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= Modify the Arduino UNO click SHIELD

= Thermo 3 click Driver
= Integrate Mongoose Using the STM32 Mongoose Package
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Arduino UNO click SHIELD I2C Hardware

Bare Metal C Programming for STM32 Devices

Modification
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Arduino UNO click SHIELD I2C Hardware Modification

5B12}—.Closed PAT SPl A MOSITIM_E_PWM1

SBl122—.Open PB5  SPL_A_MOSITIM_D_PWMZ
Zio connector
125_A_MCK D16 | : IR PES D15 12G_A_SCL
IOREF 125_A_SD D17~ PBI5 - FED D14 12G_A_SDA
CHNE 125_A_CK D18  PBI3 : E B
N PCE D43  SDMMGC_ DO 125 A WS D19 __PB1 = _ 1
: | 3 PCO D44 SDMMGC_D1425_B_CKIN i25_ B_WS D20~ PALS o |10 PAS D13 S5P_A_SCK
NRST [N . PCl0 D45 SDMMG_D2 i25_B_MCK D21 __PCT 11 I PAS D12 SPI_A_MISO
L3 a2 | g PCll D46 SDMMC_D3 I25_B_SD/SP|_B_MOSI D22 _ PBS = _ D11
Lo o |10 PC12 D47 SDMMGC_GK I25_B_CK/SPL_B_SCK D23 PB3 1= 16 PD14 D10 SPI_A_CS/TIM_B_PWM3
11| 12 PD1 D48  SDMMGC_CMD SPL_B_NSS D24 PA4 17 |12 PDI13 D8 TIMER_B_FPWM2
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A1 PCD : | 3 PD6 D52 USART_B_RX ADC_A_IN A6 PBI B PFl4 D4
AZ PC3 B PD5 D53 USART B TX B ADC_B IN A7 PC2 » N PEL} D3 TIMER_A_PWM3
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Configure and Activate I2C1

Clock Configuration

v Software Packs v Pinout

108 I2C1 Mode and Configuration

Categories
12C |12C o
System Core >
Analog b Configuration
Timers 3 Reset Configuration
o & NVIC Settings & DMA Settings @ GPIO Settings
Connectivity - ® Parameter Settings @ User Constants

Configure the below parameters :

CAN1 ,_ .
CAN2 - - o
ETH ~ Master Features
FSMC I2C Speed Mode Fast Mode
12¢C Clock Speed (Hz) 400000
12C2 Fast Mode Duty Cycle Duty cycle Tlow/Thigh = 2
© ESI?:] ~ Slave Features
<pI1 Clock Mo Stretch Mode Disabled
SP|? Primary Address Length selection 7-bit
SPI3 Dual Address Acknowledged Disabled
UART4 Primary slave address 0 8
LARTS General Call address detection Disabled

I 1S ARTI
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Systemn Caore hd
DMA,

&cro
WDG
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v 5SS
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Timers b

Connectivity b

Multimedia s

Configure and Activate I2C1

Clock Configuration Project Manage

v Software Packs mikro
GPIO Mode a

BUS
. AN/AD

RSTIA3 D2ANT
CS/D10 DO/RX
SCK/D13 D1/TX
Config) | || misom12 AS/SCL
I MOSID11 Ad/SDA

+3.3V +5Y
| GND GND |
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Group By Peripherals

& GPIO @ Single Map ;-H-i S

Search Signals
| | [1 show enly Modified Pins

mm GPI0 outp...] GPIO mode |GPIO Pull-u.. IMaximum ..{ User Label | Mﬂdrﬁed

B3 I2C1_SCL  nja Alternate ... Mo pull-up ... High AS SCL
PB9 I2C1 SDA nja Alternate ... Mo pull-up ... High Ad SDA
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Assemble tmp102.c

C tmpl102.c X

Core »Src » C tmp102.c > ...

