DESKFZG561
MECHANISMS & ROBOTICS
Kinematics of Manipulators–Lecture 15

ROBOT SENSORS AND VISION

“Books :

1. “Robotics and Control”,
Mittal R. K. & Nagrath I. J, TMH
2. “Fundamentals of Robotics: Analysis and
Control”, Robert J., Schilling, Prentice Hall
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ROBOTIC SENSORS
Sensor: A device which provides information about the physical world.
The computer cum Controller operating the robot must receive information from
the sensors and process it in real-time for decision making, such robots are
intelligent, and the environment sensing is called intelligent sensing and sensors
used for such operation called intelligent sensors.
The intelligent sensors need associated hardware and software to process the
signals from the robot’s data acquisition system.
Thus Artificial Intelligence is key to robotics has three broad areas
1.
2.
3.
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Development of machine vision and image processing.
Development of computer systems to enable understanding natural language.
Development of expert systems to make decision and perform tasks without
any hindrance.
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ROBOTIC SENSORS
Sensing: Seeing, Hearing, Touching,
Smelling and measuring.
Effecting : By actions, performed
by manipulator arm, wrist, fingers,
legs, and with various means of
communication like sounds,
displaying pictures and graphics.
Interpreting : Means to understand Reasoning : Means to cope
environment.
with unforeseen, incomplete,
uncertain and conflicting
Generating Function: Means of
information to act or react to
influencing the environment.
the environment
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SENSORY DEVICES CHARACTERISTICS
Range : The minimum and maximum change in input signal to which the sensor
can respond. Wide range is preferred.
Response : The capability of responding to changes in sensed variable in minimum
time, it should be instantaneous.
Accuracy : The output of the sensing device should properly reflect the input
quantity being measured or sensed. It should be as high as possible.
Sensitivity : The change in the output exhibited by the sensor for a unit change in
input. It should be as high as possible.
Linearity : The same sensitivity over its entire operating range.
Others : It should not disturb or have any effect upon the quality it senses or measure. The
device should be suitable for the environment in which it is to be employed. Isolated from
receiving excess signals or electrical noise to avoid misoperation or damage of the sensor,
circuit or system. The physical size, cost and ease of operation to be as per requirement.
4
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FUNCTIONS OF SENSORS
1.
2.
3.
4.
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The task planning and control algorithms.
Provide the information about the status of links and joints of the manipulator
and about the working environment of the robot.
Provide data for inspection and quality control, safety monitoring and detect
and resolve interlocks in the work cell.
Basic categories of functions
a. Status Sensors- Sense position, velocity, acceleration, and /or
torque/force at each joint of the manipulator control. Internal or State
sensors accuracy depends on the resolution. Requires for each axis of the
manipulator.
b. Environment Sensors- Extract features of the object in the workcell or
environment.
External or environment sensors, detects presence, indentify, determines
properties i.e. size, shape, determines orientation and position of the work
piece, end effector, joints and links. Detects, identify obstacles , its size,
shape, location, speed , Provides information about the manipulatorenvironment interaction forces/torques and temperature humidity etc.
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FUNCTIONS OF SENSORS
c.

Quality Control Sensors – Determines a variety of part quality
characteristics, 100% inspection is possible. Computer vision, ultrasonic,
sonic and other sensors can be used for inspection. Vision system can
provide a large variety of information about work piece.
d. Safety Sensors - The safety of workers, equipment, manipulator in work
environment. E.g. Sensing the power failure and apply breaks to prevent
the uncontrolled falling of links due to gravity.
e. Work Cell Control Sensors- Implementation of interlock in workcell.
Sequencing of tasks such that completion of a task must be ensured before
proceeding to the next task. It may be used to detect and resolve the
interlocks in the workcell.
All sensor functions need sensors to be integral part of robot control
system to accomplish specific control function.
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CLASSIFICATION OF SENSORS
The sensors are classified depending on their applicability and use in robotics.
Contact Sensors Main types Bumper and Tacticle. Bumper type gives the
information is either “yes” or “No” . Tacticle are more complex provide
information on how hard, direction and rate of relative movement of touch
The technology used for sensors are electric, electromagnetic, electronic, and optic.
Non contact sensors get the parametric information about the environment, task,
objects in the work space to detect presence, distance or features of the work piece.
The technology used for sensors are optic, acoustic, infrared, electromagnetic,
electronic, and optic.
The vision system sensors detects size, shape, geometry, distance, color, texture,
surface finish of the work piece. Also detects the characteristics of environment i.e
position ,orientation of parts, obstacles, changes in these with time, presence of
smoke, humidity, temperature gradient.
7
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CLASSIFICATION OF SENSORS

