7





555








