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Introduction to Sysblocks

Sysblocks and Flowcode 10 provide a new way of teaching about signal processing for Music
technology, DSP, Communications and Software Defined Radio.

Hardware:

The opportunity of developing a product like Sysblocks is facilitated by the advent of advent of low cost
high speed, high power microcontrollers - in this case a 32bit PICmicro microcontroller. The Sysblock
hardware topology is very simple: Input buffer .....A/D....processor...D/A....output amplifer.

Sysblocks boards also include two E-blocks Il boards so that students can use a wide variety of
expansion boards from Matrix, Grove, Mikroelektronika and others.

Software:

Flowcode 10 software is a graphical programming solution for microcontrollers and PCs. Flowcode
allows those with limited programming experience to develop complex electronic systems using
graphical and conventional C code programming.

Curriculum:

There are three separate curricula for Sysblocks and Flowcode 10:

e Music with microcontrollers
e Systems, signals, DSP, and FFT
¢ Communications and Software Defined Radio

The following information will explain to you how Sysblocks and Flowcode 10 can be used to provide
fantastic learning opportunities in electronics.

Copyright 2023 Matrix TSL
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Hardware: PCB overview

Cr Bhns

T

6

)

@.ﬂ TN TSI

= DC

1. Fast 32 bit PIC processor 16. Input switch SW2

2. PIC18F24K50 control processor that handles  17. E-blocks Il expansion port A
the USB communications, 32 bit PIC

programming, LCD display, encoders and 18.  E-blocks Il expansion port B

input switches 19. USB socket / power in
3 SMA connector Input INO 20. 2.1mm power jack, 5 - 12V
4. AC/DC coupling switch SW4 21. Screw terminal power connector (input or
5. SMA connector Input IN1 output)
6 AC / DC coupling switch SW3 22. 2 xbanks of 8 user programmable LEDs -

for VU meters
7 SMA connector Output OUTO .
23. Grove sensor expansion socket

8 SMA connector Output OUT1

9.  3.5mm jack stereo line in

10. 3.5mm jack stereo line out

11. 4 line monochrome LCD display
12. Rotary encoder input ENCO

13. Rotary encoder input ENC1

14. Input switch SW0

15.  Input switch SW1
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Hardware: block diagram

. L | PIC18F450 . \P
LCD display | | Host device "
uUSB
A
- - ~>—>Line out right
INO———{ D2 PR R2R H
s [ >—»0uTo
IN1T—> ~ 32 bit PICmicro
Line in left—»] 3>Ant microcontroller . My Lifie ontlef
. » R2R |-
Line in right—>{ fn : .>>_>ou'r1

"

VU LEDs, User
LEDs, switches
and encoders

Ii

E-blocks
ports

Sysblocks has four analogue inputs, two analogue outputs and support circuitry.

At the heart of the system is a very powerful 32 bit Micro chip PICmicro microcontroller running at 200MHz. This is
capable of standard microcontroller type functions and also is capable of Digital Signal Processing the incoming
audio signals. The 32 bit processor has a Coremark of 652 (around 330 Drystone MIPS) which is more than fast
enough for the signal processing tasks involved for learning about Music technology, Digital Signal Processing
and Modern communications theory.

The 32 bit PICmicro microcontroller is programmed by a host device which is a standard 18 series PICmicro
microcontroller. This host device takes care of non-core tasks like USB communications, LCD display, encoder
and switch inputs. This architecture keeps the main 32bit device free for signal processing.

Two E-blocks ports are made available for expansion. E-block boards for Wifi, keypad, Bluetooth, CAN, Zigbee
and many other functions are available. This gives huge flexibility to the Sysblocks system as a wide range of
projects can be built around it. A Grove connector is also available which allows users to access the wide range of
Grove accessories.

The analogue input signals are buffered and level shifted to half of the supply voltage — 1.65V — and then fed to
the internal A to D converters of the main 32 bit PICmicro microcontroller. A digital potentiometer allows the level
of the input signals to be adjusted in software.

The microcontroller processes the digital signals and feeds the results to 2 x external R2R ladder DACs which are
buffered by operational amplifier circuits. Line out left and right include a digital potentiometer that allows the
output level to be adjusted in software.

The board is fitted with a number of switches and encoders for control purposes. The board also has a miniature
monochrome graphical display and a number of programmable LEDs including 2 x 8 LED VU meter LEDs.

The board is powered from 3.3V from USB or from a plug top power supply.

Vin max 2.2V pk to pk
Vout max 2.2V pk to pk

Copyright 2023 Matrix TSL
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Hardware: Sysblocks products

Sysblocks experimentation panel :{ﬁ;’“ ildra/X  BL8386 is our standard Sysblocks
% experimentation panel. It consists of a single
Sysblocks board on a plastic panel with power
Srmms o supply and USB lead and is shipped in a
' standard tray for storage. The Sysblocks board
e is protected with a clear acrylic cover to make it
e s = % 2 more rugged in the lab.

VUAS RS VUBS  RES ‘pacap RHO  DAOBO  RUO
VUAS RDS  VUBO RES

DACA1 RH1 DACB1 RJ1
YUAY ROT: MOB7REL DACA2  RH2 DACB2 RJ2

Dok e okm he gen e Students use conventional oscilloscopes and

E2BA0 RG® E28B0 RC2 DACA4 RH4  DACB4 RM yion poon

s
VU-BO LINEL RB2

LeD dsplay o govcs 4"
USB

o ) Lme outright ~ E2BA1 RES E28Bf RC3 DACAS RH5 DACBS RIS o on pois .
o t | t th Its of
= 2 piomers P G R0 s fon aw mP DA A7 spectrum analysers 10 examine the results o
Line inleft———s[>2| Microeontoler Line out eft E2BA¢ RB9 E2BB4 RF5 DACAS RH8 DACBS RJS  SCL  RA2
o2, PRI RIR . . . .
R U e o e e oaNw o oo mi signal processing in a music and DSP context.

E2BA7 RE® E2BB7 RF8 DACA!l RHI1 DACBI1 RJIT
EZBAD RB12 E2BAD RKS DACAT2 RHI2 DACBI2 RII2
E2BAC RB13 E2BAC RKS DACA13 RHI3 DACBIZ RJI3
E2BAM RKO E2BBM RC1 DACAT4 RHi4 DACBI4 R4

DACA15 RH1S DACBIS RJ15

E-blocks
ports

Sysblocks communication panel ;E&** ldriIX BL9296 is our Sysblocks Communications

’ panel. This includes 3 x Sysblocks boards and
a signal mixer board on a plastic panel. This
configuration allows students to experiment
with lots of different types of communications
and examine their characteristics.

