
Sensors

Your mouse is going to need sensors to tell it about itself and its environment.

While you want to sample the sensors frequently, it may not be appropriate
to leave them active all the time. Apart from any interference reducing 
benefit, you may have power constraints that mean you can only turn on 
sensors in short bursts.

Forward looking sensors are essential to allow you to detect walls before you 
run into them. You will need to work out forward position sensing and speed 
so that, while exploring, you don’t go so fast that you are unable to stop 
when a wall is detected. Forward sensors also give you a positive positional 
reference for calibrating sensors. As you approach a wall, you can creep up 
to it until a known position is reached. This should represent a multiple of 
180mm from the last starting point regardless of what your wheel sensors say.

There may be some advantage to having two sets of forward sensors as they 
not only provide some redundancy but can be used to detect offset errors.

If you want to be able to run down diagonals you will have to be sure that 
your sensors are up to it. Side-looking sensors will be less effective when 
looking at posts at an angle. Top-down sensors need to be able to detect 
over a much greater range of distances.

   
Types of sensors:
 Contact
 Reflective
 Side looking
 Differential
 Top down
 Odometry
 Gyroscope
 Other sensors

Useful link:
http://www.lboro.ac.uk/departments/el/robotics/micromouseindex.html

Contact Sensors:
Contact sensors (as their name implies) require physical contact with some 
other object in order to "trigger."



While this is sometimes a bit inconvenient for your robot (unlike other sensors, 
contact sensors won't help a robot avoid an obstacle before it is within "arm's 
reach"), it has two big advantages:

 Contact sensors are very easy to build at home from various bits & 
pieces you probably already have lying around.

 Contact sensors don't draw power until contact is made.

Tutorial for contact sensors:
http://www.beam-online.com/Robots/Tutorials/Tactile/tactile.html

Reflective Sensors:
Many mice use Infrared reflective sensors. They are relatively easy to design 
and build and the parts are easy to come by. There are, of course, pitfalls. A 
competition maze is likely to be extremely well lit. It will be even better lit if 
there are film or TV crews present. If your sensors will not work in this 
environment give some thought to building them some appropriate shades. 
There may be other IR devices out there, some of them surprisingly powerful.
Auto focus from cameras has been known to upset the odd mouse.

A major problem with any reflective sensor is that the nature of the surface 
can have a large effect on the size of the reflected signal. 
Reflective sensors really need to be AC coupled and synchronously detected 
to avoid problems caused by high ambient light levels, flashguns and the like. 
All this means is that you fire off the emitter, wait a bit and then read the 
detector. The output of the detector goes through a capacitor to filter out 
any steady state levels.

There are two particularly unpleasant aspects to the use of reflected light for 
detecting and sensing the positions of objects.

It is not hard to detect weak IR signals - after all, your TV remote has no 
trouble most of the time and can even be bounced of the walls. The problem 
lies in the non-linearity of the response. If you can detect weak signals from 
distant walls you may be swamped by the strong response of nearby walls. 
Non-linear amplifiers can be used to overcome this. Alternatively, you could 
measure and use a lookup table in software to linearize your readings. 
Remember the aim is to get a reliable, repeatable and accurate measure of 
distance.

The result of all this is that any measurement of distance (or even existence) 
can be hopelessly affected by the angle of the sensors. This is dealt with a 
little more in the section of side-looking wall sensors.

Details:
http://padthai.media.mit.edu:8080/cocoon/gogosite/documentation/makin



gSensors.xsp?lang=en

Distance tracking tutorial:
 http://www.wave-report.com/tutorials/MoTrak.htm

Side looking Sensors:

A good side-looking wall sensor will return an analogue value representing 
distance to the wall. The simple presence or absence of a wall is inadequate 
for steering. The greater the level of accuracy, the better. In principle a 
sideways looking, reflective sensor will give better results than a top-down 
sensor. However, variations in wall reflectivity, from cell to cell and maze to 
maze can make this difficult to use. 

