Utilizing
USBmicrobd 84x1 USB I/O Board
With RobotBASIC

Document Version 1.01, Applicable To RobotBIKE V4.0.0

B JobotBASIC provides many ways you can communicate from a PC to a digital electronic circuit.
One very effectiveconvenientsafe and versig¢ methodis throughthe U4x1 USB/O family of
devices from USBmicra There are two versions, the U401 and the U421.

Figure 2. US B mi adJA24 3S8 digita
I/O Interface:

Note: The two devices are only
different in the arrangement of the
I/O pins, aherwise they are exactly
the sameFor simplicity this article
will only deal with the U401 device.
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The U4x1 has 16 digital I/Qpinsthat can sinlka maximum 650 mA, andsourcea maximunmbmA. The

device is powered from the USB port seah bevery convenient for doing low powered 1/O

experiments and prototypin{f you need more curretttan can be provided by the xlMyouhave to

use it with an appropriaggower isolation circutY ou must al so consider that
or a powered USB hub can source a maximum of 500 mA. The U4x1 device requests only 100 mA,
making it work well with laptops. The device itself draws under 20 mA.

If you are familar with using the parallel port on a PC to do digital I/O then you will find thelUd be
infinitely more versatile and convenieiihe U41 is a lot more than just 16 plain digital Ifihs- you
can use thesginsin a straghtforward manner as; bit ports with individuapinsbeing configurable as
either Input or Output. But you can alstlize the devicdo carry outSPI and 1Wire serial
communicationsvith devices that support these protocols. Additionally, thelluzan be used to control
an LCD and a Stepper motargntrol only - not a driver you need to provide current driving
separately, or you can configure it to provide a parallel strobe signal.

For the SPI system you can configure thexUtb act as an SPI slave or SPI master. k@tWire it
acts as Master. With these protocols you @asilyinteract with a plethora of devices like ADC, DAC,
thermometers, compasses, GPSs,randhmore.

RobotBASIC provides a suite of functions tpabvide access to all thailities supportedy the UD1.
All you need to do is have a W2 connectednto one (or more) USB port on your computéou can
either employ the USB power that thex14makes available through two of its pig%(and Gound,
or you can add supplementary power. In eittaeye the U4L will enable you to do digital control of
devices and to control electronics projects.

This document will show how to use the funciam RobotBASIC along with one U4 device. You
can use multiple devices and you can use a U401 or U4&le\to, for the purposes of demonstrating
all the functionalities we shall usaly oneU401

Note: This document is not a replacement for thlecumentation of the U4xavailable from
USBmicro. To make proper use of the U4x1 devices and to get deeper understanding of the
operations of the functiosin RobotBASICand of the device's limitations and capabilities, you must
read the USBmicro documentation and informatioThis documenfertainsto the usageof the
functions within RobotBASIC that reflect the LOW LEEL ones within the U&1 6R©OM. To use
them correctly youneedto understand howhe U4x1 deviceperform them To do this you MUST
read themost up to datelocumentation.There you will findprogramming information that is kept up
to dateas well as furtherexamplesFor additional information onhow to use the hardware

including demonstration programsvritten in RobotBASIC- read through the blog at
WWW.Circuitgizmos.com

Note: You may findSection 3in the RobotBASIC Networking.PDFlocument of great help in
addition to the information in his document.
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1- Building Circuits For Experimentation

In order to demonstrate the actions of the U401 and to exercise givdmredemonstration programs
you will need to wire up a few simple circuits. You may use a BreaddBbgour U401 has the layout
shown in Figure 3. This arrangement t&very easily isertednto a bread board for experimentation.

Note: The schematicshownbelowwill utilize the
power provided by @ USB port through the U401
pins (Pin 7 is+5V and Pin 9 is Gund). These
schematics are only for the purposes of
experimentation and a& not suitable for other
purposes.

WARNING!!! Take care not to exceed the
current limitations ofthe U41 or t he
USB port.Wrongly wired componentswill
causedamageto the USB hub andthe

U4x1.

5V sV

From a U401 Pin ULN28034

I] Pushbutton ). M \\K

To a U401 Pin 330 () LED
10 kQ GND
Figure 4. A Pushbutton and an LED arrangement. The
Ground has to be common with the ground of the U401
= 9, see Figure 1). The +5V can be either from a separate
GND power supply or from the U401 (Pin 7, see Figure 1).

Since the U401 cannot source more than 5 mA,myast use a driver to supply current for an LED. This
is achieved through @LN2803A driver chip. This chip has &wverting buffers that are Darlington
transistor pairand can provide the cunerequired to light the LEDs. Since the buffer is an inverter the
LED is wired to emit light when the output of the driver is LOW which will be when the Output pin
from the U401 is high. Thus the LED will be effectively Actidggh from the point of vievof the

U401.
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The pushbutton is wired to have a pull down resistor which will cause the U401 Input pin to be low
unless the Pushbutton is pushed down which will cause a high to be seen by the input pin. Thus the
Pushbutton i&\ctive-High from the point ofview of the U401.

Other experiments will use an LCD and-&Vire thermometer chip (DI822). We shall show the
connections required in the appropriate sections later.

Whenever the demo programs below call for an LED you shaéthe arrangemesshown n Figure

4. However, for the pushbutton we shall use a different arrangement (active low) that will be explained
later.

2- Information About The USBmicro System

The way RobotBASIC is able to interface with the hardware of thel iglthrough a specialideDl|
(UsBm.dl)). This DIl provides the interface between the hamwa&/indows and RobotBASIC.

2.1- Verifying that the DIl is installed and running

To verify that the I is accessible to RobotBASIC, look for the DIl by calling thection
usbm_DIISpec$). The function returns a string that contains 4 sections of information about the DII.
The sections are separated with the charaetkich enables thextracton of the different section

with the Extract()function.Here is an example program that widlrify that the DIl is installed by
printing the information in each section of the string returneddiyn_DIISpecs()

Data Sections; "About:","Copyright:","Date:","Version"

s = usbm_DIISpecs()

xytext 10,10,"About :","™,15,fs Bold \ xystring -1, - 1,Ext ract(s,"|",1)
xytext 10,30,"Copyright:",",15,fs_Bold \  xystring -1, - 1,Extract(s,"|",2)
xytext 10,50,"Version #:","",15,fs_Bold

Xystring -1, - 1,Extract(s,"|",4)," (",Extract(s,"|",3),")"

If the DIl is not somewhere where the program can finth&,retured string will be an empty string
(" . You can use this fact to take actions in your program that warn the user. If théridihide
none of the functions in RobotBASIC will return valid data

2.2- Verifying that there are U4x1 devices and how many

The next action you need to take before you start using the USBmicro fugisttorverifytha there
areU4x1 devices actually connected to the PC. You do this witlhishen FindDevices(function
whichreturrstrueif there are deviceand false if therare rot. usbm_FindDevices(sets up the

whole U4x1 DIl system for access and should be the first DIl function that you call before accessing
any devices themselves.

You can find out how many U4x1 devices there are attached to the PC by using the function
usbm_NumberOfDevices() which returns the total number of devices connected to the PC. In all the
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programs that we will develop later we will ignore other devices if there is more than one. In other
words, these examples use only one U4x1 device, b sach device has a unique serial number,
each device can be accessed/treated distinctly. You can have up to 50 U4x1 devices on a single PC.

Device numbering is 0 indexed. So firset device is device number 0, the second device is number 1
and so forthHere is a program that will find out if there are devices and if there are it will find out
how many.

if USBm_DIISpecs() = "™
if USBm_FindDevices()
print "There are ",USBm_NumberOfDevices()," Devices"
else

print "There are no Dev ices found"
endif
else
print "The USBm.DII is not installed"
endif

2.3 Obtaining device information

The functionusbm_DeviceSpecs(ne_DeviceNumbagturrs a string that has information about a
particular deviceChoose a device to use (you cae asy or all) and verify that the device is the

correct device you are expecting by reading the information about it and examining this information to
verify that it is the device you ned8efore you use a device you should alwegsfy thatit is still

valid (thatit has not been unplugged) aisdunctioning correctly with th&nction
usbm_DeviceValid(ne_DeviceNumber)This function will return true if the device istill

functioning correctly and false otherwise.

Here is a program that will iteratierough all the devices plugged to the PC and will return
information about them:

data sections;"Device ID: ","Prduct ID: ","Vendor ID: ","Mnfcturer: "
data sections;"Product : ","Serial No: ","Firmware : "
If USBm_DIISpecs() !=""
f = USBm_FindDevices ()
n = USBm_NumberOfDevices()
ifn>0
fori=0ton -1
s = usbm_DeviceSpecs(i)
if usbm_DeviceValid(i)
print "Device :",i
print sRepeat(" - ",10)
forj=1to 7
print sections]j - 1], extract(s,"|".j)
next
print
else
print "Device ",i," is invalid"
endif
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next

else
print "There are no Devices installed"
endif
else
print "The USBm.DII is not installed"
Endif

Noticethat the Product name is thB field in the specification string returned by the function
usbm_DeviceSpecs(Bo if you want to verify that the device is the U401 for instance then you need
to extract the 8 section of the string and verify that it'ig401".

3- Utilizing The U4xl Devices

To summarize the actions you need to perform before you can actually use one (or more) of the devices
(as described in the previous section):

1- Verify the USBm.DII can be found by RobotBASIC or your RobotBASIC program

2- Find installedU4x1 devices

3- Find out the number of installed devices.

4- Iterate through them and verify which one is the device you want to use.

5- Before using the devicalways verify that it is still validthat ithas not been unplugged).

Now that you hae decided on a device and verified that it is valid, you can start performing 1/0O with the
device. You may use more than duvx1 device simultaneouslydowever in this document we shall
assume that there is only ori¢401connected to the PC and that & tevice number 0 {idevice)

3.1- Using the U401 for digital I/O

The U411 hasl16 1/O pins- two 8 bit Ports (A and BfSee Figure 1. Thegins AO to A7 (physical pins

15 to 22) are Port A arins BO to B7 (physical pins 23 to 30) are PortyBu candesignateeach IO

pin as an Input or as an Outptitially when the deviceispluggedt o t he PCO6s &SB po
initialized with all I/0 pins as INPUTYou can alsanake all I/O pins as inpatt any time using the
functionusbm_InitPorts(ne_Devicé&umber) which resetthe device andeinitialize it to all I/O pins

as inputs.

