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TCRT5000 IR Sensor

Figure 1: TCRT5000 IR Sensor[3]

This sensor can be categorized as a reflective sensors. It
has both a Photo-diode and a Photo-transistor coupled
in its package. Photo-diode is used as a emitter
which emits IR beam which has around 950 nm wave
length. This IR beam is reflected if it meets a reflective
object. The reflected IR beam is then detected by
Photo-transistor of TCRT5000 sensor. So this sensor
is mostly used for detect presence of the object or any
other reflective surface in front it. There are so many
sensors which do the same purpose. They are,

1 LED and LDR : LED is used as a sender and LDR
is used as a receiver. This combination is also good
because it is more reluctant to sunlight noise. But
the receiver output is not enough to detect perfectly
for colors which has less difference from white. And
also it must be calibrated frequently.

2 LASER DIODE and LDR : Sender is a Laser
diode and LDR is the receiver. In every way this
combination perform very well. There are no issue
from sunlight and also environment because laser
beam has very high density. If the surrounding has
same color which emits from the laser , there will be
an error. And the laser diodes are expensive , so if we
create sensor panels we have to spend considerable
amount of money.

3 White color LED with high intensity and
LDR : When we use this combination there will
be no issue from surrounding colors as other sensor
combinations. Here also LDR is used as a receiver.
High intensity of LED prevents effects from sunlight.
But for the optimum result we have to keep very low
distance between the sensor and surface.

4 IR LED and Photo-transistor (TCRT 5000) :
It was mention previously as topic. There is a issue
also. It can recognize only white and black with
complete accuracy.

Considering all of these sensors and our task we can
easily select IR sensors (TCRT 5000). Its color sensing
error does not valid for our task because it has only
white lines on black background. TCRT 5000 sensor is
covered and it blocks unwanted light which comes from
the environment. And also the emitter and receiver are
separate by each other to prevent unwanted reflections.
So this one is more truthful and efficient than other.
And it has a low cost. So it is better instead of (1)
and (2) (mentioned above). Considering (3) it needs
low distance. But our task has ramp area and we
need required speed. So considering our task this
combination (3) is not suitable for us.
In our project this sensor ( TCRT 5000 ) is used for
detecting white line which is on the black background.
White surface is known as reflective surface and black
is not. So we can detect the presence of white lines.
Our sensor panel configuration consists 8 IR sensors
and each one has a special position. According to this
placements robot brain can verify where the robot is.
It has several specifications such as[3],

IR sensor with transistor output
Operating Voltage 3V - 5V
Diode forward Current 60mA
Output Analog or digital
Transistor collector current 100mA (maximum)
Operating temperature -25◦C to +85◦C
Operating range 0.2mm – 15mm
Dimensions[4] (L ∗W ∗H in mm) 10.2 x 5.8 x 7

Table 1: TCRT 5000 IR Sensor features and specs

When sensor is powered and began to sense, there
will be an analog output which can also be vary
according to environmental conditions (mainly day
light ). Therefore it is not possible to guarantee 100%
accurate analog to digital conversion as we expect.
So a comparator circuit which consists of LM324
operational amplifiers is used in addition to the normal
sensors to take clear digital output.

HC-SR04 Ultrasonic Sensor

This is a proximity sensor, also known as an ultrasonic
transducer based on a transmitter and a receiver and
mainly used to determine the distance to a target
object. In our case, we use this sensor to detect
distances to the colored box and to the walls in wall
following part. So, we have to use three ultrasonic
sensors to achieve this task. Two sensors are attached
on the left and right sides of the robot to detect the
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distance to the wall. One sensor is attached in front of
the robot to detect the distance to the box.

Figure 2: HC-SR04 Ultrasonic Sensor and Its Object
detecting Method

It comes as a complete package with an ultrasonic
transmitter and a receiver. The amount of time it
takes to send and receive waves will determine how
far the object is placed from the sensor. It mainly
depends on the sound waves working on “non-contact”
technology. The required distance of the target object
is measured without any damage, giving accurate and
precise details. Here’s a list of some of the HC-SR04
ultrasonic sensor features and specs[6].

