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The EIC DIRC quartz bar quality assurance (QA) tests require quantifying the current response of photodiodes induced by the test station
laser after passing through the test station optics and quartz bar. To read the photodiode response, a custom transimpedance amplifier PCB was
designed [1] and a program was developed that runs on an Arduino Uno R3 that reads from analog digital converters and transmits data via an
RS232 serial interface to a local, 20-character-long, 4-row LCD screen. This note discusses the code developed for this program.

The EIC DIRC quartz bar QA program is a variant of C++
that includes specific libraries for running on an Arduino
microcontroller. The annotated C++ code developed for the
project is in Appendix A.

The QA program can be split into four sections—program
initialization (code lines 1-74), device initialization (lines
75-103), function declaration (lines 104-118), and the DAQ
loop (lines 119-320).

The initialization portion of the program declares and ini-
tializes global variables that will be used throughout the pro-
gram.

The device initialization portion sets up and establishes
communication to the analog digital converters and LCD
screen used by the system. This section of code also includes
some minor error handling that lets the user know if any ana-
log digital converters or the LCD screen cannot be properly
initialized.

The function declaration portion of the code sets up two
custom functions—resetFunc provides software reset capa-
bilities to the user, allowing the system to be reset via its se-
rial interface (versus power cycling the Arduino or using the
Arduino’s on-board hardware reset button) and writeDisplay
provides an interface for the code to write to all four lines of
the LCD screen.

The DAQ loop portion is the section of code that runs in-
definitely on the Arduino until the board is reset or powered
down. This code can be split into two subsections—the DAQ
portion (lines 119—182) and a serial command engine (lines
183-320).

The DAQ portion controls [?°C communication to the ana-
log digital converters, reads raw counts from the analog digi-
tal converters, converts the raw data into voltages, and the
voltages (data type float) into a string data type for writing to
the LCD screen and serial interface.

The serial command engine portion allows the Arduino’s
RS232 serial connection to query or set parameters of the
QA program. Table I contains the list of available commands,
command syntax, and details of what each command does.

In summary, C++ code has been developed specifically for
an Arduino Uno R3 board to acquire and process data for EIC
DIRC quartz bar QA tests.

[1] M. McMullen, et al., Data Acquisition Board for Testing
the EIC DIRC Quartz Bars, DSG Note 2023-54, 2023.

Expected response

Command Command syntax
Read all voltages rv
Read single channel voltage rV <ch>
Read sleep interval rsleep
Read status I status
Read single status bit r status <bit>
Read system name rid
Read DAQ period r dagPeriod

Write sleep interval value
Set single status bit
Clear all status bits

Perform software reset w reset

Set DAQ period

w sleep <val>
w status <bit> <val>

w clearStatus

w dagPeriod <val>

voltage of all channels in volts
voltage measured by channel in volts
value of sleep interval
status as an integer
value of bit entered
“EIC-DIRC_DAQ_System 0~
DAQ period value
no response expected
no response expected
ACK: Status cleared
ACK: Resetting...
ACK: DAQ Period changed to <val>

TABLE I. List of available commands, command syntax, and command function.
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APPENDIX A: EIC DIRC QA DAQ PROGRAM C++ CODE

1 =
2 EIC - DIRC DAQ program

4+ Tyler Lemon
5 Detector Support Group
¢ November 2023

¢ Program is writtem te rum on Bn Arduino Uno R3 for reading from up te four ADC
inputa, displaying that informeticn om a lecal LCD acreen or printing teo a
Serial interface.

11 Program alsoc includes & serial command engine to allow reading/writimg of

17 program parameters without having toe re-program the Arduino

13 =/

14

16 #incloude <Adafruit_ADS1X16.h> /f Import library for ADCs

17 #include "Wire.h" /f Import library for I2C comm.

