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Turn on your system sound to hear the streaming presentation.

If you have technical problems, click “Help” or submit a question asking for
assistance.

Participate in ‘Group Chat’ by maximizing the chat widget in your dock.

Submit questions for the lecturer using the Q&A widget. They will follow-up
after the lecture portion concludes.



c C Continuing
E Education Sponsored By
Center

Fred Eady

Visit ‘Lecturer Profile’ in your console for more details.




Raspberry Pi 4B Application Development Using the C Programming Language

c c Continuing
E Education Sponsored By
Center

Voltmeter Circuitry
Voltmeter Firmware Logic
=Compile and Debug

=SPI Write with pigpio
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® SPl @&

> Trigger View A

Data i &

Type Start Duration

enable 1.681372 ms 4ns
result 1.682172 ms 3.752 us

result 1.686172 ms 3.752 us

disable 1.690388 ms 4ns

enable 11771548 ms 4ns

resuft 11 772332 ms 3.752 ps

resuft 11.776332 ms 3752 ps

disable 11.780544 ms 4ns
enable 21.860616 ms 4ns

result 21.861404 ms 3.7562 s

resuft 21.865404 ms 3.752 ps
disable 21.869636 ms 4ns
enable 31.947948 ms 4ns

result 31.948964 ms 3.756 ps

result 31.952964 ms 3.756 us

disable 31.957236 ms 4ns

enable 42 035168 ms 4ns

resuft 42 036148 ms 3752 us

resuft 42 040148 ms 3752 ps

disable 42044388 ms 4ns

enable 52.086316 ms 4ns
resuft 52.087324 ms 3.756 ps
resuft 52.091324 ms 3.756 ps

disable 52095512 ms

enable 6217676 ms




2 72 0 B11B10 BO9 BO8 BO7 BO6 BO5 BO4 BO3 BO2 BO1 BOO BOO

000
0x11 0xD7
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Extract 12 bits

? 72 0 B11B10 BO9 BO8 BO7 BO6 BO5 BO4 BO3 BO2 BO1 BOO BOO
2?01 0001 1101 O111
rawVoltage = make16(??2010001,11010111)

0x11 oxpD7

b



ent Using the C Programming Language

Extract 12 bits

2 72 0 B11B10 BO9 BO8 BO7 BO6 BO5 BO4 BO3 BO2 BO1 BOO BOO

rawVoltage = 0b?701000111010111
rawVoltage = rawVoltage >> 1

0x11 oxpD7

b



ent Using the C Programming Language

Extract 12 bits

2 72 0 B11B10 BO9 BO8 BO7 BO6 BO5 BO4 BO3 BO2 BO1 BOO BOO

rawVoltage = 0bx??0100011101011
rawVoltage = rawVoltage & OxOFFF

0x11 oxpD7

b



Raspberry Pi 4B Application Development Using the C Programming Language

Continuing
Education Sponsored By

Center

24 uintl6 t spi@Handle;

uintd t spiRxPkt[2]:
?7 uintl6 t rawVoltage:
float voltage:

7 ST o TR TRDUTE Th DETERE GEReET U T REE
] uintlé t offset = 8xB0O0;
| REA AGE
25~ int main(void)
837 {
2138 | if(gpioInitialise() < 8) f/init pigpio

e

= {

- mal

..\.ii }
|

return 1;

® spi6Handle = spiOpen(@,1000000,0); open SPI8 at 1M baud
244
145 do{
4 spiRead(spif@Handle,spiRxPkt,2); //read voltmete
47 rawVoltage = makel6(spiRxPkt[8],spiRxPkt[1]); J/form a 16-bit

i rawVoltage rawvoltage »> 1; f/discard extra LSB

KL rawVoltage rawvoltage & @x8FFF; Jeliminate 3 MSB trash bits

o voltage = (rawVoltage - offset) * 16.6667; ffconvert to millivolt:

s gpioSleep(PI TIME RELATIVE, 1, 8); / /delay

=5 twhile(1); 12
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eclipse-workspace - piCproject/src/piCproject.c - Eclipse IDE

File Edit Source Refactor Navigate Search Project Run Window Help

45 Debug [€] piCproject Debug on: — - wm o B e [ HF>~O @~ ™ 5~ 4
Flvflvocr o o Q B R
% Debug 52 [ Project Explorer - % i+ & = O | [dpiCprojectc % = O d-Variab % Break ¢ Expre £ =i Modul == Disass = 0

~ @ <terminated>piCproject Debug [C/C++ Remote Application] 5o | @ % 9 g

= <terminated, exit value: 0>Remote Shell
w <terminated, exit value: 0>{usr/bin/gdb-multiarch (9.2)

