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Introduction

Visually impaired individuals must rely on senses other than sight for distance perception.  The cane, an extension of the sense of touch, conveys the immediate surface landscape; however, it does not provide any information beyond its immediate length. Our device is an attempt to provide a means for the blind to create a clearer “picture” of their surrounding environment by perceiving the distance of objects through varying audible tones. This variance, in the form of pitch change, will transform object distances into distinct sounds that a person can recognize. 
The device utilizes the intensity of light reflected off the surface of an object detected by a photoresistor, which changes its resistance based on the light received. If an object is moved closer to the photoresistor, the intensity of reflected light will decrease, and therefore the resistance of the photoresistor will increase. The 555 timer chip produces a pulse in the circuit that depends on resistances (R1, R2, the photoresistor) and capacitance (C). Only the photoresistor is variable, and the change in resistance produces a variable pitch. The current is passed through a capacitor and is converted to a perceivable audio signal through an 8Ω speaker. We tested the effects of varying values of capacitance and resistance on the time constant of the circuit, thereby calibrating a range of frequencies that are not only audible to the human ear but also varying enough to accurately inform the blind. 
Our hypotheses and tests include: 1) the Inverse Square Hypothesis, the voltage drop over the photoresistor is linearly related to the intensity of the light; 2) the Linearity Hypothesis, there is a linear relationship between frequency and voltage drop; 3) the Color Hypothesis, the device registers distinct frequencies for obstructions of varying colors at a common distance; 4) the Sensitivity Hypothesis, the device will be most sensitive to the proximity of dark objects as opposed to light objects; 5) the Detection Test, the distance at which the circuit recognizes an obstacle is dependent on its color characteristics; 6) the Reset Test, a reset mechanism (Pin 4) that shorts the circuit if the intensity of light on the photoresistor is high (due to a bright room or strong sunlight) requires a manual change of a potentiometer for proper performance. The first hypothesis, the Inverse Square Hypothesis, confirms the consistency of the device in terms of distance away from the photoresistor of a common object. It is important to verify this linear relationship between voltage and light intensity to ensure accuracy of recorded measurements. If a linear relationship is not found, another correlation must be addressed to allow for accuracy. Our second hypothesis, the Linearity Hypothesis, tests for consistent proportionality between the change in voltage recorded and the frequency of beeps; this will test the precision of the device. The objective of hypothesis three, the Color Hypothesis, is to observe the reaction of the device to objects of different color when placed at a fixed distance of 5 cm, thereby offering comparisons between colored objects. Hypothesis four, the Sensitivity Hypothesis, tests the sensitivity of the device with three representative colors to determine with which colored objects the device will perform best and its effectiveness with all varieties of obstructions. The fifth experiment, the Detection Test, is important in application to determine the practical distance at which the device will first detect an obstacle. This test extends the previous experiments to more practical terms. In the Reset Test, the reset mechanism acts as a powerful tool in silencing the device when light intensity exceeds a threshold value due to the absence of nearby objects. This Reset Test determined possible resistor values needed to achieve the threshold for various environments.

Our ultimate objective was to construct a portable distance-sensing device for the visually impaired. In our case, the device would allow a blindfolded individual to navigate through a simple maze constructed in the Bioengineering Laboratory without incident or contact with obstructions. The performance in a “labyrinth” confirms the practicality of the device in real-world situations. 

Materials
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8Ω speaker  
Capacitors (variable)

Potentiometers:

(1) 100Ω, (1) 1kΩ, (1) 10kΩ, (1) 500kΩ

Resistors: 

(1) 100kΩ, (1) 1kΩ, 

9V Battery

Breadboard

Scope

Photoresistors:  Cadmium Sulfide (2) 

A photoresistor changes resistance with increased intensity of light incident on its surface.

LM555 timer chip (1)

A LM555 timer chip creates a square wave output signal based on external meters of resistance and capacitance.

Methods

We began by constructing a simpler form of the circuit above, neglecting the reset function of Pin 4 and connecting this directly to our source. This basic configuration allowed for testing and modification of the circuit before advancing to a more complex one. Without the attachment of Pin 4, the circuit is in the basic astable configuration, and the output pulse is determined by R1, photoresistor, R2, and C, located on the left-hand side of the circuit, respectively. We used a resistor box to determine the ideal resistance value of R2 (100kΩ potentiometer between Pin 6 and 7), while adjusting the capacitor (22µF) using a capacitor box in order to create an acceptable pulse in the output speaker. The pulse was made audible with discernible fluctuations in frequency when light directed to the photoresistor changed. After values for R1 and R2 were chosen, they remained constant; the pulse then changed with the variable photoresistor resistance. Once the desired frequency and preliminary sensitivity (based on the photoresistor) were achieved, we added the voltage divider to Pin 4 to allow for override in the event that a large amount of light is incident on photoresistor 2 (Pin4), which has the same orientation as photoresistor 1. A large amount of light indicates that there is no object blocking light in the vicinity of the photoresistors. Preliminarily, we used the 12V source from the lab bench to test the circuit but then switched to a 9V battery as our source, adding portability to the device. Using the DMM VI (virtual instrument) and the Oscilloscope VI, we measured the voltage drop across the photoresistor and frequency of the output (Pin 3). 

