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Introduction

A phototrope is typically a robot that responds either by fleing from or
being attracted to light. The aim of this project was to produce a simple
phototropic controller which would output a signal capable of controlling
a standard hobby servo operating on the basis of Pulse Width Modulation
(PWM).
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PWM and Servo Control

Pulse Width Modulation (PWM) is a technique tyically used to control a
device such as an electric motor or servo. In essence, the signal is simply a
square wave oscillation which is on for some period of time and o↵ for the
remainder of the period of oscillation. This is shown in the figure below:

Figure 1: Example PWM Signals with di↵erent duty cycles

An important characteristic of PWM signals is the ratio of the signal’s ”on”
time to its ”o↵” time. This is known as the duty cycle. A low duty cycle
implies a longer o↵ time as compared to the on time whereas a high duty
cycle implies a longer on time as compared to the o↵ time.
This project is concerned primarily with the width of the pulses in the signal
because the angular position of the servo output shaft is determined by the
pulse width. A standard servo can usually only turn a set number of degrees
to the left and to the right and will not turn a full 360 degrees. The pulse

3 FULL CIRCUIT AND DIAGRAM

2

width is interpreted by the servo using a circuit board which translates the
width of the pulses into the angular position of the servo. The general rules
for controlling a servo are as follows:
1. Pulse Width of 1.0ms: Full Left Turn
2. Pulse Width of 1.5ms: Center Position
3. Pulse Width of 2.0ms: Full Right Turn
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Full Circuit and Diagram

The below diagram shows a full circuit schematic of the controller built in
this project. Overlayed are subsystem boundaries that divide up the circuit
into its functional subsystems:

Figure 2: Full Circuit Diagram of Controller Circuit
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Below is a picture of the implementation of the above circuit diagram:

Figure 3: Picture of Full Circuit Implementation

3.1
3.1.1

Subsystems
Oscillator Circuit

The oscillator is known as a Single-Supply Oscillator because it is connected
to a +5V rail and ground instead of the usual rails of +12V and -12V.
With reference to the circuit diagram in figure 2, the circuit consists of the
following elements:
1. An LMC6484IN Rail-to-Rail Quad Op-Amp is used but only one of the
four op-amps are actually used in the circuit. The remaining 3 op-amps
are grounded at both input terminals and the ouput to ensure they do
not draw current due to noise in the circuit. The op-amp’s rail to rail
property is crucial as the oscillator needs to produce a pulse and at all
other times, the signal should be at 0V in order to produce a signal
suitable for controlling a servo.
2. Two Light Dependent Resistors (LDR) - LDRs are resistors that change
resistance in response to light exposure. In this circuit, the LDRs lower
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in resistance as light intensity increases and vice versa. The LDRs have
the following characteristics:
(a) In Complete Darkness: Resistance of 22500⌦
(b) Under Ambient Room Light: Resistance of 1200⌦
(c) Under Very Bright Light: Resistance of 220⌦
3. Two Potentiometers are each connected in series with one of the LDRs.
They also both have their top and middle pins shorted across as shown
in the circuit diagram. This allows the user to calibrate the circuit for
varying ambient light intensities by adjusting the potentiometers. This
changes the total resistance of the LDR and potentiometer in series
thus changing the pulse width of the signal.
4. Capacitor and resistor R3 - These two components together are what
allows the circuit to oscillate. When the output is +5V, the capacitor
begins to charge up. As soon as the voltage of v exceeds the voltage of
v + , the op-amp rails at 0V. Once this happens, the capacitor begins to
discharge. When the voltage of v drops below the voltage of v + , the
op-amp then rails back at +5V. This cycle is what causes the oscillator
to oscillate.
3.1.2

Op-Amp Railing Biasing Subsystem 1 and 2

In a normal op-amp circuit where the rails of the op-amp are connected
to the +12V and -12V supply, the ”middle” voltage is 0V. However,
because this circuit is connected to +5V and 0V, an artificial middle
voltage has to be created since 0V is now the lower rail instead of the
middle voltage. Thus, the oscillator has to be biased such that the
middle voltage is 2.5V. This is done by placing voltage dividers in the
circuit which each consist of 2 equal 1000⌦ resistors. These are shown
in figure 2 by the subsystems titled ”Op-Amp Biasing Subsystem 1 and
2”. In essence, instead of referencing ground, the two voltage dividers
cause the circuit connected to the op-amp to reference 2.5V instead of
ground, hence making 2.5V the middle voltage.
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Building the Circuit

The circuit should be built using the circuit diagram shown in figure 2. The
oscillator should be built first followed by the two biasing subsystems. The
arrangement of the pins on the LMC6484IN is shown below for reference:

Figure 4: LMC6484IN Op-Amp Arrangement

The LDRs should also be placed far enough apart such that light shone on
one LDR will not a↵ect the other.
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Results

Under standard ambient light, the circuit produces the oscillatory signal
shown on the next page:
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Figure 5: Signal produced by oscillator under ambient light

The above plot of the output signal of the oscillator shows that with the
LDRs placed under ambient light and the potentiometers set to zero, the
pulse width is approximately 1.5 miliseconds. Hence, this configuration of
the circuit holds the servo at the centered position.
If the lower LDR is exposed to bright light, the following waveform is produced:

Figure 6: Signal when lower LDR is exposed to bright light
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When a flashlight is shone brightly on the lower LDR in the circuit diagram,
the frequency of the oscillations increase and the pulse width decreases to
approximately half a milisecond. To the servo, any pulse width 1.0ms or less
implies a full left turn, hence the servo turns all the way to the left.
However, when a flashlight is shone brightly on the upper photoresistor in
the circuit diagram, the following plot is produced:

Figure 7: Signal when upper LDR is exposed to bright light

When a flashlight is shone brightly on the upper LDR, the frequency of the
oscillations decrease as shown in the plot and the pulse width increases. In
the plot, the pulse width is about 2.0ms. To the servo, any pulse width 2.0ms
or greater implies a full right turn, hence the servo turns all the way to the
right.
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Conclusion

In conclusion, it is possible to build a simple phototropic servo controller
using a single supply oscillator circuit. As this paper has shown, the circuit
is able to reliably control the servo by changing the pulse width depending
on which LDR receives more light. The circuit can also be calibrated in order
to allow a user to calibrate for di↵erent operating environments and ambient
lighting conditions.
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