
 
 

 
 

 
 

The sensors packaged with the Handy Cricket Starter Pack allow the robo-
hobbyist to explore various methods of detection using passive and active 
devices. In addition to using the provided sensors, homebrew devices can be 
built and used quite easily as well. The key to building homebrew or 
application specific sensors is to understand the device interface circuits the 
electronic component will be hardwired to. To illustrate the concept of 
building a homebrew detection device a Robo Detector Sensor will be 
discussed in this chapter. The design ideas presented along with the detector 
sensor circuit can be easily improved and is encourage by the author. The 
basic Proof Of Concept (POC) Block diagram for the Robo Detector Sensor 
is shown in Figure 5-1. 
 
 

 
 
 
 
 Figure 5-1. The Robo Detector Sensor Proof Of Concept (POC) Block Diagram  
 
 
The Robo Detection Circuit block is key to the creation of a homebrew 
sensor because the embedded cricket logo software will provide the 
appropriate output response via the Handy Cricket based on the input signals 
received from hardwired electronics interface layer. Therefore, the detection 
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circuit block along with Handy Cricket electronics interface will be explored 
follow by the actual homebrew sensor schematic diagram and Cricket Logo 
code. 
 

Inside the Handy Cricket Sensor Ports 
As stated earlier, in order to develop homebrew sensors an understanding of 
the Handy Cricket’s electronics interface circuit is required. The complete 
Handy Board schematic diagram can be obtained from the website: 
 

<http://handyboard.com/cricket/tech> 
 
The area of discussion for our purpose relates to how the two sensor 
connectors (sensora and sensorb) are wired to the PIC chip “PIC16C715” 
microcontroller. Therefore, I provided a condensed circuit schematic 
focusing on the target external sensor interfacing components shown in 
Figure 5-2. 
 

 
 
               Figure 5-2. The Handy Cricket External Sensor Interface Circuit  
 
 
The pullup resistors “R6” and “R7” provide a constant regulated input 
voltage of +5V at microcontroller port pins “ra1” and “ra0”. Most IC 
devices required either the pins to be tied to a regulated voltage or ground 
(gnd), thereby eliminating the possibility of unwanted signals entering into 
the silicon die domain of the chip. The key to creating a homebrew sensor 
for this sub-circuit is to provide either a two state binary event (logic 0 or 1) 
input trigger or an analog discrete switching signal (varying from 0 –5 
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volts). To create an input triggering condition requires a circuit capable of 
working seamlessly with the low side of the pullup resistors. Figure 5-3 
shows the input triggering conditions that the pullup resistors can use for 
complete sensory detection of an external stimulus  
 

 
 
                  Figure 5-3.Basic Concept of Binary or Analog Sensory Detection 
 
 
The Binary or Digital sensor basically provides a ground to either 
microcontroller port pin allowing the programmed output response to occur. 
The Analog sensor allows a varying 0 – 5V signal to be injected into the 
corresponding port pins of the PIC chip, again, allowing the appropriate 
output response to occur. With this vital information, a homebrew sensor can 
easily be designed for external detection to the physical world. To illustrate 
both an analog and digital sensor, the circuit shown in Figure 5-4 will be 
used. The +5V voltage source required to power the sensor can be obtained 
from the “Vdd” of both soldered connectors or an external 6V battery or DC 
power supply. The Logo Blocks code used to test the basic sensor is shown 
in Figure 5-5 or the equivalent Cricket Logo code of Listing 1. I added the 
LED indicator to the sensor circuit to provide a visual status of the input 
triggering event occurring at sensora or sensorb connector. 
 
 
Tech Tip: Passive sensors require no external voltage to change the 
behavior of the electrical circuit interface. Example: The photocell. An 
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active sensor requires an external voltage to change the behavior of the 
electrical circuit interface. Example: The reflectance sensor. 

 
 

Figure 5-4. A Simple Analog-Digital Sensor with LED Indicator 
 
 

 
          Figure 5-5. Logo Blocks Code for the Analog-Digital Sensor circuit 
 
 

 
                                     Listing 1. The equivalent Cricket Logo Code 
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The Logo Blocks code will allow the analog-digital sensor data to be display 
within the Cricket Monitor. The value displayed will either be “255” or “0”. 
The raw data value of 255 represents the micro switch in the open position 
with “0” indicating the switching device contact’s is closed. The LED 
provides a visual display of the open and closed states of the micro switch, 
thereby enhancing the Handy Cricket’s input interface. Therefore, a digital 
sensor is realized with this embedded software. 
 
