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‘— UM1472
,’ lite.cugmented User manual

Discovery kit for STM32F407/417 lines

Introduction

The STM32F4DISCOVERY helps you to discover the STM32F407 & STM32F417 lines’
high-performance features and to develop your applications.

It is based on an STM32F407VGTS and includes an ST-LINK/V2 embedded debug tool
interface, ST MEMS digital accelerometer, ST MEMS digital microphone, audio DAC with
integrated class D speaker driver, LEDs, pushbuttons and a USB OTG micro-AB connector.

Figure 1. STM32F4DISCOVERY
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Hardware and layout

UM1472

Figure 6. STM32F407VGT6 block diagram

[CLk, NE [3:0], Af23:0)

CCM data RAM 64 KB ernal memory
NJTRST, JTD|| ™ controller (FSMC) A A DI31:0}, OEN, WEN,
iSW SRAM, PSRAM, NOR Flash, [\ +/| NBL[3:0], NL, NREG
JTCKISWCLK JTAG & SW MPU ! ; ash,
JT DO/TSR“:;E JCT &0 ™ NVIC PC Card (ATA), NAND Flash m’;g"%‘w: Ifﬁ‘z»a]
TRACED[3:0] D-BU: INTN, NIIS16 as AF
ARM Cortex-M4F X Y =
168 MHz  .ausk—2 2 -
FPU 5 4 Oy Flash
SEK—— @ g3l upto
Moo as'@ EthemstMAC ?I;N H i i HSYNC, VSYNC
as 2
10/100 E () SRAM T12KB Eucm D[13:0]
DP, DM = UsB DMAY|
ULPI: CK, D{7:0), DIR, STR NXT E OTG HS FIF N o K= SRAM 16 KB o
SCL/SDA, INTN, ID, VBUS, SOF Xl = E}M
@ Steam SCL. SDA. INTN. ID, VBUS, SOF
DMA2 | FiFg K
0 AHB1 150 MHz
DMA1
FIFg L~ Vpp=1.81036V
> [ves
Vearr. Veapz
@VDDA
Pa(1s:0) GPIO PORT A —L_AcHs B ap
| - PORIPDR/
PB{15:0] BN e I BOR || Vooa. Vasa
2 GPIO PORT B | Fioee e — NEET
PVD
PCI15:0] GPIO PORT C l |
@VDDA ®VDD
- L.
POueL) SPRRORED = x7aL osc N [osc v
4-16 MHz 0sc_ouT
PE[15:0] GPIO PORT E eset & o
lock —
PFI15:0] control L
GPIO PORT F —
PG15:0] I @M VD Veur= 1651036V
GPIO PORT G MR GVaar
333 oscaz IN
PH{15:0] GPIO PORTH “29 kel @ .I osca2 out
PRLEC) GPIO PORT | — TJDC K [Rrc aFt
@ || aup g RTC_AF1
4 KB BKPSRAM
K= TiM2 32° K™ 4 channels, ETR as AF
K= M3 " KT 4 cnanness, eTR as A
K= TiMa 1% KT 4 channess, ETR as AF
K=t TiMs 32 K 4 channeis, ETR as AF
—
140 AF EXT IT. WKUP | K TIM12 K "> 2 channels as AF
D[7:0) 4 160
omD, K asVAH SDIO/ MMC K>l TiM13 Ky ! chiannel as AF
4 compl. channels (TIM1_CH[TA]N, 166
; @pﬂr;cfpmm'mlmn ETR. TIM1 /PWM K= TIM14 K ) 1 channel as AF
smeard RX, TX, CK.
4 compl. channels (TIM1_ CH[1:4] USART2 ,
e T I i g
T  TX,
2 channels as AF TiMe [<=>| | _USARTS IrDA] CTS. RTS as AF
[ Tiiig 108 ke
1 channel as AF TiM1o ! = Sad UART4 Ky RX. TXasAF
1 channel as AF <> g@ UARTS K RX, TX as AF
» E
£ — MOSSD, MISO/SD_ext, SCK/CK
5.1 oot T el K hespiso
: MOSI/SD, MISO/SD_ext, SCKICK
LA o SMEAT USART 6 <= g EvE T AN K sPiness MOSISD, s /8D
MOSI, WSO k=] DK 12C1/SMBUS K SCL. SDA. SMBA as AF
SCK, NSS as AF <
K 12C2/SMBUS K, SGL, SDA, SMBA as AF
——
v,
'DOREF_ACC Temperature sensor][<=>| K  12caisMBUS K SCL. SDA. SMBA as AF
o S ADCs ADC1 SVODA
8 analog Inputs common (= DAC1
tothe ADC1 & 2 ADC2__ || & L] : T K= EXCANT _[olk e ™R
i A ADC 3 o
8 analog inputs to ADC3 ] oo | B 1 ax

v v
DAC1 OUT DAC2_OUT
as AF as AF

MS19920V1

12/42

DoclD022256 Rev 4

574




Datasheet Driver L298

Lampiran 2.

p1-ae-qn-A103150daJ VAVIIMYYSL (@




L7

L298

DUAL FULL-BERIDGE DRIVER

CPERATING SUFFLY WOLTAGE UP TO &5
TOTAL DT CURRENT UF TO A A

Ly BATURATION YOLTAGE
CHERTEMPERATURE PROTECTION
LOGICAL 07 MPUT VOLTAGE WP TO 15 W
(HIGH MOEE IMMURTY)

