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int X,y,a,b,c,n;
int mx, my, x1, x2, y1, y2, pixels, confidence;

void berdiri()

{
Seriall.printin("#13 P778 T1000");
Seriall.printin("#14 P778 T1000");
Seriall.printin("#15 P1722 T1000");
Seriall.printin("#2 P2000 T1000");
Seriall.printin("#1 P2222 T1000");
Seriall.printin("#0 P1278 T1000");
Seriall.printin("#29 P778 T1000");
Seriall.printin("#30 P1133 T1000");
Seriall.printIn("#31 P1578 T1000");
Seriall.printin("#18 P2056 T1000");
Seriall.printin("#17 P2000 T1000");
Seriall.printin("#16 P1500 T1000");
Seriall.printIn("#7 P1500 T1000");
Seriall.printin("#23 P1300 T1000");

}

void maju()

{
Seriall.printin("#0 P1556 T1000 #16 P1778 T1000");
delay(1000);
Seriall.printin("#15 P2000 T1000 #31 P1856 T1000");
delay(1000);
Seriall.printin("#2 P1389 T1000");
delay(1000);
Seriall.printin("#1 P1611 T1000");
delay(1000);
Seriall.printIn("#15 P1722 T1000 #31 P1578 T1000");
delay(1000);
Seriall.printin("#0 P1278 T1000 #16 P1500 T1000");
delay(1000);
Seriall.printin("#15 P1333 T1000 #31 P1189 T1000");



delay(1000);

Seriall.printin("#0 P1000 T1000 #16 P1222 T1000");
delay(1000);

Seriall.printIn("#29 P1500 T1000");

delay(1000);

Seriall.printin("#30 P1744 T1000");

delay(1000);

Seriall.printin("#13 P1500 T1000");

delay(1000);

Seriall.printin("#14 P1389 T1000");

delay(1000);

Seriall.printin("#0 P1278 T1000 #16 P1500 T1000");
delay(1000);

Seriall.printin("#15 P1722 T1000 #31 P1578 T1000");
delay(1000);

Seriall.printin("#0 P1556 T1000 #16 P1778 T1000");
delay(1000);

Seriall.printin("#15 P2000 T1000 #31 P1856 T1000");
delay(1000);

Seriall.printin("#18 P1444 T1000");

delay(1000);

Seriall.printin("#17 P1389 T1000");

delay(1000);

Seriall.printin("#15 P1722 T1000 #31 P1578 T1000");
delay(1000);

Seriall.printin("#0 P1278 T1000 #16 P1500 T1000");
delay(1000);

}

void kepalaekor()

Seriall.printin("#7 P1000 T1000 #23 P1600 T1000");
delay(1000);

Seriall.printin("#7 P2000 T1000 #23 P1000 T1000");
delay(1000);

Seriall.printin("#7 P1500 T1000");
Seriall.printin("#23 P1300 T1000");

}

void VRdetect()

{
Serial2.print("b"™);
delay(500);
while(Serial2.available() > 0)

{
x = Serial2.read(); // buat ngeditek alat



if (x=="0")
Serial.printin ("Board Detected");
¥

¥
void VRIanguage()

Serial2.print("I");

delay(10);
Serial2.write(0x41); // english
delay(100);
while(Serial2.available() > 0)

X = Serial2.read();
if (x=="0")
Serial.printin("Set language Ok™);
¥

}

void VRtimeout()

Serial2.print("0");

delay(10);

Serial2.write(0x46); // time out 5 detik : 0x41+5 english
delay(100);

while(Serial2.available() > 0)

x = Serial2.read();
if (x=="0")
Serial.printIn("Set timeout Ok™);
}

¥

void VRtrigger()
{
Serial.printIn("Trigger Word...");
Serial2.print("i");
delay(10);
Serial2.write(0x41); // trigger word
delay(100);
while(Serial2.available() == 0);
x = Serial2.read();
if (x=="1)
Serial.printIn("timeout");
else if (x =="¢)
Serial.printin(“error");
else if (x =="'s")



Serial.printIn("Recognized");

}

void VRwordset1()
{
Serial.printin("Word Set #1...");
Serial2.print("i");
delay(10);
Serial2.write(0x42); // word set #1
delay(100);
while(Serial2.available() == 0);
x = Serial2.read();
if (x=="1)
Serial.printIn("timeout™);
else if (x =="¢e")
Serial.printin(“error");
else if (x ==23)

Serial.printin("Run");
maju();

}
else if (x ==6)

{
Serial.printin("Stop™);
berdiri();

}

else

Serial.printin("???");

}

int cmuSet2(char *command)

{
unsigned char byteCount;
Serial3.print(command);
Serial3.print("\r");
delay(10);
while(Serial3.available() == 0);

}

int cmuSet(char *command)

{
int byteCount;
Serial3.print(command);
Serial3.print("\r");
delay(10);
while(Serial3.available() == 0);



while(Serial3.read() !'="");
Serial3.flush();

}

void camSetup()

{
Serial.printin("Ready");
delay(1000);
cmuSet("RS");
delay(500);
cmuSet("CR 18 44 19 33");
delay(500);
cmuSet("CR 18 40 19 32");
delay(500);
cmuSet("PM 1"); //polled mode on
delay(500);
cmuSet("RM 3");

/I wait for camera to settle
delay(500);
cmuSet2("TC 239 241 1517 15 17",
delay(1000);
Serial.printIin("Go");
Serial3.flush();
delay(500);

}

void camTracking()
{
unsigned char buffer[30];
int nByte = 0;
cmuSet2("TC");
delay(100);
I/ 11 bytes are as follows -
/I array position-->012345678910
Il value --> 255 T mx my x1 y1 x2 y2 pixels confidence \r
/I Serial.print("Data: ");
/[ Serial.printIn(Serial3.available(),DEC);
/I delay(500);
while ( Serial3.available() > 0)
{
buffer[nByte] = Serial3.read();
nByte++;
delay(2);

mx = buffer[2];
my = buffer[3];



x1 = buffer[4];

y1 = buffer[5];

x2 = buffer[6];

y2 = buffer[7];

pixels = buffer[8];

confidence = buffer[9];

/*

for (inti=0;1<11;i++) /luntuk menampilkan data array pada terimnal

{
Serial.print(buffer[i], DEC);
Serial.print(" ");

Serial.printin(" ";
delay(1000);
*/

}

void setup()

Serial.begin(9600);
delay(500);
Serial2.begin(9600);
delay(500);
Seriall.begin(9600);
delay(500);
Serial3.begin(19200);
delay(500);
pinMode(52,0UTPUT);
digitalWrite(52,LOW);
delay(500);
camSetup();
VRdetect();
VRlanguage();
VRtimeout();
VRtrigger();
Serial2.flush();
if (x=="9")
{

VRwordset1();

}
delay(500);

}
void loop()



berdiri();

a = analogRead(1);

b = analogRead(2);

¢ = analogRead(3);

camTracking();

if ((x2-x1>20)&& (y2-y1>50))

kepalaekor();
digitalWrite(52,HIGH);

¥
if (a>800)

kepalaekor();
for ( n=0; n<5; n++)
{
maju();
berdiri();
}

}
delay(500);
if (b>250)
{
kepalaekor();
digitalWrite(52,HIGH);
delay (5000);
}

else

{
digitalWrite(52,LOW);

}
delay(500);
if (¢>800)
{
kepalaekor();
digitalWrite(52,HIGH);
delay(5000);
}
delay(500);
VRwordset1();
delay(500);
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Technical Information

The Touch Sensar changes value from 0 to 1000 when it is touched, More specifically, this sensor is actually a
capacitive change sensor. When the capacitance changes the sanscr reports a thousand, If the sensor remains at
1000 for longer than 80 secends, it will recalibrate back down to zaro, regardless if the sensor is still being touched.
This recalibration can also be done manually by unplugging and plugging the sensor back into the Intarface kit

n the bottom side of the Touch Sensor there is a small exposed metallic pad. A soldered connection can be mads
to the pad to increase the size and dimensions of the touchable area, such as attaching the sensor to a metallic
object or some wire, Once the sensor is recalibrated, the sensor’s value will increase to 1000 if the attached object
is touched anywhere.

Although there is an exposed metallic pad on the bottom of the board, the pad dees not have to be touched directly
to activate the sensor - touching anywhears on the board will activate the sensor. The sensor can work as a close
proximity senscr, sensing objects at a distance of up to 1/2" from the board in all directions without direct contact.

The Touch sensor will also weork through a thickness of up to 1/2" of glass, plastic, or papen

Other Interfacing Alternatives

If you want maximum accuracy, you can use the RawSensorValue property from the PhidgetinterfaceXit. To adjust a
formula, substitute (SensorvValue) with (RawSensorvalue [ 4.095)

If the sensor is being interfaced to your own Analog to Digital Convertar and not a Phidget device, owr formulas can
be medified by replacing (Sensorvalue) with {Win * 200). It is important to consider the voltage reference and input
valtage range of vour ADC for full accuracy and rangs.