The simplest sensor is going to measure the intensity of light reflected from the 
wall and use it as a measure of distance. Even if you have a consistent 
reflective surface there will be problems.

The amount of reflected light will change non-linearly with distance. This is the 
result of the inverse square law. The intensity is proportional to one divided by 
the square of the distance. A non-linear amplifier could be used to 
compensate for that. If you don't then accuracy will become a function of 
distance - it will be better for a close wall than a far wall.

              
Perpendicular sensors Angled sensors



Tests with a static set-up on a breadboard give encouraging results with surprisingly 
little variation from angle of incidence. (The cosine rule is moderately forgiving after 
all). The composite oscilloscope trace illustrates its use. A 7 microsecond burst on the 
emitter would be followed 10us later by capturing the analogue value at the output 
of the amplifier

Sensor output graphs

Differential Sensors:
The simple kind of reflective wall sensors have a number of limitations. Chief 
among these is that they are very dependent upon the reflectivity of the 



walls. When you watch a mouse that uses these sensors, you can sometimes 
see it steer around dark or light patches. This is not very robust behaviour -
especially at speed.

A little thought will reveal that, if we can compare two sensors pointing at the 
same bit of wall but seeing different amounts of light, the ratio of the two 
readings should eliminate variability due to reflectivity. 
The basic arrangement would be something like this:

Sensor a is closer to the wall than sensor b. The difference in the amount of 
light seen by each will depend upon the distance, x, from the wall.

Some of the reference sites for further details:

Optical range sensing without lenses:
 http://www.swallow.co.uk/range/range1.htm

Differential Optical Sensors:
 http://micromouse.cannock.ac.uk/sensors/differential_sensors.pdf

The long and short of it is that you can obtain a linear function of distance by 
using differential sensors and only one multiply, one divide and a subtraction 
per measurement.

Where a(x) and b(x) are the sensor readings and d is a constant, nominally 
the distance between the sensors. In practice, d would be chosen to 
produce an appropriate output scale.

There are still plenty of things that will make this kind of sensor unreliable. Not 
the least of them is the actual A/D sampling process. Since the samples are 
unlikely to be taken simultaneously, there will be some error due to both 
incident light modulation and simply because the mouse will have moved 
between samples. 



Top down Sensors:
A popular choice is sensors that live on booms or wings and look down at the 
walls from above. These can be simple reflective switches connected to an 
eight-bit port on the micro. A perfectly adequate mouse can be constructed 
using eight of these on each side. Say, seven for the walls and one each 
shared to detect the forward wall.

The wing must be placed well forward of the wheels. You will need to see 
where the walls are before you get to them or the control problem is 
impossible.

As for other IR sensors these should really be AC coupled and synchronously 
read. You might like to just use ready-made reflective switches designed to 
work in adverse conditions.

The main problems with these arrangements are to do with the rotational 
inertia they present to the mouse. However light you make them, they have 
to live a relatively long way from the centre of mass and so contribute a 
relatively large component of the total inertia. As long as you are prepared 
for that and don't expect breathtaking turn performance, they can have a 
lot going for them. Build them light and there will still be plenty of other things 
to worry about before rotational inertia becomes a limiting factor in 
performance.

These types of sensors can have a huge advantage in that they are able to 
detect walls in adjacent cells. Since they must overhang the maze walls, 
when you get to a post position, the outermost sensors will be able to see any 
walls perpendicular to the direction of travel. This may save you a lot of 
exploring - up to 50% if you are lucky.

Even though the sensors themselves are likely to be positioned quite a long 
way apart - say 5-10mm - it is possible to get slightly better resolution if you 
can get an analogue reading from them and interpolate the distances.

Odometry Sensors:
Arrange for you distance sensors to recalibrate at appropriate points while 
running the maze. A good place is at the end of a straight. You know how far 
you should have travelled and how far you think you travelled. Reconcile 
these values and keep track of relative errors.

