5 Robo Detector Sensor

The sensors packaged with the Handy Cricket StBeek allow the robo-

hobbyist to explore various methods of detectiangupassive and active
devices. In addition to using the provided sendwrsjebrew devices can be
built and used quite easily as well. The key tddmig homebrew or
application specific sensors is to understand #wce interface circuits the
electronic component will be hardwired to. To ithase the concept of
building a homebrew detection device a Robo Detegtmsor will be
discussed in this chapter. The design ideas pressa@ahdng with the detector
sensor circuit can be easily improved and is eraggiby the author. The
basic Proof Of Concept (POC) Block diagram forRubo Detector Sensor
Is shown in Figure 5-1.
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Figure 5-1. The Robo Detector Sensor Proof Of Concept (POC) Block Diagram

The Robo Detection Circuit block is key to the ti@aof a homebrew
sensor because the embedded cricket logo softwhnerevide the
appropriate output response via the Handy Cricaeéfl on the input signals
received from hardwired electronics interface lajidrerefore, the detection



circuit block along with Handy Cricket electronioserface will be explored
follow by the actual homebrew sensor schematicrdimagand Cricket Logo
code.

Inside the Handy Cricket Sensor Ports

As stated earlier, in order to develop homebreve@enan understanding of
the Handy Cricket’s electronics interface circsitequired. The complete
Handy Board schematic diagram can be obtained fhemvebsite:

<http://handyboard.com/cricket/tech>

The area of discussion for our purpose relate®iothe two sensor
connectors (sensora and sensorb) are wired tolthetp “PIC16C715”
microcontroller. Therefore, | provided a condensieduit schematic
focusing on the target external sensor interfacmgponents shown in
Figure 5-2.
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Figure 5-2. The Handy Cricket External Sensor Interface Circuit

The pullup resistors “R6” and “R7” provide a comgteegulated input
voltage of +5V at microcontroller port pins “ralfica“ra0”. Most IC
devices required either the pins to be tied togalsged voltage or ground
(gnd), thereby eliminating the possibility of unweah signals entering into
the silicon die domain of the chip. The key to trepa homebrew sensor
for this sub-circuit is to provide either a twotstainary event (logic 0 or 1)
input trigger or an analog discrete switching sigaarying from 0 -5



volts). To create an input triggering conditionuggs a circuit capable of
working seamlessly with the low side of the pullegistors. Figure 5-3
shows the input triggering conditions that the ygulfesistors can use for
complete sensory detection of an external stimulus

(% #!

—
\ 4

/0

&1,

Y;
4 E

Figure 5-3.Basic Concept of Binary or Analog Sensory Detection

The Binary or Digital sensor basically providesraund to either
microcontroller port pin allowing the programmedmit response to occur.
The Analog sensor allows a varying 0 — 5V signdeanjected into the
corresponding port pins of the PIC chip, agairgwailhg the appropriate
output response to occur. With this vital informatia homebrew sensor can
easily be designed for external detection to thesiglal world. To illustrate
both an analog and digital sensor, the circuit showFigure 5-4 will be
used. The +5V voltage source required to powesémsor can be obtained
from the “Vdd” of both soldered connectors or ateexal 6V battery or DC
power supply. The Logo Blocks code used to tesb#dsec sensor is shown
in Figure 5-5 or the equivalent Cricket Logo codi¢isting 1. | added the
LED indicator to the sensor circuit to provide aual status of the input
triggering event occurring at sensora or sensonnector.

Tech Tip: Passive sensors require no external voltage togehtine
behavior of the electrical circuit interface. Exdea@he photocell. An



active sensor requires an external voltage to ahémgbehavior of the
electrical circuit interface. Example: The reflewta sensor.
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Figure 5-4. A Simple Analog-Digital Sensor with LED Indicator
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Figure 5-5. Logo Blocks Code for the Analog-Digital Sensor circuit

to start

loop [ 2end sensora
ifelze switcha

[a, 0n]

[beep

3, 0ff]

start]

end

Listing 1. The equivalent Cricket Logo Code



The Logo Blocks code will allow the analog-digis&insor data to be display
within the Cricket Monitor. The value displayed hglther be “255” or “0”.
The raw data value of 255 represents the micrachwit the open position
with “0” indicating the switching device contact&sclosed. The LED
provides a visual display of the open and closatkstof the micro switch,
thereby enhancing the Handy Cricket’s input integfal herefore, a digital
sensor is realized with this embedded software.

