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What makes a machine a robot? 

where 
is the
truck?

Sensing Planning Acting

information
about the
environment

action
on the

environment



What is sensing? 

Sensing is converting a quantity that you  
want to measure into a useable signal  
(usually electronic).  

Perception is the interpretation or under- 
standing of these signals. 

Example: 
Sensing: Sound waves -> vibrating eardrums -> signals to brain 
Perception: Understanding that I am talking to you about sensors. 



Why do robots need sensors? 



internal information

What is the angle of my arm?



Why do robots need sensors? 

Where am I?

localization

?



Why do robots need sensors? 

Will I hit anything?

obstacle detection



Sensing for specific tasks 

Where is the cropline?

Autonomous
harvesting



Sensing for specific tasks 

Autonomous material handling

Where are the forkholes?



Sensing for specific tasks 

Where is the face?

Face detection & tracking



INTRODUCTION 

• To be useful, systems must interact with their 
environment. To do this they use sensors and actuators 

• Sensors and actuators are examples of transducers 

    A transducer is a device that converts 
one physical quantity into another 

– examples include: 

• a mercury-in-glass thermometer (converts 
temperature into displacement of a column of 
mercury) 

• a microphone (converts sound into an electrical 
signal). 



SENSORS 

Sensors are electrical/electronic devices 

used to detect physical stimuli like: 

• Light 

• Temperature 

• Angular speed 

• Pressure 



Sensors: I 
•Human senses: sight, sound, touch, taste, and 

smell provide us vital information to function and 

survive 

 

•Robot sensors: measure robot 

configuration/condition and its environment and 

send such information to robot controller as 

electronic signals (e.g., arm position, presence of 

toxic gas) 

 

•Robots often need information that is beyond 5 

human senses (e.g., ability to: see in the dark, 

detect tiny amounts of invisible radiation, measure 

movement that is too small or fast for the human 

eye to see) 

Accelerometer 

Using Piezoelectric Effect 

Flexiforce 

Sensor 



In-Sight Vision 

Sensors 
Part-Picking: Robot can handle 

work pieces that are randomly 

piled by using 3-D vision sensor. 

Since alignment operation, a 

special parts feeder, and an  

alignment pallete are not 

required,  an automatic system 

can be  constructed at low cost. 

Vision Sensor: e.g., to pick 

bins, perform inspection, etc. 

Sensors: II 



Parts fitting and insertion: 

Robots can do precise fitting and insertion 

of machine parts by using force sensor. A 

robot can insert parts that have the phases 

after  matching their phases in addition to 

simply inserting them. It can automate high-

skill jobs. 

Force Sensor: e.g., 

parts fitting and 

insertion, force 

feedback in robotic 

surgery 

Sensors: III 



Infrared Ranging Sensor 

KOALA ROBOT  

•6 ultrasonic sonar transducers to explore wide, open areas 

•Obstacle detection over a wide range from 15cm to 3m 

•16 built-in infrared  proximity sensors (range 5-20cm) 

•Infrared  sensors act as a “virtual bumper” and allow for 

negotiating tight  spaces 

Sensors: IV 

Example 



Tilt Sensor 

Planar Bipedal Robot 

Tilt sensors: e.g., to balance a 

robot 

Sensors: V 

Example 



Sensors 

• Contact sensors: Bumpers 

• Internal sensors 

– Accelerometers (spring-mounted masses) 

– Gyroscopes (spinning mass, laser light) 

– Compasses, inclinometers (earth magnetic field, gravity) 

• Proximity sensors 

– Sonar (time of flight) 

– Radar (phase and frequency) 

– Laser range-finders (triangulation, tof, phase) 

– Infrared (intensity) 

• Visual sensors: Cameras 

• Satellite-based sensors: GPS 



Sensors: Types 

• Electromagnetic 
– Photosensors, RF 

– Current, voltage – EKG, EMG, EEG, … 

• Mechanical 
– Physical pressure/force 

– accelerometer 

– Sound 

– Heat 

• Chemical 
– Smell 

– Taste 

– pH 

– glucometer 

• Biological 
– DNA 

– T cell count 

• Nuclear 



Specifications of Sensor 

• Accuracy: error between the result of a 
measurement and the true value being 
measured. 

• Resolution: the smallest increment of measure 
that a device can make. 

• Sensitivity: the ratio between the change in the 
output signal to a small change in input physical 
signal. Slope of the input-output fit line. 