T
SYSILOCRS
{1}

The first Sysblocsk board is used to modulate
and / or encode a signal into a digital format.
The second Sysblocks board is used to

‘ , , generate noise. The encoded/modulated signal
T 75 4P oD e and noise are mixed together in the mixer

' board and fed into the third Sysblocks board.
Where the signal is then demodulated/decoded
and fed to the outputs. Separate programs are
used in each Sysblock. This configuration
allows students to experiment with multiple
modulating/demodulating and encoding/
deconding systems and examine their noise
characteristics.

The Sysbocks Communications panel is
supplied with a set of 6 micro BNC leads, USB
lead and power supply in a standard tray.
Sysblocks boards are protected with a clear
acrylic covers.

Students use conventional oscilloscopes and
spectrum analysers to examine the signals in
the system.

Copyright 2023 Matrix TSL



Software: Flowcode
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;. B¢ Flowcode - CP_SigGen.fcf [=IEY
File Edil View Command lcons Components Libraries User Macros Debug Build Window Help » 0 Style
C (] Show Unexecute| DSP_Pane X
® OB & ® /7 Y i
Run P P Step Step Step Simulate T Clear All Show Code Reset Code
v Intov Over Out CCode Bre t Breakpoints  Profiing  Profiling
Ghost Erecute Code profiling B
Project Explorer v % X Man ISRDSP X v 8
8 B0 () COE3/E ¢ CoE—
) 2D Panel N rtes 4@ postion [ i
& CommandBuffer Data Recorder inent
= [l Iz_‘FiotU ® Pahost | & L ) idle ] Control_Panel
B DecrementWiper Simulation sroperties (DSP_Panel)
IncrementWiper & [ 3v3mode gro... [ [ OXFSFSFS-...
AE Incaise waid  No -
AW ReadAddress | nes Yes
SetWiper )sze 10
?% WrieAddress %
@[l DPot1
++- [l DPot2 bde - Timing is not acct
&~ [l Encoder0
@[l Encodert
- [ uART1
@[l UART_TX_BUFFER
"] DSP_Panel [sin ]
DSP_LINE_1 Edge event ov
DSP_LINE_17 R J
DSP_LINE_18
DS INETS ‘Source channel
DSP_LINE 2 : |
DSP_LINE_20
_LINE_. - A
Wr. O
- CH2 1.0 V/dv 1.0 V/dwv - CH4 1.0 V/dv
Wri e buffer value...
Welcome to Flowcode - for Help, press F1 Registered to: DavidA (DAVIDA) Current zoom = 100% CAP NUM SCRL 3
=] Dsp nputs
Flowcode 10 Electronic system design software includes Data flow / ) Input ADC
. . . . . (= Input CSY
DSP components which you can see on the right. This programming s
 Input Digital

paradigm allows students to build a wide variety of signal processing
systems using conventional graphics that are used in text books and
papers to describe the behaviour of signal processing systems.

To build a system students simply select the DSP / Data flow operator
they want from the component library and drag it onto the panel. They
then select the component’s properties and connect the relevant inputs
to the outputs of other icons to create a functioning system. They then
connect inputs and outputs to the real world — A/D and D/A. Students
can combine these data flow programs with flow charts, C code,
pseudocode and state machine diagrams to produce highly functional
electronic systems based on microcontrollers and Windows computers.

Once the system is constructed students can use the internal simulation
engine to see the results of the program using the internal logic

analyser and oscilloscope tools.

Once they are happy with their program they can compile it to the
powerful Sysblock 32 bit PIC in just a few seconds. They can then use B
conventional oscilloscopes, spectrum analysers and other instruments §

~(n} Input Digital Pin
- (oo Waveform Generator
%= DSP Outputs
Level
Output C5V
~AAn} Qutput DAC

! Output Digital
4.} Output Digital Pin
AL} Qutput PWM

' Qutput Port
'EE DSP Operators
+]- Adder
%] Averager
[ Deinterlace

| Delay

3] U L‘.

Fast Fourier Transform (FFT)
Fifter

[t=]

Interlace

&K} Kalman Fitter

to see their program working. - ian

- 4de} Median
The images that follow demonstrate the kind of systems that can be &} Muttiplex
developed with Flowcode 10. et Offset

FLOWCODE -

Electronic system design software

c On/Off Contral
- PID Contral
Rectifier

-+l Scale

~-[f} Simulated Control Load

Copyright 2023 Matrix TSL
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Curriculum: Music with microcontrollers course

Page 8

At T TAIX

Sysblocks BLEs33

Sysblocks experimentation panel

Digital pot
Channel 0 Line in right gain
Channel 1  Line in left gain
eu Channel 2 In1gain
I Channel 3 In 0 gain
Channel 4  Line oul right gain
Channel 5  Line out left gain

Power=8VDC

PIC32 connections

Ay TS T -
S VU-A0 RDO VU-BO REC LINE-L RB2 LEDO RD13
VU-A1 RD1 VU-B1 RE1 LINE-R RB8 LED1 RK7
VU-A2 RDZ VU-B2 RE2 N0 RBE LED2  RAG
VU-A3 RD2 VvU-B2 RE3 IN1 RB4 SWo RK&
VU-A4 RD4 VU-B4 RE4 swi RC13
xﬁ':‘g :Sg \\:::: ;E: DACAD RHO DACBO RJO i AT
LCD display f+—] f"gi;jiﬁ b ‘P VU-A7 RD7  VU-B7 RET gﬁg:; ::; gig:; gj;
e DACA3 RH3  DACB3 RS ycio poo
I E2BA0 RG8 E2BB0 RC2 DACA4 RH4 DACB4 RJ4 ENC2A RG12
o - [>slincoutrign ~ E28A1 RES E2BB1 RC3 DACAS RH5 DACBS RIS ucon oo
INo———[ > R2R i E28A2 RBI1 [E2BB2 RD9 DACAB RH6  DACBE RJE
e e E2BA3 RBI0 E2BB3 RDI1 DACA7 RH7  DACB7T RJ7
oy [y Microcongoler Line outleh E28A4 RBS E2BB4 RF5 DACAB RH8 DACBB RJ  SCL  RA2
Line n ignt—e3>—2 i“—ﬂ{:::nm E28A5 RF13 E2BB5 RDID DACAS RHO DACBO RJE  SDA RA3
i E2BA6 RAO E2BB6 RF2 DACAI0 RHIO DACBIO RJ10
ﬁl E28A7 RE9D E2BB7 RF8 DACA1l RHI1 DACBI RJII
+ E2BAD RB12 E2BAD RK5 DACA12 RHI12 DACB12 RJ12
Eblocks VU LEDs, User E2BAC RB13 E2BAC RK4 DACA13 RH13 DACB13 RJ13
poris Lgaﬁéfr;ﬁ"‘; E2BAM RKO E2BBM RC1 DACA14 RH14 DACB14 RJ14
DACA15 RH15S DACBIS RJ1S
Description