Analog Input Cable Connectors

Each Analog Input uses a 3-pin, 0,100 inch pitch locking connectar,
Picturad hera is a plug with the connactions labeled. The connectors
are commoenly available - refer to the Table below for manufacturer part
numbers,

\
I I Analog Input
Power (+5V)

Ground (0V)
Cable Connectors
Manufacturer Part Number Description
Malex C-57-5403 3 Position Cable Connector
Molex 16-02-0102 Wire Crimp Insert for Cable Connecior
Maolex FO543-0002 3 Position Vertical PCB Connactor
Malex 7F0553-0002 3 Position Right-Angle PCE Connector (Gold)
Molex 70553-0037 3 Position Right-Angle PCE Connector {Tin)
Malex 15-91-2035 3 Position Right-Angle PCE Connector - Suiface Mount

Mote: Most of the above components can be bought at www.digikey.com



Device Specifications

Characteristic Value

Current Consumption 110pa

Cutput Impedance 10K chms

Supply Voltage 2.0VDC to 5.25VDC
Maxirmum Proximity Sensing Distance | 1,27 om (0.57)

Product History

Date Board Revision | Comment
Movember 2009 0 Product Releass
Support

Call the support desk at 1.403.282,7335 9:00 AM to 5:00 PM Mountain Time (US & Canada) - GMT-07:00
ar

E-mail us at: support@phidgets.com
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1. INTRODUCTION

The CMUcam3 is an ARMTTOMI based fully programmahble embedded computer vision
sensor. The main processor is the Philips LFC2106 connected to an Omnivision CMOS
camera sensor module. Custom C code can be developed for the CMUcam3 using a port

of the GMU toolchain along with a set of open source libraries and example programs.

Executables can be flashed onto the board using the serial port with no external downloading

hardware required. Make sure to check www.cmucam_org for the most up to date
documentaton and CQuick-Stari guides.

Features

CIF Resolution (352x288) RGE color sensor
Open Source Development Environment for Windows and Linux
MMC Flash Slot with FAT16 driver support
Four-port Servo Conftroller
Load Images into Memaory at 26 Frames Per Second
LUA light-weight language interpreter allows for rapid prototyping
Software JPEG compression
Basic Image Manipulation Library
- Arhitrary Image Clipping
- Image Downsampling
- Mutable camera image properties
- Threshold and Convolution Functions
- RGE, ¥CrCh and H3V Color Space
CMUcam?2 Emulation
- User defined color blobs
Frame differencing
Mean and variance data collection
Raw images dumps over serial
Histogram Generation
BAY Analog video ouiput (PAL or NTSC)*
FIFD image buffer for multiple pass hi-res image processing
Compatible Connector with Wireless Motes (Tmote Sky, FireFly, 802.15.4)



2. BLOCK DIAGRAM

Below is a high level block diagram of the major components found on the CMUcam3.
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3. HARDWARE CONNECTIONS

GPIC Header Analog Cutput
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Power

The input power to the hoard goes through a 5 volt reguilator. It is ideal to supply the board witk
hetween 6 and 15 volts of DC power that is capable of supplying at least 150 milliamperes of
current.

The servos can either be powered by internal power, or by the external senvo power connactor
To run them off of external power, remove the internal servo power jumper like shown below.
Then connect a second power supply to the “External Servo Power Connector”. To run off of
internal power, connect the “Internal Servo Power” jumper and disconnect any external servo
POWET.

Warning: powering the servos from internal power means that if the servos reguire more
current than is available to power both servos and the processor, then the processor may
reset or fail to operate at all. Running three or more servos off of internal power will likely not
succeed.
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Serial Port

The CMUcam3 has a standard level shifted senal port to talk to a computer as wellasaTTL
serial port for talking to @ microcontroller. The level shifted serial port only uses 3 of the 10
pins. It is in a 2x5 pin configuration that fits a standard 9 pin ribhan cable clip-on serial sockets
and 10 pin female clip on serial headers that can both attach to a 10 wire ribbon cable. If this
initially does not work, try flipping the direction that the ribbon cable connects to the CMUcam?2
bhoard. Make sure the seral jJumper is in place when you use this mode. The TTL connector
can be used to talk to @ micrcontroller without the use of a level shifting chip. The TTL pins
output hetween 0 and 3.3volts, but are 5 volt tolerant for input. Remove the Serial Jumper
when you use this mode.

Ground
PCTX, CMUcam RX
PC RX, CMUzam TX

1 ‘ o]
X X YoX )
0000

i 7

The Trapezcidal serial connecior shown |5 wihat the serial
connechor on your computer should look [Ke F drawn I an

anncy g line 2rt drawing perogram.

Level Shifted Serial Jumper
Ground

Logic Out 5TX
From CMUcam

+5v

Logic In SRX
From CMUcam



Camera Bus

This bus interfaces with the CMOS camera chip. The CMOS camera board is mounted parallel
to the processing part of the hoard and connects starting at pin 1. The female camera header
should be soldered on the back of the main CMUcam3 hoard.

The CMUcam3 currently works with the OVE620 and OVTE30 camera modules.
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Servo Port

The CMUcam3 has the ability to control 4 servos. This can be useful if you
do not wish to use a separate senvo controller. The servo port can also be used
a5 a general purpose digital outputs.

GMD +5 PWM

Servo 0 [POL1T)
Servo 1 (P0.18)
Servo 2 [POL15)
Servo 3 [PO.20)



Expansion Port GPIO

The general purpose FO header allows access to the second UART, various power contral pins

and the 5P| pins.

Fower Enable - When pulled low, the main CMUcam3 regulator is disabled causing the board
to draw less than 0.01uA. All devices are shutoff and loze all active state information. When
the line is released or pulled high, the board will reboot. By default, the pin is internally pulled

high.

ALY Power - This pin can be configured to either externally power the board, or power an
expansion board. By default, the pin is connectad to the 3 3volt internal supply. By removing
resistor R11 and adding a jumper resistor in place of RE, the pin is connected to the main

power before the 5 volt regulator.

Power Enahble

SCK (PO.4)
CAM RESET  (P0.15)
RX2 (P0.9)
TH2 (FO.8)

GND

MISC (PD.5)

C3
MOSI

(FO.14)
(PO.6)

ALK Power
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CAM RESET - This pin can he usad as external 'O if the camera state is not required.
Mormally this pin resets the camera module and should not be used.

TX¥2 - The transmit pin on UARTZ2 is not level shifted and hence can not be directly connected
to a PC or none TTL external device. This pin can also be used as GRPIO.

RX2 - The receive pin on UARTZ is not level shifted and hence can not be directly connected
to a PC or nong TTL external device. This pin can also be used as GPIO.

5 - On reboot, if this pin is held low, the LFC2106 will enter hootstrap mode. Rehoot can be
externally induced by pulsing the power enable pin. Normally this pin will be controlled by the
MMC driver. This pin can also be used as GFIO or as the SPI chip select when an MMC card
is not inserted.

MOS] - Marmally this pin is controlled by the MMC driver. This pin can also be used as GFIO
or as an 3Pl output when an MMC card is not inserted.

MISO - Marmally this pin is controlled by the MMC driver. This pin can also be used as GFIO
or as an SPI input when an MMC card is not inserted.

SCK - Normally this pin is controlled by the MMC driver. This pin can also be used as GFIO or
as the SPI clock pin when an MMC card is not insered.

Power Enahble GHND

SCK (FO.4) MISO (P0.5)
CAM RESET (PD.15) Cs (P0.14)
R¥2 (F0.9) MOSI (PO.E)

Tx2 (P0.8) AUX Power



Analog Output Port

Using the OVE620 camera module, you will be able to get a PAL video signal from the analog

port of the CMUcam3. This would sync up with any PAL monitor, but will not work with a

standard NTSC monitor. The OV7620 camera module will output a standard black and white
MNTSC video signal.

To use this output, it is necessary o keep the camera at its maximum frame rate (the default)
and switch it into YCrCh mode in order 1o see the image on a monitor.

Ground
Signal

Board Revision B




LEDs

LED 0 - This pin is shared with the MOSI pin and should be used only when CS is disabled
whilz an MMC card is inserted.

LED 1 - This pin is shared with the Servo 2 pin. When using Servo 2, the LED will flash.

LED 2 - This pin is shared with the Servo 3 pin. When using Servo 3, the LED will flash.
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ISP Button

When held down on power up, the 13F button will enable the built in LPC2108 hootloader.
After the processor has started up, the button can be read as normal GRIQ. Itis internally
pulled high, and set low when depressed. The button shares the C3 pin (P0.14) with the MMC.

When using the MMC, CS iz active low and hence the bufton cannot adversely affect data
transfers.
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4. HARDWARE CHARACTERISTICS

Power State Active Current ldle Current Voltage
All Active 130ma 25maA B
External Regulator Disabled nia 0.01uA nia
CPU {@80Mhz) 30mA 10uA 1.8 W
CPU Peripherals ] 10w 33V
CMOS camera 25mA 10uA 5
MAXZI2 BmaA nia 33V
FIFO E2mA 14ma 33V
MMC card 4md 4ma 33V
misc T0mA 10ma 3.3V

Table 1: Power consumption information for various components.

Component Description
CPU
RAM G4KB
RO 128KB (BKB taken by bootloader)
frequency (14-80 Mhz)
FIFO
Capacity 1MB
max rate 50 FPS
CMOS camera
max resclution 352x288
color depth Sbits per pixel
Misc
max serial rate 115,200 bits per second
full resglution image load and pizel touch 28 FPS
rate
servo frequency A0 Hz

Tahle 2: CMUcam3 Characteristics




Testing the Firmware

Once you have set the board up and downloaded the firware, a good way to
test the system 1s to connect it to the senal port of a computer.