20

21

22

23

24

25

26

27

28

29 //* TMP102 VARIABLES

30

31 uint8 t txBuf[8];

32 uint8 t rxBuf[8];

33 uintlé t tempBuf;

34 float tempC;

35 “har registerName[18];
36

37 f/* TMP102 and I2C CONSTANTS
38 //* 7-bit address X4 E
39 /f* 8-bit address =

46 //* B-bit address

41

42 onst unsigned char tmple2 addr = 0x96;
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Assemble tmp102.c

C Emp102.c X

45

46 Iy

47  void tmple2 select reg(uint8 t req)
48
49
50 // Write Pointer Register w

51 f/f P7T P66 P5 P4 P3

52 Jre 0 B B 8 I B emp

53 //0 8 B8 0 0 Configuration Register

54 Jre 0 8 8 0 g emperature Low Register
55 /8 8 0 emperature High Register
56 I/
57 txBuf[o]

58 HAL I2C Master Transmit(hi2c: &hi2cl, DevAddress: tmpl@2 addr, pData: txBuf, Size: 0x01, Timeout: HAL MAX DELAY);
59 switch (txBuf[@])

60 {
61 case Ox00:

62 | sprintf({registerName, "Temperature");

63 break;

64 case Ox01:

65 | sprintf{registerName, "Configuration"};

66 break:

67 case @x02:

68 | sprintf({registeriame, "Temperature Low");
69 break;

70 case @x03:

71 | sprintf({registeriame, "Temperature High");
72 break;

73 }

74
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Assemble tmp102.c
C Emp102.c X
Core » Src » € tmp102.c » (D tmp102_select reg

R EE——
77 // Read the temperature
TB [/ EEER R R R bR R R Rk Rk R R R R R R R R R R R
79  float tmple2 read temperature(void)
80 1
81 HAL I2C Master Receive(hi2c: &hi2cl, DevAddress: tmpl@2 addr, pData: rxBuf, Size: 2, Timeout: HAL MAX DELAY);
82 MG INFDf{fmt "INFO: 2 bytES were read-= eruf[D] Bx%02X -- pruf[l] Bx%02X", pruf[ ], rxBuf[1]1));
a3 7 R S R o s s o o o o o R e o o o o
84 // Convert temperature bytef to 16-bit value
35 .." ._-'.-. o e R R R R R R R R R R e o e o e o e ok W e o ok v o o o o N o o i W e ok o o o
86 tempBuf = (rxBuf[®] << 4) | (rxBuf[l] =>> 4);
87 MG INFO| l[fnlt "INFO: 16-bit value = Ox%04X" tempEuf} )i
a8 R R R R o R R e o R R
89 // Compute and |r1nt the temperature
g@ ."_-'.---.--1.-.1.--r. ----- FEFESFESFFFFEFFEFFFEFEFEFFFFEFEFFFFEFEFFFFEFEFFFFEFEFEFFFFES EF EF FFF
91 if(tempBuf & (1 =< 11))
92 {
93 |  tempBuf |= OxF800;
94 }
95 tempC = (float)tempBuf * 0.0625;
96 return tempC,; 12
97 }
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Assemble tmp102.h

C tmp102.h X

Core » Inc » € tmp102.h > ...

17
18
19
20
21
22
23
24
25
26
27
28 volid tmpl@2 select reg(uint8 t reg);
29 float tmple2 read temperature(void);
30
31
32
33
34
35
36
37
38
39
40
41
42

includ
includ
includ
incluc
includ
incluc
includ
incluc
includ
incluc

[§+]

'main.h"

'i2c.h'

'stm32f2xx hal def.h'
'stm32f2xx hal i2c.h’
'usart.h’

'‘gpio.h"

<stdio. h=

<stdint.h=
<string.h=
'mongoose. h’

=
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e tempreg
e confreg
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Assemble main.c — Main Loop

C mainc 9+ X

Core » Src > € main.c > ) main

213 /* Initialize all confiqured peripherals

214 MX GPIO Init();

215 MX_ETH Init();

216 MX_USART3 UART Init();

217 MX USB OTG FS PCD Init(); gt
218 MX I2C1 Init(); e B T
219 /* USER CODE BEGIN 2 */ g TGS i
220 NVIC EnableIRQ(IRQn: ETH IRQn); N ) B ) RoHs (RS