3.1.1- Assigning which pins are Input and which are Output

To use the device you must decide what I/O pins are going to Aslsptits and which ones you
want to bedesignatd as Outputs andhen set the device to that forma@his is achieved with the
functiors: usbm_DirectionA(ne_DeviceNumber,ne_PinsDirection,ne_PinsForma#nd
usbm_DirectionB(ne_DeviceNumber,ne_PinsDirection,ne_PinsFormat)

The parametene_PinsDirectionshould reflect the desired format of each pin. If tharbthe byte
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correspondingtothei nés position is O then the pin iIs ar
output pin.The parameter ne_PinsFormat issed to do some advanced optionsg$ater) but for
now it should match ne_PinsDirectian

For exampleif you want to set Port A on the first devi@evice number 0o have pinAO and pinA4
as inputs and the rest as outputs then(pisenumbering in the byte is from right to left @ LSBiIt is
bit number 0 and the MSBIt is bit number 7)

n = usbm_DirectionA(0,0%11101110, 0%11101110) /I clearest method
or n = usbm_DirectionA(0,0xEE, OXEE)
or n = usbm_DirectionA(0,238, 238)

Noticethatyou can use binary literals (e.g. @¥Q1010) or hexadecimal literals (e.g. @A) or

normal decimal literals (e.@02). However, in this case it is most convenient to use the binary format.
With the binary format you can ensure that every pin has a corresponding bit eithedasigrtatet

asan autput pin or a 0 talesignatet asan input pin.

In the exanple above we used 5101110. Saountingfrom right to left pin A0 and A4 will be
input pins. Pins Al to 3 and A5 to 7 will be output pins.

Note: LSBit signifies the Least Significant Bit ahSBit means Most Significant bit. Ininaryvalues
we start counting from right to leftherethe first bit from the right is the LSBithichis bit number 0.
The MSBit is the left most bivherein an 8 bit byte it is byte Andin a 16 bit number it ibyte
number 15 and so forth.

3.1.2 Writing to Output p ins

The following functions are used ¥erite a 1 or 0 teeach Outpupin either individually or as a group
of 8 bits (Port):

usbm_WriteA(ne_DeviceNumber,ne_ByteValuevrites toall 8 pins A0 to A7
usbm_WriteB(ne_DeviceNumber,ne_ByteValuewrites toall 8 pins BO to B7
usbm_SetBit(ne_DeviceNumber,ne_PinNumbegets (1) an individual pin
usbm_ResetBit(ne_DeviceNumber,ne_PinNumbergsets (0) and individual pin.
usbm_WriteABit(ne_DeviceNumber,ne_AndhgMask, ne_OringMask) see below
usbm_WriteBBit(ne_DeviceNumber,ne_AndingMask, ne_OringMasksee below

Writing a value to ai®utput pin will affect the state of that pin. However if the pin is an input pin then
there will be no effect on the pin sinceasitan input and thus its statannot be changed

In our previous example we defined AO and A4 as inputs and therestgsot s. So | et 6s
toputa 1 on A2 and a 0 onGAve would say:

n = usbm_SetBit(0,2)
n = usbm_ResetBit(0,6)
The above is th best way to change the state ofraipyou are going to do oné a time. Mticethat
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in this situationwe cannot write to the entire 8 bits in one go since that would affect theoatpeit
pins. But we couldead the current status of the pantdthen change the bits we want to changmth
write back theesultingvalue to theport. Like this:

n = usbm_ReadA(0) /Iread the current status of the port all 8 bits
n = SetBit(n,2) \ n= CIrBit(n, 6) [//set (1) A2 and reset (0) A6.
/I This way we do not change others
n = usbm_WriteA(0,n) /Iwrite the value back to the port all 8 bits but only
/I changed bits will have any effect since we did not change
/I the other bits . Also input pins are not affec ted anyway.

Note: The above is relying on some RobotBASIC functions to manipulate individual bits in a
number. RB hagnany bitwiseoperators ancit manipulation functionsthat can set, resetr read
the value of bits in a number. Here is a list:

Bitwise Operators:
~ @ | & >> << bRotL bRotR

Functions:
MakeBit(ne_Number,ne_BitPositionpn|off)
SetBit(ne_Number,ne_BitPosition)
ClIrBit(ne_Number,ne_BitPosition)
GetBit(ne_Number,ne_BitPosition)
BitSwap(ne_Number{,ne_NumberOfBits})

You can use thabovefuncions to manipulate individual bits in a number and change their values or
obtain their values and so on.

A third way for doing the same action we did in the previous examples is to use the functions
usbm_WriteABit() andusbm_WriteBBit() . They are in a wasimilar to the seconohethodwe used
in the examplabove but without the explicit need to read the port first, it is read implicitly by the
function. The wayusbm_Write ABit()(same for Bperforms istask is like this:

& It reads the current statestbé A port.

b- It thenANDs this value with th@e_ANDingMask

c- It thenORs the result of step b with time_ORingMask
d- It thenwrites the result of step c to tAeport

This is all performed by the U401 in hardware and there is no need to use RB functi@arspulate
the port value and then weiit back. Therefore thismethod will execute a lot faster.

So in our example we wanted to set A2 and réseSo we neethe ANDing mask to be %10111011
and we need the ORimgask to be 0%40000100. The logic isa bit complicated but here is a simple

rule:
PutaO in the bit corresponding to the pin you want to change in the ANDing mask and a 1 for

any pin you do not want to change. In the ORing npagla O for any pin you do not want to
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change. But for thpinsyou want changputthe value as desird0 or 1)

Soaccording to the above rule, since we want to change the value of A2 and A6 then the ANDing
mask has to have bits 0,1,3,4,5,7 as 1 and bits 2 and. @aglie ANDing mask has to be

0%10111011. Alsoiace we doi want to change thgins 0,1,3,4,5 and 7, the bits have to be 0 in the
ORing mask. But for bit 2 we want a 1 since we want to set A2. For bit 6 we want a 0 since we want to
reset A6. So the ORing mask has to be 0%0000@E®@ do the examphkbove:

n = usbm_WriteABit(0, 0%10111011, 0%00000100)
You see it is a lot faster and easier except for figuring out what the masks have to be, but, once you

know how to work that out this command is veonvenientHowever,anyof theabovethree
methodss goodand you chose the method most suitable to the situation

3.1.3- Readingfrom Input pins

You cannot read the state of an individual pin by itself. You can read the entire port it is in and then
use the& operator tanaskthe other bits. The funicins to use are:

usbm_ReadA(ne_DeviceNumber)
usbm_ReadB(ne_DeviceNumber)

So for example to read the status of the A4 pin you would need to read the entire A port and then AND
it with the value 0900010000 mask all other bits except for the bit numigB" bit). So you would

say: n=usbm_ReadA(0) & 0%00010000 . So now the variabla would either be a 1 or 0 depending

on the state of the A4 pin.

Note: There is a special case format that thelJguppors for configuringinput pins. If you do not
wantto go to the trouble to set up a Pdéiwnor PullUp circuit for the pin and leave it floating then
you can set the U4 to create an internal Pllp

resistor This means that if the pin is not connected to
. Pushbutton anything then it will be as if it is connecteml5V (i.e. 1).
To a U401 Pin [ In this case the pushbutton will then pull the pin down
C‘ O O when pushed see Figure 5. This will make the pushbutton
‘ an ActiveLow button.
With Internal
Pull-Up Resistor Figure 5: Active-Low Pushbutton for pins with Interna

Pull-up resistors.

To set a pin as an input aatso with an internal pullip resistor you need to use foactions
usbm_DierectionA(pr usbm_DirectionB() The bit in thene_PinsDirectioncorresponding to the pin
has to be 0 and the bit in the_PinsFormatcorresponding to the pin has to be 1. Babaight after
using the function to set the direction you must write a 1 to the corresponding pin using any of the
functionsusbm_WriteA()or usbm_WriteB(Jor usbm_SetPin()
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For example to set all the pins in port B as inputs with aypulesistor wevould do:
n = usbm_DirectionB(0,0,255)
n = usbm_WriteB(255)

Note: For the circuits we will build in the demo programs developed in the rest of this document we
shall use the above setup. That is the Pushbuttons will be Active_Low and the U401 will loe set t
create an internal puHup resistor for the input pins.

3.1.4- Demo programs using the U401 for digital 1/0O

We are going to write 3 progrania.the first one we wilconnectsome Pushbuttons to some pins of
theU401 The program will continuously redlese pins and display their status on the PC screen.

In the second program there will be a few check boxes on the screen. The user can check or uncheck
any of theboxeswhich will continuouslybereflected on output pins of the U401 which will cause
LEDs connected to therto turn on or off.

In the third program we will combine the above two programs. We will read pushbuttons on some pins
and show their states on the screen but at the same time we will turn on/off a corresponding LED
connected to outputips. This way the PC acts as a relay between the pushbuttons and the LEDs.

While these programs are simple, they illustrate all the I/O operations you are likely to need for using
the U41 as a digital I/O device.

Program 1 (Input)

In this program we Wlliuseport pinsBO to B7 as inputs (ignoringhe A port) connected to
pushbuttonsif you do not want to connect all 8 pinspostbuttons then judeave them unconnected
since we are going to use the internal ppltesistor configuration. But this mesthat all
unconnected pinsil be read as.1See Figure 1 to verify which pins are BO to B7. They areZ8mns
30 counting from left to right with the setup shown in Figure 1.

To connect a pushbutton to the U401 use the setup in B@seescribeth Section 3.1.3, since we
are going to configure the U401 to have input pins with internal pull up resistors

When the program runs, any pins with no pushbutton will always sHosinge theyhave an internal
pull up resistor to +5VThe pins connected the pushbutton should shovd avhen the button is
pressed and hotherwise. Here is the program:

if usbm_DIISpecs() ="
if usbm_FindDevices()
/I --- there is a device and we will use device 0
n=usbm_DirectionB(0,0, OxFF) //set port BO to B7 as inputs
n = usbm_WriteB(0,0xFF)  //with internal pull up resistors
xytext 20,10,"Port B Status:","",25,fs_Bold|fs_Underlined
while true
xytext 30,60,bin(usbm_ReadB(0),8),"",30,fs_Bold
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wend
else
print"  There are no Devices"
endif
else
print "The USBmicro DLL is not installed"
endif

Program 1: Port B Input.

Program 2 (Output)

In this program we will usport pinsAO to A7 (ignoringthe B port) as output pins connected to LEDs.
If you do not vant to connect all 8 pins to LEDs then jlestvethem unconnected. See Figure 1 to
verify which pins are AO to A7. They are pins 15 to 22 counting from left to right with the setup
shown in Figure 1.

To connect an LED to the U401 use the setup in Figua® described in Section 1.