Step 1: If one does not already exist, build a senal and/or power cable

Step 2: Plug both of them m_

Step 3: Open the termmal emmlator of your choice.

Step 4: Inside the termimal enmlator set the communication protocol
to 115,200 Band, 8 Data bits, 1 Stop bit, no panty, local echo
on, no flow control and if possible tum on “add hine feed” (add
‘n to areceived 'r). These setting should usnally appear under
“senal port” or some other siomlar memn option.

Step 5. Tum on the CMUcam? board; the Power LED should hght
up and only one of the two status LEDs should remam on.

Step 6: You should see the followng on your termmal enmlator:

CMUcam? v1.0 ch

If you have seen this, the board was able to successfully
configure the camera and start the firmware.

Step 7: Type gv followed by the enter key. You should see the
followmg:

-EV
A
CMUeam? v1.0 ch

Thas shows the current version of the fimrwrare.  If thas 15

successful, your computer’s senal port 15 also configured
comectly and both fransmmt and recerve are workimg.



Serial Commands

The senal communication parameters are as follows:

= 1.200 to 115,200 Baud

= § Data bats

= | Stop bit

= No Panty

= No Flow Control (Not Xon/Xoff or Hardware)

All commands are sent using visible ASCII characters (123 1s 3 bytes “1237 ).
Upon a successful transomssion of a command, the ACK stnng should be re-
tumed by the system_ If there was a problem m the syntax of the transmission,
or if a detectable transfer emror occurred, a NCK stnng 15 returmed. After esther
an ACK or a NCK, a 'r1s returned. When a prompt ('r” followed by a *:" ) 13
refumed, 1t means that the camera 15 wartmg for another commmand m the 1dle
state. White spaces do matter and are used to separate argument parameters.
The 'r (ASCII 13 camage refumn) is used to end each line and activate each-
command. If visible character transmission causes too mmch overhead, it 15
possible to nse varymg degrees of raw data transfer.



Alphabetical Command Listing

B BufTer kide 30
CR Carsera Regrder 31
(e Carfpera Power k]
T Eet Canera Trpe k ]
oC Teeienes Clasnel k¥
(W Dy Meade 13
0E Duen Sassjile 13
FI Frame Dilferesze 34
F3 Fraene Sreas 34
an el Brallan s
GH et Hiatogras 35
ol et Avese B0 inpar 35
ik el helesn 35
a3 el Serve Poditisim 35
ar (hat Triside g Pasanelens 37
av el Vedsdins 317
oW el Windirw kH
HC Hetorgram Conliglse EH]
HIx Heglt Rewclation Difference k13
HE HeFen bode k13
HT Eet Hiwogran Teack kb
LO¥Ta Ladl Contrel i
LF Lol Fraene b Dilleresce ki

Lk Loz bioda &)
kil Pk OB taioe x|
HF e Filier &
Ok Canput Facken Mook &5
FI Fisel Calferems: &t
FF Fackest Filler &
2 Folll hfunde &5
F5 Facks Skig &7
1) Razid Frares b Bull 27
R Raw bads &
= Ranet &
a0 Sleep Cregply &
F el Frasie o)
aL Aleep Corpaand i}
2 Servo kisk 5l
a0 Serva Dulpa 5]
aF Seivo Farimsien )
a7 Set Teack Comanirel 52
v Servo Prailion 53
TC T Tl £3
Tl Tkt Trverted 53
T# Trieck Wisdbow i
L Ujpikead Caffeens bl 55
W Vs Wiindow &5




\r

This command 15 used to set the camera board mito an idle state. Like all other
commands, you should recerve the acknowledgment strmg “ACK” or the not
acknowledge stnng “NCK” on fathure. After acknowledging the idle com-
mand the camera board waits for firther commands, which 15 shown by the °:
prompt. Whale in this idle state a 'r by itself will retum an “ACK” followed by
'r and : character prompt. This 15 how you stop the camera while in streanung
mode.

Example of how to check if the camera is alive while in the idle state:

ACK

BM active 'r

Thiz command sets the mode of the CMUcam’s frame buffer. A value of 0 (de-
famlt) means that new frames are constantly being pushed mto the frame buf-
fer. A valoe of 1, means that only a single frame remains i the frame buffer
This allows nmltiple processmg calls to be apphed to the same frame. Instead
of grabbing a new frame, all commands are apphied to the curent frame In
memory. 50 you could get a istogram on all three channels of the same mage
and then track a color or call get mean and have these process a single buff-
ered frame. Calling RF wall then read a new frame into the buffer from the
camera. When BM 1z off, RF 15 not required to get new frames.

Example of how to track multiple colors using buffer mode:

BM 1

ACE

‘PM 1

ACE

“TC 200 2400 30 0 30
ACE

T 20 40 10 30 30 30 20 30
‘RF

ACE

TC 030 200 240 0 30
ACE

T 30 50 20 40 40 60 22 31




CR [ regl valuel [reg? value? .. regl6 valuel6] |'r

This command sefs the Camera’s interma] Register values directly, The register locations and
possible ssttings can be found in the Couivision CROS camers doommentation All the

data sent to this command should be in decimal wisible character form imless the camera has
previously been set into raw made. It is possible to send up to 16 register-vale combinations.
Previpns register seffings are not resst berween CF. calls; however, you may overwrite
previous sefmimgs. Calling this commeand with no sTEuments resets the camera and restores the
Camers registars o their defanlt state. This conumand can be nsed to hard code gain values or
mamipulate other low level image properties.

Bagister Vahae Effect
5 | Comftrast 0-255
Erighmess 0-255

18 | Color Mode
£l YCrCh Awto White Balance On
£ YCrCh Awto White Balance Off
== FiGE Aunto White Balance Cn
40 *RGE Aumo White Balance Off

17 | Clock Spead
i *50 fps
1 26 fps
2 17 fps
3 13 fp=
4 11 fps
5 9 fps
1] 8ips
7 7 fps
L 4 fps
10 51ps

19 | Auto Exposure
32 Amio zzin off
33 *Anto Zzin on

* indicates the defaolt state
Example of switching inte YOrCh mode with White Balance off

CR 1832
ACK




CP boolean \r

This command toggles the Camera module’s Power. A value of 0, puts the
camera module into a power down mode. A value of 1 tums the camera back
on while maintaining the corrent camera register values. This should be used
m simations where battery life needs to be extended, while the camera 13 not
actively processing image data. Images m the frame buffer may become cor-
mupt when the camera 15 powered down

CT boolean 't

This command toggles the Camera Type winle the camera is n slave mode.
Since the CMUcam? can not determme the type of the camera without com-
mumicating with the module, 1t 13 not possible for 1t to auto-detect the camera
type n slave mode. A value of 0, sets the CMUcam? mto ov6620 mode. A
value of 1 sets 1t mto ov/620 mode. The default slave mode startup value as-
sumes the ovG620.

DC value \r

This command sets the Channel that 15 used for frame Dhfferencing com-
mands. A value of 0, zets the frame differencing commands LF and FD to
use the red (Cr) channel. A value of 1 (default) sets them to use the green (Y)
channel], and 2 sets them fo use the blue (Cb) channel



DM value 't

This command sets the Delay Mode wluch conmols the delay between char-
acters that are transmmtted over the senal port. This can zive slower processors
the time they need to handle senal data. The value should be set between 0
and 233. A value of 0 (default) has no delay and 235 sets the maximum delay.
Each delay umt 15 equal to the transfer time of one bit at the current baud rate.

DS x_factor v_factor 'r

This command allows Down Samplmg of the mage bemg processed. An
x_factor of 1 {default) means that there 13 no change i honzontal resolunion.
Anx factor of 2, means that the horizontal reselution 15 effectively halved.

50 all commands, like send frame and track color, will operate at this lower
down sampled resolunion. Tlus gives you some speed merease and reduces the
amount of data sent m the send frame and bitmap lnemodes without chipping
the image like virmal windowing would. Smularly, the v _factor mdependently
controls the vertical resolution. (Increasing the v_factor downsamplng gives
more of 2 speed merease than changing the x_factor) The wirmal window 15
reset to the full size whenever this command 15 called.

Example of down sampling the resolurion by a factor of 2 on both the horizon-
tal and vertical dimension.

Ds22

ACK

GM

ACK
SEBO00ATS63
580901467562




FD threshold 'r

This command calls Frame Differencing agamst the last loaded frame us-

mg the LF command. It retums a type T packet contammg the muddle mass,
bounding box, pixel count and confidence of any change since the previously
loaded frame. It does thas by calculating the average color mtensity of an 8x8
gnd of 64 regions on the image and companng those phos or minus the user as-
signed threshold. So the larger the threshold, the less sensitive the camera will
be towards differences m the image. Usually values between 5 and 20 yeld
good results. (In ligh resoluhon mode a 16x16 gnd 15 used with 256 regions.)

FS boolean 'r

This commeand sets the Frame Streaming mode of the camera. A value of 1,
enables frame streaming, winle a 0 (defanlt) disables 1t. When frame stream-
mg 15 active, a send frame command will contmmously send frames back to
back out the senal connection.