Sysblocks

Music with microcontrollers

 marax

CP1210

The Music Technology pack uses a single Sysblock and Flowcode Embedded to allow students to
quickly construct a wide variety of digital music applications and understand the principles of digital
music manipulation and effects. Students will gain an appreciation of D/A conversion and A/D
conversion and Digital Signal Processing Techniques that allow music to be sampled, delayed,
manipulated and produces in the digital domain. Students make use of signal generators, microphones
and speakers/headphones to create and understand a variety of applications in Music Technology. The
pack is suitable for students 16+ with an interest in embedded programming and Music.

Learning objectives

» Analogue to Digital Conversion

o Digital to Analogue conversion

e Simple Digital Signal Processing

e Nyquist

e Audio effects including echo, reverb, distortion
o Mixers

e Sampling and music creation

e Delays and stadium balancing

EQ and filters

Copyright 2023 Matrix TSL
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Example: Nyquist
Simply connecting the input to the output /—\

Page 9

allows students to study sampling techniques | _ - =
in digital audio systems. Varying the sample M
rate allows students to understand the Nyquist

criteria. Shown here are the simple data flow

program and oscillograms for Nyquist compatible

and incompatible sample
rates.

Example: Audio mixer

Students can understand how digital audio
signals are constructed and manipulated. In _____

this case a mixer program allows students N
to mix together different frequencies and

waveforms to create musical chords and

study their shape on an oscilloscope and

their spectral plot. Shown here are the

waveforms for note A and chord A with

spectral plot.

Copyright 2023 Matrix TSL
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Curriculum: Systems, signals, DSP, FFT

Sysblocks experimentation panel *>$it> inldralX

Sysblocks BLEs33

Digital pot
Channel 0 Line in right gain
Channel 1  Line in left gain
B Channel 2 In 1 gain
I Channel 3 In 0 gain
Channel 4  Line oul right gain DSP
Channel 5  Line out left gain

Sysblocks

Power=8VDC

2 C

:
VU-AD RDO VU-BO LINE-L RB2 LEDO RD13
VU-A1 RD1 VU-B1 RE1 LINE-R RB8 LED1 RK7
VU-A2 RD2 Vu-B2 RE2 INO RBE LED2 RAE
VU-A3 RD3 VU-B2 RE3 IN1 RB4 SWO RK6&
VU-A4 RD4 VU-B4 RE4 swi1 RC13
VU-AS RDS VU-BS RES sw2

DACAD RHO DACBO RJO
VU-A6  RDE VU-B6 REE

& DACA1 RHi  DACBI RJI
LCD display —s] f"gi;gi:@: b ‘P VU-AT  RDT  VU-B7T  RET  pacan  pyz pacB2  RJ2
use cks A DACA3 RH3  DACB3 RS ycis Rot
I E28A0 RG9 E2BBO RC2 DACAY RH4  DACB4 RM i poos
" - [P>-siineoutrign ~ E28A1 REG E2BBI RC3 DACAS RH5 DACBS RIS uCn pois
INo———>*2 R2R oute E28A2 RBI1 E2BBZ RDS DACAB RH6  DACBE RJE
INT “al 32 bit PICmicro E2BA3 RB10 E2BB3 RDI1 DACA7 RH7 DACB? R INEECEEN

ST s | microcontroller A.IE::““W”&“ E28A4 RBS E2BB4 RF5 DACAB RH8 DACBS RJ  SCL  RAZ
—— = roury
R2R

E2BA5 RF13 E2BB5 RD10 DACAS RH9 DACBS RJ8 SDA RA3

a
Line in ignt—s{>—22 QUL E28A6 RAO E2BB6 RF2 DACA10 RHI0 DACBIO RJ10 7/ 17./24
l—r \—‘ E28A7 RES E2BB7 RFS DACATl RHI1 DACBI1 RJ cP23%8
E2BAD RB1Z [E2BAD RKS DACA1Z RHIZ DACB12 RJ12
R VU LEDs, Uses EZBAC RB13 E2BAC RKé DACA13 RH13 DACBI3 RJ13
ports LEDS: suhche EZBAM RKO E2BBM RC1 DACA14 RH14 DACBI4 RI14
and encoders

DACA15 RHIS DACB15 RJ15

Description

The Systems, signals, DSP and FFT pack introduces students to a number concepts in digital systems
including A/D and D/A conversion, Nyquist, Digital Signal Processing, signal manipulation, Fourier
analysis of signals and the FFT algorithm, and Digital Filters. Students perform a range of experiments
that teach them about the details of signal manipulation using a single Sysblock, pre- written programs
created in Flowcode embedded, a signal generator, an oscilloscope and a spectrum analyser. Students
download the programs and carry out a number of experiments that teach them about the parameters
and techniques of Signal processing. There is also plenty of chance for creative programming using
Flowcode embedded for the advanced students who will find that the Sysblocks and Flowcode
combination provide the perfect platform for the rapid creation of signal manipulation systems.”

Learning objectives

» Analogue to Digital Conversion

e Digital to Analogue conversion

o Nyquist

» Digital Signal Processing techniques
e Digital Signal manipulation

o Convolution and level detection

o Fourier analysis

e FFT systems

» Digital filters

Copyright 2023 Matrix TSL



Example: Theory of Fourier

This example shows how harmonics can be
added to create a square wave. Images
show the data flow diagram, a composite
oscillogram with different numbers of
harmonics and a typical spectral plot.

10000
00

I kHz

Example: Digital filters

Students can construct a wide range of
different types of digital filter - including
FIR and IIR types - and study their
performance. The images show the
simple data flow program, and
oscillograms and spectral plots of signals
before and after filtering.

A

0sP_wave1

()
\/

s DsP_scale2

[$)
Vi

P Taie 05p_scale3

§

05p_waves

5

_Waves

(D
Vi

DsP_wave?