The pins connected to &iD shouldturn on when the corresponding check box is checked and off
when uncheckeddere is the program:

if usbm_DIISpecs() !=
if usbm_FindDevices()
/I --- there is a device and we will u se device 0
n=usbm_DirectionA(0,0xFF,0xFF) //set port AO to A7 as outputs
xyText 10,10,"Set Port A Status:","",20,fs_Bold|fs_Underlined
fori=0to 7
addcheckbox ""'+i,30+20* (7-i),60,""
next
while true
fori =0to7
n = usbm_SetBit(0,i)
else
n= usbm_ResetBit(0,i)
endif
next
delay 100
wend
else
print "There are no Devices"
endif
else
print "“The USBmicro DLL is not installed"
endif

Program 2: Port A Output.
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Program 3 (Input/Output)

In this program we will usport pinsAO to A7 as output pins connected to LEDs aod pinsBO to

B7 as inputs connected to pushbuttonsoli yo not want to connect all pins to LEDs and push
buttons, make sure that for each button on a pin in B there is an LED on A. See Figure 1 to verify
which pins aravhich.

To connect an LED use the setup in Figure 4 as described in Secliordnnecpushbuttons use the
setup in Figure T Section 3.1.3The pinsin the A portconnected to an LED should turn efhen

the correspondingushbutton connected to port B is pushed danahthey should be on otherwise
Here is the program:

if usbm_DlISpecs () ="
if usbm_FindDevices()

/I --- there is a device and we will use device 0
n=usbm_DirectionA(0,0xFF,0xFF) //set port AO to A7 as outputs
n=usbm_DirectionB(0,0, OxFF) //set port BO to B7 as inputs
n=usbm_WriteB(0,0xFF) /Iwith internal pull - up resistors
xyText 10,10,"Port B => A Status:","",20,fs_Bold|fs_Underlined
fori=0to 7
addcheckbox ""'+i,30+20* (7-i),60,""

next
while true

n = usbm_ReadB(0)

fori=0to 7

if GetBit(n,i)

m = usbm_SetBit(0,i)
SetCheckBox ""'+i
else
m = usbm_ResetBit(0,i)
SetCheckBox "'+i,false
endif
next
delay 100
wend
else
print "There are no Devices"
endif
else
print "The USBmicro DLL is not installed"
endif

Program 3: Port B Input Piped To Port A Output.
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3.2- Using the U4x to control an LCD

One really useful device often used in standabiaaces is the Liquid Crystal Display (LCD). An
LCD is useful for displaying information and status about the actions of the device as well as a method
for interacting with the user of the device during user operations.

With a device that is connecteda®C you would more likely use the BG s as the display

device rather than an LCD. Nonetheless, there are situations where you may have an embedded PC
without a display (PC displays are bulky, power hungry and expensive), or you may have the PC

remot from the device that it would be inconvenient for the operator of the device to be ogbmting
device whileobserving he PC6s di spl ay. I n these situati on:
display device.

There are many different LCDs and some ocanebe contrdéd using an RS232 link. The U#ix
devices suppou specific family of LCDs that follow the HITACHiD44780standard for controlling
an LCD. Also see thiDF documenfor more information.

From reading the above two sources you will most likely ltaveludedhat this is way too
complicated. Well, the UdL makes it utterly simple to use any LCD that can supposdlibee
standard.

This family of LCDs can be controlled with 12 I/O pins from thexU4o control and communicate
with the LCD to display text and change its setup and so on.

The LCD has 4 control lines and 8 data lines. The control lines are used guoeiiie LCD and the
data lines ara byte of either a command or the ASCII code ofaracter to be displayed, depending
on the state of the control lines.

So to control the LCD and clear it or send a char to $@alfed and so and so forth, a Ueels to
connect to the 4 control lines and the 8 data lifesise a U441 to display data on the LCD and to
control it use théollowing functions:

usbm_InitLCD(ne_DeviceNumber,ne_Sel, ne_Port)  //designatethe pins on the U4kto
//be usedor controlling the LCDand
//[send data to it.

usbm_LCDCmd(ne_DeviceNumber,ne_ CommandByte)/send a command to the LCD like
/lclear

usbm_LCDData(ne_DeviceNumber,ne_DataByte) //[send a character to display or a
/Iparameter for a command.

The functionusbm_InitLCD()is used to tell a U4kwhich 1/O pins to use as data lines and which to
use as the 4 control lineBhe HD44780 LCDs use 4 control lines (RW, RS, E and Resethd Hfeel
parameter defines which I/O pin to use as the one connected to the RW in the Ihiglofile
ne_Selbyte and to define the RS limethe lower nibble of the bytgsee Table 1 below)
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The nibble value can be from 0 to 15 (0x0 to OxF). 0 means pin A0, 1 means Al and so on where 8
means BO and 9 means B1 and so forth up to 15 bein§@@r example if we want to use B1 to be

the RS line and B2 to be the RW line then the high nibbieoSelhas to be 10 (OxA) and the lower
nibble has to be 9 (0x9). So the valuaef Selhas to be 0xA9 (169).

For thene_Portparameter the high nibbig used to determine which port A or B to use as the 8 data
lines. This will set the entire 8 lines of thataport. So if the high nibble afe_Portis 0 then port A
will be used to be the 8 data lines. If it is 1 then port B will be used.

The lower nbble ofne_Portis used to define which 1/O pin to use to connect to the E line of the LCD.
Again the value ranges from O to 15 wheSofr, as
example if we want to use Port A as the data port and Pin B®g &slthe then the high nibble has to

be 0 and the low nibble has to be 13 (0xD). SathePortparameter would be set to 0x0D.

Let 6s do another exampl e. W¥eantidta lbe thERWrline, ABast o b e
the RS line and A3 as thelige. So

Parameter High nibble Low nibble Value
ne Sel lie.pin Al = RW 2i.e. pin A2= RS 0x12= 18 decimal
ne Port 1i.e. Port B= DataPort | 3i.e. pin A3=E 0x13= 19 decimal

Table 1:usbm_InitLCD()parameters calculations.

As far as the Reséihe you can use any pin (for example we shall use AO). This pin is then driven as
an individual I/O pin to be High then Low then High again to reset the LCD and have it ready for
further commands to initialize it and set it up for the correct format.wWillibe illustrated with a full
example laterNot all character LCD displays have a reset line. Some have, instead, a contrast input
and the reset function is not present.

So now we use the code line usbm_InitLCD( 0, 0x12, 0x13) to achieve the abowetup. Later
we sayn = usbm_LCDData( 0, Ascii("A")) to send the char acAlseto 6 A0 t ¢
clear the LCd for exampleve would send the contrblyte Ox1, n = usbom_LCDCmd(0, O0x1) .

3.2.1A simple program to control an LCD with a U401

Asaconcet e e x assmuqvelop a feveragansto use the setup in the table abawndially we
shall develop a simple program to establish the principles then we are going to develop a more
sophisticated one.

The demos will assume that you are using thelioeeoy 24 characters LCD (WB2401RP1GNN)
which uses 8 data lines in addition to the RESRW, RS and E control line®ther LCD displays
have very similar setup.
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' RobotBASIC '

i ml_m

Reset —+ AD
RS 42
RW 4l
DT bbb E Al

+ +

BY B0
Connect the @®und pin fphysicalpin 1 on the LCD) to the same ground pin as the Ugbgsfcalpin
9). You can use the Power pin from the U4phyGicalpin 7) or a separate +5V power supply with its
Ground also connected to thedsind of the U401.

Then Connect thRS, RWand E linegphysical pins 4, 5, &f the LCD to the I/O pins Al, 2and
A3 (see the tale aboveand also Figure)lon the U401. Also connect the REBIine (physical pin 3)
of the LCD to the AO pin on the U401. Additionally, connect the data lines DO to D7 on the LCD
(physical pins 7 to 14p the pins BO to B7 on the 04.

With all the connections above completed we can now write a program as per the specifications above
to interact with the LCD and display data on it.

Note: Many different LCDs follow the very same setup and can be controlled by the U401.
However, yowneed to know the control codes and physical pins arrangements for the
particular LCD to be able to use the progral
ascertain the necessary information.

01 MainProgram:

02 DeviceNum =0

03 if usbm_DlISpecs( ) 1="

04 if usbm_FindDevices()

05 /I --- there is a device and we will use device 0

06 n = usbm_DirectionA(DeviceNum,0x OF,0x OF) //AO to A3 output
07 n = usbm_DirectionB(DeviceNum,0xFF,0xFF) //Port B output
08 GoSub Init_LCD

09 S ="Hello there"

10 while true

11 GoSub Write_LCD

12 Input "Enter a text:",S

13 wend

14 else

15 print "There are no Devices"

16 endif

17 else

18 print "The USBmicro DLL is not installed"

19 endif

20 end
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I

Init_LCD:
if lusbm_DeviceValid(DeviceNum) then return
n = usbm_InitLCD(DeviceNum, 0x12, 0x13) // --- RW=A1,RS=A2,E=A3,Data=Port B
n = usbm_SetBit(DeviceNum,0) \ delay 20 // --- RES connected to A0
n = usbm_ResetBit(DeviceNum,0) \ delay 100  /High - Low- High to reset with 100 ms pulse
n = usbm_SetBit(DeviceNum, 0) \ delay 100 //give the LCD time to settle
n = usbm_LCDCmd(DeviceNum, 0x1C) // --- command sequence to setup the LCD
n = usbm_LCDCmd (DeviceNum, 0x14) // --- this is obtainable from the device
n = usbm_LCDCmd(DeviceNum, 0x28) // --- specs sheet

n = usbm_LCDCmd(DeviceNum, 0x4F) //

n = usbm_LCDCmd(DeviceNum, OXEQ) //

n = usbm_LCDCmd(DeviceNum, 0x1) // -- clear the LCD display
Retu rn
1l
Write_LCD: /IS is the string to write

if lusbm_DeviceValid(DeviceNum) then return

n = usbm_LCDCmd( DeviceNum , 0x1) // code Ox1 cl ears the LCD

if Length(S) == 0 then Return

fori=1TolL ength(S)
n=usbm_LCDData( DeviceNum ,GetStrByte(S,i)) /I send ascii code of each character
next
Return

I

Program 4: A Simple LCD program.

The main program should be familiar by now. It ensdbhat there isccess to thBLL and that there

are devicesusbm_FindDevices(3hould always be called before doing anything with the USBmicro
functions). As before we assume that the U401 is device zero. However this time we define a variable
to hold tre number of the device we wish to use. This way the subroutines can easily be made to work
with any device number by just changing this one variable.