O \3 X 0 =0 - ¥ R
struct mc qr - S5 Monaooose event manaoer ~ IF N UART,[* )RR il < )
221 struct mg_mgr mgr; o [__]"" goose event manage . 1} | anl ~ mikra |||~/ = ] ] d s
222 mg log set(MG LL DEBUG); // Set log level to debug > PR | BUS ,‘ £
- . . . ) Lo R2 R3 R4 | AN/A1 D5/PWM_ L R4 £8 L& a
223 mg mgr_init(&mgr); // Initialise event manager e ) el °C;_;; wstaz - pawt | | oo ggtg g
224 //* Kick off the server B=3g i~ iel AT B % - C0em SN2 .
! e ) L el _ o i— ADD@}_RE #5 [ SCKD13 ~ DITX Y W e R T —
225 mg listen(&mgr, url: s lsn,fn: server fn,fn data: NULL); i T | || MiSODI2BEAs/SCL e 0w SR8 Cop et i S W
T o = ) — — - ok [Twiy) Lo | MOSI/D11 A4/SDA GND B
226 /* USER CODE END 2 */ o o Nz s +33V +5V .
27 ® ‘ - ‘ GND 2 GND i =
N ) - - Thermo 3 click ; 5
228 /¥ Infinite loop */ = '/tb o) / e Sl RS j95=
E EER COr CETH WLTLE " (S ) g SIBIRIEIEFE N s siig e "
229 - UIL\:F. N I-I -:E E;:I:: o IIIIIF'_ L: . 1 .' E‘\‘r ClChn of IICLD I’i" ; o ?- “ L& ® G‘] ['“ B ( rFl jI

m

230 while (1) ) €
231 { _- JS0occccccvcccvcoe

232 mg mgr poll{&mgr,ms: @) ;
233 /¥ USER CODE END WHILE
234
235 J* USER CODE BEGIN 3
236 }

237 /* USER CODE END 3
238 }
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Assemble main.c — Redirect printf

C main.c 9+ X [ i
Core » Src » € main.c » ) server_fn = : |
50 /* USER CODE BEGIN PV */ .:“
51 float temptosend; .
52 //*¥ The tcp://0.0.0.0:8088 indicates that the server listens for connections W i
53 /7% on all available network interfaces. 8888 is the destination port.
54 static const char *s lsn = "tcp://0.0.0.0:8088";
55 /* USER CODE END PV */
56 A
57 /* Private Tunction protolypes -------==---corormrmrrm s mer e m e e e s 7 ;
58 wvold SystemClock Config(void); ;

39 /* USER CODE BEGIN PFP */
60 /* USER CODE END PFP */

61

62 F*¥ Private user code -------scccmccmcmcmrcmcrr s e s ¥ f

63 /* USER CODE BEGIN @ */ &

64 QT T,TTTTTTTT———TTTTTTTTTTTTTT

65 //* REDIRECT printf TO USART3

66 T

67 #ifdef  GNUC T

68  #define PUTCHAR PROTOTYPE int  io putchar(int ch) .

69  #else

78 PUTCHAR PROTOTYPE fpute

71 #endif 2 "
72 PUTCHAR PROTOTYPE S——-
73 { _ S1ELaANOa
74 // Place your implementation of fputc here

75 // e.g., write a character to the USART3 and loop until the end of transmission 7

76 HAL UART Transmit(huart: &huart3, pData: (uint8 t *)&ch, Size: 1, Timeout: HAL MAX DELAY); : ; 1

77 return ch;

78 }
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Assemble main.c — Build the Server Event Handler

C main.c 9+ X
Core » Src » € main.c > i server_fn
20 JE A S R de e ok ok o 8 - e s s o e gk e o - R e o e
81 //* SERVER EVENT HANDLER
82 [ R e 4 o o o 4 e 3 o o 4 e ke e 4 e e e e gk o g g s e 3 e o e 4 e e o 8 e 4 e
83 static vold server fn(struct mg connection *c, int ev, void *ev data)
84 {
85 if (ev == MG EV OPEN && c->is listening == 1)
86 {
87 | MG INFO((fmt: "INFO: SERVER IS LISTENING"));
88 }
89 else if (ev == MG EV ACCEPT)
90 {
91 | MG INFO((fmt: "INFO: SERVER ACCEPTED A CONNECTION"});
92 }
93 else if (ev == MG EV READ)
94 { : ;
95 MG INFO((fmt: "INFO: SERVER RECEIVED DATA: %.*s", c-=recv.len, c->recv.buf));
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Assemble main.c — Build the Server Event Handler