¥ nspiRxPkt"

5 "rawVoltage"

. ¥ "voltage"

9 #include <stdio.h> o Add new expressio

#include <stdlib.h=
11 #include <stdarg.h>
12 #include "pigpio.h"

=
@

13
14 //CCS Macros
15 #define bitset(var, bitneo) (({var) |= 1 =< (bitno))

16 #define bitclr(var, bitno) ((var) & ~(1 << (bitno)))
17 #define make8(var,offset) ((unsigned short)var >> (offset * 8)) & OxBOFF
18 #define makel6(varhigh,varlow) (((unsigned short)varhigh & ©xFF)* 8x100) + ((unsigned short)varlow
19= #define make32(varl,var2,var3,vard) \
((unsigned short)varl<<24)+((unsigned short)var2<<l6)+ \
((unsigned short)var3<<8)+((unsigned short)var4)
#define make32i(varl,var2) ((unsigned short)varl<<l6)+({unsigned short)var2)

uint8 t spiRxPkt[2];
uintlé t rawVoltage;
float voltage;

30 // SHORT VOLTMETER INPUTS TO DETERMINE OFFSET VOLTAGE
31 uintle t offset = 0x0800;

34
35 // -
36= int main(void)
37 {
&) Console 2 i Registers [2! Problems 3 Executables B3 Debugger Console [ Memory ® % % il E®E mB~yHv = 08
<terminated> piCproject Debug [C/C++ Remote Application] Remote Shell (Terminated Jan 8, 2021, 1:45:00 PM)
gdbserverl :2345 /home/pi/CECprojects/piCproject;exit
pi@cec:~$ gdbserverl :2345 /home/pi/CECprojects/piCproject;exit
Process /home/pi/CECprojects/piCproject created; pid = 734
Listening on port 2345
Remote debugging from host 192.168.1.240 13

logout

Writable Smart Insert 13:1:397
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eclipse-workspace - piCproject/src/piCproject.c - Eclipse IDE

File Edit Source Refactor Navigate Search Project Run Window Help
1% Debug [€] piCproject Debug on: | — il g ®: B2 a [ i HErQ - Q@ @D 54
Hrfl~or e~ [} Q B B

45 Debug 2 [¥5 Project Explorer = i# § = O | [g picproject.c & = O -Variab 9% Break ¢¢ Expre 2 =\ Modul = Disass = O
~ [T]piCproject Debug [C/C++ Remote Application] 15 #define makel6(varhigh,varlow) (((unsigned short)varhigh & 8xFF)* 8x100) + ((unsigned short)varlow . % 92 3
19= #define make32(varl,var2,var3,vard) \ B | ¥ - :
~ i piCproject [767] [cores: 2] o ; . ! ; ;
wEpitproj : 20 ((unsigned short)varl<<24)+((unsigned short)var2<<1g)+ \
~ o Thread #1 [piCproject] 767 [core: 2] (Suspended : Breakpoint) 2 ((unsigned short)var3<<8)+((unsigned short)var4)

= main() at piCproject.c:38 0x4005d8 #define make32i(varl,var2) ((unsigned short)varl<<16)+((unsigned short)var2)

+ Remote Shell
W fusr/bin/gdb-multiarch (9.2)

-

(= spiRxPkt uint8_t[2] 0x41100¢ <spiRxP!
t=rawvoltage uint16_t "]
®-voltage float 0

uint8 t spiRxPkt[2]; 5F Add new expressio
uintlé t rawVoltage;
float voltage;

uintlé t spieHandle;

// SHORT VOLTMETER INPUTS TO DETERMINE OFFSET VOLTAGE
uintlé t offset = Ox0000;

| if(gpioInitialise() < @) //init pigpio
{

return 1;

spifHandle = spiOpen(®,1000000,0); //open SPIE at 1M baud

do{
spiRead(spi@Handle, spiRxPkt,2); //read voltmeter
rawVoltage = makel6(spiRxPkt[8],spiRxPkt[1]); //form a 16-bit value
rawVoltage = rawVoltage >> 1; //discard extra LSB
rawVoltage = rawVoltage & OxOFFF; //eliminate 3 MSB trash bits
voltage = (rawVoltage - offset) * 16.6667; / ert to millivolts
gpioSleep(PI TIME RELATIVE, 1, 8); //delay

Jwhile(1);

=

Bl Console 22 ¥ Registers (%] Problems {3 Executables & Debugger Console [0 Memory (] x b RIFSE B~y = 0O
piCproject Debug [C/C++ Remote Application]