§

o)

0sP_Waves DsP_scale7

7

Ds_addert

DsP_waved

DSP_Math1

Page 11

se_portouts

DSP_Wavel DSP_Adder1

-100.0

N kHz
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Curriculum: Communications and digital radio techniques

Sysblocks

Sysblocks communication panel o glfe mldradiX

Sysblocks
Communications 1
v \j'_'x \
N

V. AATAIX T5L 1 i Sipstics " amarax st |

Description

Once students have been through the Systems, signals, DSP and FFT pack they can move onto the
Communications and digital radio techniques course. This course allows students to construct and
experiment on a wide range of systems based on Sysblocks. Students use a panel with three
Sysblocks on to create a sequence of communications modulators and encoders, add noise, and then
demodulate / decode the resulting signals. In doing so students understand the parameters of
communications systems including Phase Locked Loop performance, signal to noise ratios, bit error
rates and the principles of software defined radio. The communications systems students investigate
include PLLs, AM, FM, OOK, ASK, FSK, BPSK, QAM, QPSK and DSSS. Students can also examine
spread spectrum systems and correlation. Students work with pre-written programs for Sysblocks.
There is also plenty of chance for creative programming using Flowcode for the advanced students who
will find that the Sysblocks panel and Flowcode combination provide the perfect platform for
experimentation with digital comms. The hardware platform includes 3 x Sysblocks panels (encode/
modulate, decode/demodulate, and noise generator) and a mixer board.

Learning objectives

AM and FM

Digital communications systems

Modulation / Demodulation

Encoders / Decoders

Phase Locked Loops

PRBS and Bit Error Rates

AM, FM, OOK, ASK, FSK, BPSK, QAM, QPSK and DSSS

Digital Radio Techniques Eye diagrams can be produced for
Spread spectrum techniques OOK, ASK, FSK and BPSK.

Copyright 2023 Matrix TSL
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Arbitrary.. Sine

Start Frequency «[1kHz >

Amplitude v 4

Offset «Jov
O

Sweep Mode

-

Example: AM transmitter receiver

The equipment allows students to set up AM
and FM systems that show some of the
principles of digital radio technology. Here you
can see the AM transmitter and receiver
Flowcode data flow programs, an oscillogram of
a 1kHz modulated wave and the associated
spectral plot.

D5P_Scalein

Example: 8-PSK detector

With the equipment it is possible to set up various kinds of
modulator encoder - demodulator -decoder systems: in this

case 8PSK. The first image here shows the Data Flow program
in Flowcode. Accompanying code sets up data packets. Also 4

shown here are
the land Q
outputs, the
constellation
plot, and the Bit
Error Rate
counter
program.

SYSBLOCKS DIGITAL COMMUNICATIONS

Carrier Baud Preamble Group Meodulation
Frequency Rate Length Length Scheme

100kHz + 150 | |2

Test data to transmit.
]

546573742064 61746120746F 20747261

— 6E 736D 69 74 2E1617 1819 1A 1B 1C 1D 1E 1F
j 202122 23 24 25 26 27 28 29 2A 2B 2C 2D 2E 2F

54657374206461746120746F20747261 Rx Length: 16
6E736D69742E161718191A1B1CIDIELIF  Errors: 0
202122232425262728292A2B2C2D2E2F BER:0.0%

Copyright 2023 Matrix TSL
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Your first Sysblocks program

Page 14

1 Create a new project

Choose a target for a new project. You can find the SysBlocks by the path 32- T

bit PIC->Misc->SysBlocks.

Chip
.
& PIC3ZMM E)
PIC32MX
PIC32MZ
4 Misc
ChipKIT uC32 Bootloader
ChipKIT uC32 PICKIT
ChipKIT Uno32 Bootloader
ChipKIT Une32 PICKIT
ChipKIT WF32 Bootloader
ChipKIT WF32 PICKIT
ChipKIT Wi-FIRE Bootloader
PIC32 StarteriGt 32MX360F512L
PIC32 Startertit 32Mx7I5F512L
Sysblocks

2 Add the Sysblocks control panel to the 2D panel
One of the potential difficulties with the Sysblocks architecture is that there are two processors on the
board that handle different tasks. Flowcode takes care of this through a hardware component that
allows access to the switches, display, and encoders. A single component allows easy access to all of

them for the user.

. s

@ Show Components 2D and 3D

View Command lcons

® ) Hide unlicensed components

Appearance

v ow BOX

@ B0 {X} LI E
@ Command Icons

= Fj Flowchart

(17 nput
&

Project Explarer 2

i

O/ Qutput
_Lﬁ[rl Delay
<{p Dedision

A

</m Switch

o 3

t\A_; Declare Connection Point

{T' Goto Connection Point

-
|_'_| Loop

H User Macro
-

£ Buit-in Function

Component Macro

{INT} Interrupt
[=] Calculation
[€] € Code
{ Comment
= -lj_|‘_‘| State Diagram
[ State
() Extt State
—L. Straight Transition
"¢, Curved Transtion
[i=t] Comment

From Component Libraries-
>Hardware->E2Blocks-
>SysBlocks.

Companents Libraries

Q| % (40

Search Favourites Inputs Outputs Displays Sensors Storage

User Macros Debug

Window Help

=1

Math

0
m e

a7

o % h &

DSP  Comms Hardware AP System Runtime Creation User

Drag to 2D0/3D pa

20 Panel

END )
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' Sysélocks

[X
E62 E-blocks 2 =

. Actuators (8L0127) [20]
. Bluetooth (8LO170) [20]
A\ CAN_Bus_BLO140 [20]
’g Colour GLCD (BLO157) [20]
I combo (BLO114) [20]

-EB2 £ block 2 Helper [2D]

-4 6LCD Monochrome (BLO139)
%, GsM (BL0131) [2D]
&5 10 Expander (BLO155) [3D]

- EEH kevpad (BL0138) [20]
B oo (eLo169) [20)
" |ED (BLO167) [20)
Q. Micro 5D Card (BLO154) [20]
% RFID (8L0197) [20]
499 Relsy (BLO183) [2D]
<" Servo Motor (BLO162) [3D]
B switch (BLO145) [20]

-« WIFI (BLO136) [3D)
N, Zighee (BL0152) [2D]

EB2 E-blocks 2 Sensors

Gy Accel / Gyro 6-Axis (Grove 10!
@ Barometer (BMP280 / Grove 1

BB rainie Canenr (eaus TATAIN T
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Your first Sysblocks program

3 Develop your program
Use a component macro to initialise the Sysblocks component. Create a loop - while 1 - and Use
Sysblocks LED component macro, and a couple of 100ms delays, to flash LED 1 on and off.