C main.c 9+

X

Core » Src > € main.c > server_fn

96 //°
97 f*
98 f*

99
100
101
102
103
104
1605
106
107
108
109
110
111
112
113
114
115
116
117
118

SERVER EVENT HANDLER - SELECT TMP102 WORKING REGISTER

1

if(strncmp(c->recv.buf,"SELECT REGISTER TEMP",21) == 0)

{
tmpl102 select reg(reg: 8); B a8y
MG INFO((fmt: "INFO: TMP102 TEMPERATURE REGISTER SELECTED!")); '
! =
else if(strncmp(c-=recv.buf,"SELECT REGISTER CONFIG",23) == 0) 33.
{ 3
-
tmpl02 select reg(reg: 1); ’;:‘ e
MG INFO((fmt: "INFO: TMP102 CONFIGURATION REGISTER SELECTED!")); =@ 9
} e
else if(strncmp(c->recv.buf,"SELECT REGISTER TEMPLO",23) == @) ;'T%
{ Ther

tmpl02 select reg(reg: 2);
MG INFO((fmt: "INFO: TMP102 TEMPERATURE LO REGISTER SELECTED!"));

else if(strncmp(c-=recv.buf,"SELECT REGISTER TEMPHI",23) == Q)

tmple2 select reg(reg: 3);
MG INFO((fmt: "INFO: TMP162 TEMPERATURE HI REGISTER SELECTED!"));

&

b
N s
0 ) |
ol M
NC
)

&
e
515

& [em2 o
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m Elﬂ(@
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Assemble main.c — Build the Server Event Handler

Core > Src > € main.c ¥ ) server_fn

119 T e e e R S R S e R e
120 //* SERVER EVENT HAMDLER - RED LED CONTROL

121 /s s ok s o R R R RS R1 ZiEs N0 TTHE D e e
122 | if(strncmp(c->recv.buf,"RED LED ON",11) == 0) B s O m }
123 { [l L) i —-—
124 HAL GPIO WritePin(GPIOx: LED3R GPIO Port, GPIO Pin: LED3R Pin, PinState: GPIO PIN SET); - TR LSS Ll .
125 MG_INFO((fmt: "INFO: RED LED IS ON!")); — i 4 e RZ3 _
126 } E I e SR
127 else if(strncmp(c-=recv.buf,"RED LED OFF",12) == 0)
128 { P - — : [ ol ~E ‘. | } 13 <
129 HAL GPIO WritePin(GPIOx: LED3R GPIO Port, GPIO Pin: LED3R Pin, PinState: GPIO PIN RESET); S L Lh e . -
130 MG INFO((fmt: "INFO: RED LED IS OFF!")); DWR DLEO O & _',"'" S-OR
1:; ”} ......................................................................... = S LS p OSB34ELl @EnSB5-
133 //* SERVER EVENT HANDLER - GREEN LED CONTROL - Bior Ty, Bl - WRSB6
134 T R R il Bisqlais < ’ Nl B b '-: .o =2
135 if(strncmp(c->recv.buf, "GREEN LED ON",13) == 0) R/ H: G - O - =
136 { SR RS 3 23 .D2R =
137 HAL GPI0O WritePin(GPIOx: LED1G GPIO Port, GPIO Pin: LED1G Pin, PinState: GPIO PIN SET); d | = 3 == | [kt ) N0 00 4
138 MG_INFO( (fmt: "INFO: GREEN LED IS ON!")); ; N ) { D3 R30,(
139 } s < 'Tilﬂ‘ ] Tl R 7 4 m L 1 . “ =
148 else if(strncmp(c-=recv.buf,"GREEN LED OFF",14) == @) 26 !'F j - 0 — A = =
141 { : | - n — ' '
142 ‘ HAL GPIO WritePin(GPIOx: LED1G GPIO Port, GPIO Pin: LED1G Pin, PinState: GPIO PIN RESET); 3' I i | G
143 MG INFO((fmt: "INFO: GREEN LED IS OFF!")); > L D I - )
144 } O - - A n 00 O
R 3 gy - d :
146 //* SERVER EVENT HANDLER - BLUE LED CONTROL i x ' Sabeen] &
ST PP ; -
. S 0
148 | if(strncmp(c->recv.buf,"BLUE LED ON",12) == @) g :_ ' = J) A ﬂ
149 { Y Y - ova 00 "
156 ‘ HAL GPIO WritePin(GPIOx: LED2B GPIO Port, GPIO Pin: LED2B Pin, PinState: GPIO PIN SET); : o i % R
151 MG INFO((fmt: "INFO: BLUE LED IS ON!")); g e=E ' y
152 O - Yy ¥ ¥ Pow o A PRI T R e
153 else if(strncmp(c-=recv.buf,"BLUE LED OFF",13) == @)
154 { 8
155 HAL GPIO WritePin(GPIOx: LED2B GPIO Port, GPIO Pin: LED2B Pin, PinState: GPIO PIN RESET);
156 ‘ MG _INFO((fmt: "INFO: BLUE LED IS OFF!"));
157 }
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Assemble main.c — Build the Server Event Handler