GB'r

This command Gets a Button press if one has been detected. This command
retumns eithera 1 ora 0. Ifa 1 15 retumed, this means that the button was
pressed somefime smce the last call to Get Button. If a 0 15 returmed, then no
button press was detected

GH <channel="r

This command Gets a Histogram of the channel specified by the user. The
histogram contams 28 bins each holdng the number of pixels that occurred
withm that bn’s range of color values. 5o bm 0 on channel 0 would contamm
the mumber of red pixels that were between 16 and 23 m value. If no arpu-
ments are given, et histogram uses the last channel passed to get histogram.
If get istogram 1s first called with no arguments, the green channel 15 nsed.
The value returmned in each bin 15 the mumber of pixels m that bin divided by
the total mmmber of pixels ttmes 256 and capped at 233.

Gl'r

This command Gets the auxihary 'O Input values. When get inputs 15 called,
a byte 15 returned containmg the values of the auxibary IO pins. This can be
used to read digital nputs connected to the amxbary 1O port. The aux 'O
pims are mternally hghtly pulled mgh. See page 22 for pmn numbenng. Note
that the pins are pulled up miemally by the processor.

Example of how to read the muxiliary I'O pins. ( in this case, pins 0 and 1 are
high, while pins 2 and 3 are low).

Gl
3
ACK




GM 't

This command will Get the Mean color value m the current mage. If, option-
ally, a subregion of the mimage 15 selected wia virtual wmdowing, this fimetion
will only operate on the selected region. The mean values will be between 16
and 240 due to the lmuts of each color channel on the CMOS camera. It wall
also return a measure of the average absolute deviation of color foumd m that
region. The mean together with the deviation can be a useful tool for auto-
mated tracking or detectmg change n a scene. In YCrCh mode RGB maps to
CriCh.

This command returns a Type S data packet that by default has the following
parameters:

5 Rmemn Gmean Bmemn Rdeviation Gdeviation Bdeviation\r

Example of how to grab the mean color of the entire window:

SW1140143
A

-G

ACK
SBOO067563
S800167562

GS servo 't
This command will Get the last posihon that was sent to the Servos.

Example of how fo use get servo:

GS51
ACK
128




GT 't

This command Gets the current Track color values. This 13 a useful way to sze
what color values mack wimdow 13 using.

This example shows how to get the curvent tracking valuss:

TW

ACK

T1234 .

GT

ACK

200 16 16 240 20 20

GV'r

This command Gets the current Version of the firmware and camera module
version from the camera. It retums an ACK followed by the firmware version
string. cf means that 1t detects an OV8520, while ¢7 means that it detected an

OV7620.

Example of how to ask for the firmware version and camera fype:

GV
ACK
CMUcam?2 v1.00 c6

GW'r

This command Gets the current virtmal Windowing values. This commeand al-
lows you to confinn your cwrrent window comfiguration. It retums the x1, v1,
%2 and v2 values that bound the current window.



HC # of bins scale \r

This command lets you Configure the Histopram settings. The first param-
eter takes one of three possible values. A value of 0 (defanlt) will cause GH to
output 28 bms. A value of 1 will generate 14 bins and a value of 2 will gener-
ate 7 bims. Thesm]epmtﬁ[defau]tﬂ]aﬂwmheﬂermm
with smaller coumts. Bm valnes are scaled by 2 wherte scale 15 the second
parameter of the command

# of bins

Input Bins
0 23

1 14

2 7

HD boolean 't

This command enables or dizables HiRes frame Differencing. A value of 0

(defanlt) disables the high resolufion frame differencing mode, while a value

of 1 enables 1t. When enabled, frame differencing will operate at 16x16

mstead of Bx8. The captured mmage 1s shll stored mternally at 3x8. The extra

resolution 15 achieved by doing 4 smaller compansons agamst each internally

stored prxel. This will only yield good resulis when the back ground mage 13
- relatively smooth, or has a umform color.

HRE state 'r

This sets the camera mto HiRes mode. This 15 only available nsimg the
OV6620 camera module. A sfafe value of 0 (default) grves you the standard
88x143, whale 1 gives you 176x287. HiRes mode tnncates the image to
176x255 for tracking so that the value does not overflow 2 bats.



HT boolean '\t

This command enables or disables Histogram Trackmg. When histogram
tracking 15 enabled, only values that are withm the color tracking bounds will
be displayed in the mstograms. This allows you to select exact color ranges
gving you more detail, and ipnoring any other background mfluences. A
value of 0 (default) will disable nstopram frackmg, while a value of 1 will en-
able it Note that the trackmg noise filter apphes yust like it does with the TC
and TW commands.

L0 boolean 't
L1 boolean 't

These commands enable and disable the two trackimg LEDs. A value of 0
will fun the LED off, while a value of 1 will tum 1t on. A value of 2 (defaulf)
will leave the LED m amtomatic mode. In this mode, LED 1 toms on when
the camera confidently detects an object while tracking and prowvides feedback
durmg a send frame_ In automatic mode, LED 0 does nothing, so it can be
mamually set.

LF'r

This command Loads a new Frame mito the processor’s memory to be differ-
enced from This does not have anything to do with the camera’s frame buffer.
It simiply loads a baselne image for motion differencmg and motion tracking.



LM type mode 't

This command enables Line Mode which ransnuts more detailed data about
the mmage_ It adds prefix data onto erther T or 5 packets. This maode 15 intend-
ed for users whe wish to do more complex 1mage processmg on less reduced
data. Due to the ngher rate of data, this may not be suitable for many slower
mucroconirollers. These are the different fypes and modes that line mode ap-

plies to different processing functions:

Tyvpe |Mlode | Effected Description
Command

0 0 TCTW | Defanlt where line mode 15 disabled

0 1 TOTW | Sands a binary image of the pizels being wackad

0 2 TCTW | Sends the Mean, MMin Maw confidsnce and counr for every
horizoatal line of the oacked image.

1 0 o Drefanlt where line moda iz dizabled

1 1 G Sands the mean values for every line in the image

1 2 G Sands the mean values and the deviztions for every line being
macked in the imaze

2 0 FD Defanlt where line mode 15 disabled

2 1 FD Fenons 2 hitmap of racked pooels nmch like type 0 made 0
of track color

2 2 FD Sends the differepce batwesn the ourrant imsge pixel value
and the stored Image. This gives vou delia Same diffarenced
AR,

2 3 LEFDr | This grves youn the acrual sverszad valne for each alsment in

a differanced frame. It also remuans these values when you
load in & new framie. This can be used to give a very high
speed gray scale low resolution searn of Imagss,

Ipte, that the “mode” of sack “type” of linemede can be conmalled independently.




Data Packet Description

When raw mode 15 disabled all output data packets are m ASCTI viewable
format except for the F frame and prefix packets.

ACK
Thas 15 the standard acknowledge stning that mndicates that the
command was received and fits a known format.

NCK
Thas 15 the farlure stmng that 15 sent when an emor occurred. The only
time this should be sent when an error has not occumred 15 duning
binary data packets.

Type F data packet format:

1 Xsize Ysize 2rgbrgh .rgbrghb2rgbrgb . .rghrghbl

1 - mew frame 2 - new row 3 - end of frame

FGE (CriCh) ranges from 16 - 240

FGEB (Cr'Ch) represents two pixels color valnes. Each pixel shares the red and
bhae.

178 cols of L G B (Cr Y Ch) packets (forms 352 pioels)

134 rows

T display the comect aspect ratie, double each colunm so that your final mage
is 352x144

Type H packet:
H bind Binl Binl Bind .. Bn20 Bin27 v
Thas 15 the retum packet from callmg get histogram (GH). Each bin 15
an 3 bit value that represents the number of pixels that fell within a set
range of values on a user selected channel of the image.

Bin{ — poonber of pixels beroeen 16 and 23
Hinl — puoonbrer of pooels between 24 and 31

Binl7 — pumber of pixals betwesan 232 and 240



Type T packet:
| T oo may =1 y1 =2 2 pinels confidence's |

This 15 the retum packet from a color trackmg or frame differencing command.

wix - The mddle of mass x value

miy - The nuddle of mass y value

xl - The left most comer’s x value

¥ - The left most comer’s v value

x2 - The nght most comer’s x value

¥2 -The right most comer’s v value

pivels —Number of Pixels m the tracked region, scaled and capped at
235 (pixels+4)/8

confidence -The (7 of pixels / area)*236 of the bounded rectangle and
capped at 255

Type S data packet format:

53 Fmean Gmesn Broean Fdeviaton Gdeviadon Bdeviaton 'r

This 15 a stafistic packet that gives mformation about the camera’s view

Emean - the mean Fed or Cr {approxmates 1-g) value m the current
window

Gimean - the mean Green or Y (approximates mtensity) value found in
the current window

Emean - the mean Blue or Cb (approximates b-g) found in the current
window

Edeviafion - the *deviation of red or Cr found m the current window

Gdeviation- the *deviation of green or ¥ found m the current window

Bdeviation- the *dewiation of blue or Cb found 1 the cwrrent window

*deviation: The mean of the absclute difference between the pixels and the
Tegion mean.



Sensor Gas (MQ-4)



MO—4 Semiconductor Sensor for Natural

Gas

Sensitive maferial of M2 gas sensor is Snd; which with lower conductivity in clean air. When the
target combustible gas exist, The sensor's conduclivily is mare higher along with the gas concentratian
rising. Please use simple electrocircuit, Convert change of conductivity o correspond output signal of

gas concentration.

MiZ-4 gas sensor has high sensitity to Methane, also to Propane and Butane. The sensor could be
used o detect different combustible gas, especially Methane, it is with low cost and suitable for differsnt

application.