• Repeatability/Precision: the ability of the 
sensor to output the same value for the same 
input over a number of trials 



Specifications of Sensor 

• Dynamic Range: the ratio of maximum recordable input 
amplitude to minimum input amplitude, i.e. D.R. = 20 log 
(Max. Input Ampl./Min. Input Ampl.)   dB 

• Linearity: the deviation of the output from a best-fit straight 
line for a given range of the sensor 

• Transfer Function (Frequency Response): The 
relationship between physical input signal and electrical 
output signal, which may constitute a complete description 
of the sensor characteristics. 

• Bandwidth: the frequency range between the lower and 
upper cutoff frequencies, within which the sensor transfer 
function is constant gain or linear. 

• Noise: random fluctuation in the value of input that causes 
random fluctuation in the output value 



Accuracy vs. Resolution 

True value 

measurement 



Accuracy vs. Precision 

Precision without 

accuracy 
Accuracy without 

precision 
Precision and 

accuracy 



Attributes of Sensors 

• Operating Principle: Embedded technologies that make 
sensors function, such as electro-optics, 
electromagnetic, piezoelectricity, active and passive 
ultraviolet. 

• Dimension of Variables: The number of dimensions of 
physical variables. 

• Size: The physical volume of sensors. 

• Data Format: The measuring feature of data in time; 
continuous or discrete/analog or digital. 

• Intelligence: Capabilities of on-board data processing 
and decision-making. 

• Active versus Passive Sensors: Capability of 
generating vs. just receiving signals. 

• Physical Contact: The way sensors observe the 
disturbance in environment. 

• Environmental durability: will the sensor robust 
enough for its operation conditions 



Proximity Measurement 

• Measurement can be caused by … 

– a known obstacle. 

– cross-talk. 

– an unexpected obstacle (people, furniture, …). 

– missing all obstacles (total reflection, glass, …). 

• Noise is due to uncertainty … 

– in measuring distance to known obstacle. 

– in position of known obstacles. 

– in position of additional obstacles. 

– whether obstacle is missed. 





























• Inductive proximity sensors 

Inductive proximity sensors 

– coil inductance is 

greatly affected by the 

presence of 

ferromagnetic 

materials 

– here the proximity of a 

ferromagnetic plate is 

determined by 

measuring the 

inductance of a coil 





RANGE SENSORS 

1. Triangulation principle 

2. Structured Lighting Approach 

3. Time of flight range finders 

4. Laser range finders 

X=0.5ytan(A) 



Laser range finder 

• A laser rangefinder is a device 

which uses a laser beam to determine 

the distance to an object.  

• The most common form of laser 

rangefinder operates on the time of 

flight principle by sending a laser pulse 

in a narrow beam towards the object 

and measuring the time taken by the 

pulse to be reflected off the target and 

returned to the sender. 

•  Due to the high speed of light, this 

technique is not appropriate for high 

precision sub-millimeter 

measurements, where 

triangulation and other techniques are 

often used. 

A long range laser rangefinder is 

capable of measuring distance up to 20 

km; mounted on a tripod with an 

angular mount. The resulting system 

also provides azimuth and 

elevation measurements. 



Technologies 
Time of flight - this measures the time taken for a light pulse to 

travel to the target and back. With the speed of light known, and 

an accurate measurement of the time taken, the distance can be 

calculated. Many pulses are fired sequentially and the average 

response is most commonly used. This technique requires very 

accurate sub-nanosecond timing circuitry. 

 

Multiple frequency phase-shift - this measures the phase shift 

of multiple frequencies on reflection then solves some 

simultaneous equations to give a final measure. 

 

Interferometry - the most accurate and most useful technique 

for measuring changes in distance rather than absolute 

distances. 



Applications 

1. Military -  laser-guided weapons 

2. 3-D Modeling 

3. Forestry - Laser rangefinders with anti-leaf filter 

are used for example for forest inventories 

4. Sports - golf, hunting, and archery 

5. Industry production processes - during the 

automation of stock management systems and 

production processes in steel industry 

6. Laser measuring tools -  area or volume of a 

room, as well as switch between English and 

metric units 











Piezoelectric sensor 
* A piezoelectric sensor is a device that uses the piezoelectric 

effect to measure pressure, acceleration, strain or force by 

converting them to an electrical charge. 

* The word Piezoelectric is derived 

from the Greek piezein, which 

means to squeeze or press, and 

piezo, which is Greek for “push”.  

* Some naturally piezoelectric 

occurring materials include Berlinite 

(structurally identical to quartz), cane 

sugar, quartz, Rochelle salt, topaz, 

tourmaline, and bone. 

* An example of man-made 

piezoelectric materials includes 

barium titanate and lead zirconate 

titanate. 