B s Flowcade - Flash.fcix * - o x
Edit  View  Commandicons  Componentslibraries  UserMacros — Debug  Build  Window  Help ~ @ stye -
[~ T010] 5 * ® = ‘
@ ==? 3T g [ Vd
Froject  Compiler  Compile Compile Compile Export View C Compiler  Customize...
Options... Options.. 10 C.. to HEX.. to Target.. stand-alone € Code Messages
Settings Compile Information  User-defined tools
Project Explorer wiscsssissiniss w & X Maln % 4
) O
{wo) EID X
@ 2D Panel
;..ESVSHDE;(H @ e eeeeerTEeTETEEEETETETETETETTETEETTTTT
% Initialise

ComponentMacro

ﬁ LCDClear
SysBlocks1:Initialise)

~ ﬁ: LCDWriteString
A ReadEncoderCounter
- ﬁ ReadSwitch
ﬁj ReadSwitches
-2 ResetEncoderCounter il
ﬁg SetDigitalPotWiper Component Macro
ﬁ UshGetByte 7 E SysBlocksT:WriteLED(D. 1)
%

-2 UsbGetNumbarBytes

& UsbLookForvalue
20 UsbSendString
P )]
ﬁ WriteLEDs
- ﬁ wiriteVu

Component Macro

; SysBlocks1:WiiteLED(0. 0)
4

& WriteVUBargraph
[T 20 System Panel B 100ms

WriteLED{Channel<number>, Valu... —
END |

Writes to one of the LEDs as a...

Registered to: JohnD (Johnb] Current zoom = 100% CAP NUM SCRL

Weicome ta Flowcode - for Help, press F1

4 Simulate your program
Select DEBUG...RUN to simulate the program

Edit View Command lcons Components Libraries User Macros Debug Build Window Help
@ @ @ C % / W ] Show Unexecuted
sIM L] show Value
Pause Stop Step Step Step Simulate Toggle Clear All Show Code Reset Code
Into - Ower Out CCode Breakpoint Breakpoints Profiling Profiling
Execute Code profiling

5 Program the Sysblocks board
Select BUILD...COMPILE TO TARGET to send your program to the Sysblocks board.

I

m Edit View Command lcons Components Libraries User Macros Debug Build Window Help
I t ® = 3
@ EQ? 016 g= Lﬂ C_ == 7/
Project  Compiler  Compile Compile Compile Export View C Compiler Customize...
Options... Options... to ... toHEX. toTarget. stand-aloneC Code Messages
Settings Compile Information User-defined tools

Congratulations! You have built your first Sysblocks program. LED 0 should be flashing at 1 second
intervals.
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Your first Sysblocks program

6 Create a Data flow program
For a Data flow program you need to add at least one Input ADC and one Output Port from the
Components Libraries. You can find the Input ADC and Output Port in the DSP section of Flowcode
which is under the Components Libraries. You need to drag them to the 2D Panel.

m Edit View Command lcons Componants Libraries User Macros Debug Build Window Help
@ Show Components 2D and 3D - O\ =1 |— i f( —IE 1 M2 & A [_]
* &+ 78 | ( ; o -
{ ] Hide unlicensed companents L | - ( | 'El ’}7 | 0 * b ]
Search Favourites  Inputs Outputs Displays Sensors Storage Math  DSP Comms Hardware APl System Runtime Creation User
Appearance ] [
P <t Expl RO AR w 0 X =
roject Explorer X _m ‘ L DSP Inputs| =
mE = pore. It { } - ‘ A Input ADC [20]
i leons \I/Q/ Ports || Panels 1E B
el e | Xy L1 By [ = Input CSV [2D]
[IT':] Command Icons ‘ n} Input Digital Pin [2D]
T 5
=2-10 T‘o_--‘.‘cr'ar‘-‘ [ | ; - Input Digital [20] T X
1/ Inpu «» Waveform Generator [20]
O Output "= DSP Outputs
[D) Deby ‘ w) Level [2D]
<> Decision e=) Qutput CSV [20]
{ m Switch &) Output DAC [2D]
{A:} Declre Connection Point <{n} Qutput Digital Pin [2D]
A Goto Connection Point Qutput Digital [2D]
[ ] Loop ) Qutput PWM [2D]
L User Macro Output Port [2D]
1§ Component Macr o
L::_ Component Macro = DSP Operators
§ I Buiit-in Function 1+ Adder [2D]
) Interrupt 1% | Averager [2D] 2
[=] cakulation

Properties

|CD mponent: DSP_PortOut1

- PR
/' Properties #[_|» Position | H
=

|J:JJ"] Component
ose_adoinl /7 Handle DSP_PortOutl
Type Output Port
[T Properties
[=| Refl:LinkTo
After dragging them to the 2D Panel, you need to é Autoseate =
connect the components DSP_PortOut and B2 port Selection
DSP_Adcln together by setting up the properties of =] portType Complete Port
DSP_PortOut. The properties would be shown in the M rortComplete Unconnected
right if you click the component DSP_PortOut in 2D Z porsrs 18

Panel. Click the triangle of the Ref1::LinkTo to
connect the component DSP_PortOut to the component DSP_Adcln. If they are connected, you will
see a line between them.

Select Autoscale for DSP_PortOut to YES. The sampling is 12 bit but the output is 16 bit and Autosclale
takes care of that.

Of course this is a very simple program - we take an input, sample it at 3kHz to create a digital data
stream, we pass that to an output DAC and recreate the signal. Its not a very useful program, but it gets
the system up and running and you can then add other data processing icons to develop a more
complex system.
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7 Connect the input port

You need to set up
the input in the
hardware of the
Sysblocks board by
right clicking the
DSP_AdcIn in 2D
and selecting
Properties. Under
CONNECTIONS ...
CHANNEL select
the input port you
want. We have
selected ANO which
is the Micro BNC
INO.

8 Connect the output port

And

RB6 /1140 L1

RF13/E26_45 OF

Properties
—

Page 17

|Cumuuneﬂt: DSP_AdcInl

/' Properties {@» Pasition mMacms

g corponert

: _9’ Handle
Type
@ Properties
z Buffer Size
Buffer Type
= Cnnnectluns
A Channel
El Settings
Z s oepth
VRef option
Conversion speed
z Acquisition cycles
@ Remap Values
=[] saing

$ Auto Adjus...

o Simulation Slider
$ Show Slider
f z Major Tick ...
R Minor Tick ...

s Label Format

DSP_AdcInl
Input ADC

9

signed int

An 0

12
VDD
Default
40

No

You need to set up the mapped Port in the hardware of the Sysblocks by click the PortSelection in the
properties of DSP_PortOut. The two output ports of the Sysblocks board could be Port J (OUTO0) and
Port H (OUT1) , which you can check with the User Drawing at the Appendix of this document. Just

choose one mapped port for the Output. Also, you need to set the AutoScale as Yes in the Properties
of DSP_PortOut to make sure the output data does not overflow.