Line 06in the main prograndesignatepins A0 to A3 as output pins. These pins will be used, as
discussd earlier, to control the RW, RS, E and HHSines of the LCDLine 07designate®ort Bas
all outputpinsso as to act as the 8 data lines to contadtte LCD.The main program then cathe
Init_LCD subroutine.

The InitLCD subroutinecalls theuskm_InitLCD() function discussed earlier. Notice that it uses the
parameters calculated in TableAlso notice how the subroutine sets the AO pin high then low then
waits for 100 ms then high again. This is so as to reset the LCD and make it ready & receiv
commands. The routine then sends a few control codes to the LCD so as to configure it. These codes
are from the specifications of the LCD device and can be different for you device but, then again they
may work with no change. The final code sent isléarcthe LCD screen.

The main program sets thariableSwith an intial display textand the line 11 callswrite_LCD
subroutineo display the text and the loop then keeps asking the user for a new text ta. display
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TheWrite_LCD subroutine expas Sto have the text to be displayed on the LCD. Notice how it

iterates through the string obtaining one character at a time and then sends it to the LCD as data.
Notice the functiorGetStrByte(Jused to extract the character. This function does not exteact th
character as a string rathereturnsits ASCII code. So the function returns a number that represents
the byte value of the character at the specified position within the string. We need this because when
we send the character to the LCD it expeatsABCII code of the character not the actual text of the
character. We could have achieved the same thingasatitSubString(S, i,1)) .ButGetStrByte()

is a lot more convenient and versatile. Read about this function and other similar functions in the
RobotBASIC Help Fileand also in the documeRbbotBASIC_Networking.PDF

We shall use these two subroutmagain later. Sudy them carefully to see how they apply the
functions and the principles discussed in Section 3.2.

3.2.2 A better pogram

RobotBASIC Interactive Terminal Screen [D:\Programming'RobotBASIC Stuff\Articles\USBmicro\Programs\Program5_LCD_With_I0.BAS] @
This program will use the samed USB Micro DLL Data
subroutines we established in the L ) s L
previous section as well as new ones tg =i s
build a better user interfac&he Device Specifications

program will provide buttons for the | eeBdrtmeic
user to initialize the LCD, to send a SN
command byte to the LCD and to send hitLcD

a data byte to the LCD. Additionally

we shall allow for sending a whole line | e

of text as specified by the uséio BT fo ]

allow for this, the program will provide | ~erce | Fa-

a few edit boxes and a few buttons as gl 41 x]

) . . o
the GUI interface with the user. | |

| ————— —

Anotherimprovement in this program is that we will use an LED arebaphysicaPushbutton along

with the LCD. The LED will serve asraeandor indicatingthat the system is working tfinking the

LED continuously Also the pushbutton will serve as a way for the user to indicate to the RB program
that an action is required. The action will be simpléhis example, but it serves to illuggaow such
aninteraction can be performeushing the button will cause the RB program to send codes to clear
the LCD screen and then it will send the charactedssfgay a number that will be incremented every
time the user presses the postion.

Note: This program illustrates how you can have PC side user interfacing as well device side user
interfacing all the while maintaining communications between the device and the PC for control.

To summarizethe program witl
1- Displayinformation about thdevice and DLLin a nice wayon the PC screen
2- Display editboxes and buttonsn the PC screefor the user to enter the data to be sent to the
LCD and to actuate the desired actions.
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3- The program will continuously blink an LED on the same circuit as @.1\We will use pin
A6 from the U401 to do that.

4- There will be gpushbuttoron the LCD circuitonnected to pin A5 on the U401 that will be
monitored and once pushed it will cause a humber to be displayed on the LCD that reflects the
number of times the bwn has been pushed since the start of the program.

This programdemonstratesiow to combine all that we have learnt so far. Therefore study it
carefully and make sure that you understand all its actions.

MainProgram:

GoSub Initialization

GoSub Moni torlnputs
End
I/
Initialization:

DeviceNum=0 \ LED Pin=5 \ LED On=1 \ PB_Pin=6 \ PB_Count=0

LCDText = "LCDText" \ LCDData ="LCDData" \ LCDCmd ="LCDCmd"

AddEdit LCDText,160,430,200,0,"Testing " "Enter text to display on the LCD"

AddEdit LCDCmd,160,460,50,0,"0x01","Enter the LCD command in hex or decimal"

AddEdit LCDData,160,490,50,0,"0x30","Enter the LCD data in hex or decimal"

IntegerEdit LCDCmd \ IntegerEdit LCDData

InstBtn = "Instruc tions" \ [nitLCDBtn = "Init LCD" \ SndTxtBtn = "Send Text To LCD"

SndCmdBtn = "Send LCD Command" \ SndDataBtn = "Send Data To LCD"

data Buttons;InitLCDBtn ,190,360,100,60,"Initialize the LCD"

data Buttons;SndTxtBtn ,10,430,135,0,"Send the Text S tring to the LCD"

data Buttons;SndCmdBtn ,10,460,135,0,"Send the Command byte to the LCD"

data Buttons;SndDataBtn ,10,490,135,0,"Send The Data byte to the LCD"

for n=0 to MaxDim(Buttons,1) -1 step 6
AddButton Buttons[n],Buttons[n+1],Buttons[n +2],Buttons[n+3],Buttons[n+4],Buttons[n+5]
next

Gosub Display_DlISpecs
GoSub Display_DeviceSpecs
GoSub Init_LCD
Return
Il
Monitorinputs:
while true
01 n = usbm_WriteABit(DeviceNum,255 - 2°"LED_Pin,2 ~LED_Pin*LED_On)
02 LED_On =ILED_On
03 GoSub Check_PushButton
GetButton btn
if btn == InitLCDBtn
GoSub Init_LCD
elseif btn == SndTxtBtn
S = GetEdit(LCDText)
n = usbm_LCDCmd( DeviceNum , 0x1) //clear LCD
GoSub Write_LCD
elseif btn == SndCmdBtn
n = ToNumber(GetEdit(LCDCmd),0)
n = usbm_LCDCmd( DeviceNum ,n)
elseif btn == SndDataBtn
n = ToNumber(GetEdit(LCDData),0)
n = usbm_LCDData( DeviceNum ,n)
endif
wend
Return

I
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Display_DlISpecs:
xyText 20,0,"USB Micro DLL Data","Times New Roman",15,fs_Bold|fs_Underlined
m = usbm_DLLSpecs()
xyText 10,30,Extract(m,"[",1),"Times New Roman",10

xyText 10,45,Extract(m,"|",2),"Times New Roman", 10
xyText 10,60,"Version#:"+Extract(m,"|",4)+":"+Extract(m,"|",3),"Times New Roman",10
Return

Il
Display_DeviceSpecs:
RectangleWH 0,75,230,120,white,white
n = usbm_finddevices()
n = usbm_numberofdevic es()
m=""
ifn!=1thenm="s"
xyText 10,79, spaces(20)+"Found "+n+" Device"+m,"Times New Roman",10,fs_Bold
xyText 20,95,"Device Specifications”,"Times New Roman",15,fs_Bold|fs_Underlined
if usbm_DeviceValid(DeviceNum)

n = usbm_initports( DeviceNum)
n = usbm_DirectionA(DeviceNum,255 - 2"PB_Pin,255)  //all outputs but PB+Pin is set as input
n = usbm_SetBit(DeviceNum,PB_Pin) [lwith internal pull - up resistor

n = usbm_DirectionB(DeviceNum,255,255)
m = usbm_Device Specs(DeviceNum)
VID = "Made By:"+hex(tonumber(extract(m,"|",3)))+":"
MFR = VID+extract(m,"|",4)
PID = "Device:"+hex(tonumber(extract(m,"|",2)))+":"
PRD = PID+extract(m,"|",5)
DID = "Version:"+hex(tonumber(extract(m,"|",1)))
SER = "S/N:"+extract(m,"|",6)
else
MFR = "Made By:" \ PRD ="Device:* \ DID=" \ SER="S/N:"
endif
xyText 10,125,MFR,"Times New Roman",10
xyText 10,140,PRD+spaces(20)+DID,"Times New Roman",10
xyText 10,155,SER,"Times New Roman",10
Return
I/
Check_PushButton:
if lusbm_DeviceValid(DeviceNum) then return
n = usbm_ReadA(DeviceNum) & (2"PB_Pin)
if In /I --- active low Push button so we act on 0
PB_Count = PB_Count+1 \ S=""+PB_Count
n = usbm_LCDCmd(DeviceNum , 0x1) //clear LCD
GoSub Write_ LCD

endif
Return
Il
Init_ LCD:
if lusbm_DeviceValid(DeviceNum) then return
n = usbm_InitLCD(DeviceNum, 0x12, 0x13) // --- RW=A1,RS=A2,E=A3,Data=Port B
n = usbm_SetBit(DeviceNum,0) \ delay 20 // --- RES connected to A0
n = usbm_ResetBit(DeviceNum,0) \ delay 100 //High - Low- High to reset with 100 ms pulse
n = usbm_SetBit(DeviceNum, 0) \ delay 100 //give the LCD time to settle
n = usbm_LCDCmd(DeviceNum, 0x1C) // --- command sequence to setup the LCD
n = usbm_LCDCmd(DeviceNum, 0x14) // --- this is obtainable from the device
n = usbm_LCDCmd(DeviceNum, 0x28) // --- specs sheet

n = usbm_LCDCmd(DeviceNum, 0x4F) //

n=usbm_L CDCmd(DeviceNum, OXEQ) //

n = usbm_LCDCmd(DeviceNum, 0x1) // -- clear the LCD display
Return

I
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Write_LCD: //S is the string to write
if lusbm_DeviceValid(DeviceNum) then return
n = usbm_LCDCmd( DeviceNum , Ox1) // code Ox1 cl earsthe LCD
if Length(S) == 0 then Return
fori= 1 To Length(S)
n=usbm_LCDData( DeviceNum ,GetStrByte(S,i)) /I send the ascii code of each character
next
Return
I

Program5: A BetterLCD programwith an LED and Pushbutton

Thelnit_LCD andWrite_LCDroutines are exactly as before. Thisplay_DIISepcsand
Display_DeviceSpeae similar to the program fragments developedn Sections 2.1 and 2.

They go through the specifications string to extract the various sections and then display them in a nice
format

Thelnitialization routine makes sure all the edit boxes and buttons are displayed and also calls the
subroutines to initialize everythinblotice how thee.CDcmdandLCDDataedit boxes are forced to be
only integer inputs and how they are also initialized with HEX values to indicate that hex values can
be entered instead of decimal values.