C main.c 9+ X

Core » Src » € main.c » £ server_fn

158 J AR o o R o R R R o R R R R R R R Rk R R R R R R R R o
159 //* SERVER EVENT HANDLER - GET TEMPERATURE IN CELCIUS

160 § R R kR R R R R R RO R R R R R R o R R R R R R R RS
161 else if(strncmp(c->recv.buf,"GET TEMPERATURE",16) == @)

162 {

IGE HAL GPIO TogglePin(GPIOx: LED2B GPIO Port, GPIO Pin: LED2B Pin);

164 temptosend = tmple2 read temperature();

165 sprintf(c-=recv.buf, "%.2fC", temptosend);

166 c-=recv.len = strlen(c-=recv.buf);

167 MG INFO((fmt: "INFO: Current Temperature -=> %.2f deg C\n\n",temptosend));
168 }

169 mg send(c, c-=recv.buf, c->recv.len);

170 c-=recv.len = 0; // Tell Mongoose we've consumed data
171 B

172 else if (ev == MG _EV CLOSE)

173 {

174 | MG INFO((fmt: "SERVER DISCONNECTED!"));

175 }

176 else if (ev == MG _EV_ERROR)

177 {

178 | MG_INFO((fmt: "SERVER ERROR: %s", (char *) ev data));

179 )

180 }
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Let’'s Put MAX to Work — Connect to the Server

£3% Hercules SETUP utility by HW-group.com — O x
UDP Setup | Serial ~ TCP Client | TCP Server | UDP | Test Mode | about |
HEFETE?f?ETE?m?_ — TCP
Lonnected TO 1%-.163.1.1349%9 |‘|32‘|EE‘|‘|E|4 |E|:IEE
Ping | %X Disc-:unne-:t|
TE& autharization
TEA key PROBLEMS 17  OUTPUT  DEBUGCONSOLE [TERMINAL| PORTS  STM32CUBE RTOS
1: 01020304 —
2 05060708 mongoose.c:22174:mg phy init  PHY ID: Gxﬂ?lﬂxcl3l {PANB?K}
mongoose.c:19853:mg random Weak BNG: using rand()
Athorizat mongoose.c:4139:mg mgr init
uthorization code — - . ] ;
| mongoose.c:4146:mg _mgr init MG I0 SIZE: 512, TLS: builtin
main.c:87:server fn INFO: SERVER IS LISTENING
mongoose.c:4863:mg listen 18 tcp://0.0.0.0:8088
Portstore test mongoose.c:5154:mg tcpip poll Network is down
[ NYT disable mongoose.c:5154:mg tcpip poll Network is down
Feceive mongoose.c:23871:mg tcpip driv Link is 108M full-duplex

[ Rediect to DA

Send

|RED LED ON<MLUL> [~ HEX  Send I{

IRED LED OFF<HUL> ™ HEX  Send ki
Herg

|GET TEMPERATURE<MUL> [~ HEX  Send

mongoose.
mongoose.
mongoose.
mongoose.
mongoose.
mongoose.
mongoose.
mongoose.
mongoose.