Froperties

Unconnected

[Compenent: DSP_PortOutl

| - PORTA

/' Praperties t@b%siﬂon [ﬁEMacros

}9 Handle
("] properties
i Refl::LinkTo
$ AutoScale
B2 port Selection
E PortType
- poscargs
z PortBits

DSP_PortOutl
Qutput Port

DSP_AdcInd : Qut
o

Complete Port
Unconnected
16

RES | VU_BS
REE | VU_BS
RE7 | VU_B7

RC1/ E2B_BM
RIS/ DACL 8
R19/ DACLS

RM2/ DACL 12

R0/ DACL_10

o f co oo
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9 Setting up the interrupt

Add an Interrupt icon to the start of your program. Double click to set

the properties. Select Timer 1 to call a new macro: Data-flow.

Click on CREATE NEW MACRO to create the new Data-flow macro.

*
Properties: Interrupt

Display name:
Intemupt

() Enable intemupt
i) Disable intermupt

Intemupt on:
Timer 1 - ‘

Properties... !

Will call macro:
Data Fow

P'" |
[

- ‘ Create New Macro... |

0K & Edit Macro \ | ok

| ‘ Cancel |

Set the Properties of the interrupt so that the interrupt frequency

is 3051Hz.

This is now the ‘Tick’ frequency for your Data flow program.

10 Your Data flow program

Add the AddSample and WritePort to the Data_flow macro.
Every time there is an interrupt these routines in the Data flow

!

ComponentMacro
SysBlocks1:Write

Interrupt properties

Intemupt Name:
Clock Source Select
Prescaler Rate

Rollover Value

[ Timer 1
Internal peripheral dock
153

55536

Timer Intermupt Parameters

Clock Speed: 200000000 Hz

Intemupt Frequency: 3051.758 Hz

@ |
D’

OK | ! Cancel

program will be executed. You can now send the program to the board as in step 5.

Note that you still have your Main flow chart program executing: so LEDO is flashing at regular intervals

at the same time as the Data Flow program is running.

Project Explorer

FEPEES ot ow X -m ADC_sampling X
Eﬂlm leons l'\l'_'l—o.; Ports F—ij—f'}ﬂ”m {X} [ﬂ j;_i
(7] 2D Panel
- [ll] DSP_Adeln BEGIND
.'-.ELT:" AddSample
"it *

2 AddSampleArray
5[] DsP_Portout
;2 WritePort

("] 20 System Panel
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Your first Sysblocks program

11 Evaluating the first program

For this section you . . —
will need a signal Sysblock experimentation panel ""{H"" mAairIX

source and a two
channel oscilloscope
like a Picoscope.

Channel 0 Line in right gain
Channel 1 Line in left gain
Channel 2 In 1 gain
Channel 3 In 0 gain

Channel 4  Line out right gain
Line out left gain

Power= 6VDC

The Pico scope has a - B, = b

waveform generator & marm 7 CILTD | Mo = =
(o] @ a “’:ﬁ%‘" RE1 IN.R  RBB LED1  RK7

that you can use as a ' s o rez oo e oz e

NSl DAC A output DAC B output [
RES "pacA0 RHO DACBO RJo SW2  RA7
RES  pacat RH1  DacB1 Ry SWe  RCM

RE7
DACA2  RH2 DACB2 RJ2
E-blocks B DACA3  RH3 DACB3 RJ3

signal source. You
will need a splitter so

ENC1A RGO

. E2BB0 RC2 DACA4 RH4 DACB4 RJ4
that you can feed this
E2BB2 RD9 DACA6 RH6 DACB6 RJ6 ENC2B RG13

E2BB3 RD11 DACA7 RH7 DACB7 RJ7

into channel A of the
scope and INO on the
Sysblocks board. Set
switch SW4 to AC
coupling.

E2BB4 RF5 DACA8 RH8  DACBS RJ8
E2BB5 RD10 DACA9 RH9 DACBY RJ9  SCL  RA2
E2BB6 RF2 DACA10 RH10 DACB10 RJ0  SDA  RA3
E2BB7 RF8 DACA11  RH11 DACB11  RJ11
E2BAD RB12 DACA12 RH12 DACB12 RJ12
E2BAC RB13 DACA13 RH13 DACB13 RJ13
E2BBM RC1 DACA14 RH14 DACBI4 RJ14

DACA15 RH15 DACB15 RJ15

You can connect
OUTO to channel B of
the oscilloscope.

Set the waveform generator to produce a sinewave at a frequency of 100Hz. Your Data flow program
will sample this at 3kHz and will send the sampled waveform to the output. You should see this on your
oscilloscope:

“g PicoScope b - O X

File Edit Views Measurements Jools Help

i'_'m”n dn| _|-} @}|[<|10msfdiv -r|b|||<|15ks |D]H|1| 320f32 b @H 4w |b|i-l§i@pu,kgt-‘

ALl ¢ Ao v|v]oc v ||l ]ame v | »]oc ~ ‘Ny| =
5.0 5.0
v

LE £ LA S f i } Y R O 5 e | 1.0

00 00
Signal Generator x

=10 = Signal On -1.0

-2.0 | Arbitrary... ‘ Sine - 20

, - € 3 .
-3.0 =
Amplitude |4 1v »|

40 40
Offset [4]ov b
-5 = @50
0.0 10.0 20.0 30.0 40.0 siiSiveep Mo O Active by g 100.0
ms
Stopped B | m :| Trigger | Nene - ‘ | | 1 k | 1 d 4 » ‘ Measurements [5d

What you can see here is that the Sysblocks board has sampled the input (blue) and reflected it on the
output (red).

Now that you have the basic system up and running you are ready to start to manipulate signals.
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The Sysblocks Flowcode component

Sysblocks has two processors - the
main 32 bit PIC processor that
executes the program and a secondary
18 series PIC that takes care of USB
communications and the LCD.

This architecture allows the 32bit PIC
freedom to focus on number crunching
and not I/O tasks.

éyséio:ks

The potential downside of this
architecture is that using the LCD could be complex. The complexity is taken care of for you by the
Sysblocks component. This includes all of the hardware routines that you need to control the board.