Character

* Good sensilivily to Combustible gas in wide range
* High senstivity to Matural gas

* Long life and low cost
* Simple drive circuit

Application

* Domestic gas leakage detector
* Industrial Combustible gas detector

* Poriable gas detecior

Technical Data

Caonfiguration

]

Mooel Mao.

MAQ-4

Sensor Type

Semiconducion

Sandard Encapsulation

Eakellie (Elack Bakellte)

Detectlon Gas Matural gas/ Mehang
300-10000ppm
Cancentration
{ Mabural gas ! Methane)
Loop Volage | V. =24V DC
Heater Volage | Vi 5.0W=0.2V ACoriDC
Clrcult
Load
Ry Ad|ustabie
Resizlanca
Heater
[z 313430 (Room Tem.
Resislanca
Heabar
2 =900mW
consumption
Charactar
Sensing
Fa 2E0-20KG{N S00Ippm CHy |
Reslslancea
SensShfty | S |Rs(n aryRs(SA00ppm CHqjes
5":'FE ‘D-Eﬂiﬂ::m'-im;;ﬂ CHa)
Tem. Humdity FNT22C; 65%25%RH
WeoS sl AV
ICanditian Slandard =6l cincul
Wy 5.0WV20.1W
Preneat ime Owwar 48 hours

Basic test loop
Ve " Vi
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"
-I"TI‘I
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Tne above |5 baslc test ciroult of the sansor,
Thne sansor need to be put 2 voRage,
hester waltage(WH ) and 2 valtagel VT,
WH us2d o SUpply cenfed working
iemperature to ha seneot, while WS used
to setac voltage (VRL) on load reslstance
[FL) wham is In Gerigs wih Bensor. The
sensor has Iight polarty, Vo need DG
power. WG and VH could UBE SAME poWer
circult with pracondition to assure
performance of s2nEor In onder o make
ihe sengor with better perfarmance,
sultable AL walue Is needed:
Power of Sensltvity bodyiPs)
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Flig.1 shows the iypical sensllivity characteristics of F1g.2 shows e ypical iemperature and hemidity
the MC-4, ordinate means resistance rabio of the sensor characterslics. Ordnale means reslstance ratio
{®z/me), absclsEa 16 concentration of gases. RE means of the senzaor (Re/Ra), RE maans resistance af sensar
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Fig. 3
Struciure and configuration of MQ-4 gas sensor Is shown as Flg. 3, sensor composed by micro AL203 ceramic tubs, Tin
Dioxlge (3n02) senslive l@yer, measurng el=cirode and heater are Mied Into a crust made by plaslic and stainless stesl
nel. The heater provides necessany work condiions for work of s2nshlve components. The enveloped MO-4 have & pin, 4
of them are wsed 1o felch signals, and ather 2 are used Tor proyviding heating current.



1 Following conditions must be prohibited
1.1 Expased to organic sibcon steam

Cirganic silicon steam cause sensors invalid, sensors must be awoid exposing to silicon bond,
fizature, silicon |atex, putty or plastic contain silicon environment

1.2 High Caorrosive gas

If the sen=sors exposad to high conceniration corosive gas (such as H,Sz, 50, Cl,. HClete), it will
mot only result in corrosion of sensors structure, also it cause sincere sensitivity atienuation.
1.3 Alkali, Alkal metals sali, halogen pollution

The sensors performancs will be changed badly if sensors be sprayed polluted by alkali metals salt
especially bring, or be exposad fo halegen such as fluarin.

1.4 Touch watsr
Sansitivity of the sensors will be reduced when spatiered or dipped in watsr.

1.5 Freezing
Do awoid icing an sensorsurface, otherwise sensor would lose sensitivity.

1.6 Applied voltage higher

Applied voltage on sensor should not be higher than slipulated value, othensise it causs down-line or
heater damaged, and bring on sensors’ sensitivity characteristic changed badly.

1.7 Voltage on wrong pins 1 &
For § pins sensor, if apply voliage on 1. 2 pinseor4. 8 pins, it
will make lead broken, and without signal when apply on 2. 4 pins 3 5

2 Following conditions must be avoided
2.1 Water Condensation

Indoor conditions, slight water condensation will effect senscrs performance lightly. Howewver, if water
condensation on sensors surface and keep a certain pericd, sensor’ sensitivity will be decreased.

3 4

2.2 Used in high gas concentration
Mo matter the sensor is electrified or not, if long tme placed in high gas concentration. if will affect
sensors characterstic.

2.3 Long fime storage

The sensors resistance produce reversible drift f it's stored for long fime without electnify, this driftis
related with storage conditions. Sensors should be stored in airprocf without siicon gel bag with clean air.,
For the sensars with long fime storage but no elecinfy, they nesd long aging time for sthdity before using.

2.4 Long fime exposed fo adverse environment
Mo matter the sensors electrified or not, if exposed to adverse environmeant for leng time, such as
high hummidity, high temperature, or high pollution elfc, it will effect the sensors performance badly.

2.5 Vibration
Continual vibration will result in sensors down-lead response then repturs. In transporation or
assembling line, pneumatic screwdnveriulirasonic welding machine can lead this vibration.

2.8 Comcussion
If s=nsors meet strong concussion, it may lead its lead wire disconnected.

2.7 Usags

For E-EI'IEDT. handmade welding s optimal way. If use wave crest welding should mest the following
caondibions:

27.1 Saoldering flux: Fosin seldering flux confains least chlorine

2.7.2 Speed: 1-2 Meter’ Minute

273 Warm-up temperature: 1002£207C

274 Welding temperature: 250+£107C

275 1 time pass wave crest welding machine
If dischey the above using terms, sensors sensitity will ke reducsd.



Sensor Suara (VRBot Voice Recognition Sensor)



Protocol and Interface Basics

Commmunication with the VEbot module uses a standard UART interface compatible with 3.3-3V TTL logical
levels, according to the powering voltage VCC.

A tvpical connection to an MCU-based host:

g ™

L VRbot Host MCU

The initial configuration at power on is 9600 baud, 8 bit data, No parity, 1 bit stop. The baud rate can be
changed later to operate in the range 9500 - 115200 baud.

The communication protocol only uses printable ASCII characters, which can be divided in two main groups:

« Command and status characters, respectively on the TX and EX lines, chosen among lower-case letters
« Command arguments or stafus details, again on the TX and BX lines, spanning the range of capital
letters

Each command sent on the TX line, with zero or more additional argument bytes, receives an answer on the B3
line in the form of a status byte followed by zero or more arguments.

There is a minimum delay before each byte sent out from the VEbot module to the B3 line, that is initially set
to 20 ms and can be selected later in the ranges 0 - @ ms, 10 - 90 ms, 100 ms - 1 s. That accounts for slower or
faster host systems and therefore suitable also for soffware-based serial communication (bit-banging).

The communication is host-driven and each byte of the reply to a command has to be acknowledged by the host
to recetve additional status data, using the space character. The reply 1s aborted if any other character is
received and so there is no need to read all the bytes of a reply if not required.

Invalid combinations of conunands or arguments are signaled by a specific status byte, that the host should be
prepared to receive if the comwnunication fails. Also a reasonable timeout should be used to recover from
unexpected failures.

If the host does not send all the required arguments of a command, the command s ignored by the module.
without further notification, and the host can start sending another command.

The module automatically goes to lowest power sleep mode after power on. To initiate comumnication, send
any character to wake-up the module.



Command Details

Format of command strings acceptad by the moduls. Pleaze note that numeeric arguments of command requests

are mapped to upper-case letters (see the related section).

CMD BREAE

b (62h)

Abert recogmition in progress if any or do nothmg

Known issues:

In fimuware 1D 0, any other character received during recogmition will prevent this command from
stopping recognition, that will contmue until timeout or other recognition resulis.

Expected replies: 5TS_SUCCESS, STS _INTERER

CMD _SLEFP

"z (T3h)

Go to the specified power-dovwn mode

[1]

CMD _ENOE

Sleap moda (0-2):

0 =wake onraceived character only

1 =wake on whistle or recered character

2 =wake on loud sound or recerved character

1-5 =wake on double clap {with varving sensiivity) or received charactar
6-8 =wake on triple clap (with varving sensitivity) or recerved character

Expected replies: 5T5_SUCCESS

"' (6Bh)

Sat 51 knob to specified level

1]

Confidence thrashold level (0-4)-

= loosestmare valid results
2= typical value (default)
4= tightest:fawer valid rezul=

MOTE: knob 15 iznored for ingger words

Expected replies: 5T5_SUCCESS

CMD _LEFEL
" (76h) (Sat SD level
[1] Stricmess contrel setting (1-30:

1 =easy, 2 =default, 5 =hard

A higher setting will result in more recognition arrors.