The rationale for the Inverse Square Hypothesis was two-fold; we attempted to determine whether the voltage difference and intensity of incoming light were linearly related, and if this was not the case, for the sake of accuracy, we then tried to determine the correlation between the voltage difference and the distance of the obstruction.  In a dark room, we measured the voltage drop over a photoresistor with a flashlight at varying distances for three trials. Then, in the laboratory, we measured the voltage drop over the photoresistor with a single black sheet of paper at varying distances. Three trials were conducted in the laboratory. The quantity, voltage drop multiplied by the distance squared, was calculated for each position of the flashlight and black sheet.  The voltage difference across the photoresistor was found with a DMM VI while the distance away from the photoresistor was found with a simple ruler. Using ten distances for determining the voltage difference of the photoresistor for each, an F-test under a single-factor analysis of variance test as well as a simple relative standard deviation will confirm or reject our hypothesis. If the F-value is greater than the F-critical value, the hypothesis is rejected. Because the relationship between intensity and voltage drop is not linear, a plot of voltage drop and distance offered a better idea of correlation. To determine this relationship, a standard regression method (an exponential regression) was applied to the data. We analyzed the relationship using the R2 “goodness of fit” value to prove the precision of the chip and therefore precision of the device.  An R2 value of .95 implies that 95% of the variance in voltage difference (y) can be explained by frequency (x).


Regarding the Linearity Hypothesis, we tested to see if there was a linear relationship between the voltage and the frequency of beeps produced by the 555 timer chip.  This relationship is an important factor in assessing the precision and utility of the chip in converting an input voltage into an output frequency.  In our procedure, we varied the distance of an object from the photoresistor and recorded the voltage drop and frequency with an Oscilloscope Logger at each distance. After obtaining the voltage data for each distance, a plot of voltage drop versus frequency was used to determine linearity according to a linear regression model. Plotting the voltage drop over the photoresistor versus frequency of output (Pin 3) allowed us to determine the nature of the relationship between the two.  Three trials were conducted.  Standard error bars indicate the specific error associated with the trials at each distance.

The Color Hypothesis takes into consideration the effects of various colors on the readings of the device.  Here eight different basic colors were used consisting of red, orange, yellow, green, blue, purple, black and white.  The voltage differences and frequencies were measured for objects of these eight different colors placed at a constant distance (5cm) from the photoresistor, using the virtual DMM and oscilloscope logger. The relative standard deviations of the average voltage differences and the frequencies over four trials were determined for all the colors and also for the colors in between the extremes of white and black (red, orange, green, blue, purple).  This shows the comparison between the different colors. Also, an F-test under a single-factor analysis of variance was used to confirm or reject our hypothesis. If the F-value is greater than the F-critical value, the hypothesis is rejected meaning that the device does not register distinct frequencies for obstructions of varying colors at a common distance.   

The basis for the Sensitivity Hypothesis was to see if the sensitivity of the device was suitable for any variation in color, and if not, then what colors yielded the highest sensitivity readings.  This is mainly to test the practicality of this device in real world situations, we measured the sensitivity of the device to dark objects and light objects by determining the frequencies for different distances (0.5 to 20cm). Frequency was measured using an oscilloscope logger and distance with a meter stick.  A plot of frequency versus distance displays the sensitivity of the device to various colors; the slope is an equivalent measurement of the sensitivity of the device to changing distances. Black, orange and white were chosen as the test colors. The unit for this slope is kHz/cm. By comparing the differences in slope of dark and light objects, we determined how the pitch changes with varying colors and with what colors the device is most effective. 