Initialise ()

L _ En:l SysBlocksl
Must be called at the start of any Sysblocks program to initialise the hardware functions iy,

LCDClear() .-

,  LCDClear
Clears the LCD display

¥ | COWriteString

LCDWriteString() e
Allows you to write a message to the LCD. Max 20 characters per row. | ey e
X BYTE Starting column for the text. _ ‘ ReadSwitch
Y  BYTE Row to write text on (0..3) | ReadSwitches
Data <-STRING  The string to write. 8 ResetEncoderCounter

ReadEncoderCounter() ' SetDigitalPotWiper
Read one of the two encoders on the board. . UsbGetByte
Channel ~ BYTE Encoder to read. 0=ENCO, 1=ENC1 Y UshbGetNumberBytes
RETURN INT  The current value of the encoder ¥ usbLookForvalue

ReadSwitch() % UsbSendsString
Read one of the three switches on the board. Vrite LED
Channel BYTE Switch to read. 0=SWO0, 1=SW1, 2=SW2 JriteLEDs
RETURN  BOOL The state of the switch. Jrite VL

ReadSwitches()

¥ \WriteVIBargraph
Read all three switches at once.
RETURN BYTE States of all switches. Bit0=SW0, Bit1=SW 1, Bit2=SW2
ResetEncoderCounter()
Make the current one of the encoder counters zero.
Channel BYTE Encoder to reset. 0=ENCO0, 1=ENC1
SetDigitalPotWiper()

Set the position of one of the digital potentiometers on the board. When the board powers up, all the potentiometers are set to
the mid-way position. For most applications, it is not necessary to alter them.

Channel BYTE The channel to set: -
0 Line in left gain.

1 Line in right gain
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The Sysblocks Flowcode component

2 IN 0 gain

3 1IN 1 gain

4 Line out left level

5 Line out right level

Value UINT The wiper setting from 0 to 128.
USBGetByte()

Returns the next available byte from the USB virtual com port. This provides a way for an application running on a PC to send
data to the SysBlocks firmware.

RETURN  UINT The byte read from the stream.
USBGetNumberBytes()
Returns the number of bytes available in the stream from the USB host.
RETURN  UINT Number of bytes available.
USBLookForValue()

Peek into the stream from the USB host to look for a specific value or sequence of values. This can be used to respond to
commands that are marked by delimitiers.

Value <- STRING String containing the character or sequence to search for.
NumChars BYTE The number of characters in the sequence.
RemoveContent BYTE 0 = Just search, leave the stream unaltered.

1 = Remove bytes up to and including the search term.
ResetFind BYTE 0 = If removing bytes, then remember if the first part of the
sequence has been found.
1 = Ignore partial sequences and start again.
RETURN BYTE 0 = Not found
1 =Found
USBSendString()

Send a string to the USB host.

Data STRING The string to send.
WriteLEDs

Set the states of all three of the LEDs that are to the right of the LCD.

Values BYTE A binary number where the first three bits represent the states of the three LEDs.
WriteVU()

Set the state of one of the banks of eight LEDs at the upper left corner of the board.

Channel BYTE The channel, 0 or 1.

Value BYTE Eight-bit binary number to be shown by the LEDs. Bit 0 is the lowest LED and bit 7 is the topmost.
WriteVUBargraph()

Channel BYTE The channel, 0 or 1.

Value BYTE The number of LEDs to be lit.
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At the time of going to press the image on the right shows Ed
the DSP icons currently available. E DSP Inputs
These are documented in the Flowcode wiki which can be .. A} Input ADC

found at www.flowcode.co.uk/wiki.
------- ea+ Input CSV

You can use these icons by dragging them onto the 2D
panel and connecting them together. Connections are
made between the icons using the properties panel of - n b Input Digital Pin
each icon. When connected you will see an appropriate
Data flow line between icons.

------- _+ Input Digital

....... o Waveform Generator
= DSP Outputs

------- wii | evel

------- g5 OQutput C5V

....... an} Qutput DAC

------- Qutput Digital

hd =000 n ) Qutput Digital Pin
....... L) Qutput PWM

Echo il Output Port

E DSP Operators
------- + |- Adder

------- F | Averager

------- =\ Deinterlace

------- D |+ Delay

------- {FFT| Fast Fourier Transform (FFT)

....... ! -\:l_: Fllter

------- = Interlace
Signal generator ....... EI{: Kall-nan Fllter

------- {x} Math

------- A+ Median

------- % |+ Multiplex

....... +A} Offset

........ ¢ | OnfOff Control
-------- c L PID Control
....... FxL Rectifier

------- +Af Scale

QPSK modulaton @7 [ b Simulated Control Load
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Connection tables

aaaaaaaaaaaaaaaaa

<
o
2
=
-~
ki
i
=
]

RC3 / E2B_B1 3 ( E2B_B2
Njc

RGE [ TRL7
RE7 [ TRIS
NjC K5 [ E2B_BD

VS5 4 E2B_BC

VDD S [ E2B_B4

RKO [ E2B_BM
MCLR

RGS [/ E2B_A0
RAD [ EZB_AS
RES / E2B_AL
RES | E2B_A7
RES [ TP13 ACD_ 11
RE4 [ INL SACD_10

g
EEzz8
HHH

———= g

RF13 /E2B A5 OO

PIC32 connections

VU-AO RDO VU-BO REO LINE-L RB2 LEDO RD13
VU-A1 RD1 VU-B1 RE1 LINE-R RB8 LED1 RK7
VU-A2 RD2 VU-B2 RE2 INO RB6 LED2 RAG
VU-A3 RD3 VU-B3 RE3 IN1 RB4 SWO0 RK6
VU-A4 RD4 VU-B4 RE4 SWi1 RC13
VU-A5 RD5 VU-B5 RES DACAO RHO DACBO RJO SW2 RA7
VU-AB RD6 VU-B6 RE®6 SW3 RC14

VU-A7 RD7  VUB7 RE7 DACAT  RHT - DACB1 - RJI
DACAZ RH2 - DACBZ - R.2

E-blocks A E-blocks B DACA3 RH3 DACB3 RJ3 ENC1A RGO

E2BA0 RG9 E2BBO0 RC2 DACA4  RH4 DACB4 RJ4

ENC1B RG1
E2BA1 RES8 E2BB1  RC3 DACAS RH5 DACB5 RJS ENC2A RG12
E2BA2 RB11 E2BB2 RD9 DACAG RH6 DACBG6 RJ6 ENC2B RG13

E2BA3 RB10 E2BB3 RD11 DACA7 RH7 DACB7  RJ7
E2BA4 RB9 E2BB4 RF5 DACA8 RH8 DACB8  RJ8
E2BA5 RF13  E2BB5 RD10 DACA9 RH9 DACBY9  RJ9 SCL  RA2
E2BA6 RAO  E2BB6 RF2 DACA10 RH10 DACB10 RJ10  SDA  RA3
E2BA7 RE9  E2BB7 RF8 DACA11 RH11  DACB11 RJN
E2BAD RA0  E2BAD RB12 DACA12 RH12 DACB12 RJ12
E2BAC RE9  E2BAC RB13 DACA13 RH13 DACB13 RJ13
E2BAM RKO  E2BBM RC1 DACA14 RH14 DACB14 RJ14

DACA15 RH15 DACB15 RJ15
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Product codes

BL8386 standard experimentation panel with power
supply and USB lead in standard tray. Sysblocks
board is protected with a clear acrylic cover. E-blocks
Il compatible.