13 #include "Adafruit LigunidCrystal.h” /fImport library for LCD scraen

20 Adafrnit ADS1115 adcO;: /f8et up alias for ADCO

21 Adafrmit ADS1115 adecl: /f8et uwp alias for ADC1

zz Adafruit_LiquidCrystal lecd{0};: /f8et uwp alias for LCD screen

23

24 ffHote: for line 14 - B9, code

25 I is declaring and

28 i initializing any

a7 I variables needed later

28

o unsigned long daqPeriod = 200; //ms f/DAQ period

51 uneigned long tSleep = 120000; //ms /f8leep duration that LCD stays

37 ' on for

1 int wakeFin = 2; /f/DI0 pino J/Pin that weke button will use

24 int wake = 0; f/Wake status walue

3: unsigned lomng tOffaet = 0; /fHolding wvariable for storing

38 I system time that wake

a7 £ button was last pressed

s int lastPrint = 0; /fHolding wvariable for storing

0 I system time that LCD was
Ir last refreshed at

41 unsigned int printPer = §00; //ms /fPericd that LCD is refreshed

42 intl6_t resld; ffRaw ADC counta for ChO

41 float w0; /fVoltage read at ChO

44 Btring wOStr: /f8tring for Ch{ measurement

45 i to primt to Serial

46 Btring vOMsg: /f8tring for Ch0 measurement

AT i to primt to LCD

48 intl8_t resl; ffRaw ADC countas for Chil

ar float wil; /fVoltage read at Chl

v Btring wilBtr; /f8tring for Chl measurement

51 I to print to Serial

sz Btring wiMsg: /f8tring for Chl measurement

53 ' to print to LCD

B4 intlB. &t resa2; J/{Raw ADC counts for Ch2

5 float w2; /fVoltage read at Ch2

¢ Btring w2Btr; /f8tring for Ch? measursment

BT I to print to Serial

2 Btring vZMsg: /f8tring for Ch2? measursment



intl6_t resld;

float wv3;

String w3E8tr;

String wv3iMag;

float multiplier = 0.1876F; //V\bit

String cmd = "";

int strLem = 10;
intl6_t stat = 0;

void setup() {

pinMode (wakePin, INFPUT);
lcd.begin(20, 4);
lcd.setBacklight (HIGH) ;
led.setCursor{0,1);

lcd. print (" EIC DIRC DAQ gk 1
lcd.setCursor (0,2);

lcd.print(" system starting ");
Serial.begin(9600);

Berial.println{*"\oEIC DIRC DAQ Initializing...");

if ('adcO.begin(0x48)) {

Berial.println("Failed toc initialize ADCO.")}:
bitSet (stat, 0);
17

if (!'adci.begin(0x48)} {

Berial.println("Failed to initialize ADCl."):
bitSet(stat, 1);
ik

delay (2000)}: // ms
lcd.clear(}:

}

woid(* resetFunc) (wvoid) = 0O;

void writeDisplay(8tring LO, Striog Li,
Btrimg L2, String L3){

led.setCursor{0,0);

lcd.print (LO);

led. setCursor (0,1} ;

led. print (L1);

led.setCurser (0,2)

lcd. print(L2);

led. saetCursor {0,3);

lcd. print {L3);

I to primt to LCD
//Raw ADC counts for Ch3
ffVoltage read at Ch3
/f8tring for Ch3 measurement

ff to print to Seriak
ff8tring for Ch3 measurement
I to primt to LCD
//Conversion factor for ADC
! counts to wvolts
ffEmpty strimng wariable

I for storing

! received commands
/fLength of strings to

I print on LCD screen

/f16-bit status byte

//ENTER SETUP FUNCTION that

M cnly rume once at start
ff8et wakeFin I/0 as an input
f//Initialize LCD screen

ffTurn om LCD screen backlight
/{Frint start message oD Screen
F e

ff !

£
/fInitialize serial conmection
rf with 9600 baud rate

/fPrint start message to serial

J/If ADCO iz mot able to be

i connected to:

/{Print error messags to serial
/f=set ADCO status bit to 1

J/If ADC1 is mot able to be

I connected to:

ffPrint error message to Serial
f/8at ADC1 status bit to 1

//Wait two seconds
//fClear LCD screen
JFEND OF SETUP FUNCTION

J/Function for software reset of

I pProgram

/fFunction for primting data to
' LCD screen

I

£

£

£

£

I

£ e

ff —



» void leop() {

LED

LET

wake = digitalRead(wakePin];

if (waka == 1}{
tDffsat = millis();
lcd.setBacklight (HIGH) :
wake = 0;

}

if (millis{) - tOffset > t8leep){

bitSet (stat .2);
led.clear():;
lcd.setBacklight (LOW);
}
elza{

bitClear(atat ,2) ;
}

if (bitRead(stat.0} == 0) {

resd = adcO.readADC _Differential 0_1();

¥0 = res0 * multiplier / 1000;
v08tr = Btrimg(v0, satrlLemn);

vOMsg = "Ch0 = "+v05tr.substring(0.8)+"
resl = adc0.readADC. Differemtiel_2_3():

