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What will you know?

Intelligent sensors

12C, SPI communication

Custom communication protocol
What is a MEMs system

assignment
Description of SPI communication

Configuration Frameworks for MEMs Systems

Basic circuit - circuit elements for MEMs function according to the

Description of the CAN bus (physical layer, CAN bus frames)
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Definition

* The sensor is
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Inteligentni senzor

* SMART sensors are devices

* They include:
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Block diagram of the smart sensor

Sensing Unit Local User
Interface

T

Signal Analog to Digital Application
Conditioning Conversion Algorithms
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* entrance area:

Parts of intelligent sensors
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e inner part:

Parts of intelligent sensors
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e Output part:

Parts of intelligent sensors
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Advantages of Smart Sensors 1/2

Reduction and compensation of interference influences on the measuring
transmitter and output signal
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Advantages of Smart Sensors 2/2

Data integrity check
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Disadvantages of Smart Sensors

* Price
« Limited use in harsh conditions
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Use of intelligent sensors

* Temperature
* Pressure
Strength

* Flow
Vibration
Acceleration

* etc.
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Inter-circuit communication
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|_|__ 0P
Inter-circuit communication 12C
Master|| Slave || Slave || Slave

* The 12C bus (12C-bus, Inter-IC-bus) is a two-wire
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Inter-circuit communication 12C

T I i
BRI O A A el A G

MASTER SLAVE SLAVE MASTER MASTER
Transaittes/ Receiver ransmitter/ Transnitter Transmitter/
Receiver Receiver Receiver
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Port expander - example

Blokové zapojeni obvodu PCF8574

1P FILTER

T e 13 INTERRUPT

LOGIC
PCF8574
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FILTER CONTROL s P
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READ pulse
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Connection with uP - example
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SPI inter-circuit communication

* SPlis an inter-circuit communication

* The basis of communication is the /CS, SDI, SDO, SPC signals.

* In a three-wire connection,
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lllustrative and real time course of signals on SPI
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MEMs Systems and CAN Bus

Ing. Jaromir Skuta, Ph.D.
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Entering the solved problem "Synchronous acceleration measurement"
Practical use of knowledge
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What is a MEMs system

* MEM s systems - these are mainly motion sensors (accelerometers,
gyroscopes...), but
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MMA 7456

Digital Output (12C/PI)

3mm x Smm x 1mm LGA-14 Package
Self-Test for Z-Axis

Low Voltage Operation: 2.4V =3.6 V

* User Assigned Registers for Offset Calibration

Programmable Threshold Interrupt Output

Level Detection for Motion Recognition (Shock, Vibration, Freefall)

Pulse Detection for Single or Double Pulse Recognition
Sensitivity (64 L5B/g @ 2g and @ 8gin 10-Bit Mode)
Selectable Sensitivity (+2g, +4g, +8g) for 8-bit Mode
Robust Design, High Shocks Survivability (5,000g)
RoHS Compliant

Environmentally Preferred Product

Low Cost
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Block diagram MMA7456
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Princip MMA7456

Acceleration ——»
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Elekrody
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hmaty

Seismicka
hrmata

Elektrody
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Example of configuring MMA7456 registries

$16: Mode Control Register (ReadWrite)

[ C) T T I I I N |
— RPD_| SPBW | STON | GLAI | GLVUG | WODEN | WoDERI | Funcon |
= T o [ e [ o6 | o [ @ | o | oomn]
Table 10. Configuring the g-Selectfor Register $16 with GLVL{1:0] bits

[ LV (o1 I oRonge Sonsitvty I
[ @ I Totseis |
[ o I % I |
[ w [ ) 25 |

SLVL[10]
00:8g s selected for measurement range.
10 4g Is slected for measurement range.
01:29 s selecied for measurement range.
MODE [1:0]

10: Level Detection Moce.
1 Pulse Detection Mode.