Sysblocks communications panel —{{}— I7AIX BL9296 Communications panel including 3 x
Sysblocks boards, mixer board, set of 6 micro BNC
leads, USB lead and power supply in a standard tray.
Sysblocks boards are protected with a clear acrylic
covers. E-blocks Il compatible.

BL2461 Sysblocks PCB only BL0129  E-blocks Il Grove sensors board
BL9731  Sysblocks mixer PCB only BLO154  E-blocks Il SD card board
CP1210  Music with microcontrollers curriculum BLO173  E-blocks Il Terminal board
CP2398 Systems, signals, DSP, FFT curriculum BL0162  E-blocks Il Servo motor board
CP6125 Communications and Software Defined BL0O152R E-blocks Il Zigbee router board
Radio

BL0152C E-blocks Il Zigbee coordinator board
BL8386  Standard Sysblocks experimentation BLO183  E-blocks Il Relay board

system (Music with microcontrollers or DSP)
BL0157  E-blocks Il Colour graphical display

BL9296  Sysblocks Communications
board

experimentation system

BL6374  BNC splitter

BL4585 BNC to SMA adaptor
BL6889  SMA to SMA lead 250mm

BL0O170  E-blocks Il Bluetooth board
BLO136  E-blocks Il Wifi board
BL0106  E-blocks Il Mikroe adaptor board

BL0187 E-blocks Il Ethernet board
BLO167 E-blocks Il LED board

BL0O145  E-blocks Il Switch board
BL0117  E-blocks Il Prototype board
BL0O169  E-blocks Il Mono LCD board
BL0138  E-blocks Il Keypad board
BL0O127  E-blocks Il Actuators board

BL0O169  E-blocks Il Mono graphical LCD board
BLO140  E-blocks Il CAN bus board

BL0O197  E-blocks Il RFID board

BL0O131  E-blocks Il GSM board
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PCB layout
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vee vee
22 oo
R70:C []R70:B R69:C []R69:B
10k 106 10 10k
El ENC_1A E2 ENC_2A swi
—— encis b S encos
3 3
= =
ROTARYENCODER R70D  []R70:A ROTARYENCODER R69:D  []R69:A
10k 10k 106 10k
c43 ca5
1onF 100F
oND oo
Encoders
oo GP Push Buttons and LEDs
2\ 2\ Q‘ 2\ :i‘ 2\ 2‘ ;\ E‘ E‘ gw 8‘ E‘ S‘ 8\ E‘
H 3 3 3 3 3 3 3 3 3 = 3 3 3 3 3
R89:A R89:B R89:C R89:D R90:A R90:B R90:C R90:D R81:A R81:B R81:C R81:D R82:A R82:B R82:C R82:D
560R 560R S60R S60R 560R S60R S60R 560R 560R 560R S60R 60R 560R 560R 560R 560R
D8 D10 D11 D12 D13 D14 D15 D16 D17 D18 D19 D20 D21 D22 D23 D24
'mLED ,&LED ,&LED ,“LED ,“LED ,&LED ,&LED ,yLED ,“LED ,&'LED ,&LED ,“LED ,&LED ,&LED ,“LED ,&LED
oND oNo oo oND oND oo ono oND N0 ono ono N0 oNo ono N0 oNo
VU Meter LEDs
User Interface
PC | Modified: 23/10/2023
SysBlocksfv;l.abeljestp*)isrsp
RS
weuse S——L— ut1
% ] * 2{ Raciano RCOT10SOM1CKI [-—x
PGD_CON S“ RAVANT RC1/T10SVCCP2MUOE [—4—%
s s RGNS e [
X1 ‘5—2] RATOCKUCIOUTIRCY RCSIDSVP. < ussop
#——5—| RASIANASSILVDIN/C20UT RCBITXICK £> P32_RX veus ICSP
1 X2 <} RAB/OSC2/CLKO <] P32_TX VBUS
c7 cs LCD_SDA TO/SDUSDA
L 6 wos Tor AC2S0 T ren <t
10pF Yook Lo cs <I e I E— R6
T T ofe past -
+—22] ResKBI1IPGM wuss 14— PGC
hd ' =E —— |
GND GND PGD > <] MCLR
TCTOF24K60
GND GND VDD=VBUS v
51 N
I 700
oo
veus
T PIC32 Programming Bridge
USBDET
22 | [ 1000 RZ6 —
Ferrite g &
PGo2 pac2
J7 oo R27 R29
2 x
1 £> ussDM
@ - 3 5 ussop
4 o
55 5 o ussrLTER oo oD
usB W7
Ferite
oo
oo

SysBlocks V2

USB and LCD MCU
PC [ Modified: 23/10/2023

SysBIocks_VZ_Label_Testp+i4!§p

Copyright 2023 Matrix TSL



Page 28

DAC_A0
DAC_A1

R2R DAC1

DAC_GND

DAC_B3

PORTH

DAC_BS

R2R DACO PORTJ

DAC_GND

DAC_VCC

Output_1

DAC_GND

p——L> Headprone_R

vee DAC_VeC
T L3
J_ Ferrite J_
c15 c16
T 100pF L4 T 100pF
$ Ferrite $
GND DAC_GND
Acc  Avee
Line Input R1A []R1:C
10k 10
J ca
qu: 3 } £> IN_Line_L
W o
|:1 AT 1l N_tine R
. "
STEREO JACK /18 M R1D
avss  Avss
AvCC
R3:A
c1 oy
)| _| l—
P 1uF 1 IN_SMA_1
sw4
o—4 R3:B
SWA A | G 10k
P ol
AvsS —-—o\l\og
sworor ¥
SMA Inputs wee
R3:C
100
£> iN_ShiA_2
R3:D
106
W-OPOT Avss

AC or DC Coupled

Bias network needed when AC coupled.
Resistor values set input impedance.
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Four ADC inputs; two SMA and two TRS jack.
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