Touch Sensors
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CLASSIFICATION OF SENSORS
Proximity sensors - are used to measure the distance or location of objects in the
environment. This can then be used to determine the location of the robot.
Infrared sensors determine the distance to an object by measuring the amount of infrared
light the object reflects back to the robot
Laser range finders determine distance by measuring either the time it takes for a laser
beam to be reflected back to the robot or by measuring where the laser hits the object
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TYPES OF ROBOT SENSORS
Acoustic Sensors – Sonic sensors non contact type used
for presence, proximity, distance measuring or navigation.
Transmits short burst of ultrasonic sound towards the target,
which reflects the sound back to the sensor. The time for the echo
to return to sensor is counted and distance is calculated using the
speed of sound in the medium.
The variety will depend on different frequencies and radiation
pattern.
Ultrasound frequency range is 40Khz to 250 kHz, use single
transducer to transmit and receive the pulse and reflected echo.
Latest MEMS microelectromechanical system – Silicon basedcompetitive priced, inherently rugged, very sensitive, intrinsically
reliable and consistent in performance.
For a limited class of applications acoustic imaging may be
complementary or even competitive to optical imaging.
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TYPES OF ROBOT SENSORS
Optic Sensors – Optic or light based sensors are
non contact sensors, works on the principle of
detecting the change in intensity of light sent and
received.
The signal can be binary 0 ( black or no light) or 1
( white or bright) or magnitude of light between 0
to 100.
Non visible light includes infrared, ultraviolet and
laser beam.
Infrared sensor based tracking sensor system
allows a full 3D tracking within a space of few
meters, with resolution of fraction of millimeters.
Eye safe laser based scanning sensor is used for
navigation on automated guided vehicles, robots,
and other material handling equipment.
11
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TYPES OF ROBOT SENSORS
Pneumatic Sensors – Oldest and still convenient or suitable for some cases. May
be contact less or contact sensors.
Useful for work piece grasping as provide accurate distance between fingers and
work piece, Orientation of work piece, finger closure signals.
Very sensitive and are suitable for handling very delicate and fragile objects.
Force/Torque Sensors- FTS For measuring the interaction forces, sensors
mounted between wrist and the end effector is known as Wrist Force Torque
Sensors (WFTS), must be small, light in weight, compact in design, sensitive,
linear and with low internal friction. WFTS should not affect the positioning
accuracy of the manipulator.
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TYPES OF ROBOT SENSORS
Optical Encoders– For position sensing Optical Encoder is used because of
simple construction, low cost, ease of application and versatility.
Optical Encoders converts linear or angular displacement into digital code or pulse
signals.
Absolute Encoder- Provide actual position relative to a fixed reference position.
Incremental Encoder- These sense the position from previous position.
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CHOOSING THE RIGHT SENSOR
Guidelines–
1.

Carefully analyze the nature of information needed.

2.

Find what information will be provided by the sensor.

3.

Determine how the sensor signals will be used.

4.

For the variable to be sensed determine its nominal value, range of values, accuracy
required, required reliability and speed of measurement.

5.

Estimate the environmental variations under which the sensing is to be done.

6.

Examine the nature of task dependent on the sensed signals, e.g. critical task require
reliable sensing.

7.

Consider sensitivity, linearity in the desired range, maintainability, life, power
consumption, ruggedness, availability and cost.

8.