DERCRIFTION

ha L2228 b5 an imegrates monokthic circult in a 18-
lnad Millval and PovsarB000 packages. K & A
Pgh voliage, high cormeed dual Bil-brdge driver de-
sigred o acospt standard TTL kogic kwels and dere
Indufve kads such as relays, solemceds, DG and
skapping mainrs, Teo anabls ingus ang prossted in
arabin or dizahla tha devica indapandamtly of the in-
put sigrels. The emifiens of the lower iRresion of
zach brdge ane connecied Wagether ano the come-
sponding oxtornal lerminal can b wsed for e oon:

ELOCH DIaGRAN

==

"owmerdiiod

=

Multimui=ls

DHOEIEIRG MUMBERS @ | 20EY | Roitreestt 'Sart, )
L290FHM [PAukswait FHaoriz
LI8E® (Pomar3z0

rieciion af an eslemal serming resestar, &n acdciional
supply inpat is prowvided so that the logic veorks. al a
ke i

|

ﬁ?

T

T

ki

35

K

D T In
ey , ‘ i
1 o

Juzenii gy D




L2348

AEPILUTE MAXIMUM RATING 2

Symbel I"sramuebar Walus Unsi
Wy Pt 5upply [ ¥
i Login Supply Wolngs T W
W an gt el Erbla ol ga 03|77 W
I Peak Cirpet Cusem |sach Chasns]
— Wn Faperrres [ = 1000m ) 3 A
Forpriive (B0 on =200 O, ixy = 10ms FE-. A,
=D O i bt z A,
Wi Sarmng Wolnge —Aimza L'
P Tl Powis D Esinarson [T ase = 75 23 W
T Jureiezn Lpmiatng [ampasiem -2 120 "
Taga T Huopgsand hincdmn lampenmre — I e 150 i
FIN CONHECTIONE (o view|
e = s/ s smenas
L) — ] ST |
'ﬂ:}' n— omm
) ——T T
i — CHAGE
1 —  HET
— LN ALY WL Tedi
R = R
) e LT S
[] S FHMRF &
L] e— HPLT
4 S EUPTLY WOLTAGE Yy
_q‘_}. Y — LT
2 —= mrmmi
"*-\,ﬁ_ |' P — CEFEHT Sk b A
t 148 TR T !
r
s 11 e v e ] 1
pna B ) 1 iG] Sevweh
U —1 ¢ in 3 Hi
a4 17 ] Cwid
wp [ ¢ PewwrSUED gy ] ceas
L — 15 =0 wpwi
i1 4 7 14 1 ErmbkE
[N e 13 ™1 i d
i 5 1 ¢ 15 1 s
Gl i i1 1 &b
THEFMAL DATA
Symhbel I"srdmusbsr I'owar S 038 MulErmwtt]3 Unet
A jiwn | Tharmal Resisnocs Jursdion-cass Was - 3 s
R e Tharmal Resisineos Jencticn-nmbe| P 13" 33 L

"} Kirnied] on shaminem st

ana




L2335

PIN FUHCTION 3 {rafar to tha block diaormj

] I'ewse S0 Hams Fumcfion
18 =19 penss i Tense B | Betweas BiE pn ood geousd b5 comnenis] he sates e o
pisind thd cwrmiast of the ioadl
| 4:5 Dt 1; Chrt 2 [utpets of the Himige & 156 rurem Hhee Heee Bmegs the kel
LOSTa0 in] (2T RS0 Dl [ & IVell Te0Ed T pen 1
4 [ b Supgry ok ot the Posssr Llutpul Shages
i, roresdectke HEINF capacior miet be comected betwesn s
i i pnaiaiil
Er Al | It 1; Inzadt 2 'R, Compabble I=pgis o e Himlge &
[Fa R ] B4 Enabli &; Saatks B | TTL Compabbls Enabis Ispot the L Siake drsabios the bridgo &
|Emsatzi & | mectne the brcge H srobis )
a .11 1.2 GRO 13 prairad
4 17 Lh Supgy Vol ot e Cnge Blocke, AT0INTE s miet ke
LOSTa0 in] (2T TS [of Sl ONdeint.
UL 12 215 It 2 Ingdt & 'R, Compabble I=pgis o e Himlge H
13 18 17 Chat 3 Curi 4 Chstpegis oF thee @ radga B TR o e thert Meswss thim Lig® i ke
fnSimedial Delwmdir Tan DS n5 5 i sl @ pn 15,
= eal nn Mg o recisd

ELECTRICAL CHARACTERIATIC E (Vs = 42V Weg = BY, T, = 25'C unlass ctharssn spaciiad)

Symbad I"arameksr It Comdibonue Mim. 1. Hax. Uit
W Sappk) Wolkmgs (psd] et Cosiion Wi 4113 ] W
Wom Ligie gy Vool g (e 3§ 4.5 5 7 )
Iy Cuesoen] Supply Comeni pin d] W= M =0 i L 13 2 Ll