Expected replies: 5TS_SUCCESS

CMD LANGUAGE

"1 (6Ch)

Set 51 language

[1]

Language (0 = Englizh, 1 = Italian, 2 = Japaness, 3 = German)

Expected replies: 5T5_SUCCESS




"o (6Fh) |Setrecommition timecut
[1] Timeout (] = default, 0 = mfinite, 1-31 = seconds)
Expected replies: STS_SUCCESS

*it (68h) |Activate SIrecognition from specified wordset
[11 Wordset mdex (0-3)
Expected replies: STS_SIMILAR STS_TDMEOUT, STS_ERROR

"t (74h) [Traim specified SD/SV command

[1] Group mdex (0 = migzer, 1-15 = zeneric, 16 = password)

[2] Command position (0-31)

Expected replies: STS_SUCCESS, STS_RESULT, 5TS_SIMILAR, STS_TIMEOUT, STS_ERROR

g (67h) |Insert new SD/SV command
[1] Group mdex (0 = trigger, 1-15 = zeneric, 16 = password)
[2] Position (0-31)

Expected replies: STS_SUCCESS, STS_OUT_OF_MEM

'u' (73h} |Remove SD/SV command

[1] GCroup mdex (0 = tnggar, 1-15 = generic, 16 = passwerd)
[21 Position (0-31)

Expected replies: STS_SUCCESS

Td" (6dh) |Activate SIVSY racognition
[11 Group mdex (0 = tngger, 1-15 = genenie, 16 = password)
Expected replies: 5T5_EESULT, 5TS_SIMILAR, 5T5_TIMEOQUT, 5T5_EREROE

"2 (65h) [Erase traimmg of SD/SV command
[1] Group index (0 = trigzer, 1-15 = zenerie, 16 = password)
[Z] Command position (0-31)
Expected replies: STS_SUCCESS




'n' (5E4) [Label SDVSV command

[1] Group mdex (0 = trigger, 1-15 = generic, 16 = password)
[2] Commeand position (0-31)

[3] Lenzth of label (0-31)

[4-n]  |Text for label (ASCII characters from '2" to ° ")
Expected replies: STS_SUCCESS

Tzt (83h) (Raouest connt of SD/SV commands m the specified group
[11] Group mdex (0 =trigger, 1-15 = genenic, 16 = passwerd)
Expected replies: 5T5_COULT

'z (T0h) (Fead SD/SV command datz (Jabel and training)
[1] Group mdex ([ = trizger, 1-15 = generic, 16 = password)
123 Command pasition (0-31)

Expected replies: STS_DATA

'm" (60h) [Feouest bit-maszk of non-empty groups
Expected replies: 5T5_MIASE

tr' (T2h) |Raset all commands and sroups
'R (52h) |[Confirmation character
Expected replies: ST5_SUCCESS

'z (78h) |Raquest fmwware identification
Expected replies: 5T5_ID

"yt (79h) |Set transmit delay
1] Time (0-10 = 0-10 ms, 11-19 = 20-100 ms, 20-28 = 200-1000 ms)
Expected replies: STS_SUCCESS

'a"' (6lh) (Sat commminication baud-1zte
[1] Spead mode (1 = 115200, 2 = 57600, 3 = 38400, 6 = 19200, 12 = 9600)
Expected replies: 5T5 SUCCESS




Status Details

Faplies to commands follow this format. Please note that numeric arguments of status replies are mapped to
upper-case letters (zee the related section).

"' (6Bh) Mazk of non-empty groups
[1-8] d-bit values that form 32-bot mask, L5B firs:
In reply to: CHID_MASE _SD

"ot (63h) |Count of commands
Integer (0-21)

-~

%?
:
|

"w' (7Th) (Wake-up (back from power-down mode)

In reply to: Any character affer power on or sleep mode

"d' {6d4h) |Provide command data

[11] Training mformaton (0-7 = traming commt, <8 = 50D/5V conflier, +16 = 51 conflict)
[2] Conflictmg command posifion (0-21)

[31] Length of label {0-31)

[4-n] Text of label (ASCTI characters from "2 to " ")

?Z
'k

L] = v (65'1}
[1-2] Two 4-bat values that fonm 3-bat eror coda (30h = WOTA, otherwise see FlueniClup emor codes)
In reply to: CH{D_EECOE ST CWD RECOC 5D, CAMD _TEADN 5D

:
3
'E
;

Tort (76h) |[Invalid command or argument
In reply to: Any invald commmand or argument

"' (74h) [Timeout expired
In reply to: CHD_EECOC 51 CMD _RECOC 5D, CMD_TEAIN_SD

"' (6%h) (Intermupted recognition
In reply to: CH{D _BEEAK while m framing or recogmition




*o' (6Fh) 0K or ne emors status

In reply to: CMD_BREAK, CMD_DELAY, CMD_BAUDRATE, CMD_TIMEOUT, CMD_KNOE,
CMD_LEVEL, CMD_LANGUAGE, CMD_SLEEE, CMD_GROUP_SD, CMD_UNGROUP_SD,
CMD_ERASE_SD, CMD_NAME_5D, CMD_RESETALL

"r' (T2h) gnised SD/SV command or Traiming similar to SDVEV command
1] Command position (0-31)
In reply to: CMD_EECOC SD, CAMD _TEAIN 5D

"' {73k} guised 51 word or Traming smular to 51 word
[1] Word index (0-31)
In reply to: CMD_FRECOC_SI CMD_RECOG_SD, CMD_TRADV_SD

"m' (6Dh) #mutyﬁﬂlmor

In reply to: CHD_GROUP_SD

"z (78h) |Provide frmvware identification
1] Version identifier ()
In reply to: CHD_IDy

"R (4lh) |Zero arpument value (0)

T (60k) #n:imuma:gumlvahe&ﬂl) \

T (20k) maore stanes arguments




Built-in Command Sets

In the fables below a list of all buwilt-in commands for each supported language, along with group mdex (hizger
or wordsat), command mdex and languzge identifier to use with the communication protocol.

Langnage
a 1 2 3
| Trigger Wordset | Command Index | English (US) | Italian Japanese German

0 | robot | robot A roboter
0 action azione 7 g aktion
1 move val A gahe
2 tum gua H L wende
3 m corl L lauf
4 lock guarda schau
5 attack attacca attacke
& stop fermo - L hal:
7 hello clao P b hallo
0 left a sinistra nach_links
1 right a destra nach_rechts
2 up mn alto o himzuf
3 dowm m basso himomter
4 forward avant a VOrWaETTS
5 backward mdietro riickwints
0 zaro zero null
1 one une s Blns
2 two due zwel
3 three fre . dre:
4 four quatiro ., wviar
5 five clngus finf
& sIX s8] 7 sachs
] seven zaite 4 siehan
1 gight otto acht
9 nine nova neum
10 ten dizci zehn




Error codes

In the table balow a list of some (the meost uzaful) ervor codes that may be returned by traiming or recogmtion
commands.

03h ERE_DATACOL_TOO_WOISY too nolsy

04h ERF_DATACOL TOO_S0FT spoke too soft

05h ERE_DATACOL TOO_LOUD spoke too loud

0sh ERE_DATACOL_TOO_SOO0N spoke too scon

07Th ERE_DATACOL_TOO CHOFFY too many segments/toc complex

11k ERE_EECOG FAIL recogmtion failed

12k ERE_FEECOG LOW _CONF racozmition result doubtful

13h ERF._EECOG MID CONF recognition result mavbe

14h ERE_EECOG BAD TEMPLATE wrvahd 505V commend stored in memory
17h ERE_EECOG DUFATION bad pattern durations

80k ERE_MOT_A WORD recogmzed word 13 not m vocabulary

The first group of codes (03h — 07h) are due to ervors m the way of speaking te the VEbet or distrabances mn the
acouired andio sigmal, that may depend on the smromdmz emironmeent.

Thke second group (11h — 13h) mdicate an msufficient score of the recogmized word {from lowest to highest).
Agceptance of lower score results may be allowed by lowermz the “knob™ or “level” settings, respectively for
butlt-in and enstom commands (see CRD_KNOB and CMD_TEVEL).

A thd group of codes (14h — 17h) reports emvors mn the stored commands, that may be dus to memory
comupiion. We suggest vou chack power level and commections, then eraze all the commands m the faulty zroup
and Tam them again.

The last cods (80h) means that 2 word has been recognized that 1= not m the specifisd bmlt-m sets. This iz due
to how Speaker Independent recogmition works and should be iznoved.



Motor Servo Hitech HS-425HB



ANNOUNCED SPECIFICATION OF HS—425EB
STANDARD DELUXE BALL BEARING SERVO

1.TECHMICAL VALUES

CONTROLSYSTEM : #PULSE WIDTH CONTROL 1500use: MEUTRAL
OFERATING WOLTAGE RANGE (A BV TO &0V
OFERATING TEMPERATURE RANGE S0 TO +E0TC
TEST WOLTAGE AT 4.8V AT &0V
OPERATING SPEED - 02 1sec/0AT MO LOAD 0.188ec/S0*AT NO LOAD
STALLTORGQUE : 3.3kp.cm{ 45 8 2oz in) 4 kg .om{58 930z in)
OPERATING ANGLE - 45%0ME SI0E PULSE TRAVELING 400usec
DIRECTION : CLOCK WISE/PULSE TRAVELING 1500 TO 1900ussc
CURRENT DRAIN T BmANDLE AND 150mAMND LOAD RUNNING
DEAD BAND WIDTH - Busec
CONMECTOR WIRE LEMGTH - 300mm{11.81in)
DIMENSIONS s A0 Bl D836 Emm{ 1. B0 7T 1 44in)
WEIGHT ;45 Bof1 Goz)