Compare the available options in terms of desired quality and desired information for
selection of optimum sensor.
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ROBOT VISION SYSTEMS - The most powerful sensor which can equip a robot with
large variety of sensory information is robot vision, is also termed as computer vision or
machine vision.
Robot vision may be defined as the process of extracting, characterizing and interpreting
information from images of a three dimensional world.
The operation consist of three functions
1. Sensing and digitizing -It is process of yielding a visual image of sufficient contrast
that is typically digitized and stored in the computer memory.
2. Image Processing and Analysis – The digitized image is subjected to image
processing and analysis for data reduction and interpretation of image. Preprocessing –
noise reduction and enhancement details, Segmentation – partition of image into object
of interest, Description – Computes various features like size, shape, RecognitionIdentification, Interpretation – assign meaning.
3. Application – Inspection, part identification, location, orientation, guidance and
navigation
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ARCHITECT OF ROBOT VISION SYSTEM
Consist of cameras as sensors. The vision interface unit
connects the cameras to the video display and the hardware
to convert the image into a suitable digital form. The
hardware includes a video buffering unit – a frame grabber
and an image processor.
Computer utilized to process the image , using
the image processing software for extraction of
information about the scene, interpretation of the image ,
recognition of the objects and so on for the desired
application.
On the basis of the processing output, the
computer generates command signals, which are sent to the
manipulator through the robot controller, for the operation
control. Also video signals are sent to video display for the
operator
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SENSING AND DIGITIZING
Visual information is converted to electrical signals by visual sensors.
Image sensing requires types of imaging devices (camera) and digitizer stores video
frames in the computer memory.
First step – Image acquisition is capturing the image under appropriate light
intensity are continuous analog values are sampled and converted into digital form.
Second step -digitizing involving analog to digital conversion by A/D converter.
Third step - image storage and computation in a given pixel array. Higher
capability frame grabber can do thresholding, windowing and calculations for
histogram modification.
Image acquisition- Camera is the imaging component or the non contact or remote
sensor. The robot vision cameras are essentially optoelectronic transducers, which
convert optical signal to electrical output signal such as TV cameras.
The variety of camera technologies available are Black and white Vidicon tube,
Solid state camera based on charge coupled devices ( CCD), Charge injection
devices ( CID) and silicon bipolar sensor cameras.
17
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SENSING AND DIGITIZING
Image Capturing – Vision Cameras – Vidicon Tube
The optical image is formed on the faceplate coated with a thin photosensitive
layer composed of a large number of tiny photosensitive elements. The resistance of the
element decreases with increasing illumination.
Once the image is formed on the face plate, a charge is accumulated, which is
function of the intensity of the impinging light over a specified time, from which an
electrical video signal is derived.
The charge built up is read by scanning the photosensitive layer by a focused
electron beam produced by the electron gun at the rear of the tube.
The scanning is controlled by a deflection
coil mounted along the length of the tube.
The electron beam is made to scan entire
surface typically 30 times per second, line
by line consisting of over 500 scan lines
for the whole image. Each complete scan
is called a frame.
Scanning at higher line rate/frame, even
odd and even lines simultaneously at 60
times/sec reduces flicker.
18
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SENSING AND DIGITIZING
Charge coupled device ( CCD)CCD are solid state semiconductor devices lighter in weight, smaller in size,
longer life and with lower power consumption.
The light detection occurs through the absorption of light on a photoconductive
subtract ( silicon) and charge accumulates around the isolated ‘wells’ under control of
electrodes. Each isolated ‘well’ represents a pixel. Charge are accumulated for the time it
takes to complete a single image scan. The charge built up is proportional to the intensity of
image. Once the charge is accumulated, it is transferred by the electrodes, line by line to the
register.
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SENSING AND DIGITIZING
Illumination Techniques- The image
depends on illumination of the scene or
lighting i.e type, luminous power and
placement of light source.
Arbitrary lighting of the scene can result in
low contrast images, specular reflection,
shadows and extraneous details.

Categories of lighting devices
1. Diffuse surface device.
2. Condenser projector.
3. Food or spot projector.
4. Collimators.
5. Imagers
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SENSING AND DIGITIZING
Analog to Digital Signal Conversion and image storage.
The A/D converts analog picture signals from camera into digital form that is
suitable for computer processing. The conversion process consist of three phases:
sampling, quantization and encoding.
The analog voltage signal from the camera is sampled periodically at an
appropriate sampling rate. Each sampled voltage is approximated to predefined