Last login: Fri Jan 8 13:39:20 2621 from 192.168.1.240

gdbserverl :2345 /home/pi/CECprojects/piCproject;exit

pi@cec:~$ gdbserverl :2345 /home/pi/CECprojects/piCproject;exit

Process /home/pi/CECprojects/piCproject created; pid = 767

Listening on port 2345

Remote debugging from host 192.168.1.240 14

Writable Smart Insert 38:1:1289
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File Edit Source Refactor Navigate Search Project Run
4# Debug [€] piCproject Debug

Y ov fl v G- ]

% Debug 52 [ Project Explorer = i+ 3 =

v [c]piCproject Debug [C/C++ Remote Application]

~ (i picproject [767] [cores: 0,1,2,3]

~ o® Thread #1 [piCproject] 767 [core: 2] (Suspended : Breakpoint)

= main() at piCproject.c:51 0x400680
o® Thread #2 [piCproject] 768 [core: 3] (Suspended : Container)
o Thread #3 [piCproject] 769 [core: 1] (Suspended : Container)
o Thread #4 [piCproject] 770 [core: 0] (Suspended : Container)
s Remote Shell
s fusr/bin/gdb-multiarch (5.2)

v v -

Offset Voltage

eclipse-workspace - piCproject/src/piCproject.c - Eclipse IDE

Wwindow Help

Sponsored By i ) !
S conrorarion §

on: | — g @ B w > [ = i+ >0 ~G&~ & 5~ 4
Q B @i
B [g piCproject.c &2 = =Variab ®g Break 7 Expre I =\ Modul ¥ Disass = B
19= #define make32(varl,var2,var3,vard) \ 8l = X% 052 8
20 ((unsigned short)varl<<24)+((unsigned short)var2<<l6)+ \ - °
({unsigned short)var3<<8)+((unsigned short)var4)
#define make32i(varl,var2) ((unsighed short)varl<<16)+((unsigned short)var2)
+ (@ spiRxPkt uint8_t[2] 0x41100c <spiRxP|
uintlp T spieHandle; -spiRxPKE[0] uints_t 15\017"
uint8 t spiRxPkt[2]; t=spiRxPkt[1] uints_t 242'¢'
uintl6 t rawvoltage; rawVoltage uint16_t
float voltage; w-voltage float 34016.7344
30 // SHORT VOLTMETER INPUTS TO DETERMINE OFFSET VOLTAGE 5 Add new expressio
31 uintl6 t offset = Ox07F9;
32
339
34
33 Iy,
36= int main(void)
37 {
38 if(gpioInitialise() < @) //init pigpio
39
40 return 1;
41 }
42
43 spi@Handle = spiOpen(0,1800000,0); //open SPIO at 1M baud
44
45 do{ Name : rawVoltage
&46 spiRead(spi@Handle,spiRxPkt,2); //read voltmeter Details: 2041
47 rawVoltage = makel6(spiRxPkt[0],spiRxPkt[1]); //form a 16-bit value Default:2041
48 rawVoltage = rawVoltage >> 1; //discard extra LSB Decimal:2841
49 rawVoltage = rawVoltage & OxOFFF; //eliminate 3 MSB trash bits Hex:0x7f9
50 voltage = (rawVoltage - offset) * 16.6667; / nvert to millivolts Binary:11111111e81
P51 gpiosleep (PI_TIME RELATIVE, 1, ©); //delay Octal: 03771
52 Jwhile(1);
53 }
54
B Console 2 i} Registers [2f Problems 3 Executables &} Debugger Console @ Memory ] % bl @@ MmB~-g~ = 0O
piCproject Debug [C/C++ Remote Application]
Last login: Fri Jan 8 13:39:20 2021 from 192.168.1.240
gdbserverl :2345 /home/pi/CECprojects/piCproject;exit
pi@cec:~$% gdbserverl :2345 /home/pi/CECprojects/piCproject;exit
Process /home/pi/CECprojects/piCproject created; pid = 767
Listening on port 2345
Remote debugging from host 192.168.1.240 15
Writable Smart Insert 22:35:892
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— eclipse-workspace - piCproject/src/piCproject.c - Eclipse IDE

1

on: | — [milg @ B w | [P = i H Qv Qx v ™D § - §
Q B EiE

piCproject.c 82 = B  =Variab % Break ¢ Expre 2 =\ Modul ¥ Disass = O
19= #define make32(varl,var2,var3,var4) \ g & % 0o 8
20 ((unsigned short)varl<<24)+((unsigned short)var2<<l6)+ \ - °
—~ 21 ((unsigned short)var3<<8)+((unsigned short)var4)