Wi=2H 5'.' TLH,
YamL Wi K F T
lsz O e it Currad o Vg jon 36 [Man = H) =D W= L 4 ¥ T,
Wi=H F 13 A
Yy = L = K B L,
Wy npun Lowe Wiolkngs -3 1.5 LA
g 5, 7, HL 13)
L) Inpr Hegh viclngn r WIS L'
g 5, 7, HL 13)
Iy e Vol Inpad Lurmest jm | =10l sy
ping 5 7. ML 12]
™ sigh ¥otags npn Cumest W e Vg =3BV 3 i} .
o s, S HL 13
Wan = L | Enibde Lty VoRape (s €, 111 03 1.5 Y
V™ M | Enaitde High Yolages |piss . 11 2.3 ‘v W
lag = L | L Wi S b 1 o v W = L =10 .
e 11§
lee = H | High Witk £ e bks T sa e m H oy ={LEW 3 i} .
g 11)

et ) :'I-\.F'.I'\.I.'Ell-.'.ll".l"l".ll..F-' l_='ﬁ (25 1 1.36 1.7 L]

o= dd 2 ar iy

Ve, an: SaterEicn IJ.I_'.:‘I‘T '._ = Ik i (=R ] 132 16 W

b=k 5 1.7 23 W

Wi | Toial Dop bom i (B 1.0 a2 W

=38 5 &4 W

Wasi Banging Vokage (ping 1. 151 =1 z W
I"I'.f e b




Datasheet Sensor KTY10-6

Lampiran 3.

p1-ae-qn-A103150daJ VAVIIMYYSL (@




Silicon Temperature Sensors KT 100
KT 110

KT 130

KT 210

KT 230

KTY 16-6

Features

= Temperaiure dependent resistor with positive temperature  coefficient
= Termperature rangs — 50 "Cto + 150 "C (- G0 F to 300 F)

= Available in SMD or leaded or customized packagses

= Linear output

= Excellent longterm stability

= Polarity independent dus to symmetrical construction

= Fast response time

= Reszisfance tolerances (R.:) of £3% or £1%

KTY 10-x
KTY 11-x
KTY 13-x
KTY 21-x
KTY 23-x
KTY 13-8

Modified TO-32 TO-52 Mini 50T-23

(G . =

-

KTY 16-6 KTY 19-6

Deta Sheat 1

1 s



KT- and KTY-5eries Temperature Sensors

Standard Packages
Type Marking Ordering Code | R.. ., R Package

{in 1 with T = 1 mA)
KT 100 KT 100 Q32T05-K31 1540 2060 TO-82
KT 110 T1 Q32T05-K332 1540 2060 TO-82 Mini
KT 130 T1 Q32T05-K333 1540 2060 S0T-23
KT 210 M1 QF2T05-K334 870 1020 TO-82 Mini
KT 230 M1 Q32T05-K335 870 1020 S0T-23
KTY 10-5  JKTY 10-& | Q32705-K110 1850 1880 TO-82
KTY 10-3  (KTY 10-6 | Q32705-K132 1880 2020 TO-82
KTY 10-82 |KTY 10-82 [Q32705-871 1880 2010 TO-82
KTy 10-7  (ETY 10-7 | QE82T05-K111 2010 2060 TO-22
KTY 11-5 | TS Q32T05-K245 1850 1880 TO-82 Mini
KTY 11-6 | Td Q32T05-K245 1880 2020 TO-82 Mini
KTY 11-7 | T7 Q32T05-K247 2010 2060 TO-82 Mini
KTY 13-5 |T5 Q32T05-K240 1850 1880 S0T-23
KTY 13-6 | Td Q32T05-K250 1880 2020 S0T-23
KTY 13-7 | T7 Q32T05-K251 2010 2060 S0T-23
KTY 21-5 | N5 QE2T05-K258 875 85 TO-82 Mini
KTY 21-6 | Nd QE2T05-K250 8490 1010 TO-82 Mini
KTY 21-T N7 QE2T05-K260 1005 1025 TO-82 Mini
KTY 23-5 | N5 QE2T05-K262 875 85 S0T-23
KTY 23-6 | Nd QE2T05-K263 8490 1010 S0T-23
KTY 23-T N7 QE2T05-K254 1005 1025 S0T-23
Custom Packages
Type Marking Ordering Code | R, j - Sr— Screw

fin 01 with I, = 1 ma) | Thread
KTY 18-3 | none Q32T05-K128 1880 2020 -
KTY 19-M | KTY 18M | Q32705-¥2T1 1880 2020 150 M1021
KTY 18-82 | KTY 182 Q32T05-K2T2 1880 2020 MPTF 1/8x27
Connector st for KTY 18 | Q82B01-830

Data Sheat

1 660401



KT- and KTY-5eries Temperature Sensors

Absolute Maximum Ratings

Parameater Symbol (KT 120 [KT 220 | Unit
KTY 1z-x |KTY 2x-x

Maximum operating votage [ 25 v

T,225'C.1<10ms

Maximum operating current pman 5 7 mé

Peak operating current . T 10 md

T,225'C.1<10ms

Cperating temperature range T =50, +150 C

Storage temperature range T -50 .. +150 C

I ESD Claza 1, Whan (he lemperaiume sensr s opacaled with long 2upply leade, il sheold be prolecsd through
the paralled conrection of a = 10 nF capachor o presenl damags o dhe sensor fvough moduced vwolags peaks,

Electrical Characteristics
.i’,:p =1 m&

Thermal Time Constant (1); {63% of AT) Tair v Toil iy} Unit

BT 100, KTY 10-x 40 4 5

BT 110, KT 210, KTY 112, KTY 21-x 11 1.5

BT 1230, KT 230, KTY 13-, KTY 23x 7 1

KTY 16-8 40 4

KTY 18-8M/Z 40 4

Dista Sheat 1659-04-01
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#include "stm32f4xx.h"
#include "stm32f4xx_tim.h"
#include "stm32f4xx_gpio.h"
#include "stm32f4xx_rcc.h"
#tinclude "stm32f4xx_adc.h"
#include "stm32f4xx_syscfg.h"
#include "stm32f4xx_usart.h"
#include "misc.h"