If you are using steppers, you command the wheels to take so many steps 
and expect them to do as they are told. Generally, this will be a fair 
assumption. There are ways for things to go wrong though. Wheel slip, caused 
by dirt or over-enthusiastic acceleration and braking, is one of them. 
Resonance and mis-stepping is another. Steppers give you open-loop 
control. There is no way to know how far you have actually travelled until you 
find yourself in a position, such as up against a wall, which will allow you to 



calculate where you actually are. Consequently, you will need to take extra 
care with stepper motors to ensure that commanded steps are turned into 
actual steps without slippage or missed steps.

As long as you don’t miss steps, stepper motors do give good absolute 
positioning. The error after a thousand steps will be the same as the error after 
two steps, and is generally small. Let us say, however, that you are using a 
typical stepper set up - 400 steps per revolution, 55mm wheels, 0.43mm per 
step. If every start/stop sequence loses you two steps and you hop from 
square to square down a 16 cell straight, you might find yourself about 14mm 
out of position at the end.

DC motors present a couple of challenges all their own. These motors are 
geared. Backlash in the gear train can cause havoc if you have a shaft 
encoder on the motor rather than the driving wheel. However, cheap/easy 
encoders with a few tens of sectors need to be placed at the motor to get 
sufficient resolution for good navigation. To achieve the same resolution 
directly from the driving wheels will require relatively high resolution, 
expensive encoders.

Gyroscope sensors:
It is meant for advanced users.
       
For details log on to:
  1. http://en.wikipedia.org/wiki/Vibrating_structure_gyroscope
  2. 
http://mems.eng.uci.edu/Personnel/Cenkwebpage/research/gyroproject.ht
m
  3. http://www.extremetech.com/article2/0,1697,1967816,00.asp
  
Other sensors:
Quite a few other sensing schemes have been used.

A simple variation on the top-down sensor might be to have a row of sensors 
hanging over the walls and a light source shining up at them from below. The 
number of occluded sensors tells you your position. This will, of course, not 
allow you to detect walls in the next cell.

Mechanical devices have included wings that sit on the walls and rotate 
according to distance. These are coupled to the processor and are robust, 
effective and relatively simple. They are also clumsy and prone to collision 
problems. An elegant solution though and not to be underestimated. Nick 
Smith made the first mouse to find the centre of a maze in the UK and that 
used metal wings.

Laser diodes and position sensitive detectors have been experimented with 
although there do not seem to be many mice using them.



A line-scan camera could be constructed. Either a scanning laser spot or a 
scanning photo sensor could be used to look for the high contrast between 
wall and floor. While mechanically relatively complex, the signal processing 
should be well within the capabilities of modern microcontrollers.

A number of attempts have been made at full vision systems. There does not 
seem to have been a really successful solution - presumably due to the 
relatively high processing load such systems generate
The Game Boy camera seems to have potential. It is small, has appropriate 
optics and can do some form of edge detection inside the device.

Ultrasonic devices can be power hungry and difficult to use over the short 
distances in the maze

Overhead sensors:
 The task of determining the position of the walls with the robots immediate 
perimeter and therefore the exact position of the mouse itself has been 
resolved using a traditional approach, downward facing infrared 
emitters/detector pairs are used to locate the top of 
a = 84.0 mm, x1 = 6.4 mm, x2 = 26.9 mm, x3 = 6.4 mm, x4 = 4.8 mm

The sensors are arranged in banks of 8 to ensure 8-bit Microprocessor 
compatibility with their outputs driving a series of status LED's for debugging 
purposes and latches to hold the data ready for a Read operation from a 
Microcontroller. As the mouse is bi-directional two complete set of 32 sensors 
are needed.

Distance sensors:

The arduous task of determining the presence of walls outside the perimeter 



of the mouse has been solved using some sophisticated sensors supplied by 
Sharp (GP2D12), they return a voltage output proportional to the distance 
from a reflective surface, with a range from 10 to 80 cm they are ideal for this 
application.

In order to integrate these devices a Maxim 8 Bit analogue to digital 
converter was used as an interface to a Microprocessor test bench and the 
Sensors were mounted to the front and back of the mouse.