The Detection Test was significant because it converts the previous “Color” tests to practical terms; the test notes the distance at which an object is first detected for comparison with various objects. We first tested the frequency of the circuit with no object nearby, effectively at infinite distance, and labeled this the base frequency. Holding all else constant, the objects were brought toward the photoresistor until a 5% frequency change was observed from the base frequency and this distance from the photoresistor noted.  We refer to the distance that incurs this 5% change in frequency from the base frequency the distance of first detection.  Because in theory the photoresistor would react minimally to an object at any distance, this value of 5% change was chosen as the definition of “detected.”  This convention was based more on the limitations of the lab equipment than the sensitivity of the human ear.
  In order to see how this distance of detection would change with object make-up, we altered the color of the object and compared the different distances at which the objects were detected. We recalibrated the base frequency after each test, but as expected there was little or no variance in the environment and thus frequency.  In so doing, each trial was designed as to isolate only the change in color of each subsequent object, so extreme care was taken to see that other factors were held constant. The data collected from one trial was sufficient to create a chart where this distance of detection comparison could be readily seen.

The Reset Test allows the circuit to short according to varying environments, thereby reducing the annoyance of a continuous noise to a user.  In the Reset Test, the circuit was altered to include the reset function of Pin 4. This was done by creating a voltage divider that included a potentiometer connected to the source and a second photoresistor connected to ground, with Pin 4 at the middle junction.  This second photoresistor was aligned such that it collected the same light as the frequency-varying photoresistor. We used 100kΩ and 10kΩ potentiometers in series in order to make coarse and fine adjustments to achieve the cutoff voltage of 0.7V at Pin 4.  When this threshold was reached, the potentiometer pair was measured to find the combined resistance value while the frequency and voltage were noted.  In order to simulate the various environmental conditions encountered by the circuit, the amount of light incident on the two photoresistors was altered by blocking the ambient light in different ways.
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Results

The Inverse Square Hypothesis, which tested  the equality between light intensity and voltage drop over the photoresistor, revealed a high relative standard deviation ( 88.02175% overall and 50.72684% from 3-14 cm) in the quantity voltage drop times distance squared (Vr2) with varying distances from a common light source (flashlight).  Furthermore, an F-statistic of 88.424, much larger than the F-critical value (2.01), under a single factor analysis of variance resulted from the test. Four trials were performed for a given distance between the photoresistor and the light source in a dark room.  To determine the correlation between voltage difference and distance, a plot of voltage drop versus distance from obstruction was constructed (Figure 1); the subsequent R2 statistic of the exponential regression is .9687 and the equation of the resulting curve is y = 1.133e-.1072.
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   The Linearity Hypothesis, which tested the linearity between frequency and voltage drop (Figure 2), yielded reasonable inverse linearity with a regression model (R2 =0.9991). The standard error bars indicate the deviation for three trials when a sheet of black paper was placed at varying distances.  

The Color Hypothesis, which tested the deviation in frequency between objects of differing colors from a fixed distance, revealed a large deviation for all of the colors calculated (54.2%) shown in Figure 3. The voltage output for white was the lowest (.0825 V) and for black was the highest (.7625 V). From our data collected, colors in between the extremes of white and black (red, orange, green, blue, purple) showed a deviation of 11.59%. Yellow was the only exception where its readings were similar to the white .  
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The Sensitivity Hypothesis, which tested the sensitivity of the device with regard to color, is displayed in Figure 4. The colors chosen were white, black and orange (to provide a middle value).  The slopes of the plots of each color were derived for the range of .5 cm to 20 cm. As seen in Figure 4, black has the largest slope (.2008 KHz/cm), white the least (.0499 KHz/cm), and orange in between as expected (.1051 KHz/cm).  The white paper showed little change in frequency over a 10cm distance which would translate into little perceived pitch change from the circuit. 
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The Detection Test, which outlines the relative sensitivity of the photoresistor to characteristically different objects- in this case color.  The detection of the various colors is shown in Figure 5 with the vertical bars representing the distance that incurred a 5% frequency change. The colors arrayed themselves in order of decreasing darkness where black and white were detected at a distance of 14.6 and 05 cm, respectively.  

	Base Freq (kHz)
	Voltage (V)
	Resistor Value (kΩ)

	7.22
	9.25
	104.5

	8.7
	8.98
	92.4

	9.05
	8.86
	82.1

	9.6
	8.71
	63.4

	9.98
	8.5
	53

	10.55
	8.46
	49.6

	10.8
	8.43
	46.7


	11.8
	8.05
	42.6


For the Reset Test, Chart 1 and Figure 6 Displays the corresponding values for the potentiometer at Pin 4 such that the reset function will activate in the proper light intensity.  The base frequency is a representation of the intensity of the environment according to the reaction of the circuit to this environment.  Figure 6 indicates a reasonably linearity (R2 = .911) between the potentiometer resistance and the base frequency.