4 22 #define make32i(varl,var2) ((unsigned short)varl<<16)+((unsigned short)var2)
23 b (=spiRxPkt uint8_t[2] 0x411010 <spiRxP
24 uintlé t spifHandle; -rawVoltage uint16_t 2284
uints t spiRxPkt[2]; -voltage float 4050.00806

uintlé t rawVoltage; 58 Add new expressio
float voltage;

// SHORT VOLTMETER INPUTS TO DETERMINE OFFSET VOLTAGE
uintl6_t offset = ©x07F9;

/1
int main(void)
if(gpioInitialise() < @) //init pigpio

return 1;
}

spi®Handle = spiOpen(®,1000000,0); //open SPIO at 1M baud

do{
spiRead(spi®Handle, spiRxPkt,2); //read voltmeter
rawVoltage = makel6(spiRxPkt[8],spiRxPkt[1]); //form a 16-bit value
rawVoltage = rawVoltage >> 1; //discard extra LSB
rawVoltage = rawVoltage & OxOFFF; //eliminate 3 MSB trash bits
voltage = (rawVoltage - offset) * 16.6667; //convert to millivolts
gpioSleep(PI_TIME_RELATIVE, 1, @); //delay

}while(1);

=

B Console 32 it Registers [£] Problems (3 Executables G Debugger Console [ Memory ] % pf MEE MBEB~Y> = 8
piCproject Debug [C/C++ Remote Application]

Last login: Fri Jan 8 13:52:36 2021 from 192.168.1.240

gdbserverl :2345 /home/pi/CECprojects/piCproject;exit

pi@cec:~$ gdbserverl :2345 /home/pl/CECprojects/piCproject;exit

Process /home/pi/CECprojects/piCproject created; pid = 800

Listening on port 2345

Remote debugging from host 192.168.1.240 16

Writable Smart Insert 51:1:1741
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eclipse-workspace - piCproject/src/piCproject.c - Eclipse IDE

File Edit Source Refactor Mavigate Search Projeck Run Window Help

% || 4| ® | + Debug [€] piCproject Debug on: |— il g B:8: e [CIP S N R - 2 H Oy @O 5~ 4
I R S — Q ST R <
bck_nanosleep() at Oxb6eSbedc = O =-Varia % Break % Expre 2 =\ Modul =¥ Disas = O
& B W % ot B
v (ZspiTxPkt uint8_t [2] 0x411010 <spiTx
t9-spi i 0y
pr, bitno) ((var) |= 1 << (bitno)) " Sp!TKPkt[O] u!nts_t & U
r, bitno) ((var) & ~(1 << (bitno))) @-spiTxPkE[1] uint8_t 170
,offset) ({unsigned short)var >> (offset * 8)) & Ox@8FF =" Add new expressio

krhigh, varlow) (((unsigned short)varhigh & @xFF)* ©x180) + ((unsigned short)varlow & @xB8FF)
hrl,var2,var3,vard) \
short)varl< =2 "7 - oF

short)var3< + A - '_“I- -Il"p?'l--i-“g_ﬁi DH’r:l”d-i. e;
ar1,varz) ( uint8 t spiRxPkt[2];
uint8 t spiTxPkt[2];
25 »7 uwint8 t i;

T20- int main(void)

Lisef]<@l.:,. 1 I ifl:gpiﬂ]:l'litiﬂliil![:l < B) /1nit pigplo
132 {
33 return 1;
0x55; 34 }
OxAA; [ =
spiopen(®, 1 37 spiTxPkt[@] = Bx55;
spidHandle,. 37 EﬂlTKPkt[l] = BxAA;
b(PI_TIME RE
i3 spifHandle = spiOpen(8,106008608,0); open SPI8 at IM bau
iy do{
rs [£] Problel 11 spiWrite(spi@Handle,spiT=Pkt,2); rOv = O
emote Applic 4 gpioSleep(PI TIME RELATIVE, 1, 8); delay
o 4 twhile(1);
e/pi/CECprc 14 }
12345 ,v’home?lz;ifCECprojectsfpiCproject;exit
» 0 libsa Process /home/pi/CECprojects/piCproject created; pid = 683
» 3 libexec Listening on port 2345
v O libx32 Remote debugging from host 192.168.1.240 17
» O local

Writable Smart Insert 31:1:1028 e
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Thank you for attending

Please consider the resources below:
* https://www.raspberrypi.org

e https://ubuntu.com

* https:.//www.eclipse.org

e https://mikroe.com
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