Wiring Another Sensor to the Handy Cricket 
Figure 5-4 circuit diagram can be duplicated to provide left/right object 
detection for a mobile robot. The complete circuit diagram 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 detection for both right & left 
sensing can be realized. The LEDs provide visual indicators for object 
detecting. If either one or both of the micro switches’ contacts are close, the 
LEDs will turn on. The complete circuit diagram showing how the sensors 
are wired to the PIC16C715 microcontroller is shown in Figure 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 shows how “real world” data can 
be obtained using basic electrical circuit basics. Therefore, on the last page 
of this chapter I will provide a PIC16C715 to sensor connector wiring 
template that can be used for planning homebrew sensor circuit interfaces 
for the Handy Cricket embedded controller. The final wiring diagram for the 
Robo Detector Sensor circuit interface is shown in Figure 5-7. 
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  Figure 5-7. The Handy Cricket based Robo Detector Sensor  
 
 
Build CameraBOT! 
The final project to illustrate how the Robo Detector Sensor can be used to 
provide practical motor control is to add a camera to the interface circuit. 
The main assembly component for CameraBOT is to use a motorized 
camera base for rotational movement control. This project was briefly 
discussed on my blog (Don’s Projects) at http://www.family-science.net 
website. The basic concept behind CameraBOT can be shown in Figure 5-8. 
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                         Figure 5-8. CameraBOT’s Building Components 
 
 
The Robo Eyes Sensor provides the input object detection signal necessary 
for the Handy Cricket embedded controller to process and drive a small 
ROBOTIX electric motor. The motor’s shaft will have the necessary 
mechanical coupler that can attach to a LEGO Vision Command Camera. 
The image processing software for the camera can come from a variety of 
digital media sources as shown. The LEGO Vision Command Software will 
be used in this telerobotics project for visual viewing of objects.  
 
CameraBOT is a hybrid telerobot because it uses the ROBOTIX and LEGO 
building parts and bricks for mechanically controlling the direction of a 
small video cam. The combination of these parts forms the motorized base 
for the LEGO Vision Command Camera. Also, the combination of LEGOs 
and ROBOTIX components make for a strong and durable construction 
thereby enhancing the mechanical assembly of the simple bot. The technique 
of combining LEGO plastic bricks with ROBOTIX parts is quite simple and 
will be explained in the next section.  
 



Tech Tip: Although the LEGO Vision Command Camera is used to build 
this simple telerobot, other small video cams can be adapted to this project 
as well. 
 
 
A Simple Mechanical Interface: Attaching ROBOTIX parts to LEGO 
Bricks 
As mentioned in the project introduction, the key to creating a hybrid 
telerobot using ROBOTIX parts and LEGO Bricks is to use some type of 
mechanical attachment device. The device I created is a simple attachment 
ring that allows the ROBOTIX octagon head to fit snuggly inside of a LEGO 
plastic brick. Figure 5-9 shows a concept drawing of this simple attachment 
device. 
 
 
 
 

 
 
 
   Figure 5-9. Cardboard Ring Filler Concept 
 
The cardboard ring filler provides a snug mechanical fit between two 
different construction parts by adding the necessary material. As an 
experiment, take a ROBOTIX Double plug as shown in the diagram and 
place a LEGO 2x2 brick on top of it. Notice the amount of brick movement 
the while mounted on top of the double plug. The ring filler will add the 



right amount of material, thereby providing the proper fit between the two 
dissimilar parts. The following steps will show how to construct the ring 
filler using a business card. 
 
 
Tech Tip: If a business card is not available white construction paper of the 
right bond stock can be used as well! 
 
Assembly Steps 
The following “photo” construction steps will guide you through to making 
a cardboard ring filler. 
 
 
Step 1. Using a straight edge draw a horizontal line as shown in the photo. 
 

       
 
 
 
 
 
 
 
 
 
 
 
 



Step 2. Draw and cut on the vertical line as shown in photo. 
 