¥l = resl * multiplier / 1000;

v18tr = Strimg(vl, satrlemn);
viMsg = "Chl = "+v1Str.substring(0.8)+"
i
else {
vOMsg = "Ch0 = ADC ERROR ";
viMsg = "Chl = ADC ERRODR *;
T
if (bitRead(stat,l1) == 0} {

reg?2 = pdcl.readADC _Differemtial_0_1():

¥v2 = res2 * multiplier / 1000;
v28tr = Btrimg(v2, strlemn);

v2ZMsg = "ChZ = "+v25tr.substring(0.8)+"
resd = adcl.readADC Differential _2_3();

v3 = resd * multiplier / 1000;
v35tr = Strimg(v3.strlLemn):

v3Msg = "Ch3d = "+v358tr.substring(0.9)+"
¥
elze {

v2Msg = "Ch2 = ADC ERRDR ";

v3Msg = "Chd = ADC ERRODR ";

}

i el

'y s

//ENTER LODDF THAT RUNS

I INDEFINITELY UNTIL

£ IT IS STOPPED BY POWER
I OFF DR RESET

/fRead wakePin digital imput
J/If wake = 1;

/fset tOffset to system time
/fturn on LCD backlight
//Reset wake to zero

/fIf sleep period has elapsed
il since the wake buttom
I was pressed:

/fB8et sleep status bit
ffClear LCD screen

/fTurn off LCD backlight

/f1f sleep period has mot
I elapsed:
/fClear sleep status bit

//If ADCO status bit = 0O:
//Read ADCO ChO (ChD)

ffCh0 raw ADC coumnts to Volts
/f Convert ChO te string of

I length 10

/f Assemble Ch0 message for LCD
ffRead ADCO chi (Chi)

//Chl raw ADC counta teoe Volts
/fConvert Chl te string of

i length 10

/f Assembly Chl message for LCD

ffIf ADCO s=status bit != 0:
/f Assemble error message for
i LCD screen

//If ADC1 status bit = 0O:
/fRead ADC1 ChO (Ch2)

//Ch2 raw ADC counta to wvolts
/fConvert ChZ te string of

i lenth 10

/f Assembly Ch2 message for LCD
/fRead ADC1 Chl (Ch3)

J//Ch3 raw ADC counts to volts
/fConvert Ch3 to string of

Fid length 10

/f Assemble Ch3 message for LCD

//IF ADC1 status bit != O:
/f Assemble error message for
Fi LCD screen



LE3

if ((millis() - lastPrimt) >= primtPer){
lastPrint = millis(};

writeDisplay(vOMsg,viMsg ,vZNeg ., v3Nag) ;
}

if (Serial.available(} > 0)}{

cmd = Serial.readString(};:
String inp = ecmd;

Btring inpStringa [6];
int impCount = 0;

while (inp.length() > 0}{

ffIf time since last LCD refresh

' has been exceeded:
//Set lastPrint to current
£ Eystem time

/fUpdate LCD =creen

ffIf there are bits available at
' the Serial interface:
//8tore serial data to cmd
ffInitialize inp string,. set

I equal to cmd
ffInitialize a G-element array

Fi of strings
//Initialize counter for number
£ of arguments in cmd

ffWhile length of imp is > O:

int index = imp.indexOf(" "); /fLook for spaces imn imp
if (dindex == -1)}{ /fIf no spaces found:
inpStrings [inpCeount++] = inp; /fstore inp as first element of
I input array
break; ffExit while loop to lime 203
¥
else { /fIf spaces were found in inp:
inpStrings [inpCount++] = inp.substring{0,index); f/f8plit inp at spaces,
2 store im array
inp = inp.substring{index+1); /fCut string at location
£ of space, return
H to line 1832
¥
}
Btring w0ut[2] = {v08tr.viStr ,v2Btr.v35tr}k: /fMake an array of the voltages
String access = inpS3trings[0]; /ffirst element of imput array
'y is access mode (r or w)
Btring cmdIn = inpStrings [1]; /{2nd = command to execute
Btring argld = inpStrings[2];: ff3rd = command argument 0
Btring argl = inpStrings[3]: ff4th = command argument 1
Btring arg? = inpStrings[4]: /f6th = command argument 2

if (access == "r"){ /f/*'r?* = read
if (cmdIn == "¥"){
if (argo != ""3{

int ch = argl.tolnt()
if (ch < 4} {
Serial.printlon(vOut[chl+"V"};

=4

//If command access mode is ’r’:
i If command im is "V¥"