C
C
C
C
C
C
C:
C
C
C
C
C
C

14484 : tx dhcp discov
:4463:tx_dhcp reques

4608:rx_dhcp client
:19853:mg_random
:4366:onstatechange
14367 :onstatechange
:4368:onstatechange
:4521:rx_arp
:4756:accept conn

main.c:91:server fn

DHCP discover sent. Our MAC: 2a:d3:94:0a:5e:le
DHCP req sent
Lease: 86488 sec (86483)
Weak RNG: using rand()
READY, IP: 192.168.1.194

GW: 192.168.1.1

MAC: 2a:d3:94:8a:5e:1e
ARP: tell 192.168.1.235 we're 2a:d3:94:0a:5e:1e
2 accepted 192.168.1.235:63625 20
INFO: SERVER ACCEPTED A CONMECTION
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Let’s Put MAX to Work — Control the RED LED

£8 Hercules SETUP utility by HW-group.com - g X PROBLEMS 17  OUTPUT  DEBUGCONSOLE  |TERMINAL| PORTS  5TM 05
UDP Setup | Serial  TCF Client | TCP Server | UDP | TestMode | About |
: 77bBe 2 main.c:95:server fn INFO: SERVER. RECEIVED DATA: RED LED ON
Received/Sent data X —
- n 192 .163.1.154 TCF 77b96 2 main.c:125:server fn INFO: RED LED IS ON!
Connected to 192.168.1.194
SED 1ED ONRED LED 0141 [192.168.1.194 [ENZE
Fing | %X Disc-:unne-:t|
TEA authorization
TEA key
1.|01020304 3 |090A0BOC
2. |05060708 4 |ODDEOF1D
Authorization code
FortStore test
[ NWT dizable
Received test data |
™ Rediect to UDP i
eairect o = = - LY
S end Iz;ﬁbj = - ]-
en \ ) P S
[RED LED ON<NUIL> [ HEX  Send H I_Ugrnu D e O ARR ﬂ’%@é‘
- (3 e a:
IRED LED OFF<NUL> ™ HEX  Send . H-group.com /l‘ E
- Hercules SETUP atility “ *?—4’ "7’”’ S
|GET TEMPERATURE<MUL> [~ HEX Send Version 1.2.8 INg
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Let's Put MAX to Work — Get the Temperature

%8 Hercules SETUP utility by HW-group.com PROBLEMS 17  OUTPUT  DEBUG CONS PORTS  STM32CUBE RTOS
UDP Setup | Serial ~ TCP Client | TCP Server | UDP | Test Mode | about |
el el bc466 2 main.c:95:server fn INFO: SERVER RECEIVED DATA: GET TEMPERATURE
Commecting to 192 18 1194 TCF bc4be 2 tmpl02.c:82:tmple2 read temper INFO: 2 bytes were read-> rxBuf[@] ©xla -- rxBuf[1l] @x50
Connected to 197.165.1.194 bc478 2 tmple2.c:87:tmple2 read temper INFO: 16-bit value = ©0x0la5
EED LED CHMRED LED OMNGET TEMPERLATUREZE.31C 1321681 bc47f 2 mair|.c:lf3?:5'r:-rver_fr| INFO: Current Temperature -= 26.31 d'-f.‘g C
Ping | %X Disc-:unne-:t|
g L 3 ] IA q - !
TEA4, authorization .’3 ..@ #I&lﬂlél@-@-\’:ﬁ‘@é = M
TE& key - m.._(, ,
. : gL :55:~-3
1.|01020304 3 |090ABOC ELLJ s 200 18T

2. |05060708 4 |ODODEOF10

Authorization code
| & -

PortStare test
[ MNWT disable

Received test data |

[ Rediect to UDP ﬁi}%ﬁ ,7
Send ’z"’ "”'g‘;’
683 T
RED LED OM<MUL HEX  Send =l SEES S . \ sta
| ‘ ’ I l HI-I.JQI"DU[] ) '5 ngt f§§ o 1 a
vevrw . HW-group.com & 3 - e Idcz g E a 13 - z"‘!‘

IRED LED OFF<HUL> [~ HEX Send . 7, i S S \di

- Hercules SETUP atilivy .Z_»_’ ey S m y I.dr 4 FSY =
|GET TEMPERATURE<MUL> I HEX Send Version .28 T #07 N 1X3—¥Md
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Next Time...

MORE TO COME..
Thank you for attending!!! oxDEFFE EEFF

0xD000 0000 SDRAM2

OXCFFF FFFF
Please consider the resources below: (0xC000 0000 SDRAM1 REMAP NOR

 Today’s Download Package

o .st.com Ox9FFF FFFF

. digikey.com 0x9000 0000 XSPit
OX8FFF FFFF NAND
8X8999 0000
0x7000 0000 XSPI2
OXG6FFF FFFF NOR | SRAM

0x6000 0000

23
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Thank You
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