Table 1





Discussion

The distance sensing device was constructed with the intention of providing a means of translating the physical distance between a person and an obstacle into variable pitch, by which the user could navigate without the sense of sight.  Upon testing, the major findings were: (a) the equality between light intensity and voltage drop over the photoresistor was disproved due to a high relative standard deviation and F-statistic (88.02% and 88.42 respectively) in the quantity, voltage drop times distance squared; (b) the frequency of beeps and the intensity of light were found to have a linear relationship from a plot of voltage versus frequency (R2=.9991); (c) the intensity of light detected distinctly varied between the two extremes of black and white, but otherwise there was not a notable variation among the other colors: blue, green, red, purple, orange (11.59% standard deviation); (d) the device was tested for relative sensitivity using three colors: black, white and orange, from which black was found to be the most sensitive, white the least sensitive, and orange in between as expected; (e) the distance of detection (at which there was a 5% change in frequency) was found to be larger for black since it was more sensitive and the least for white; (f) the base frequency with different light intensities was determined and a potentiometer was calibrated to successfully enable the reset function (Pin 4).

The rejection of the Inverse Square Hypothesis is particularly significant because voltage cannot be used as a linear analog to measure intensity. Instead, a plot between voltage drop and distance reveals an exponential regression; this regression shows that, with increasing distance, the device experiences decaying sensitivity and therefore utility.  The confirmation of the Linearity Hypothesis shows that, in our experiment, the LM555 chip can be expected to exhibit reliable linearity (R2 = 0.9991) throughout the experiment and justifies the use of the chip in this device.  Although the Color Hypothesis was confirmed when all of the colors were considered (54.2% standard deviation), the hypothesis was rejected for the non-extreme colors (red, orange, green, blue, and purple) (11.59% std dev). Therefore, the variance in colors proved not to affect the readings of the device among non-extreme colors.  The Color Hypothesis was rejected when all of the colors were considered because of the significant difference in white (.0825 V) and black (.7625 V).  This led to the conclusion that color itself was irrelevant although saturation of a color was of high importance.
  The confirmation of the Sensitivity Test can be explained by the longer wavelengths of dark objects which absorb and decrease the intensity of light. This allows for a greater range of distances of detection, as opposed to lighter objects which have low sensitivity and smaller distances of detection.  At 20 to 25 cm, the photoresistor becomes less sensitive to any obstruction directly in its path.  The Detection Test proves that the device would operate with the least likelihood of collision in a room that was darkly colored.  It is with these objects that the device is most sensitive to as seen in their larger distance of detection.  The trend of decreasing darkness is also seen in the arrangement of the colors in complimentary pairs (save for the reversal of blue and purple) which are considered to have antithetic darkness.
  In the Reset Test, in varying environments, the distinct resistance values required for Pin 4 to turn off the circuit at a proper frequency and adequate distance from the obstruction have both elastic and inelastic regions. In the inelastic regions (10.5-12 kHz and 7.2-8.8 kHz, high and low ends respectively), standard resistances for the potentiometer may be applied for high performance (for example, 46 kΩ for high, 92 kΩ for low).  In the elastic region, where the resistance required changes proportionally for a desired frequency (9 kHz to 10.5 kHz), multiple resistance settings may be needed.  Thus, a “Reset System” that utilizes a three setting resistance in the potentiometer (Low, Medium, High) must be further examined. 
In retrospect, there are several limitations to the practicality of our device, but in the elimination of such limitations, we may be able to produce an extremely powerful tool for the visually impaired.  The major limitations to the device include: 1) limited detection distance by the photoresistor; 2) limited sensitivity to light colors; 3) battery dependence; 4) manual potentiometer change for the Reset Pin to work appropriately; 5) the sudden variability in environmental conditions (shadow, sunlight, reflective surfaces, etc.). Concerning the limited detection distance, there is only a noticeable change in the frequency of the audible signal when the obstruction is within the distance of 20-25cm. This distance was the threshold after which any object placed in the path of the device produced a constant frequency where the reset function of Pin 4 would be set to short the circuit at this threshold.  This limited detection distance also means that only obstructions directly ahead will be detected which would conflict in being a practical aid in real life situations. In considering the practicality of our own device as a marketable addition to an ordinary cane, whose extension is approximately one meter long, the cane alone may prove to be a simpler and less expensive alternative.  

Regarding the limited sensitivity to light colors of the photoresistor, the dependency on light reflection from objects can be easily skewed by colors and properties of obstacles.  For example, white is the most common wall color found inside buildings; this factor introduces significant problems with the application since the sensitivity readings of our device for this color were very low and detection distances small.  Also, reflective surfaces, such as metal and mirrors, affect the functionality of our device reading since the amount of light reflected off these objects will vary considerably.  Another common material used in comprising windows and sometimes doors and walls is glass.  The transparency of this material will elude the device’s distance sensing mechanism causing it only to read the objects that lie behind the glass.  