I and argd is not empty,

' convert argl to int

ff dis argl <= pum. of channels
/f print ch.’s date to serial

¥
else I /f If arg0 > num. chanmels
Serial.println("ERROR3: Invalid channel")}; [/ pPrint error message
¥
}
else { /fIf no args with V command
Serial.printlo(vDut [0]+"V; "+v0ut [1]+) /fPrint to serial all four
"V "+wOuc [2]+"V;:"+v0Out [3]+"V"); I channels® wvoltages
}



233
5y

else if (cmdIn == "sleep”}{ ffIf command is "slesp™:

235 Serial.println(tS8leep); /fPrint sleep timeout duratiomn
334 i to Serial
337 j o
338 else if (cmdIn == "status"){ //If command is "status™:
230 if (argd == "=) { ff 8nd argl is empty
241 Serial.println{stat); /f primt status byte as int
241 1
242 else { ff I1f arg0 is not empty,
241 int bIn = arg0.tolmt(}; f/f convert argl to int
244 if (bIn > 16) { /f Check whether argl < 16
245 Serial.println("ERROR4: Invalid status bit")}; \\if not print error mag.
248 ¥
247 else /f Otherwise primt, specific
348 Serial.println(bitRead(stat.bIn)}); /f bit's walue te serial
241 }
A T
361 iz
2632 glase if (cmdIn == "id"}{ ffif cmdIm = "id"™
264 Serial.println("EIC-DIRC_DAQ_System_0"); /fprint system name to serial
364 iz
: else if (cmdIn == "daqPFeriocd™}{ ffif cmdIn = "daqPeriod”
Serial.println(dagPeriod);: /fprint error message to serial
¥
else {
Serial.println("ERRORZ: Command not recognized"): f//Print error message if
i iz I cmdIn is mot
261 i ; Iri accounted for
2D
261 elae if (access == "w")}{ A\ "w" = write ffIf access mode iz "w":
264 if (cmdIn == "sleep”) { I if cmdIn is sleep
265 if {argd 1= "") { i and argl is not empty.
266 t8leep = argl.tolnt(); ' get tS8leep to argl
267 i
268 alae { ffIf no argd.//print error msag.
2ED Serial.println("ERRORG6: Command reguiresh
2T additional input: w sleep <wval>");
371 1
2732 T
371 else if (cmdIn == "status"){ J/if cmdIn is "status"
274 if {(arg0 !'= *"") and (argl !'= ="")) { /f ~8nd both arg0D and argl
BTG if ({0 == arg0.tolmt(} == 156) and \ f/f{ are not empty and have
278 (0 == argl.toInt(} <= 1)} { f/f appropriate walues:
277 if (argl.teImt(} == 1) { ffif argl = 1
278 bitSet{atat ,argld.tolnt()); ffset bit defined by argld to 1
279 }
35 elae { //otherwise ,
2E1 bitClear(atat ,argd.telnt (}); ffset argd bit to O
263 }
281 3
2E4 elss { /fIf not enough Arguments or
2EG Serial.println("ERRORG: Command"+) I the args are mnot
2684 "requires twe inputs: w status®+\ i within the expected
3ET "chit> <wal>"): I range , print error msg.
358 T
359 T
0 T



2537 else if (cmdIn == "clearStatus")}) { //if cmdIn is "clearStatus"

b gtat = 0; /fclear atatus byte to zero
204 Serial.println("ACK: Status cleared"): //print acknowledge message
365 iz

306 else if (cmdIn == "rae=zet™) { Jfif cmdIn = "reset":

267 Serial.println("ACK: Resettimg..."); /fprint acknovledge message
304 resetFunc () ; //Call software reset func
250 T

300 else if (cmdIm == "dagPeried") { ffif cmdIn = "dagPeriod"™:
301 if (argd '= "") { I and arg0 is not empty:
TE2 dagFeriod = argl.tolnt(); I set daqPFeriod to argl
203 Serial.println("ACK: DAQ Period”+\ /fprint acknowledge me=ssage
204 "changed to"+String(dagPericdl); r ate

306 }

206 elase { ffif argD is not present:
307 Serial.println("ERRORT: Command"+Y //print error message

LT "requires additional input: w daqPeriod <yal>");

300 }

310 T

111 }

2132 elase { ffaccess != w or r
313 Serial.println("ERROR1: Access mode not recognized"}; /fprint error msg.
314 }

315 T

316 delay{dagFeriod);: ffwait for DAQ

317 I pericd to

318 i elapsze

s19 } J/END OF MAIN LOOP

220 //RETURNE TO LINE 123
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