The two routines of interest a@heck PushButtorandMonitorinputs. Check PushButtorreads the
U401 Port A but theANDs theresult with the necessary maskisolate the PB_Pin @.in this case).
See how this is achieved using bitwise ANDing with the MASK created from the pin number. If the
button is pshed we increment the variat®®_Countand then we maki¢ into a text so as to send it

to the LCD for display by using th&'rite_LCD routine.

TheMonitorInputs routine is where all the action occurs. Here, whenever the user clicks admutton
the screem corresponding action is taken. Either to send the text in the text box, or to send a
command as specified by the command edit box or to send a clivagéecter as specified by its ASCII
code in the edit boXAnotherscreerbutton allows for reinitializationof the LCD.

Another two important actiorgerformed by theoutine are the three lines right after the while
statement. The first one sets the U401 pin specifiddBiy Pin (A5 in this case) teither on or off
according the current value bED_Onwhich is inverted every time through the wHit®p. The third
line calls theCheck PushButtorroutine discussed above in order to monitor the state of the
pushbutton in the LCD circuit.

3.2.3 Another improvement

Program 5 is very nice and givige usergood control over the LCD and also illustrates how to blink
an LED and respond toraalpushbutton all at the same time. However, there are two shortcomings.

First, notice how the LED blinksofast that it almost does not appear to be blinking. Secmite
what happens when you send text to the LCD. The LED either stops blinking in the off or on state for
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a little while. Also notice that when you push the button it is hard to get the count to increase only one
at a time, iincrementgoo fast.

We can solve both these problems using a timer. With the timer we can check the button only every
few milliseconds to ensure no rapid response for an effective control over the count. Also with the
timer we can control how fast the LED blinkH do this we negto add a subroutine and remove

three lines and add a line.

1- IntheMonitorlnputsr out i ne del ete the three | ines rig
03).
2- At the end of thenitialization routine add the following line:
addtimer"t  1",150 \ onTimer tHandler

3- Add the following subroutine

tHandler:
It = LastTimer()
n = usbm_WriteABit(DeviceNum,255 - 2°LED_Pin,2"LED_Pin*LED_On)
LED_On =ILED_On
GoSub Check_PushButton
onTimer tHandler

Return

With these changes we have addeidnar that causes an interrupt every 150 ms. In the interrupt
handler we do the actions of Blinking the LED and responding to the pushbutton.

Notice how these simplehanges now make the LED kkiat an observableate andhow it never
pauses due to seing text or due to responding to the pushbutton. Also noticerftawpushing the
buttonis more contrdhblefor incrementing the number displayed on the LCD.

Study this program and the changes we made to it in detail. We shall use this program ageén afte
learn how to read a thermometer chip using thér& serial communications protodalthe next
section

Note: There is a slight problem with #final program that results from the above changes. This
problem occurs in a very specific situation thia extremely unlikely to take place. For the sake of
keeping the program uncomplicated no attemptshbeen made here to allow ftre very rare
possibility of the errothappening It is left as an exercise for you to try and figure out what the
problem B, whendoes it occuyand what to do about it

3.3- Using the U4X to control 1-Wire devices

1-Wire is an intricate standard protocol for communicating a Master to mubtgote devicesusing,

well, one wire. In fact, you also need a ground wire Tdee communication is a hatfuplex

bidirectional serial protocol that can be used with numerous devices like clocks, thermometers, relays,
medical equipment, security equipment and many more.
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The protocol is quite complicatéalvolving timed pulses and sm and so forth. However, thanks to
the U4x1 you do not need b concerredwith all the details. All the timing and bitanging ando

on is performed by the U4xAll you need is to telit which pin to use as thewire line and then just
send bytesrad read bytes from any or all the devices on the Tihe.U4x1 takes care of the bit
shifting in and out and of the timing and signal levels.

Nondheless, if you would like to gain more insight into what th&/ite protocol is all about, see this

most excellent 17 part videdlso visit the following web site to s¢leekind of devicesavailable and

what the industry is doing with this communications protocol
http://www.maximic.com/products/Awire/
http://www.maxiniic.com/appnotes.cfm/an_pk/1796
http://www.maxintic.com/design_guides/en/1_WIRE_PRODUCTS 4.pdf

The pin selected as awlire bus isautomaticallyconfigured with an internal pullp resistor of
approximately 14 Y. During idle bus times it is this resistor that pulls the kigh. When théJ4x1
transmits a low signal on the bus, it pulls the line low with an open coll&ttisrinternal 14< Y pull

up resistor will suffice for a short bus distance, but you should consider supplementing it wikhYa 10
resistor external to thg4x1 device. The 18 Yresistor would be connected between theirke data

line and Vcc (+5V).

RobotBASIC provides 5 functiorfer usingthe twire capabilities of the U4x1 devices. That is alll
you need to be concerned withachievecommunications witla 1 wire device. No timingr pulsing
details are of interest. The U4x1 takes care of all that. The functions are:

usbm_Reset1Wire(ne_DeviceNumber,ne_Specs)
usbm_Write1lWire(ne_DeviceNumber,ne_Data)
usbm_ReadlWire(ne_DeviceNumber)
usbm_Write1lWireBit(ne_DeviceNumber,ne_BitValue)
usbm_Read1WireBit(ne_DeviceNumber)

Multiple 1-wire busses can exist simultaneously on the U4x1. It isgshen Reset1Wir€) function
thatsets the port configuration for a speciio, as well as designates it as the pin te ios any
subsequent read/write operatiombBe U4x1 devices supporivire communication with any-vire
device. When you select an Iffin of the U4x1 to use as the connection towire device, you
changethatpin from just being a digital I/O line ta 1-wire bus.

Theusbm Reset1Wir€) functionconfigures the line with 44 K Y pull up resistofsee above)and

issues a reset pulse on that like function returns a value that indicates if any device on the bus has
indicated a presence pulse. If a device is detected, the returned value is O. If no device is detected it
retums 1.Notice this is not the way you might expect. If a devigpresent the function returns false

and if no device is present it returns true

Once you specifywhich U4x1 pin to use as thewlire bususingtheusbm Reset1Wir€) function, the
usbm ReadWire() andusbm Write1Wirg() functionswill operate on thapin from that point
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onwards What this means is that you can use all/@6pinson the U4x1 as 16 sefde twire busses.
Issuingtheusbm Reset1Wir€) functionis the way to get attention of thewire devices on that bus,
prior tousing theusbm Read1Wir€) andusbm Write1Wirg() commands to communicate with the 1
wire device. You canseusbm Reset1Wiré) to select and communicate with one line of the U4x1,
then use it again ttommunicate witta different lineat a later stage in the program

Each IWire buscan also have multipleWire device on it. Youcanaddress them individually by
using their ROMserial numbers. The devitedocumentation contains the details that you need to
communicag with it.

The parameteme_Specsn theusbm_Reset1Wirefunction specifies the I/O pin to be used as the

bus. It has to be a number from 0 to 15. 0 being pin A0, 1 being A1 and so on to 7 being A7 and 8
being BO, 9 being B1 and so on until 15 being B7

3.3.1A 1-Wire thermometer

All the above is best illustrated with a concrete example. We shall uBSt#22

DLVBWRE  Digital Thermometeas the demonstration device. This device gives a temperatur

1822 reading either in Celsius or Fahrenheit. The link above will give you all the data sheet
information you will need.

1

O

e

&

In our application we shall provide power to the D318@m the Power pin of the
U401 (pin7). So you must connect tb¥ and Gnd pins fothe DS182 to the U401

5V and Gound pins (pins 7 and 9 respectively). The DQ pin should be connected to
the A4 pin of the U401.

+5V

DQ L__ES

MainProgram:
DeviceNum =0 //use device 0
Thermo_Pin =4 //use pin A4 for input from the DS1820
if usbm_DIISpecs() ="
if usbm_FindDevices()
/I --- there is a device and we will use device DeviceNum
xyText 10,10,"Temperature =","",15,fs_Bold
while true
GoSub Read_ThermoData
xyText 160,10,Format(Tc,"##0.00°C = ")+Format(Tf,"0.00°F")+spac es(10),"™,15
wend
else
print "There are no Devices"
endif
else
print "The USBmicro DLL is not installed"
endif
end
1

01 Read_ThermoData:
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02 if lusbm_DeviceValid(DeviceNum) the nTc= -40 \ Tf= -40 \return

03 n = usbm_resetlwire(DeviceNum,Thermo_Pin)

04 n =usbm_writelwire(DeviceNum,0xCC) \ n =usbm_writelwire(DeviceNum,0x44)
05 n =usbm_resetlwire(DeviceNum,Thermo_Pin)

06 n =usbm_writelwire(DeviceNum,0xCC) \' n=usbm_writel wire(DeviceNum,0xBE)
07 n =usbm_readlwire(DeviceNum) \' m =usbm_readlwire(DeviceNum)

08 x=0 \ if(m & 0x80) then x = OXFFFFF0O00
09 Tc = (x|(((m & Ox0F)<< 8)+n))*0.0625

10 Tf=Tc*1.8+32

11 Return

I

Program 6: A Thermometeprogramusing the DS1822-Wire digital thermometer.

Themain program should be familiar. After initializing some varialaled making sure that there is a
DLL and then making sure that there is axWU4 starts a loopfccalling theRead_ThermoData
subroutine and then displaying the temperature data.

With this program weise the A4 pin to be the-Wire buspin from the DS182. This pin is configured
automatically as an output pin when writing and as an input pin whemgefrom the DS1822. This
is all performed automatically by the U4x1.

The details of what bytes to send to D182 to get it to perform its actions and how many bytes of
data we need to read from it to obtain its data is something you should meadtfrcr e devi ce 6 s
specifications sheet.

The DS1822 gives a temperature reading that is 12 bits of resolution (really 11 with thieHeng a

sign bit). The format of t heforma afthe tangperatisdthen f ac
tempeature is negative all thep5 MSbits willhave al andthewerl 1 L Sbi t s wi | | be
compliment. If the temperature is positive then the 5SMShbits will be 0 and the 11 LSbits will contain

the temperaturbinaryvalue.Each bit represents 0.06Z5s0 we lave to multiply the actual decimal

number with 0.0625 to get the true temperature value.

The work of reading the temperature from the DR1i8performed in th&kead_ThermoData
subroutine. It is performed in two stages. We reset-tvae pin(line 03)so as to send a pulse to the
device and then we send it a two bytenooand(line 04)to get it to read the temperature and store it
in its memory We then reset the pin agdlme 05)so as to start the DS182nd then we send it a
two byte commandine 06) to getit to send the dat&Vethen read the resulline 07)as two bytes
with the LSByte being stored mand the next byte stored im

Then we need to convert the two bytes that are now stored in two integers to be one 32 bit number that
wouldbea 32 bit 2r@épmesentationpof thiemeeratureThis is the function of lines 08
and 09.