Wiring Another Sensor to the Handy Cricket

Figure 5-4 circuit diagram can be duplicated tovme left/right object
detection for a mobile robot. The complete circlisggram showing this full
scope detection range is illustrated in Figure 5-5.

Figure 5-5. Left/Right Object Detection Circuit

As shown in the circuit diagram, the object detactor both right & left
sensing can be realized. The LEDs provide visuhitators for object
detecting. If either one or both of the micro swés’ contacts are close, the
LEDs will turn on. The complete circuit diagram shiag how the sensors
are wired to the PIC16C715 microcontroller is showRigure 5-6.
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Figure 5-6. The “Homebrew” Robo Detector Sensor wired to the PIC16C715
microcontroller

-

This diagram is quite interesting because it shioowvs “real world” data can
be obtained using basic electrical circuit basiterefore, on the last page
of this chapter | will provide a PIC16C715 to sensonnector wiring
template that can be used for planning homebrewsosearircuit interfaces
for the Handy Cricket embedded controller. Thelfimzing diagram for the
Robo Detector Sensor circuit interface is showhigure 5-7.



Figure 5-7. The Handy Cricket based Robo Detector Sensor

Build CameraBOT!
The final project to illustrate how the Robo Detec$ensor can be used to

provide practical motor control is to add a canterthe interface circuit.
The main assembly component for CameraBOT is tausetorized
camera base for rotational movement control. Thogept was briefly
discussed on my blog (Don’s Projectshtp://www.family-science.net
website. The basic concept behind CameraBOT cahden in Figure 5-8.
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Figure 5-8. CameraBOT's Building Components

The Robo Eyes Sensor provides the input objecttietesignal necessary
for the Handy Cricket embedded controller to precasd drive a small
ROBOTIX electric motor. The motor’s shaft will hatree necessary
mechanical coupler that can attach to a LEGO Vis&lommand Camera.
The image processing software for the camera care ¢diom a variety of
digital media sources as shown. The LEGO Vision @amd Software will
be used in this telerobotics project for visualwire of objects.

CameraBOT is a hybrid telerobot because it useR®BOTIX and LEGO
building parts and bricks for mechanically coniraithe direction of a
small video cam. The combination of these partafothe motorized base
for the LEGO Vision Command Camera. Also, the carabon of LEGOs
and ROBOTIX components make for a strong and daredshstruction
thereby enhancing the mechanical assembly of thplsibot. The technique
of combining LEGO plastic bricks with ROBOTIX partsquite simple and
will be explained in the next section.



Tech Tip: Although the LEGO Vision Command Camera is usebiuild

this simple telerobot, other small video cams camdapted to this project
as well.

A Simple Mechanical Interface: Attaching ROBOTIX parts to LEGO
Bricks

As mentioned in the project introduction, the keyteating a hybrid
telerobot using ROBOTIX parts and LEGO Bricks isis some type of
mechanical attachment device. The device | crdatagimple attachment
ring that allows the ROBOTIX octagon head to fiiggly inside of a LEGO
plastic brick. Figure 5-9 shows a concept drawihthis simple attachment
device.

Figure 5-9. Cardboard Ring Filler Concept

The cardboard ring filler provides a snug mechdritbhetween two
different construction parts by adding the necgssaterial. As an
experiment, take a ROBOTIX Double plug as showthendiagram and
place a LEGO 2x2 brick on top of it. Notice the ambof brick movement
the while mounted on top of the double plug. Ting filler will add the



right amount of material, thereby providing thepgeofit between the two
dissimilar parts. The following steps will show hoovconstruct the ring
filler using a business card.

Tech Tip: If a business card is not available white cortdtom paper of the
right bond stock can be used as well!
Assembly Steps

The following “photo” construction steps will guigeu through to making
a cardboard ring filler.

Step 1. Using a straight edge draw a horizontal s shown in the photo.



Step 2. Draw and cut on the vertical line as showghoto.