: ) : |

i

P — | p—
t —1 1
0
3 a
&
i = =
- 406

148

[
D
e =

2FEATURES
3POLE FERRITE MOTOR
LOMNG LIFE POTENTIOMETER
DUALBALL BEARING
INDIRECT POTENTIOMETER DRIVE

JAPPLICATIONS

AIRCRAFT 2080 SIZE

30 SIZE HELICOPTERS

STEERING AND THROTTLE SERVO FOR CARS
TRUCHK AND BOATS



Motor Servo Hitech HS-65HB



GENE
HS-65HB

1.TECHNICAL VALUE

COMTROL SYSTEM

OPERATING YOLTAGE RAMGE
OPERATING TEMPERATURE RAMNGE
TEST VOLTAGE

OPERATING SPEED

STALL TORGQUE

STANDING TORQUE

IDLE CURREMT

RUMNING CURRENT

STALL CURRENT

DEAD BAND WDTH

OPERATING TRAVEL

DIRECTION

MOTOR TYRE

POTENTIOMETER TYPE

AMPLIFIER TYFE

DIMENSIONS

WEIGHT

BALL BEARING

GEAR MATERIAL

HORN GEAR SPLINE

SPLINED HORNS

COMNECTOR WIRE LENGTH
COMNECTOR WIRE STRAND COUNTER .
COMNECTOR WRE GAUGE

2 FEATURES

FREFPARED BY JUN HEE, LEE
UPDATE: AUG 01, 2003

RAL SPECIFICATION OF

MIGHTY FEATHER SERVO
t4+PULSE WIDTH COMTROL 1500usec KEUTRAL
4.8y TO 6.0V
(=200 TO +B0T(—68F TO +140°F)
AT 4.8Y AT 6.0
:0.16sec /60" AT NO LOAD 0.13sec,/60" AT NO LOAD
1.Bkg.em(22.210z.in) 1.9kg.cm(26.380z.in)
:1.3kg.crm(18.050z.in) /5" HOLD OUT  1.5kg.em(20.830z.in) /5" HOLD OUT
cTAm& AT STORPED J0mA AT STORPED
J180mA/B0" AT NO LOAD 2720mA/B0" AT ND LOAD
BEOmA 1200mA
1bussc busec

2407 /ONE SIDE PULSE TRAVELIMG 400usec
:CLOCK WISE/PULSE TRAVELING 1500 TO 1300usec
:CORED METAL BRUSH,/Nd MAGENT

:2 SLIDER/TIRECT DRIVE

CANALOG SM.T

2 23.6x11.6x24mm/( 0, 92x0.45x0.94in)
:11.2q(0.3%0z)

s SINGLE /MRS

SHEAVY DUTY RESIM

125 SEGMENTS /95

MICROZI:M23-, M23-X

: 250mm{9.84in)

20 EA

: 2BAWG

13.6

HEAYY DUTY RESIN GEARS WITH BALL BEARING

HIGH EFFICIENCY WNd MAGNET MOTCR

3 APPLICATIONS

FAST PARK FLYING MODELS. ELECTRIC MICRO PLANE, MAV

1/18 SCALE CARS



Motor Servo Hitech HS-475HB



PREPARED BY JUM HEE, LEE
UPDATEAPR 01, 2002

ANNOUNCED SPECIFICATION OF

HS-475HB STANDARD DELUXE SERVO

1. TECHMICAL VALUE
CONTROL SYSTEM
QOPERATING yOLTAGE RANGE
TEST yOLTAGE
QOPERATING SPEED
STALL TORQUE
IDLE CURRENT
AUMMING CURRENT
STALL CURRENT
DEAD BAND WIDTH
QOPERATING TRAVEL
DIRECTION
MOTOR TYPE
FPOTENTIOMETER TYPE
AMPLIFIER TYFE

+PULSE WIDTH CONTROL 1500usec NEUTRAL
4By TO 6OV

CAT 4 By

(0.23sec/B0? AT NO LOAD
‘4 4kg. Cmis1.100z.in)
:7.4mA AT STOPPED
a0mAfe0? AT NO LOAD
1A00mA

‘Busec

1407 /ONE SIDE PULSE TRAVELING 400usec
CLOGCK WISE/PULSE TRAVELING 1500 TO 1900usec
ICORED METAL BRUSH

‘6 SLIDER/INDIRECT DRIVE

CAMALOG CONTROLLER & TRANSISTOR DRIVER

AT 6.0y

0.18zec/607 AT NO LOAD
5. 8kg.Cmi{76.370z. im)
T.7mA AT MO LOAD
130mAJEDT AT NO LOAD
1100mA

Susec

DIMENSIONS 138.8x19.8x36mmi1.52x0. 771 41in}
WEIGHT Aig(1.M0z)
BALL BEARING ITOP/MR10E

GEAR MATERIAL
HORM GEAR SPLINE
SPLINED HORNS

'HEAYY DUTY RESIN
124 SEGMENTS/75.76
‘REGULAR/R-C A-D,R-|.R-0 R-X SUPER/R-XA

CONMECTOR WIRE LENGTH 2300mm{11.817in)
COMMECTOR WIRE STRAMD COUNTER :60EA
CONNECTOR WIRE GAUGE 2ZAWG

2.FEATURES

HEAYY DUTY RESIN GEARS, TOP BALL BEARING

J.APPLICATIONS

AIRCRAFT 20-50 SIZE, 30 SIZE HELICOQPFTER, STEERING AND THROTTLE SERV(Q, TRUCK AND BOATS

4 ACCESSORY & OFTION

CASE SET/ GEAR SET/ BALL BEARING SET/ HORM SET/
HS475T1EA HS4TEG11EA KMR106:1EA R-C1EA
HS4TEM1EA HS4TEG21EA CU 7.90x621EA A-D:1EA
HS4TEL-1EA HS4TEG31EA FE 10x3:1EA R-1-1EA
PHIT-2 2x30 HNI:4EA HS4TEG41EA R-0:1EA

HSTEPGI1EA R-X:1EA
R-XAITEA

WH/W 21215 NI:4EA
BST 3x5.5:4EA
MER Oxb bx6:iEA



Motor Servo Hitech HS-635HB



PREPARED BY JUN HEE, LEE
UPDATE: JULY 21, 2002

GENERAL SPECIFICATION OF
HS-635HB HIGH TORQUE SERVO

1.TECHNICAL VALUE
CONTROL 5YSTEM
OPERATING VOLTAGE RANGE
COPERATING TEMPERATURE RANGE
TEST VOLTAGE
OPERATING SPEED
STALL TORGUE
STANDING TORGUE
IDLE CURRENT
RUNNING CURRENT
STALL CURRENT
DEAD BAND WIDTH
CPERATING TRAVEL
DIRECTION
MOTOR TYPE
POTENTIOMETER TYPE
AMFLIFIER TYPE
DIMENSIONS
WEIGHT
BALL BEARING
GEAR MATERIAL
HORM GEAR SPLINE
SPLINED HORNS
CONNECTOR WIRE LENGTH
CONMECTOR WIRE STRAND COUNTER
CONNECTOR WIRE GAUGE

#PULSE WIDTH CONTROL 1300usec NEUTRAL
48V TO 6.0V

2070 TO +607TC{-467F TO +367F)
AT 4.8V

:0.18sec/B0? AT NO LOAD
:3kg.cm(B69.430zin)
:dkg.emi33. 340z in)f37 HOLD OUT

AT 6.0V

0.15seciB0? AT NO LOAD
Bkig.cm{83.320z.in)
Jkg.cm{69.430z.in)i3? HOLD OUT

:T.4mA AT STOPPED 7.7mA AT STOPPED
AMmAKD? AT NO LOAD S00mARBOT AT NO LOAD
22000mA 2500m#A

JSusec Jusec

:407/IME SIDE PULSE TRAVELING 400usec
:CLOCK WISE/PULSE TRAVELING 1300 TO 1300usec
:CORED METAL BRUSH

:6 SLIDER/INDIRECT DRIVE

(ANALDG CONTROLLER & MOSFET DRIVER
140619838 Bmmi1.58x0.7Tx1.52in)
:30gi1.TEoz)

:DUALMR106

‘HEAWY DUTY RESIN

‘24 SEGMENTS/?5.TG
:REGULARMR-C,R-D,R-|R-0.R-X, SUPER/R-XA
2300mm(11.81in)

BOEA

ZEAWG

2.FEATURES

HEAVY DUTY RESIN GEAR, DUAL BALL BEARING

J.APPLICATIONS

AIRCRAFT 20-50 SIZE, 60 SIZE HELICOFTERS, STEERING AND THROTTLE SERVO, TRUCK AND BOATS

4 ACCESSORY & OPTION
CASE SETV GEAR SET/ BALL BEARING SET/ HORM SET!
HSE3ST:1EA HSE33G1:1EA MR106:2EA R-C:1EA
HSEISM:1EA HSE35G2:1EA R-D:1EA
HSE3SLAEA HSE35G3:1EA R-A:1EA
FPHIT-2 2x33 NI:4EA HSE35G4:1EA R-¥-1EA
HSTSPG:1EA R-XA:1EA
WH/W 2115 NL4EA
BST 3x3.5:4EA

NER 9x6.5x6:4EA
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National

NM27C512

General Description

Thae NM27C512 is a high parformance 512K UV Erasable
Electrically Programmable Bead Only Memaory (EPROM). It
is manufactured using Mational's proprietary 0.8 micron
CMOS AMG™ EPROM technology for an excellent combi-
nation of speed and economy while providing excellent reli-
ability.

Thae NM27C512 provides microprocessor-based systems
storage capacity lor portions of operating system and appli-
cation soltware. Its 80 ns access time provides no-
wail-state  operation with  high-performance CPUs. The
NM27C512 ofifers a single chip solution for the code storage
requiraments of 100% firmware-based eguipment. Fra-
quently-used software routines ane guickly executed from
EPEOM storage, greatly enhancing system utility,

Tha WNM27C512 is configured in the standard JEDEC
EPROM pincut which provides an easy upgrade path for
systems which are curently using standard EPBOMs.