On line 10 we also store the Fahrenheit temperature by converting the Celsius value. The end result is
that the two variabl&c andTf will contain the Cedius and Fahrenheit temperature reading.

Page25of 44



PGAET AT Ay 3 k{With/RoldtBRIDGAWw. RobotBASIC.con

If we know that the temperature is not ever going to go negative we could have performed a simpler
operation to get the temperatures reading. Delete line 08 and change 09 to:

Tc = ((M&7)<<8)+n) * 0.0625

3.3.2A 1-Wire thermometer with LCD display

Letds now write a program that wil/
1- Read the temperature
2- Display it on the PC screen and LCD as Celsius.
3- Keep togglingan LED
4- A pushbutton is used to toggle between Fahrenheit and Celsius.

The program will not have a fap&UI so ago keep it as simple as possidaly illustrating how we
can combine all that we have learnt up to this point.

MainProgram:
GoSub Initialization
If AllOk
xyText 10,20,"Temperature =","Time new roman",15,fs_Bold
while true
if IFahrenheit
S = Format(Tc,"##0.00°C")
else
S = Format(Tf,"##0.00°F")
endif
xyText 170,20,S+spaces(10),"Times new roman”,15,fs_Bold
S = "Temperature = "+S+spaces(10)
GoSub Write_LCD
wend
endif
end
// ===c=c=c
Initialization:
DeviceNum =0  //use device O
Thermo_Pin =4  //use pin A4 for input from the DS1820
LED Pin=5 \ LED On=1 \ PB_Pin=6
Fahrenheit = false \ AllOk =false
Tc=25 \ Tf=77
if usbm_DIISpecs() == "" then print "The USBmicro DLL is not installed" \ return
if lusbm_FindDevices() then print "There are no Devices" \' return
if usbm_DeviceValid(DeviceNum)
n= usbm_initports(DeviceNum)
n=us bm_DirectionA(DeviceNum,255 - 2"PB_Pin,255)  //all output but PB_Pin is set as
n= usbm_SetBit(DeviceNum,PB_Pin) /linput with internal pull - up resistor
n= usbm_DirectionB(DeviceNum,255,255)
GoSub Init_LCD

addtimer "t1",150 \ onTim er tHandler
AllOk = true

else
print "Device is invalidated"

endif
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Return

tHandler:
It = LastTimer()
n = usbm_WriteABit(DeviceNum,255 - 2"LED_Pin,2"LED_Pin*LED_0On)
LED _On=I!LED_ On
GoSub Check PushButton
GoSub Read_ThermoData
onTimer tHandler

Check_PushButton:

if lusbm_DeviceValid(DeviceNum) then return

n = usbm_ReadA(DeviceNum) & (2*"PB_Pin)

if In then Fahren heit = 'Fahrenheit /lactive low Push button so we act on 0
Return

Read_ThermoData:

if lusbm_DeviceValid(DeviceNum) then Tc = -40 \ Tf= -40 \return
n = usbm_resetlwire(DeviceNum,Thermo_Pin)
n = usbm_writelwire(DeviceNum,0xCC) \' n=usbm_writelwire(DeviceNum,0x44)
n = usbm_resetlwire(DeviceNum,Thermo_Pin)
n = usbm_writelwire(DeviceNum,0xCC) \ n = usbm_writelwire(DeviceNum,0xBE)
n = usbm_readlwire(DeviceNum) \" m = usbm_readlwire(DeviceNu m)
x=0 \ if(m & 0x80) then x = OXFFFFF000
Tc=(x| ( ( (m&Ox0F)<<8 )+ n) )*0.0625
Tf = Tc*1.8+32
Return
//:::::::::::::::::::::::::::::
Init_LCD:
if lusbm_DeviceValid(DeviceNum) then return
n = usbm_InitLCD(Devic eNum, 0x12, 0x13) // --- RW=A1,RS=A2 E=A3,Data=Port B
n = usbm_SetBit(DeviceNum,0) \ delay 20 // --- RES connected to AO
n = usbm_ResetBit(DeviceNum,0) \ delay 100  /High - Low- High to reset with 100 ms pulse
n = usbm_SetBit(DeviceNum, 0) \ delay 1 00 //give the LCD time to settle
n = usbm_LCDCmd(DeviceNum, 0x1C) // --- command sequence to setup the LCD
n = usbm_LCDCmd(DeviceNum, 0x14) // --- this is obtainable from the device
n = usbm_LCDCmd(DeviceNum, 0x28) // --- specs sheet

n = usbm_LCDCmd(D eviceNum, 0x4F) //

n = usbm_LCDCmd(DeviceNum, OXEQ) //

n = usbm_LCDCmd(DeviceNum, 0x1) // -- clear the LCD display
Return

Write_LCD: //S is the string to write
if lusbm_DeviceValid(DeviceN um) then return
n =usbm_LCDCmd( DeviceNum, 0x2) // code 0x2 to Go to 1st char position
if Length(S) == 0 then Return
fori =1 To Length(S)
n=usbm_LCDData(DeviceNum, GetStrByte(S,i)) /I send the ascii code ofeach character
next
Return
I

Program 7: 1-Wire Thermometer and LED and Pushbutton and LCD.
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You should be familiar with all the progré@maspects. The only changes are inth&e_LCD and
Check_PushButtorsubroutines. IWrite_LCD we use the command code 0x2 in place of 0x1 to
return the cursor to the beginning of the line instead of cledriii@is helpgo avoid flicker.

The Check_PushButtorsubroudines checks to see if the pbsitton is down and it is it toggles a
variable Rhrenheit which is used to indicate whether the displayldib@ Fahrenheit or Celsius.
Notice how when you push the button the display is changed on both the PC screen and LCD.

The rest of the program is the sameheother programs you have alreasben.

3.4- Using the U4 1 to control SPI devices

The Serial Peripheral Interfa¢8PI)bus is afull duplex bidirectionakynchronousserial
communicationstandargrotocol.Devices communicate in master/slave mode where the master
device initiates theataexchangeMultiple slave devicesan be connected to one Master using the
same 3 linesvith an additionalndividual slave selecbften calledchip select)ine from the Master to
each slaveln addition there is, of course, the ground line.

A mastercontrols a slave using the following lines:

1- Ground

2- Clock (calledSCLK orSCK or CLK and is output from Master)

3- Data Out (calledMOSI output from the Master connects to the SIMO input of the Slave,
which may also be labeled SDI, DI, SI).

4- Data In(called MISO input to the Master connects to the SOMI output of the Slave which
may also be labeled SDO, DO, SO).

5 Sl ave Select [1 Iine per slave] (called SS
Select and may be labeled nCS, CS, nSS, STE and isactiea low).

The reason it is called synchronasibecause bits are transferred in synch with a clock sigis. if
multiple slaves are to be able to connect to the saoke RIOSI, and MISO lines then all of them
will have to hae HiZ lines when they arnot the selected deviags(ally wherCsS is high).

If you would like to find out more about this protocol see followinglinks:
http://www.intersil.com/data/an/AN1340.pdf
http://www.mct.net/fag/spi.html
http://www.embedded.com/columns/beginerscorner/9900483
http//ww1.microchip.com/downloads/en/devicedoc/spi.pdf
http://en.wikipedia.org/wiki/Serial_Peripheral_Interface Bus

The probcol can be quite complex irsisequence of actisand $nceit is full duplex the Master has
to be able to listen as well as send simultaneously. Fortunately all this is taken care of by the U4x1. All
we need igo usethe following functions:

usbm_InitSPI(ne_DeviceNumber,ne_Specs)

usbm_SPIMaster(ne_DeviceNurber,se_DataBytes)

sbm_SPISlaveRead(ne_DeviceNumber)
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usbm_SPISlaveWrite(ne_DeviceNumber,se DataBytes)

The U4x1 can be either a slave or a master. However, most devices normally act as slaves and
therefore the U4x1 will more oftdreused as a Master.

To use the U4x1 you need to decide if you want to use it as a slave or as a master. You then configure
the U4x1 for that mode using the functiesbm_InitSPI(wherethe parameteme_Specgontains the
necessary codes for the various configurations (weseslthis later).

If you are going to use the U4x1 as a master you usestire SPIMasterfunction to send
commands to slavdevicesand at the same time to receive data ftbem(we will show how later).
You also need to make sure that the CS lirtiigen to therequirestate to activate the required slave
(usually low)

If you are going to use the U4x1 as a slave then you will have to monitor a CS line and when it is
driven to the right sate (usually low) you usgom_SPISlaveRead read any inpt from the Master
and then act upon it then send out any responses witlsiine SlaveWrite(function,

In this document we will show how to use the U4x1 as a master. For details on using it as a slave
refer to theUSBmicrodocumentation.

3.4.1 Initializing the U4x1 SPI system

The functionusbm_InitSPI()s used to configure the U4x1 to be a slave Blaater. It also configures
the frequencyf the clock signal as well as whether data is read on a rising eddéngrédge and
what is the idling state of the clock.

ne_Specss an integer that holds a byte value. The 6 LSBits of the byte are set according to the
information below. The 2 MShits will always be 00.

Bits 0 and 1 configure the clocking speed as falow
00 = 2 Megabits per second
01 = 1 Megabits per second
10 = 500Kilobits per second
11 = 6250@Bits per second.

Bits 2 and 3 set the clock phasing
00 =idle low, data transfer on falling edge (SPI mode 1)
01 =idle low, data transfer on rising edge (8fPlde 0)
10 = idle high, data transfer on rising edge (SPI mode 3)
11 =idle high, data transfer on falling edge (SPI mode 2)

Bits 4 and 5 set the SPI system as slave, master or off
00 = SPI system is turned off
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01 =Master
10 = Slave
11 = this bit combiation should not be used

To set the U4x1 to act as an SPI Mastgh a clock frequency of 500 Kibits persecond and to have
data being transferred on a rising edge with the clock idling high we would say

n = usbm_InitSPI(DeviceNum,0x00011010)

So, whid 1/O pins will be used? Remember, that to act as a master we need 4 I/O lines. MOSI (data
output from the master to the slave), MISO (data input to the master from the slave), SCK (clock line
output from the master to the slave) and SS (slave selettb lawtivate/deactivate the slave [output

from the master]).