voltage amplitude. The quantized voltage is encoded into a digital code
represented by a binary number.
The complete scan of a image , a frame after analog to digital
conversion, consist of a matrix of vision data. A hardware device is called grabber
captures or stores this frame. A typical frame consist of 512 scan lines with 512
samples along each scan line .is digitized and captured in 1/30 second.
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IMAGE PROCESSING
The visual information is voluminous and its processing is slow.
Preprocessing or image improvement - Filtering the noise and retaining the useful
information from the acquired images and enhance the details.
The techniques smoothing used for reducing noise and other spurious effects or
disturbances in the environment that are introduced in the image during sampling,
quantization and transmission. Intensity at every point is obtained by averaging the
intensity values of the pixel of the given image contained in a predetermined neighborhood
of that point.
Enhancement automatically adopt to changes in illumination. Histogram
equalization is based on a pixel modification by transformation function, intensity
distribution over entire image.
The digitized and preprocessed image matrix is
stored in memory and subjected to processing
as per image processing algorithms for
segmentation, object description or
computation of features, object recognition and
interpretation of images.
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IMAGE PROCESSING
Processing The techniques segmentation subdivides a sensed scene into constituent parts or
objects. Segmentation algorithm based on principle of similarity is based on thresholding
(grey Level Histogram) and region growing and that of discontinuity is based on edge
detection. These concepts are applicable to both static and dynamic(or time varying) scenes.
grey Level Histogram- Converting each pixel to binary value, representing either
background or object. The plot of frequency for pixel of each grey level g is known as grey
level histogram.
region growing- Segmentation based on grouping of pixels having similar attributes into
regions are pixel aggregation. The grey scale raw image is scanned and the region is grown
by appending or connecting together the neighboring pixel that have same property.
16x16 binary image , 0 and 1 represents
background and foreground. The segmented
image using the region growing algorithm has
1,2 and 3 labeled regions.
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IMAGE PROCESSING
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IMAGE PROCESSING
Edge detection- The
outline boundary of
an object within an
image is equivalent
to identifying the
edges of the object
that separate the
object
from
its
background.
In
binary image the
change in intensity
from 0 to 1 indicate
presence of edge.
The image is scanned
to detect object pixel,
then edge is followed
by
examining
neighbors of the
pixel.
25
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IMAGE PROCESSING
Smoothing – smoothing operation are iterative in nature and used to improve the quality of
the image. The modification of image intensity is achieved by neighborhood averagingGenerates a smooth image I’(x,y) from image I(x,y) such that the intensity at every point is
obtained by averaging the intensity values of pixels of image I(x,y) in the predefined
neighborhood of (x,y).
The degree of smoothing is proportional to the sized of neighborhood used. A
major disadvantage is that it blurs the edges and other sharp details.
Object Description – An object can be recognized by its characteristics. To respectively
identify a given object in different images such characteristics are computed from the
image. The extracted geometric features of an image are known as object description.
The pixel having a values 1 represents the object
surface and 0 background.
The intensity function for a binary image of an
object ‘O’
1 for all (x,y) ЄO (Objects)
I(x,y) =
0 for all (x,y) Є O (back ground)
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IMAGE PROCESSING
Object Description – The binary image intensity function for image , in the view field of
m x n pixels, the object lies within a rectangular window with corners ( a1,b 1) and (a2,b2).

The intensity function is the mathematical
model of the visual field in the form of a m x n
pixel matrix of 0’s and 1’s. This can be used to
extract useful information about the image.
a) Image Area

b) Center of Gravity

27

WILP BITS PILANI , PUNE CENTER

Prof Milind Ramgir

IMAGE PROCESSING
Object Description –
c) Moments

d) Orientation

e) Other Attributes

The maximum chord length is along
the principle axis or major axis of the
object and minimum chord length is
perpendicular to major axis.
The maximum chord length or major
Diameter D of the object is defined as
28

WILP BITS PILANI , PUNE CENTER

Prof Milind Ramgir

IMAGE PROCESSING
Object Recognition –The object recognition deals with unique identification of each object
in the image.
Image comparison - simple approach, Images of known objects are stored in the computer
and the region identified in the image are compared with these to recognize the part in the
image.
Template matching is subset of vast pattern recognition techniques. Once the image has been
improved and segmented, it is compared against the template. It is rare for an image to
match the template exactly. The recognition is probabilistic. Different templates can be
stored for the object recognition. A template can be full image of the standard object, which
can be enlarged or shrunk to fit the image size, or it can be set of features of the object in the
image such as its area, diameter, aspect ratio and so on.
Structural Technique - Relationship between the features of object considered. It attempt to
achieve object discrimination by capitalizing on the relationships, central to the structural
recognition approach is decomposition of an object into pattern primitives.
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INDUSTRIAL APPLICATIONS OF VISION CONTROLLED ROBOTIC SYSTEMS.
The effective use of robot vision system makes assembly, quality control, parts
handling and classification tasks more robust. The vision system in robot
applications fall into the categories
1) Inspection
2) Identification 3) Navigation
1.

2.
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Inspection : It is carried out by vision system and robot is used in secondary
role to support the application. The object of vision inspection is to checking
the surface defects, verification of the presence or absence of a part at a
specific location, measuring for dimensional accuracy, discovery of flaws in
labeling, checking for the presence of holes and other features in the object.
Sensors used may be proximity or touch type.
Identification : Purpose is to recognize and classify and object. The parts or
obstacles in the visual fields can be located accurately and their location and
orientation can be determined with precision. Accurate coordinate assessment
is used for tracking motion of manipulator, end effector, objects or obstacles.
Special identification markings are made on the parts. It includes part sorting,
palletizing, and depalletizing and picking parts that are randomly oriented.
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INDUSTRIAL APPLICATIONS OF VISION CONTROLLED ROBOTIC SYSTEMS.
3
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Navigation : The Purpose is to direct the actions of the robot and other devices
in the robot cell based on visual input. That is controlling the trajectory of the
robot end effector towards an object in the workspace. Part Positioning,
retrieving, and reorientation parts which are moving along conveyor,
assembly, bin picking, seam tracking in continuous arc welding, and automatic
robot path planning, and collision avoidance using visual data.
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