February 1994

Semiconductor

524,288-Bit (64K x 8) High Performance CMOS EPROM

Thae MM27C512 is one member of a high density EPROM
Family which range in densites up to 4 Megabit,

Features
B High performance CMOS
— 80 n& access lme
m Fast turn-off for microprocessor compatibility
B Manufacturers identification code
m JEDEC slandard pin configuration
— 28-pin DIP packags
—32-pin chip camier

Block Diagram

DATA QUTPUTS Oy-0r
Vi O—p —
GHD Om—pe
mo—s [Tttt
08—+ OUTPUT EMABLE »
AHD CHIP - OuTPYT
CE/FGM ——pe]  EMABLE LOGIC BUFFERS
—]
—# Y >
—] -
— DECODER . ¥ GATING
—
AD-A15 | —
ADURESS | — -
eS| X : -
— DECODER CELL MATRIX
—p -
-
L
— +

TRIGETATE? & & regis fored acdemaik of Mad cral Semicondiur bor Compomdan
RECELOTH b g wacemaid of Badoral Seei oo 5o S e
AMGTH B a yademaik of W3, lnc

T aE3s -

R Matoral Semcoestue o Con o a oo TL/D 0884

FRCBI0MES Prindedin LS. A

WOHd3 SOWD dduew.opiad YBIH (8 X Mp9) 119-882°v2S ZLGIZZINN



Connection Diagrams

27C080(27 CO40|27 CO20|27 CO10[27C 256 DIP 27C256 | 27C010 | 27C020 | 27C040 | 27C080
Aqg M N0 pp| XV pp) NM27C512 Voo Voo Voo Voo
Mg | Aa | A A -, W PGM | JOUPGM | Aqa Ada
As | A5 | A5 | A5 | Ve — s 8 vy — Voo XX Az Az Aqz
Aqz Az | Az Adqz Aqz — a2 Ay, Aqg Agg Ay Agg Aqg
A7 A7 Az Az Az — & s ] = TP A1a Aqa At Aqa Ava
Ag Ag Ag Ag Ag — g 25 8y —— Aa Ag Aa Ag Ag
Ag Ag As As As — s 0L, — Ag Ag Ag Ag Ag
Ay ! Ag Ag Ay — s 2] = Aqq A A1 At | A
.-“q p“q .-“-;] .-“-;] .-“-;] — & 07 120 CE Ve — OE OE OE OE ClE."\,lpp
Ag A Az Az Az — a8 O 1 by —— Ao | A A Ag | A
Aq A Aq Aq Aq — uOs mpisu—- |CE/PGM| GE CE |CE/PGM |CE/PGN
Ay Ag Ag Ag Ag — a0 ] =L Oy Oy Oy Oy Oy
Oq Oy Og Oo Ca — i 18 [ 6y —— Og Og Og Og Og
X O O 9y 9y — a,dn =T s fa® Oy Og O
Oz Oz Oz O Oa —a, s 0, Oy Oy Oy 0Oy 0Oy
GND | GND | GND | GND | GND — o] 50— O3 O3 O3 O3 O3
T 10832

Naote: Compatible EPRDM pin configurafions are shoan in he books adjacen o the NM270512 pins.

Commercial Temp Range (0°C to + 70°C) Extended Temp Range | — 40°C to + 85°C)

Parameter/Order Number Access Time (ns)* Parameter/Order Number Access Time(ns)*
MM2TCE12 O, M, W 80 80 MM2TCE12 QE, ME, VE 80 80
MNM27CE12 Q, N, W 120 120 NM27CE12 OE, ME, VE 120 120
NMZ7CE12 Q, N, V150 150 NM27CE12 0E, ME, VE 150 150
MM27CE12 O, M, WV 200 200 NM2TCE12 QE, ME, VE 200 200

Military Temp Range (

55°C to +125°C)

Parameter/ Order Number

Access Time (ns)*

MME7CE12 OM 200

200

Note Surtace mount PLOC paskage avalabie for commenaial and extendad
lemparaure ranges only.

" Al versions are guararesad 1o funoBon for siower speads.

Package Types: NM27C512 O, N, V XXX

O = Quartz-Windowed Ceramic DIP Package
M = Plastic OTP DIP Package
WV = PLCC Package

* All packages conform to the JEDEC standard.
Pin Hames PL )
AD-A15 Addresses T '|F T: f f f! T;
CE Chip Enable s fer e m:,_iz
OE Oulput Enable S f‘:’v
00-07 Outputs .. el
Fam Program ol e
KX Don't Care (During Read) e il s |-TEsrm
I8 A
14TE 16 17 18 18 10

L]
GHO —
LIy I

TLA 108343



Absolute Maximum Ratings inote 1)

If Military/Aerospace specified devices are required,
Samiconductor Sales
Office/Distributors for availability and specifications

Storage Temperature

please contact

the MNational

All Input Veltages Except AD with

65°C to +150°C

Respact to Ground 0EVLID +7V
Ve and AS with Respect to Ground 0.7V o +14Y
Operating Range
Range Temperature Vee Tolerance
Comm'l 0Cto +70°C + By £10%
Imdustrial 40°C to +85"C + BY +10%
Military EE"C o +125°C + 5V +10%

Read Operation

DC Electrical Characteristics

Vior Supply Voltage with
Respect to Ground
ESD Protection
(MIL Std. 883, Method 3015.2)
All Output Veltages with
Respect to Ground

08V o + TV
= 2000V

Voo + 1.0V to GND — 0.6V

Symbol Parameter Test Conditions Min Max Units
ViL Input Low Level 0.5 08 WV
Vi Input High Lewvel 20 Voo + 1 v
VL Output Low Voltage lo = 2.1 mA 0.4 W
Vo Output High Voltage loq = —2.5 mA 35 WV
lamq Voo Standby Current (CMOS) CE = Vg +0.9V 100 by
lzgs Vor Standby Current CE = Wiy 1 rrd,
loo Voo Active Curent CE=D0E=V f=5MHz 40 rr,
looz Voo Active Cumrent CE = GND, = 5 MHz

CMOS Inputs Inputs = Ve or GND, 170 = 0maA a5 i

C, | Temp Ranges
lpp Vep Supply Current Vepp = Voo 10 iy
Vpp Vpp Read Veltage Vi — 0.7 Voo v
I Input Load Current Wiy = 5.5V or GND 1 1 fTe.
Lo Output Leakage Cumrant Viour = 5.5V or GMND 10 10 [Te.Y
AC Electrical Characteristics
Symbol Parameter 20 120 200 Units
Min Max Min Max Min Max Min Max

taro Address to Output 90 190 150 200

Delay
lee CE to Output Dalay 80 120 150 200
tos OF to Output Delay 40 50 50 50
tor gﬁi EE;?'MO a5 25 45 55 "
Lo Output H{:-k:lE:-m _

Addresses, CE or OE, ] ] ]

Whichewver Occurred First




Capacitance 1, = +25°C, 1 = 1 MHz (Note 2)

Symbol Parameter Conditions Typ Max Units
G Input Capacitance V= 0oV
axcept OE/Vpp 6 12 pF
Cout Output Capaditance | Vo =0V ) 12 pF
Cinz DENP.P Input Wiy = OV 20 25 oF
Capacitance

AC Test Conditions

Output Load 1 TTL Gate and Tirving Measurement Reference Level (MNote 8)

CL = 100 pF (Note B) Inputs 0BV and 2V
Input Rise and Fall Times <5ns Outputs 08Vand2Vv
Input Pulse Levels 0,45V to 2.4V

AC Waveforms Notess, 7

it L
ADORESSES E;gﬁ ADDRESSES VALID . X
ER
I\ —
CE o.Ey g j
{5 — tor =
— ey . HETE £.5)
e o o L
20V | Wiz > ki) % LLLD)
QUTPUT =] = VALID OUTPUT o
Yace ”
(NOTE3) ~lonl-

TLAD 08322
Hote 1: Sresses sove Mose Bsled under “Abspiule Maximum Falngs™ may cause permanent damage b me davice. This s a slress raling only and iuncional

opemtion of he device al these or any other condiions sbove Those indicated in the operational sections of this specilication & nol implied Exposure 1o absolule
masimum raling eondilions for exlended periods may aflect device raiabillty.

Note 2 This parameler is oy sampied and is not 100% tested
Hote & OE may be delayed up lo Lyse - Loz aller the faling edge of TE wilhoul imgacling Lo
Note & The Ine and te compare lavel is delenmined as lollows

High to TRESTATE. e measwed Vnwq (DC) — 010V,
Lot Lo TRISTATE, he measurad Vg 4 (D0 + 010V

Note & TRESTATE may be ataned using T o TE

Note B: The power gailching characledstics of EPROMs require caredul device decougiing. I is recommended thal al leasl a 0.1 uF cemmic capadlor be used on
every device belwesn Vi and GND.

Note 7: The sulpuls must be reskicled & Voo + 1.0V B avoid laldhvup and device damage
Note 8 1 TTL Gale: Iy = 16 mA, lay = —400 pA

Cy: 100 pF inchudes lixlure capacilance.
Note % Inguls and culpuls can undemshasl 1 — 20V for 20 s Max