When you use thesbm_InitSPI(function it also configures the following pins:
A5 as an output (MOSI)
A6 as an input (MISO)
A7 as an output (SCK)

You will also need to manually configure 8 gin as an outpupin to act as the SS. You can choose
any remaining 1/O pin for that. However it is advisable to choosew4vould do that with a separate
call to the functiorusbm_ DirectionA()

When you turn off the SPI system with a calugibm_InitSK) with bits 5 and 4 of the parameter
ne_Specss 00, the U4x1 wilhot reconfigure the pins. They will remain as output (A5,A7 and A4 if

you selected that as SS) and as input (A6). So if you desire to have them in a different mode then you
need to usesbm_DirectionA()to do so.

Now we are ready to use the U4x1 device to do SPI Master control over an SPI slave chip. But before
we do that we need to read the slave deviceds
phase it requires.

Another oncern is BitOrdering. The U4x1 sends the bits with the LSBit First order. So a byte
0%00110101 will be sent as 1 then 0 then 1 then 0 then 1 and 1 then 0 and 0. That is bit O is sent first
then bit 1 and so on. So if a device expects the other way thecaynot use the device. Additionally

the U4x1 sends a byte then waits for a response and then sends the next byte and then waits for a
response. If the device requires multiple bytes before responding or it requires nibbles or a non byte
number of bitshen you cannot use the U4x1 to control these devices.

3.42 The U4x1 asan SPI Master

To use the U4x1 as an SPI master afteirgamitialized it, you use the functionsbm_SPIMaster,()
The parameteres DataBytesnust be a string buffer. To learn mokmat string buffers read Section 3
in the documenRobotBASIC Networking.PDFThis document gives advanced information on how
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to create and use a string buffer. However, for thrpgmes of the SPI system this string buffer will not
be any longer than 6 bytes ahais we can use it in a simple way as we will show below.

To createse_DataBytegust use th& oByte()finction to create a byte from an integer and add them
together. Saf for instance you want the buffer to have three bytes with the values 20, 56, 233 then
you would dosBuff = toByte(20)+toByte(56)+toByte(233) . Then you can send this buffer with
theusbm_SPIMasterfunction by saying rBuff=  usbm_SPIMaster(DeviceNum, sBuff)

Theusbm_SPIMaster@lso returns a string buffer which contains the responses from the slave to the
sent bytes. In the code line abaduff would end upcontainng the response bytellowever, these
response bytes will be preceded with a bytetH® returned bytes will always start at the second byte
onwards. This is because the first byte in the return buffer is used by the U4x1 to put its own
information.Just remember that the values in the retuned buffer always start on the second byte of
the buffer.

We can get the values of these bytes usin@tStrByte()function. So for example if we know that
the string bufferBuff has 3 bytes of dad® byte from the U4x1 and 2 from the slayahd we want
the 2 byte we would sayal =GetStrByte (rBuff,2) . Valwill end up containingn integer with a
vaue equal to the value of the second byte in the string bifeanember thathe 1% byte isnot data
from the slave

3.4.3 An Analog To Digital Converter { TC1298 ADC) application

Figure 6: Conneting a U4x1 and an LTC12

As a tangible example we shall use the

Analog To Digital ConvertefADC) chip I5¥ +5V is not from the Udx1
LTC1298 This is a 12bit 2 channel ADC Make suze Gndis commonwith the Thl Gnd |1 opF
which is also an SPI slavRead the 10kQ S - 8 tantalum
specifications in the above link and study L CS Ve
the program belownilight of these ! CHo ~ CLK -
specifications and the information in the . CJW%DM ¢ Gnd
previous sections. 5

GND Din
After checking for a devicthe program 10k S < jl
sets up the SPI system according to what — () From A5 From A7
is needed by theTC1298and then ttns . A To 46

it off by pulling SS(/CS) high. The loop then continuously reads Charth#ien Channel then
convertgthe results to voltagdy multiplying the results by the resolution. It then displays the values.

MainProgram:
GoSub Initialization
while true
GoSub Read_ADC
xyText 200,100,Format(V1,"0.00V"),"",15
xyText 200,120,Format(V2,"0.00V"),"",15
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wend
end
|[================—====—===
Initialization:
DeviceNum =0 //use device O
SS Pin=4 /luse pin A4 as Slave Select
if usbm_DIISpecs()=="" then Print "The USBmicro DLL is not installed" \ End
if lusbm_FindDevices() then print "There are no Devices" \ End
if lusbm_DeviceValid(DeviceNum) then print "Device is invalidated" \ End
n = usbm_InitPorts(Dev iceNum)
n=usbm_DirectionA(DeviceNum,2"SS_Pin,2"SS_Pin) //set SS_Pin to output
n = usbm_InitSPI(DeviceNum,0%00011011) /I 01=master,10=SPI mode3,11=62500 bits/sec

n = usbm_SetBit(DeviceNum,SS_Pin) //disable the slave SS=high initially
setcolor whit e,black
xyText 100,70," LTC1298 ",",15,fs_Bold
xyText 50,100,"Channel[0]:",",15,fs_Bold
xyText 50,120,"Channel[1]:",",15,fs_Bold
setcolor black,white
onAbort AbortHandler
Return

AbortHandler:
n = usbm_InitSPI(DeviceNum,0x00) //trun SPI off
Terminate

Read_ADC:
Vi=0 \ V2=0
if lusbm_DeviceValid(DeviceNum) then return
I -—--- read channel 0
n = usbm_ResetBit(DeviceNum,SS_Pin)
m = usbm_SpiMaster(DeviceNum,toByte(1)+toByte(0x80)) //codes for channel 0 and MSB first
n = usbm_SetBit(DeviceNum,SS_Pin)
v = ((getstrbyte(m,2)&0x0F)<<8)+getstrbyte(m,3)
V1 = 5.0*v/OxFFF
I -—--- read channel 1
n = usbm_ResetBit(DeviceNum,SS Pin)
m = usbm_SpiMaster(DeviceNum,toByte(1)+toByte(0xCO0)) //codes for channel 1 and MSB first
n = usbm_SetBit(DeviceNum,SS_Pin)
v = ((getstrbyte(m,2)&0x0F) << 8)+getstrbyte(m,3)
V2 = 5.0*v/OxFFF
Return

Program 8: An SPI ADC.

The onlynew thing in this prograns theOnAbortstatement in thénitialization subroutine. This

makes it so that when the user of the program stops it by closing the Terminal screen the program will
go to theAbortHandler subroutine. This subroutine ensures that the SPI system is turned off and then
ends the program. This i s necesH before you wantttchuget vy o
it next time in another program.
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In theRead_ADCroutine you notice tt we send two bytds the LTC1298. These bytes are to tell it
what mode and which channel to use to do the voltage conversion. You can get information about
what these byteshouldbe from the LTC1298 spec sheet.

Between reading each channel the(&) pin is set high to disable the LTC1298 this is also a
necessary action according to the LTC1298 spec shieek it is what makes the LTC1298 become
ready for the next command after it sends the results of its current command.

Also notice that th& TC1298 returns its reading in two bytes in the buffer which is the return value
from theusbm_SPIMasterfunction Gtarting with 2 byte onwards So we need to obtain these two
bytes anctreate the actual ADC readifrpm thean. Notice that the MSBytesithe first byte. This is
how the LTC298 was told to send the data also ned to ANDit with OxXF because only tHewer 4
bits holdavalue the top nibble does not have significance. Remember the LTC1298 BiteATRXC,

so the & byte in the buffer isised to be the lower 8 bits of the reading and the lower 4 bit& dfyt2

in the buffer are used to create the next 4 bits of the reading.

Finally we multiply the reading by 5.0/0xFFF. Why OxFFF and 5.0? The supply voltage to the

LTC1298 is also itsaference voltage and since its resolution is 12 bits (OxFFF) then the resolution of
the reading is 5.0/0xFF¥olts and we use that as a multiplier to convert the readiagytitagevalue

3.5- Using the U4 1 to control stepper motors

Oneof the many egiting features of the U4x1 is its ability to control 2 stepper motors, independently,
simultaneouslyand in variousteppingmodes.

The U4x1 is told the stepping rate, the stepping mode, the direction and number of gteps. It
cariiesout the necessy control anall signaling to control the stepper motor as desired, without any
further monitoring from RobotBASIC.

You can have up to two motangrningat different speeds in different directions and in different
stepping modes. If the stepping @ntinuous the U4x1 will carry out all the controls without the

necessityor any further monitoring from RobotBASIC. Additionally, you can change the direct
stop or change the speed of the motors at any time.

Note: The U4x1 provides the 4 bits (foraamotorso8 bits altogether) that are the stepping signal

needed to activateRRIVER (e.g.ULN2803A) that actually provides the voltage and current that will
excite the coils of the steppetor. You must not connect the I/O pins of the U4x1 directly to the
motor.Thi s will overl|l oad t he&oulndstuse aadrifaenttpbmer sip@yd s US
and a driver (the Gnd is of course commoiiven better would be to use a power isolatiorcait

with something like thelN33 to totally isolate the U4x1 and PC from the motors which is usually
necessary to avoid the EMF feedback and noise usually related to Electromagimtices like

motors and solenoids and so forth.
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For the purposes of the programs below you do not need a motor or any connections. However, you
may wish to connect the I/O lines to LEDs so that you can observe the signaling. The programs will
also displg the bit values on the screen, so you do not even need the LEDs.

3.5.1 Controlling a stepper motor

The functionusbm_Stepper(ne_DeviceNumber,se_DataSpedswhat tells the U4x1 to start the
control action. One motor will be controlled on A0 to A3 amel dther motor on A4 to A7. So the
lower nibble of Port A is used to provide the 4 bits signal to control the first motor and the upper
nibble of Port A is used to control the other motor.

Note: This function does not set Port A to output. You have tit dsingusbm_DirectionA()

The U4x1 can control the direction of then of themotor which for reference we shall call right or

left, however, the actual direction depends on the order of the line connections and orientation of the
motor.

The parametese_dataSpeds a 7 byte string (buffer) that contains the control information, as
follows:

Byte Number (0 is Significance
first byte and so on)
0 The motor to be affected. 1 (controlled by-B8por 2 (controlled by A7)

1 On =1 turns the motor o@ff = O turns the motor off

2 Direction 0 = right, 1 = left

3 Stepping type O=half step, 1= Full Step or Wave stepping

4 Initial signal state has to be either 3 (0%Idr)Half or Full step, or 1 for
Wave steppingNote: Initialization can only take placif byte 1 =0

5 Delay between steps ranges from 0 to 255 and is in 128usecs interva
a value of 100 is a delay between steps of 12.8 millisecs. The turn rat
then depend on the number of steps per cycle and this number.