           
 
 
 
Step 3. Draw small lines as shown on the strip of cardboard 
 

                       
 
 
 
 
 
 
 
 



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

    
 
 
 
Step 5.  Place the cardboard ring filler over the a Double Ring Plug as shown 
 

        
 
 
 



        
 
 
 
Step 6. Take a LEGO 2x2 brick and place it on top of the ROBOTIX part 
 

                                      
 
 
 
 
 
 
 
 
 
 



Step 7.  Push the LEGO brick completely on top of the Double Plug 
 

                                         
   
 
Step 9.  The completed assembly 
 
 

           
 
 
With this new hybrid part, the LEGO Vision Command Camera can easily 
be attached to a ROBOTIX small dc electric motor. A Thorax will be used to 
provide a flat platform base for the assembled parts. Figure 5-10 shows the 
final assembly of the CameraBOT. The dc motor is hardwired to the Robo 



Eyes Sensor circuit using the wiring technique in Chapter 1. This 
electromechanical assembly provides for rotational movement of the camera 
using the switches to control the motor’s direction. 
 
Tech Tip: A small joystick can be substituted for the micro switches, 
thereby providing a better man-machine interface control. 
 
 

                         
 
 
   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 components built, the embedded 
motor control software can be added to CameraBOT. The Logo Blocks 
software is shown in Figure 5-12. The equivalent Cricket Logo code is 
shown in Listing 2. Writing this software took some trial and error due to 
synchronization of the electric switches with the actual control of the 
motor’s directions. Also, the proper time delay on for driving the motor had 
to be experimented because the attached video USB cable of the camera 
must be managed while the motor is running. Too much on time can cause 
the cable to wrap around the mechanical attachment part which isn’t good on 
the Handy Cricket’s output motor driver IC. After several attempts of trying 
different delay times, both programming embedded languages 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, I partitioned the code into two sections so the 
instructions can be viewed easily. In the original code the “thisway” and 
“wait” statements are covered up with the “if-then-else” block. The motor 
control code responded quite well to the switching requests of the micro-
switches. The rotational speed is adequate as well when requested by the 
Handy Cricket’s output driver IC.  
 
 
LEGO Vision Command Software 
To give the CameraBOT the ability to see its environment the LEGO Vision 
Command Software provides a complete audio/imaging processing lab in 
one software package. An extension of RCX code programming blocks were 
created to allow the amateur roboticist to build eye seeing machines using a 
small video cam. Various programming missions and challenges allow the 
amateur roboticist the ability to experiment with a variety of vision based 
robots and machines. Although LEGO doesn’t sell the extension kit, it can 
easily be bought on ebay http://www.ebay.com at a reasonable price. Here’s 
an example of the control panel used within the imaging software. 
 

                 
 
                            Figure 5-13. The LEGO Vision Command Control Panel 
 
 
 



The image shown on the virtual monitor is from my temporary apartment in 
Memphis Tennessee. The camera can also be used to capture digital stills in 
addition to recording live video. This feature gives flexibility in terms of 
storing digital media for distribution and archiving. The LEGO Vision 
Command Camera is really a small Logitech Video Cam packaged inside of 
a stud based plastic case. Therefore, the camera is compatible with other 
Logitech Video Cam software packages. In Figure 5-8 I list several other 
video cam and MS Windows software packages that can be investigated as 
well. 
 
Further Ideas and Thoughts 
This chapter explained building a basic and useful circuit interface that can 
provide visual input status for the Handy Cricket embedded controller. In 
addition to being used in object detection mode, the Robo-Eyes Sensor 
circuit can provide directional motor control for a Handy Cricket based 
robot. The logo block and cricket code software discussed in this section 
illustrates techniques for reading input signals from the Robo-eyes sensor 
circuit and driving an attached small dc motor bi-directionally. 
 
Last, the LEGO Vision Command software completes CameraBOT’s 
functionality of image processing. The software is an extension of the RCX 
code allowing various vision/color detection functions for your Handy 
Cricket based robot. The LEGO Vision Command software is very intuitive, 
thereby allowing a vision based application to be developed quite easily. 
Other video cam software can be used with the LEGO Cam for real time and 
digital still image processing applications.  
 
Additional projects that can be explored with CameraBOT are: 

·  Provide pan and tilt functions for CameraBOT 
·  Replace the micro-switches with Cadmium Sulphide (CdS) based 

light sensors for non-contact object detection 
·  Create a color sensor using the LEGO Vision Command product 
·  Create a motion detection device using the LEGO Vision Command 

product with the Handy Cricket embedded controller 
·  Create a homebrew Vision Control Panel using Excel Visual Basic for 

Applications (VBA) [See CDROM for applet] 
 
 
 



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