•Contact sensor uses transducer for the sensing operation. Some 

mostly used sensors are potentiometer, strain gauge etc. Contact 

or touch sensors are one of the most common sensors in robotics. 

  

•These are generally used to detect a change in position, velocity, 

acceleration, force, or torque at the manipulator joints and the 

end-effecter.  

 

•There are two main types, bumper and tactile.  

 

•Bumper type detect whether they are touching anything, the 

information is either Yes or No. They cannot give information 

about how hard is the contact or what they are touching. 

  

•Tactile sensor are more complex and provide information on how 

hard the sensor is touched, or what is the direction and rate of 

relative movement. 

Contact sensor  



NON-CONTACTING SENSOR  

•Non-contacting sensors detect parametric 

information about the environment of the object.  

•It is used to detect the existence, distance and 

features of the object without having contact.  

•There are mainly five types of non-contacting 

sensor are as:  

(1). Visual and optical sensor.  

(2). Magnetic and inductive sensor.  

(3). Capacitive sensor.  

(4). Resistive sensor.  

(5). Ultrasonic and sonar sensor 



Touch sensor/switch 

 
• A touch switch is a type of switch that only has to be touched by 

an object to operate.  

• It is used in many lamps and wall switches that have a metal 

exterior as well as on public computer terminals.    A touch 

screen includes an array of touch switches on a display.  

• A touch switch is the simplest kind of tactile sensor. 

 

1. Binary sensors 

2. Analog sensors 



Types 

There are two types of switches called touch switches: 

 

Capacitance touch switch 

• A capacitance switch needs only one electrode to 

function.  

• The electrode can be placed behind a non-conductive 

panel such as wood, glass, or plastic.  

• The switch works using body capacitance, a property of 

the human body that gives it great electrical 

characteristics.  

• The lamp keeps charging and discharging its metal 

exterior to detect changes in capacitance. When a person 

touches it, it increases the capacitance and triggers the 

switch. 



Resistance touch switch 
• A resistance switch needs two electrodes to be physically in 

contact with something electrically conductive (for example a finger) 

to operate.  

• They work by lowering the resistance between two pieces of 

metal. It is thus much simpler in construction compared to the 

capacitance switch.  

• Placing one or two fingers across the plates achieves a turn on or 

closed state. Removing the finger(s) from the metal pieces turns 

the device off. 

• One implementation of a resistance touch switch would be 

two darlington-paired transistors where the base of the first 

transistor is connected to one of the electrodes. 

• Also, an N-Channel, enhancement-mode, metal oxide field effect 

transistor can be used. Its gate can be connected to one of the 

electrodes and the other electrode through a resistance to a 

positive voltage. 



Slip Sensing 
• Slip may be regarded as the relative movement of one 
object’s surface over an other when in contact.  
• The relative movement ranges from simple translational 
motion to a combination of translational and rotational 
motions.  
• When handling an object, the detection of slip becomes 
necessary so as to prevent the object being dropped due to 
the application of a low grip force.  
• In an assembly operation, it is possible to test the 
occurrence of slip to indicate some predetermined contact 
forces between the object and the assembled part.  
• For the majority of applications some qualitative 
information on object slip may be sufficient, and can be 
detected using a number of different approaches. 



1. Interpretation of tactile-array information 

2. Slip sensing based on touch-sensing information 







WRIST SENSORS 



TACTILE ARRAY SENSOR 







USES OF SENSORS IN ROBOTICS 

 

1. Safety monitoring 

2. Interlocks in workcell control 

3. Part inspection for quality control 

4. Determining positions and related information about objects 

in the robot cell 



MACHINE VISION 
Criteria for Design of Vision Systems 

1. Low cost vision systems 

2. Relatively rapid response time needed for robot 

 

Advances in Vision Technology 

1. Vision-based guidance of the robot arm. 

2. Complex inspection for close dimensional 
tolerances. 

3. Improved recognition and part location 
capabilities. 

4. Permit applications not only in manufacturing, 
but also in hazardous environments   

    autonomous navigation, cartography, and 
medical image analysis. 

 



MACHINE VISION 
Classifications 

1. 2D/3D vision systems 

          2D – Binary image 

          3D – Stereoscopic view of the scene 

2. Acc. to no. of  gray levels (light intensity levels) 

        Binary image – black & white 

        3D image – All colures (gray scale) 

 

Cameras 

Older – Vidicon black and  white camera 

Newer – Solid state cameras – 1. charge coupled 
device (CCD), charge injection device   

               (CID) and silicon bipolar sensor cameras. 
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Reduction in data volume = 41,61,536 bits 
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