We also notice that varying environmental factors may prove to be too much for our current device.  Although our Pin 4 reset function allows the base frequency to be set at various environmental conditions (i.e. for example, high, medium, low light conditions), this causes the blind individual to still be dependent on outside reference sources for information to be able to manually change the potentiometer resistance.   Considering the practicality of the device as a distance-sensing device for the blind, the potentiometer determining the reset functionality would have to be manually controlled by the user or by another chip that altered the potentiometer to different resistance values.  The first of these options is realistically unfeasible if the visually impaired individual is on their own; due to their own lack of sight, they are forced to infer to the light conditions based on the input from other senses.  For example, if the individual feels that it is cold or that it is raining, he/she will likely deduce that it may be darker than usual.  
These environmental conditions might include changes in time of day and indoor lighting, which provide other variations that will inhibit proper function.  Consequently, suddenly changing surroundings such as objects moving toward or around the device reveal another limitation since the device lacks the range and the sensitivity to accurately and clearly inform the user of what is occurring. An immediate shade, a flicker of light in a room, and varied lighting in a room are further examples that may or may not be accomodated by the reset function.
The issue of portability was considered and tested with the use of a 9V battery. Concerning the limitations with battery dependence, the main problem with a battery is that as it drains, it introduces drift into the circuit, causing pitch changes where there are no photoresistor changes.  Also, the resistors and capacitors were chosen with a specific voltage in mind and altering this would affect the parameters of the circuit.  Fortunately, this can be rectified with the use of a voltage regulator to keep the input voltage at a constant value or through the use of more advanced, longer-lasting batteries. In testing the reset device, our observations were limited to a laboratory environment; however, if we could test the applications of pin 4 in actual situations (varied lighting), we would be able to determine the plausibility of the device.

Due to the inherent error in the resistors and capacitors that we used, the calculated frequency (disregarding the effect of a variable resistance in the photoresistor, and using the equations for frequency given by an astable LM555 Timer Chip ) would equal 13.49 ± 1.385 kHz.  The inherent error in the resistor and capacitor were considered as 5% (11.25 kΩ) and .5% (1.1 µF), respectively.  This large deviation in Hz value would affect the device substantially if we were not testing the device with the oscilloscope but rather calculating the values and theorizing without experimentation with the VI.

The next steps in testing and approaching are ultimate goal in this experiment include: 1) further testing of the Reset Function and confirmation of the effectiveness of a Low, Medium, High Setting; 2) qualitative tests of the device in practical, real-time situations (for example, in sunlight, under sudden shade, or with highly reflective objects); 3) the addition of an emitter or other apparatus to replace or improve the sensitivity of the photoresistor.  

For further testing of device in real-time situations, adaptations to the trait of blindness must be considered and simulated.  The qualitative tests test the practicality and utility of the device to a user in varying environments. In the case of a maze, the device would be positioned in outdoor as well as indoor mazes, rooms with various lighting sources, and long hallways that exhibited obstructions of varying color and material.  The goal of a navigable maze was not realized, but much of the data gathered gives evidence to the device’s performance in these situations. Due to low sensitivity to lighter colored obstructions, the device would probably emit beeps at a lower pitch in an indoor environment with white walls. The device would not be able to completely differentiate between varying object colors, as inferred from the disproving of the color hypothesis. With a minimum distance of detection of 20-25cm, the blindfolded person testing the device would have limited movement. 
Regarding the possibility of an emitter, the device would utilize an emitter to generate electromagnetic radiation of a particular wavelength, unlike any naturally occurring.  This electromagnetic radiation would be reflected by objects and collected by an equally sensitive photodetector designed to detect this distinct wavelength.  In this way, the device would be much like sonar, but emitting and collecting specific light wavelengths instead of specific audible frequencies.  Technologically, finding one particular wavelength of the radiation spectrum that is not already used for other purposes would be difficult if not impossible.  Consequently, further direction in research for a distance sensing device should be directed toward the field of audible detection for this modification.
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� In reality a much smaller percentage could have been used as the human ear (especially of those who use it as their main sense) can differentiate between a frequency disparity of 2Hz (� HYPERLINK "http://www.glenbrook.k12.il.us/gbssci/phys/Class/sound/u11l2a.html" ��http://www.glenbrook.k12.il.us/gbssci/phys/Class/sound/u11l2a.html�). 


� The term saturation is directed to mean the degree of which a color is lightened by addition of white color (least saturated) or darkened by the addition of black (most saturated).  


� This is due in part to using impure colors for our sample, but in truth purple is darker than blue.
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