6 The number of stegs turn. 0 means no turning, 255 means continuou
turning. Any other number will be the number of steps performed.

Table 2: Stepper motor control bytes.

Form Table 2, we can see that to make the U4x1 start the first motor with the half stepping mode and
at 1 step every 25.6 milliseconds to the right (relative) then we need to do the following:

S = toByte(1)+toByte(0)+toByte(0)+toByte(0)+toByte(3)+toByte(200)+toByte(0)

n = usbm_Stepper(DeviceNum,S) //this will initialize the motor and notice
/I the mao ris off since byte 1 =0

S = BufferWriteB(S,1,0n )/l make byte 1 = 1 i.e. turn motor on

S = BuffWrite(S,6,255) /I make byte 6 = 255 i.e. continuous turning

n = usbm_Stepper(DeviceNum,S)
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To stop the motor later on:

S = BuffWrite(S,6, 0) /I make byte 6=0 i. €. ho more stepping
n = usbm_Stepper(DeviceNum,S)

3.52 A simple program

To try this progranyou do notneed a motorYou can instead, connect AB3 to LEDs likein
previous experimentd his will enable you to observe the signal. Also, the progranredt the
status of the A pins and display the value on the PC screen ssality you do not even need the
LEDs; but having the LEDs is goolotice that everthough a pin is an output pin you can read its
status

MainProgram:
GoSub Initialization

if AllOk
while true
n=usbm_ReadA(DeviceNum )
xytext 10,10,bin( (n >>((Channel - 1)*4)) &O0xO0F,4),",20,fs_Bold
waitkey k
GoSub Stepper
wend
endif
End

Init ialization:
DeviceNum=0 \ AllOk = false

if usbm_DIISpecs() == " then print "The USBm.DII is not installed" \ return
if lusbm_FindDevices() then print "There are no U4x1 devices" \ return
Channel =1

Enable =0

Direction =0 / [0=right 1=left

movetype =0 // --- 0= half, 1 =full, 2 = wave

if movetype = 0 then Type =0 \ Initial =3

if movetype = 1 then Type =1 \ Initial =3

if movetype = 2 then Type = 1 \ Initial =1

Rate = 255

Steps =1

S =t oByte(Channel)+toByte(Enable)+toByte(Direction)
S = S+toByte(Type)+toByte(Initial)+toByte(Rate)+toByte(0)
if usbm_DeviceValid(DeviceNum)

n = usbm_DirectionA(DeviceNum, OxF,0xF ) //SetPort A 0- A3 to output
n = usbm_Stepper(DeviceNum,S) /lInitialize motor
S = BuffWriteB(S,1,1) I
n = usbm_Stepper(DeviceNum,S) [/Iturn it on but no steps
AllOk = true
endif

Return

B e e e e

Stepper:

S = BuffWriteB(S,6,Steps)
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n = usbm_Stepper(DeviceNum,S) //do the steps
Return

I

Program 9: Controlling A Stepper Motor.

This program is kept simple to illustrate the actions. You cangdnany of the parameter in the
Initialization routine to get different effects. However, see the next program for a better user interface.

3.5.3 A better program with GUI

This program is complicated sofar as the user interface is concerned and inihéavmulates the
se_DataSpecparameter according the user inputlt also employs th&vent Drivenmodel as well
asTimers Additionally, the program provides control over both motors so that you can see how they
can be controlled totally independgnéind simultaneously and the program can just set them and go
on with doing other tasks.

No explanation of the program will be given. It should not be too hard to read. For information on the
GUI aspects and evedriven aspects refer to tiobotBASIC help file

Many places of the program could have been made more effialeththe screen could have been
made fancierbut that would have complicated it further,vglbenever possiblie simpler optios
werechosen for the sake of clarity.

RobotBASIC Interactive Terminal Screen [D:\Programming'\RobotBASIC_Stuff\Articles\USBmicro\Programs'\Program10_Stepper_GULBAS] &J‘

W 01 Initializel W OKZ  Initislize2

Directionl Directionz

@« Right  Left & Right © Left

Typel Types

* Half Step ¢ Full Step  Wave @ Half Step © Full Step © YWave

I T g5 I ] 83

[~ Continuous] Steps (0-255): |1 ™ Continuous? Steps (0-255): |1

Stepl Step?

8| 4] x|
A |

1 —— ST —

ManinProgram:
GosSub Initialization
if AllOk
while true
vn=usbm_ReadA(DeviceNum)
xytext 90,60,bin(vn&0x0F,4),",20,fs_Bold
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xytext 420,60,bin(vn >> 4,4)," 20,fs_Bold
wend
endif

End
I
Initialization:

DeviceNum =0 \ AllOk = false

if usbm_DIISpecs() == "" then print "The USBm.DII is not installed" \ return

if lusbm_FindDevices() then print "The re are no U4x1 devices" \ return

Dim S[3]

S[1] = toByte(1)+toByte(0)+toByte(0)+toByte(0)+toByte(3)+toByte(255)+toByte(0)

S[2] = BuffWrite(S[1],0,2)

if usbm_DeviceValid(DeviceNum)

n = usbm_DirectionA(DeviceNum,255,255) //SetPort A to outpu t
AllIOk = true
fori=1to 2
n = usbm_Stepper(DeviceNum, S[l]) /lnitialize motor
S[i] = BuffWriteB(S][i],1,1)
n = usbm_Stepper(DewceNum,S[l]) [/lturn it on but no steps
AddCheckbox "ON"+i,50+330%(i - 1),105,"™,1
Addbutton "Initialize"+i,100+330*(i -1),100,70
Addbutton "Step"+i,225+330%(i - 1),320,70
AddRBGroup "Direction"+i,50+330%*(i -1),140,150,40,2,"Right"+crlf()+"Left"
AddRBGroup "Type"+i,50+330%(i - 1),190,240,40,3,"Half Step"+crlf()+"Full Step"+crlf()+"Wave"
SetRBGroup "Direction"+i,1 \ SetRBGroup "Type"+i,1
AddSlider "Speed"+i,50+330%(i - 1),240,240,0,255
AddEdit "Speed"+i,295+330%(i - 1),245,60,0, 0 \ ReadOnlyEdit "Speed"+i
AddCheckBox "Continuous"+i,55+330*(i - 1),295,"™,0
AddEdit "Steps"+i,230+330%(i - 1),290,60,0,"1" \ IntegerEdit "Steps"+i
xyText  150+330%(i - 1),295,"Steps (0 - 255):","Times new roman",10,fs_Bold
next
AddTimer "t1" \ SetTimer "t1",off \ AddTimer "t2" \ SetTimer "t2",off

onCheckBox cbHandler \ onSlider slHandler
OnEdit edHandler \" onRBGroup rbgHandler

onButton bHandler \ onTimer tHandler

endif
Return
1l
Stepper:

n = usbm_Stepper(DeviceNum,S) //do the steps

Return
1l
tHandler:

It = LastTimer()
Itn = Right(lt,1)
RenameButton "Stop"+ltn, "Step"+Itn
SetTimer lt,off
onTimer tHandler
Return
1l
bHandler:
Ib = LastButton()
Ibn = tonumber(Right(lb,1))
if left(lb,10) == "Initialize"

S[lbn] = BuffWriteB(S[lbn],1,0) \ S[lbn] = BuffWriteB(S[lbn],6,0)
n = usbm_Stepper(DeviceNum,S[lbn]) /nitialize motor
S[lbn] = BuffWriteB(S[lbn],1,1) /i
n = usbm_Stepper(DeviceNum,S[lbn]) [lturn it on but no steps
elseif left(lb,4) =="Step"

Steps = ToNumber(GetEdit("Steps"+lbn),0)
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Rate =255 - GetSliderPos("Speed"+Ibn)
S[Ibn] = BuffWriteB(S[Ibn],6,Steps)
S = S[lbn] \ GoSub Stepper
RenameButton "Step"+Ibn,"Stop"+lbn
SetTimerPeriod "t"+lbn,128*Rate*S teps/1000
SetTimer "t"+lbn,on
elseif left(lb,4) == "Stop"
SS = S[lbn]
S[Ibn] = BuffWriteB(S[lbn],1,0) \' S =SJlbn] \ GoSub Stepper
S[lbn] = SS \  SetTimer "t"+lbn,off
RenameButton "Stop"+Ibn,"Step"+lbn
endif
onButt on bHandler
Return
1l
rbgHandler:
Irbg = LastRBGroup()
Irbn = tonumber(Right(Irbg,1))
if left(Irbg,9) == "Direction”
Direction = GetRBGroup(Irbg) -1
SlIrbn] = BuffWriteB(S[Ir bn],2,Direction)
S = SJirbn] \ GoSub Stepper
elseif left(Irbg,4) == "Type"

movetype = GetRBGroup(Irbg) -1
if movetype = 0 then Type =0 \ Initial =3
if movetype = 1 then Type =1 \ Initial =3
if movetype = 2 then Type = 1 \ Initial =1
SetCheckBox "Continuous"+Irbn,0 //if continuous turn it off
SlIrbn] = BuffWriteB(S[Irbn],1,0) \ S[Irbn] = BuffWriteB(S[Irbn],3,Type)
S[Irbn] = BuffWriteB(S[Irbn],4, Initial) \" S[Irbn] = BuffWriteB(S][Irbn],6,0)
n =usb m_Stepper(DeviceNum,S[Irbn]) [/lturn motor off and Initialize it
S[Irbn] = BuffWriteB(S[Irbn],1,1) 1
n = usbm_Stepper(DeviceNum,S[Irbn]) /lturn back on
endif
onRBGroup rbgHandler
Return
I
edHandler:

led = LastEdit()
if left(led,5) == "Steps"
Steps = Limit(ToNumber(GetEdit(led),0),0,254)
SetEdit led,Steps \ edn =EditChanged(led)
endif
onEdit edHandler
Return
I
cbHandler:
Icb = LastCheckBox()
Icbn = tonumber(right(lcb,1))
if left(Icb,10) == "Continuous"
cbn = GetCheckBox(Icb)
EnableEdit "Steps"+lcbn,!cbn \ EnableButton "Step"+lcbn,!cbn
S[lcbn] = BuffWriteB(S[lcbn],6,255 * cbn)
S = S[lcbn] \ GoSub Stepper
elseif left(lchb,2) == "ON"
S[lcbn] = BuffWriteB(S[Icbn],1,GetCheckBox(Icb))
S = SJ[lcbn] \ GoSub Stepper
endif
onCheckBox cbHandler

Return
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