#tinclude "TEUB_USART.h"
#include "TEUB_GPIO.h"

#tinclude <math.h>

#tinclude <stdio.h>
#include <stdlib.h>
#include <string.h>
#tinclude <stdarg.h>

/x*%kpin TQ***/
#tdefine P_@ GPIO_Pin_©
#tdefine P_1 GPIO_Pin_1
#define P_2 GPIO_Pin_2
t#tdefine P_3 GPIO_Pin_3
#define P_4 GPIO Pin 4
#define P_5 GPIO Pin_5
ttdefine P_6 GPIO Pin_6
#tdefine P_7 GPIO_Pin_7
#tdefine P_8 GPIO_Pin_8
#define P9 GPIO Pin 9
#define P_10 GPIO Pin_ 10
#define P_11 GPIO_Pin_11
#tdefine P_12 GPIO_Pin_12
#define P_13 GPIO Pin_13
#define P_14 GPIO Pin 14
#define P_15 GPIO_Pin_15

/***Parameter awal***/
t#tdefine KP 55.4
#tdefine KI 44.2
#tdefine KD 37.25
t#tdefine SP 3.6

/***PWM PRESCALER***/

t#tdefine PWM_TIM5_PERIODE
dutycycle)

#idefine PWM_TIM5_PRESCALE
=> 1kHz)

t#tdefine PWM_TIMS5_POLARITY

/¥**¥PWM CCR¥**/
#define  PWM_1R TIM5->CCR1

/***Set variables used***/
GPIO_InitTypeDef
NVIC_InitTypeDef
USART_InitTypeDef
TIM_TimeBaseInitTypeDef
TIM_OCInitTypeDef
ADC_InitTypeDef

1000
420

TIM_OCPolarity High

GPIO_InitStructure;
NVIC_InitStructure;
USART_InitStructure;
TIM_TimeBaseStructure;
TIM_OCInitStructure;
ADC_init_structure;

/*¥**Setting up Variable ADC and USART***/

// periode

(100

// prescaler (839



char usart_sign = 'f';
char str_usart[5];

/***Setting up Variable PID***/
float error = 0;float derror = 0;float error_1 = 0;float error_2 = 0;
float action = 0;float action_1 = @; float action_2 = 0;

/*function General*/

void setting ADC();

int adc_convert();

void TIM5_init();

void setting GPIO Driver();

void set_NVIC_USART();

int toInt(char a, char b, char c, char d);
float getSuhu(int x);

float getError(float x);

float getDerror(float x);

/*function PID*/
float PID_calculate(float setpoint, float kp, float ki, float kd, float
error);

int main(void)

¢
init USART(RCC_APB1Periph USART2, 9600, RCC_AHB1Periph GPIOD, P_5|P_6,
TX_RX);
Delayms(100);
set NVIC_USART();
setting GPIO Driver();
setting ADC();
TIM5 init();
while(1)
{
if(usart_sign == 'a'){
int adc;
float Suhu, Error, Derror, Control Action;
adc = adc_convert();
Suhu = getSuhu(adc);
Error = getError(Suhu, SP);
Derror = getDerror(Error, error_1);
Control_Action = PID calculate(SP,KP,KI,KD,Error);
PWM_1R = Control_Action;
cetak (USART2, "%c", Suhu);
¥
else{
PWM_1R = O;
set_all param_zero();
cnt = 0;
}
}
}

/***General Function***/

void setting ADC(){
RCC_APB2PeriphClockCmd(RCC_APB2Periph_ADC1, ENABLE),
RCC_AHB1PeriphClockCmd(RCC_AHB1Periph GPIOA, ENABLE);
//RCC_AHB1PeriphClockCmd(RCC_AHB1ENR_GPIOAEN, ENABLE);

GPIO_InitStructure.GPIO_Pin = P_1;
GPIO_InitStructure.GPIO_Mode = GPIO Mode_ AN;



GPIO_InitStructure.GPIO_PuPd = GPIO_PuPd _NOPULL;
GPIO_Init(GPIOA, &GPIO_InitStructure);

ADC_DeInit();

ADC_init_structure.ADC_DataAlign = ADC_DataAlign_Right;
ADC_init_structure.ADC_Resolution = ADC_Resolution_12b;

ADC_init_structure.ADC_ContinuousConvMode = ENABLE;

ADC_init_structure.ADC_ExternalTrigConv = ADC_ExternalTrigConv_T1 CC1;

ADC_init_structure.ADC_ExternalTrigConvEdge =
ADC_ExternalTrigConvEdge_None;
ADC_init_structure.ADC_NbrOfConversion = 1;
ADC_init_structure.ADC_ScanConvMode = DISABLE;
ADC_Init(ADC1,&ADC_init_structure);

ADC_RegularChannelConfig(ADC1,ADC_Channel 1,1,ADC_SampleTime_480Cycles)

J

}

int adc_convert(){
ADC_SoftwareStartConv(ADC1l);//Start the conversion

ADC_Cmd (ADC1, ENABLE) ;

while(!ADC_GetFlagStatus(ADC1l, ADC_FLAG_EOC));//Processing the

conversion
return ADC_GetConversionValue(ADC1l); //Return the converted data
¥
float getSuhu(int x)
{
float suhu;
suhu = x * 0.00144;
return suhu;
}
float getError(float e, float sp)
{
float error_;
error_ = sp - e;
return error_;
}
float getDerror(float e, float e_ 1)
{
float dError_;
dError_ = e - e_1;
return dError_;
}
void TIM5_init()
{