Step 3. Draw small lines as shown on the stripaodllcoard



Step 4. Cut and fold on the lines as shown in tieg@

Step 5. Place the cardboard ring filler over ti@oable Ring Plug as shown



Step 6. Take a LEGO 2x2 brick and place it on tofhe ROBOTIX part



Step 7. Push the LEGO brick completely on tophefouble Plug

Step 9. The completed assembly

With this new hybrid part, the LEGO Vision Commaddmera can easily
be attached to a ROBOTIX small dc electric motofl horax will be used to
provide a flat platform base for the assembledsp&igure 5-10 shows the
final assembly of the CameraBOT. The dc motor rslWwaed to the Robo



Eyes Sensor circuit using the wiring technique ragter 1. This
electromechanical assembly provides for rotatiomayement of the camera

using the switches to control the motor’s direction

Tech Tip: A small joystick can be substituted for the miswatches,
thereby providing a better man-machine interfacerob

Figure 5-10. The final assembly of CameraBOT



Figure 5-11. The CameraBOT attached to the Robo Eyes Sensor circuit

The Logo Blocks Software

With the electronics and electromechanical comptaleuilt, the embedded
motor control software can be added to CameraB®#¢.Ldogo Blocks
software is shown in Figure 5-12. The equivalentk&t Logo code is
shown in Listing 2. Writing this software took sotnal and error due to
synchronization of the electric switches with tiséual control of the
motor’s directions. Also, the proper time delayfondriving the motor had
to be experimented because the attached video EBIB of the camera
must be managed while the motor is running. Toolmarctime can cause
the cable to wrap around the mechanical attachpamhtvhich isn’t good on
the Handy Cricket’s output motor driver IC. Aftexveral attempts of trying
different delay times, both programming embeddeduages work
correctly as designed.
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Figure 5-12.Logo Block Motor Control Program

Listing 2. Cricket Logo Code Version



As shown in Figure 5-12, | partitioned the cod® itvto sections so the
Instructions can be viewed easily. In the origic@de the “thisway” and
“wait” statements are covered up with the “if-thelse” block. The motor
control code responded quite well to the switchiequests of the micro-
switches. The rotational speed is adequate aswirelh requested by the
Handy Cricket’s output driver IC.

LEGO Vision Command Software

To give the CameraBOT the ability to see its emvinent the LEGO Vision
Command Software provides a complete audio/imagiogessing lab in
one software package. An extension of RCX coderpragiing blocks were
created to allow the amateur roboticist to build sgeing machines using a
small video cam. Various programming missions dmallenges allow the
amateur roboticist the ability to experiment witlkaaiety of vision based
robots and machines. Although LEGO doesn’t selletktension Kit, it can
easily be bought on ebdntp://www.ebay.conat a reasonable price. Here’s
an example of the control panel used within thegima software.

Figure 5-13. The LEGO Vision Command Control Panel



The image shown on the virtual monitor is from mgnporary apartment in
Memphis Tennessee. The camera can also be usapttoedigital stills in
addition to recording live video. This feature givieexibility in terms of
storing digital media for distribution and archiginrhe LEGO Vision
Command Camera is really a small Logitech Video @ackaged inside of
a stud based plastic case. Therefore, the cameoangatible with other
Logitech Video Cam software packages. In Figurel %is® several other
video cam and MS Windows software packages thabeanvestigated as
well.

Further Ideas and Thoughts

This chapter explained building a basic and usgfalit interface that can
provide visual input status for the Handy Cricketoedded controller. In
addition to being used in object detection mode,Rbbo-Eyes Sensor
circuit can provide directional motor control foHandy Cricket based
robot. The logo block and cricket code softwareussed in this section
lllustrates techniques for reading input signaberfithe Robo-eyes sensor
circuit and driving an attached small dc motor inectionally.

Last, the LEGO Vision Command software completesi€aBOT's
functionality of image processing. The softwaransextension of the RCX
code allowing various vision/color detection funais for your Handy
Cricket based robot. The LEGO Vision Command saféwa very intuitive,
thereby allowing a vision based application to bealoped quite easily.
Other video cam software can be used with the LEZa@ for real time and
digital still image processing applications.

Additional projects that can be explored with CaaBDT are:
Provide pan and tilt functions for CameraBOT
Replace the micro-switches with Cadmium SulphidéSbased
light sensors for non-contact object detection
Create a color sensor using the LEGO Vision Comnpaoduct
Create a motion detection device using the LEGG@odi€ommand
product with the Handy Cricket embedded controller
Create a homebrew Vision Control Panel using EXcslal Basic for
Applications (VBA) [See CDROM for applet]



Handy Cricket Sensor Circuit Design Template
Develop homebrew circuits using this basic cirauiérface diagram as
discussed in the chapter
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