Power Supply +5V DC
Quiescent Current Less than 2mA
Working Current 15mA
Effectual Angle Less than 15◦

Ranging Distance 2cm – 400 cm/1” – 13ft
Resolution 0.3 cm
Measuring Angle 30 degree
Trigger Input Pulse width 10uS
Dimension 45mm x20mm x15mm

Table 2: HC-SR04 ultrasonic sensor features and specs

Our need to use this sensor is to measure distances to
obstacles. There are several different sensors that can
perform this function as Infra-Red (IR) range sensor,
Ultrasonic Sensor, Laser Range Sensor. But, apart
from the Ultrasonic sensor, there are some drawbacks
when using other sensors. There are a lot of limitations
in infrared sensors, like the inability to use them
in sunlight due to interference[5]. Therefore, our
measurements may change due to the light conditions
in the environment.
Ultrasonic sensors work using sound waves, therefore
detecting obstacles is not affected by many factors such
as Light, Dust, Smoke, Mist, Vapor and Lint. So,
the Ultrasonic sensor is more reliable than using the

IR sensor. The Laser Range Sensor is better than
these two sensors because it has higher accuracy and
resolution than the others. But we don’t need that
much precision or resolution for our task. Also, Laser
Range Sensor is a high cost devise. So, the Ultrasonic
Sensor is more effective than the others in achieving
our purpose.

TCS34725 - Color Sensor

A Color Sensor is a device which detects or senses
colors. A color sensor uses an external means of
emitting light (like an array of white LEDs) and then
analyses the reflected light from the object in order to
determine its specific color.
There are many color sensors available. Some of
them are TCS230, TCS3200 and TCS34725 etc. The
TCS230, TCS3200 and TCS3210 senses color light,
with the help of an 8 x 8 array of photo-diodes[9]
and use a Current-to-Frequency Converter on the
readings of it to convert them into a square wave with
a frequency directly proportional to the light intensity
which is less accurate than the sensor TCS34725 that
we use.

Figure 3: TCS34725 - Color Sensor

An IR blocking filter, integrated on-chip and localized
to the color sensing photodiodes, minimizes the IR
spectral component of the incoming light and allows
color measurements to be made accurately. The
sensor additionally has an amazing 3,800,000:1 unique
range with flexible incorporation time and increase
so it is appropriate to use behind obscured glass.
The high sensitivity, wide dynamic range, and IR
blocking filter make the TCS34725 an ideal color
sensor solution to use under varying lighting conditions
and through attenuating materials. In addition, the
IR blocking filter enables the TCS34725 to perform
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Ambient Light Sensing (ALS). The TCS34725, itself,
can enter a lower-power wait state between light
sensing measurements to further reduce the average
power consumption[10].

MPU-6050 Gyroscope

Figure 4: MPU-6050 Gyroscope[2] with its Pinout[8]

This sensor is used to identify the angle of the robot
and giving a feedback so that the motor speed of the
robot could be changed likewise. This is very useful
in the ramp activity, so that the speed of the robot
can be controlled. The MPU-6050 consists of a 3-axis
gyroscope and a 3-axis accelerometer on the same
silicon die, together with an onboard Digital Motion
Processor capable of processing complex 6-axis motion
fusion algorithms. The device can access external
magnetometers or other sensors through an auxiliary
master I2C bus. If 3-axis Magnetometer is connected to
auxiliary I2C bus, then MPU6050 can provide complete
9-axis Motion Fusion output. This has a built-in
voltage regulator[7].
There are some other types of gyroscope sensors too
that can be used for this purpose such as,

1 ADXL335

2 ADXL345

3 MMA7361

4 LIS3DH Triple-axis accelerometer module

All above modules are 3-axis gyroscopes and 3-axis
accelerometers. ADXL 335, ADXL345 are low power
consumption sensor modules. The modules generate
separate analog voltage for each axis. MMA7361 has
a sleep mode and a select pin which can be helpful
to save power. Above three modules have low power
consumption and easy to use and program but do
not have onboard digital motion processors (DMP)
unlike MPU-6050. So, as we need an onboard DMP
for control of the robot above three modules are not

much of a use. The LIS3DH module is an intelligent,
low-power, capacitive, micro-machined accelerometer
with 12-bit resolution. But this module also doesn’t
have a digital motion processor like MPU-6050. So
MPU-6050 is the most suitable gyroscope sensor for
the project[1].
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