// Clock enable

RCC_AHB1PeriphClockCmd(RCC_AHB1Periph_GPIOA, ENABLE);
GPIOC (AHB1/APB1 = 42MHz)

RCC_APB1PeriphClockCmd(RCC_APB1Periph TIM5, ENABLE);
TIM3 (APB1l = 42x2PLL=84MHz)

// GPIO__TIM_ init
GPIO_InitStructure.GPIO Pin
(PC6), Ch.2 (PC7)
GPIO_InitStructure.GPIO_Mode
alternative function
GPIO_InitStructure.GPIO_Speed
GPIO HIGH_ Speed
GPIO_InitStructure.GPIO_OType
GPIO_InitStructure.GPIO_PuPd

P_0;

GPIO_Mode AF;

GPIO_Speed 2MHz;

GPIO OType PP,
GPIO _PuPd _NOPULL;

// Clocking

// Clocking

// Ch.1

// PWM is an

//

// Push-pull



GPIO Init(GPIOA, &GPIO InitStructure);
// Initializing GPIOC structure

GPIO_PinAFConfig(GPIOA, GPIO_PinSource®, GPIO_AF_TIM5); // Routing
TIM3 output to PC6

// Timer init
TIM_TimeBaseStructure.TIM _ClockDivision
// => 0 = Not dividing
TIM_TimeBaseStructure.TIM CounterMode
// Upcounting configuration
TIM_TimeBaseStructure.TIM_Period
// Autoreload value (ARR)
TIM_TimeBaseStructure.TIM Prescaler PWM_TIMS5_PRESCALE;
// Pembagi Timclock, prescale=>328, Timclock=>84MHz ====> 84Mhz/255/328=
mendekati 1kHz
TIM TimeBaseInit(TIM5, &TIM TimeBaseStructure);
// Initializing Time Base structure

TIM_CKD_DIV1;

TIM_CounterMode_Up;

PWM_TIM5_PERIODE;

// Channel 1, Ch.1 (PC6)
TIM_OCInitStructure.TIM_OCMode = TIM_OCMode_PWM1;
// PWM mode 1 = Set on compare match, PWM mode 2 = Clear on compare match
pasangan OCPolarity LOW
TIM _OCInitStructure.TIM OutputState
// Enabling the Output Compare state
TIM_OCInitStructure.TIM _OCPolarity
// Regular polarity (low will inverse it)
//if (PWM_R>PWM_TIM3_PERIODE) {PWM_R=PWM TIM3_PERIODE;}
TIM_OCInitStructure.TIM Pulse = PWM_1R;
// Output Compare 1 reg value>>>diberi nilai PWM
TIM _OC1Init(TIM5, &TIM_OCInitStructure);
// Initializing Output Compare 1 structure
TIM _OC1PreloadConfig(TIM5, TIM OCPreload Enable);
// Enable Ch.1 Output Compare preload

TIM_OutputState_Enable;

PWM_TIM5_POLARITY;

// Timer enable
TIM Cmd(TIM5, ENABLE);

}

void setting_GPIO_Driver()

4
RCC_AHB1PeriphClockCmd(RCC_AHB1Periph_ GPIOD, ENABLE);
GPIO_InitStructure.GPIO Pin = P_1 | P_2;
GPIO_InitStructure.GPIO_Mode = GPIO Mode OUT;
GPIO_InitStructure.GPIO_Speed = GPIO Speed 25MHz;
GPIO_InitStructure.GPIO_OType = GPIO OType_ PP;
GPIO_InitStructure.GPIO_PuPd = GPIO_PuPd_NOPULL;
GPIO_Init(GPIOD, &GPIO_InitStructure);
GPIO SetBits(GPIOD, P_2);
GPIO ResetBits(GPIOD, P_1);

}

void set_NVIC_USART()

{

NVIC InitStructure.NVIC IRQChannel = USART2_ IRQn; // we want to
configure the USART2 interrupts

NVIC_InitStructure.NVIC_IRQChannelPreemptionPriority = 0;// this sets the
priority group of the USART2 interrupts

NVIC InitStructure.NVIC_IRQChannelSubPriority = ©; // this sets the
subpriority inside the group
NVIC_InitStructure.NVIC_IRQChannelCmd = ENABLE; // the USART1

interrupts are globally enabled



NVIC Init(&NVIC InitStructure); // the properties
are passed to the NVIC Init function which takes care of the low level stuff

}

void USART2_IRQHandler()

{
if( USART_GetITStatus(USART2, USART_IT RXNE) ){
char x = USART2->DR;
if(x == "a'){usart_sign = 'a';}
else{usart_sign = 'f';}
}
}

/*¥**PID Function***/
float PID_calculate(float setpoint, float kp, float ki, float kd, float
error){

float PID_result;

PID result = action_2+(kp*(error-
error_1))+((ki*@.5)*(error+(2*error_1)+error_2))+

((kd*2)*(error-(2*error_1)+error_2));

error_2 = error_1;error_1 = error;

action_2 = action_1;action_1 = action;

return PID result;
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3V+ 3.2+
No 3V Ganggua | 3.2 Ganggua | 3.4 3.6 3.8 4
n n