sToN
0: Selftests not enabled
1: Selttst s enabied

oRPD
0 Data reacy status is output 0 INTI/DRDY PIN
1 Data ready status s ot utput o INTH/DRDY PIN

‘Table 11. Configuring
WODE (101 Funcion
w Standoy Wose
o Wewsursment ode.
o Level Deecton tode
" Puise Detecton Mode.
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Sensor positions MMA7456

Top View
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ST
= o=
=
=
pervee % s
-1g SE1
0Og $00
+1g $1F
+4g $7F
8g Mode -8g $80
-10 $F1
0g $00
g SOF
s
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Connection with MMA7456
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Description of the single-chip processor

CLRAVP? —= [
RAU/AND/GVREF ~—» L

RAT/AN
RAZANDNVREF- <[]
RAJ/AN3IVAEFs == [
RA4TOCK] =—=
RAS/AN4/SSILVDIN <—=LJ
RED/ANS/RD +— [
RE1/ANGWR/C10UT ~—» [

RE2AN7/CS/C20UT -0

OSC2CLKO/RAB ~—0
RCI/TIOSOTICKI ~— [
RG1/T103I

RC2/CCP1 ~— [
RC3/SCK/SCL =—L]
RDOPSPOCIING <=0
RD1/PSPI/GIIN- «—= [

CEND RGN

10
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13
14
15
16
17
18
19
20

85p48101d
8vp48101d

40
39
38
37
36
35

4
33
32
31

29

8

27
26
25
24
23

NN

g «— RB7/PGD

0 [ <— RD7/PSP7/P1D

[T <— RDE/PSPEPIC

8 [T <—» RD5/PSP5PIB

{1 <—» RD4/PSP4ECCP1/P1A
1 <—= RC7/RX/DT

[ <—» RGEMXCK

[ <—» RC4/SDVSDA

2 1 «—» RDI/PSPI/C2IN-

1 «— RD2/PSP2G2IN+
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Physical layer converter for CAN

TXD [1 8[Rs
Vss|[]2 b= 7[]CANH
Voo[]3 g 6 ]CANL
RXD[ 4 = 5[ ]VRer
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Wiring with PIC 16F258
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SPI communication

* SPlis an inter-circuit communication

12
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Time waveform of signals on SPI
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SPI communication MMA 7456

s F

Figure 11. SP1 Timing Diagram for 8-5it Register Read (4 Wire Mods)
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Figure 12. SP1 Timing Diagram for 8.Bit Register Read (3 Wire Mode)
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Figure 13, 5P Timing Dgramfo -8 Regiter Wrs ( Wie Mode)
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Module requirements - firmware

* Enabling the setting of sensor registers via the CAN bus

* Cyclic reading of data from individual sensors
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CAN bus

* Two-wire serial data bus
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CAN Framing

- Standard Data Frame

Standard Data Frame
Arbitration
Field

ACK

Control Field CRC Field Field

Bus | 8 | rgenrer | F |8 ¢ | orc N

idle | F R |E |2
11 Bit 4 Bit 0 - 8 Bytes
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Configuration Frame for MEMs Systems

Byte BO B1 B2 B3 B4 B5 B6 B7

c1 255 x x x x x x x
Reading from all connected

2  Ibm 128 X x x x x x
reading from only one board

c3 ID_m 1 ms us x X x X
settingtime ints.

4  Ibm 15 Adr Hod X x x x
Writing to sensor registers

5 ID_m 240 Adr x x x x x

Reading from sensor registers
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Link the end job
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Verification measurement procedure - Synchronizing data frames

 Connect individual modules to the network using RJ-45 connection modules
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What did you learn?

e Intelligent sensors

12C, SPI communication

Custom communication protocol
What is a MEMs system

Basic circuit - circuit elements for MEMs function according to the
assignment

Description of SPI communication
Description of the CAN bus (physical layer, CAN bus frames)
Configuration Frameworks for MEMs Systems
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Thank you for your attention
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