0 2.52 2.49 2.48 2.51 2.51 251 2.51 2.52
1 2.55 2.52 2.39 2.5 2.48 2.5 2.47 2.51
2 2.47 2.51 2.5 2.51 2.54 2.53 2.48 2.56
3 2.57 2.51 2.49 2.51 2.52 251 2.45 2.54
4 2.53 2.47 2.49 2.55 2.54 2.53 2.5 2.61
5 %5/ 2.51 2.47 2.53 2.55 2.54 2.52 2.54
6 2.56 2.54 2.51 2.53 2.55 2.56 2.54 2.55
7 2.56 2.53 2.53 2.53 2.57 2.55 2.5 2.56
8 2.57 2.56 2.53 2.56 2.53 2.62 2.54 2.55
9 2.58 2.55 2.55 2.57 2.55 2.56 2.55 2.6
10 2.61 2.55 2.57 2.52 2.66 2.56 2.58 2.61
11 2.62 2.56 2.56 2.59 2.59 2.59 2.57 2.62
12 2.64 2.58 2.6 2.58 2.69 2.59 2.61 2.63
13 2.65 2.57 2.6 2.56 2.64 2.63 2.61 2.65
14 2.63 2.59 2.62 2.64 2.64 2.65 2.63 2.68
15 2.71 2.65 2.62 2.62 2.68 2.66 2.65 2.71
16 2.66 2.58 2.63 2.67 2.68 2.66 2.67 2.71
17 2.7 2.62 2.66 2.65 2.7 2.76 2.7 2.73
18 2.7 2.65 2.68 2.71 2.7 2.74 2.73 2.75
19 2.72 2.65 2.68 2.68 2.73 2.73 2.72 2.8
20 2.75 2.67 2.7 2.73 2.76 2.75 2.77 2.82
21 2.75 2.7 2.75 2.73 2.74 2.77 2.71 2.86
22 2.77 2.71 2.75 2.8 2.78 2.79 2.79 2.86
23 2.79 2.71 2.8 2.76 2.84 2.85 2.84 2.9
24 2.8 2.71 2.8 2.77 2.84 2.85 2.85 2.9
25 2.76 2.72 2.8 2.7 2.88 2.86 2.89 2.95
26 2.83 2.73 2.84 2.8 2.89 2.87 291 2.96
27 2.85 2.79 2.86 2.8 2.9 2.9 2.98 3

28 2.87 2.75 2.89 2.83 2.93 2.92 2.94 3.02
29 2.89 2.77 2.89 2.83 2.93 2.92 2.97 3.06
30 2.92 2.81 2.92 2.85 2.97 3.02 3.02 3.04
31 291 2.78 2.94 2.85 3 2.97 3.15 3.08
32 2.95 2.83 2.97 2.87 3.02 2.99 3.1 3.13
33 2.92 2.81 2.98 2.9 3.02 3.09 3.07 3.19
34 2.98 2.81 3 291 3.05 3.07 3.09 3.16
35 3 2.92 3.02 2.9 3.1 3.05 3.13 3.2
36 2.98 2.87 3.05 2.96 3.11 3.1 i 1) 3.23
37 3.03 2.87 3.04 2.93 3.07 3.11 3.2 3.27




38 3.06 2.87 3.05 2.96 3.11 3.16 3.2 3.22
39 3.06 2.89 3.12 2.94 3.17 3.13 3.21 3.32
40 gt 2.93 3.13 2.97 3.16 3.22 3.24 3.32
41 3.15 2.91 3.15 2.98 3.21 3.23 3.26 3.36
42 3.1 2.92 3.16 2.99 3.22 3.23 3.3 3.37
43 3.1 2.93 3.19 3 3.23 3.25 3.33 3.39
44 3.12 2.93 3.17 3.02 3.31 3.26 3.34 3.42
45 3.12 2.97 s 2N 3.01 3.27 3.29 3.41 3.45
46 3.14 2.97 3.24 3.05 3.29 3.29 3.37 3.45
47 3.13 2.97 3.27 3.05 3.35 3.32 341 3.55
48 3.12 2.98 3.28 3.07 3.31 3.33 3.42 3.52
49 3.12 2.99 3.27 3.04 3.36 3.36 3.45 3.53
50 3.13 2.93 3.29 3.07 3.38 3.36 3.49 3.61
51 3.12 3.01 3.29 3.05 3.39 3.38 3.49 3.63
52 3.16 2.98 3.31 3.08 3.41 3.4 3.51 3.55
53 3.15 3.01 3.33 3.07 3.37 3.43 3.51 3.69
o4 3.1 3.01 3.37 3.05 3.46 3.42 3.54 3.64
55 3.15 3.03 3.33 3.1 3.45 3.46 3.56 3.68
56 3.15 3.02 3.34 3.09 3.47 3.45 3.57 3.7
57 3.15 3.03 3.35 3.11 3.48 3.5 3.6 3.7
58 3.14 3.03 3.35 3.12 3.5 3.51 3.64 3.72
59 3.1 3.02 3.36 3.12 3.5 3.52 3.62 3.75
60 3.17 3.02 3.34 3.17 3.49 3.54 3.69 3.77
61 3.15 2.99 3.35 3.17 3.52 3.54 3.68 3.79
62 3.14 3.02 3.34 3.14 3.52 3.55 3.7 3.8
63 3.13 3.03 3.34 3.1 3.52 3.58 3.71 3.8
64 3.13 3.03 3.32 3.14 3.49 3.58 3.74 3.85
65 3.1 3 3.34 3.15 3.54 3.63 3.74 3.88
66 3.13 3 3.35 3.17 3.52 3.63 3.77 3.86
67 3.13 3 3.34 3.12 3.52 3.63 3.77 3.88
68 3.12 3.01 3.34 3.16 3.92 3.65 3.74 3.89
69 3.11 2.98 3.33 3.11 3.53 3.64 3.79 3.98
70 3.11 3 3.3 3.19 3.46 3.66 3.81 3.9
71 3.12 3 3.3 3.21 3.52 3.67 3.83 3.97
72 3.11 2.98 3.32 3.2 3.53 3.69 3.86 3.96
73 3.09 2.98 3.27 3.19 3.54 3.69 3.79 3.97
74 3.09 2.96 3.3 3.19 3.5 3.71 3.83 4.01
75 3.08 2.96 3.29 3.16 8H 3.63 3.88 3.98
76 3.12 3.01 3.3 3.18 3.591 3.67 3.86 4

77 3.07 2.96 3.29 3.26 3.49 3.68 3.82 4.02
78 3.08 2.94 3.27 3.18 3.49 3.65 3.88 3.97
79 3.06 2.95 3.28 3.14 3.47 3.67 3.86 4.01
80 3.03 2.94 3.26 3.17 3.46 3.64 3.87 4.02




81 3.05 2.92 3.22 3.17 3.43 3.62 3.88 4.02
82 3.03 2.94 3.21 3.17 3.45 3.67 3.87 4.03
83 3.04 2.97 3.24 3.17 3.44 3.69 3.87 4.03
84 3.05 3.01 3.22 3.19 3.43 3.64 3.8 4.03
85 3.01 2.95 3.2 3.16 3.4 3.63 3.8 4.02
86 3.02 2.95 3.19 3.15 3.41 3.61 3.85 4

87 3.01 2.95 3.19 3.09 3.4 3.59 3.8 3.97
88 3.01 2.97 3.17 3.14 3.42 3.66 3.84 4.03
89 3.01 2.96 3.17 3.17 3.39 3.62 3.79 4.01
90 3.01 2.97 3.15 3.15 3.36 3.57 3.85 4

91 3 2.97 3.17 3.16 3.39 3.58 3.73 4

92 3 3.02 3.17 3.15 3.33 3.56 3.79 4

93 2.98 2.96 3.17 3.14 3.35 3.52 3.79 3.95
94 2.99 3 3.16 3.15 3.32 3.54 3.78 3.94
95 2.98 2.98 3.14 3.17 3.26 3.53 3.77 3.95
96 2.99 2.94 3.15 3.16 3.31 3.53 3.77 3.9
97 2.95 2.98 3.16 3.14 3.32 3.53 3.68 3.93
98 2.96 3.01 B3 3.16 3.31 3.53 3.75 3.96
99 2.94 3.01 3.13 3.18 3.39 3.52 3.75 3.93
100 2.97 3.01 3.15 3.18 3.36 3.52 3.74 3.9
101 2.95 3 3.16 3.15 3.3 3.51 3.72 3.91
102 2.98 2.99 3.16 3.13 3.31 3.51 3.72 3.86
103 2.94 3.01 3.15 3.18 3.27 3.53 3.73 3.91
104 2.95 3.01 3.18 3.19 3.31 3.5 3.7 3.89
105 2.94 2.95 3.15 3.16 3.33 3.53 3.71 3.93
106 3 3.01 3.17 3.18 3.29 3.55 3.72 3.89
107 2.96 3.01 3.21 3.16 3.31 3.57 3.65 3.89
108 2.96 3.03 3.19 3.18 3.33 3.55 3.72 3.93
109 2.95 3.02 3.2 3.18 3.33 3.52 3.73 3.89
110 2.97 2.99 3.21 3.15 3.34 3.54 3.72 3.89
111 2.97 3.04 3.24 3.2 3.37 3.54 3.71 3.91
112 2.96 2.98 3.22 3.22 3.36 3.55 3.76 3.93
113 2.98 2.98 3.25 3.21 3.36 3.56 3.73 3.93
114 2.96 3 3.24 3.25 3.38 3.57 3.75 3.93
115 2.97 2.99 3.26 3.2 3.38 3.55 3.72 3.9
116 3.01 3 3.24 3.15 341 3.59 3.74 3.92
117 3 2.98 3.25 3.19 3.4 3.59 3.78 3.95
118 2.99 3.02 3.28 3.18 3.44 3.61 3.78 3.98
119 3.06 2.98 3.27 3.2 3.43 3.6 3.77 3.98
120 3.01 2.97 3.27 3.18 3.44 3.63 3.81 3.97
121 3.01 2.97 3.26 3.19 3.42 3.65 3.78 4.01
122 3.02 2.98 3.27 3.19 3.45 3.62 3.8 4.01
123 3.04 2.99 3.27 3.2 3.47 3.65 3.75 3.96




124 3.02 2.98 3.27 3.18 3.47 3.64 3.81 4.02
125 3.05 2.98 3.26 3.21 3.46 3.63 3.83 4.03
126 3.05 2.99 3.24 3.2 3.49 3.68 3.83 4.04
127 3.06 2.96 3.26 3.18 3.48 3.62 3.82 4.03
128 3.06 2.95 3.24 3.18 3.49 3.64 3.74 4.06
129 3.06 3.01 3.25 3.14 3.49 3.64 3.8 4.05
130 3.06 2.96 3.26 3.16 3.47 3.63 3.83 4.03
131 3.06 2.97 3.23 3.16 3.5 3.65 3.84 3.98
132 3.06 2.94 3.23 3.16 3.48 3.63 3.8 4.04
133 3.06 2.92 3.23 3.18 3.47 3.63 3.84 4.06
134 3.07 2.93 3.19 3.17 3.45 3.6 3.78 4.04
135 3.09 2.94 3.23 3.18 3.46 3.62 3.83 4.04
136 3.04 2.95 3.21 3.16 3.47 3.6 3.85 4.02
137 3.06 2.96 3.18 3.17 3.46 3.67 3.86 4.02
138 3.07 2.96 3.22 3.13 3.45 3.56 3.82 4.02
139 3.07 2.96 3.2 3.18 3.45 3.58 3.83 3.98
140 3.09 2.98 3.17 3.15 3.45 3.58 3.81 3.98
141 3.06 2.96 <A 3.17 3.46 3.57 3.82 3.97
142 3.07 2.96 3.19 3.17 3.45 3.56 3.76 3.97
143 2.98 2.98 3.19 3.19 3.44 3.54 3.83 3.95
144 3.07 2.97 3.14 3.16 3.4 3.57 3.84 3.94
145 3.06 2.94 3.17 3.24 3.42 3.53 3.81 3.94
146 3.08 2.99 3.15 3.17 3.43 3.54 3.82 3.95
147 3.05 2.99 3.17 3.2 3.43 3.51 3.8 3.92
148 3.05 2.99 3.19 3.18 3.42 3.55 3.81 3.92
149 3.06 3 3.14 3.17 3.41 3.53 3.77 3.91
150 3.04 2.99 3.17 3.17 3.39 3.52 3.8 3.92
151 3.04 3.01 3.17 3.15 3.38 3.54 3.74 3.92
152 3.03 3.02 3.16 3.16 3.4 3.54 3.77 3.89
153 3.03 3 3.15 3.17 3.36 3.54 3.77 3.89
154 3.02 2.96 3.18 3.12 3.37 3.55 3.76 3.9
155 3.03 3.03 3.17 3.15 3.36 3.54 3.74 3.82
156 3.02 3.02 3.17 3.2 3.35 3.54 3.75 3.9
157 2.98 3.06 3.17 3.15 3.34 3.57 3.75 3.86
158 3.01 3.03 3.19 3.12 3.34 3.59 3.74 3.88
159 2.95 3.04 3.2 3.16 3.37 3.59 3.7 3.91
160 3 3.01 3.2 3.15 3.3 3.58 3.73 3.89
161 3 2.99 3.21 3.19 3.31 3.57 3.75 3.91
162 3.01 3.06 3.21 3.16 3.32 3.57 3.74 3.9
163 3.02 3.07 3.23 3.18 3.31 3.61 3.73 3.93
164 3 3.03 3.25 3.16 3.34 3.61 3.76 3.94
165 3 3.04 3.25 3.17 3.33 3.61 3.74 2B
166 3 3.02 3.24 3.2 3.34 3.63 3.75 3.94




167 3.01 3.03 3.26 3.18 3.36 3.61 3.76 3.93
168 2.97 3 3.27 3.16 3.37 3.62 3.77 3.95
169 2.96 3.06 3.28 3.15 3.34 3.64 3.77 3.97
170 3 3 3.29 3.16 3.37 3.66 3.78 3.97
171 3 3.01 3.27 3.17 3.36 3.62 3.76 3.99
172 2.99 3.01 3.28 3.16 3.36 3.62 3.8 3.99
173 3.01 2.98 3.26 3.17 3.39 3.64 3.8 4.01
174 3.02 3.03 3.29 3.21 3.39 3.64 3.8 4.02
175 3.01 2.97 3.26 3.19 3.39 3.66 3.83 4.01
176 2.97 2.95 3.28 3.17 3.39 3.66 3.82 4.03
177 3.01 2.93 3.26 3.19 3.4 3.67 3.79 4.05
178 3.01 2.95 3.26 3.19 3.42 3.64 3.82 4.04
179 2.99 2.97 3.25 3.11 3.43 3.6 3.81 4.05
180 3.04 2.94 3.26 3.21 3.45 3.54 3.81 4.01
181 3.04 2.94 3.27 3.17 3.39 3.63 3.8 4.06
182 3.02 291 3.26 3.2 3.44 3.64 3.82 4.03
183 3.01 2.93 3.25 3.2 3.45 3.61 3.82 4.04
184 3.03 2.94 3.25 3.21 3.47 3.63 3.8 4.04
185 3.02 2.96 3.23 3.12 3.46 3.65 3.83 4.03
186 3.02 2.97 3.25 3.19 3.45 3.61 3.83 4.07
187 3.03 2.93 3.22 3.14 3.4 3.62 3.82 4.05
188 3.06 2.92 3.22 3.2 3.46 3.61 3.86 4.01
189 3.04 2.98 3.22 3.16 3.48 3.62 3.82 4.03
190 3.01 2.93 3.22 3.21 3.5 3.61 3.81 4.03
191 3.05 2.96 3.22 3.18 3.49 3.61 3.78 S8
192 3.03 2.95 3.19 3.16 3.45 3.59 3.8 3.99
193 3 2.94 3.21 3.17 3.49 3.6 3.79 3.93
194 3.02 2.95 3.2 3.16 3.48 3.55 3.77 3.97
195 3.02 2.98 3.22 3.17 3.47 3.6 3.74 4.03
196 3.02 2.97 3.18 3.13 3.48 3.56 3.82 3.95
197 3 2.96 3.16 3.14 3.48 3.56 3.76 3.94
198 3.04 2.99 3.17 3.16 3.49 3.59 3.75 3.93
199 3.01 2.95 3.13 3.14 3.47 3.53 3.71 3.92
200 3.01 3 3.16 3.12 3.47 3.57 3.75 3.93




Lampiran 6.
Foto Alat
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