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Chapter 1

Introduction

PICSimLab means Programmable IC Simulator Laboratory

PICSimLab is a realtime emulator of development boards with integrated MPLABX/avr-
gdb debugger. PICSimLab supports microcontrollers of picsim , simavr, uCsim, gpsim,
gemu-stm32 and gemu-esp32 simulators. PICSimLab have integration with MPLABX/Arduino
IDE for programming the boards microcontrollers. As the purpose of PICSimLab is
to emulate real hardware it does not have any source code editing support. For code
editing and debugging the same tools used for a real board should be used with PIC-
SimLab, such as MPLABX, Arduino IDE or VSCode with PlatformIO.

PICSimLab supports several devices (spare parts) that can be connected to the
boards for simulation. As for example LEDs and push buttons for simple outputs and
inputs and some more complex ones like the ethernet shield w5500 for internet con-
nection or the color graphic display i1i9340 with touchscreen. The the complete list of
parts can be accessed in the chapter Spare Parts.


https://github.com/lcgamboa/picsim
https://github.com/buserror/simavr
http://mazsola.iit.uni-miskolc.hu/%7edrdani/embedded/ucsim/
http://gpsim.sourceforge.net/
http://beckus.github.io/qemu_stm32/
https://github.com/a159x36/qemu
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PICSimLab - Arduino Uno - atmega328p A_Dx

Clock (MHz)
16 A

dBzEvOIMLY

PICSimLab - Spare parts

File Edit Inputs Outputs Others Virtual Help

PCO/A@ PCl/A1  PC2/A2 NC

Use Alias: Off Scale: 1.2

PD5/~5 PD6/~6 PB1/~9

Offset: 0 0

23 PCO/AD

11 PD5/~5

Input:

Clear

Device: /dev/tnt3

1d5 CRLF  ~
sensor = 849,25,0-1
49,25,0-
49,25,0

output = 211,6,0
output = 211,6,0
output = 211,6,0

49,25,0~ output = 211,6,0
49,250+ output = 211,6,0
49,25,0~ output

Hex output || Logging to:

Connection: 115200 @ 8-N-1

Char delay: |0 ms

send file... || Plain

fhome/gamboa/Desktop/cutecom.log
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Install

2.1 Stable version executables download

If you are on Linux or Windows you can download the last version at:
https://github.com/lcgamboa/picsimlab/releases
If you are on macOS you can run PICSimLab using Wine:

1. Download and install [‘xquartz ‘](https://www.xquartz.org)
2. Download and install [Wine](https://dl.winehq.org/wine-builds/macosx/download.html)

3. Download the executable and double-click it to run the installer

2.2 Unstable version executables download

The binaries of last code available on github can be downloaded at: Sourceforge.net
The unstable test version have the unreleased features of Changelog_auto.md
If you need a specific binary that is not available please contact me.

2.3 Install from source

2.3.1 Linux

In Debian Linux and derivatives Linux native:
Using a user with permission to run the sudo command:
In first time build:

git clone —--depth=1 https://github.com/lcgamboa/picsimlab.git
cd picsimlab
bscripts/build_all_and_install.sh

To recompile use:


https://github.com/lcgamboa/picsimlab/releases
https://sourceforge.net/projects/picsim/files/latest%20code%20build%20%28unstable%29/
https://github.com/lcgamboa/picsimlab/blob/master/CHANGELOG_auto.md
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make -3j4

2.3.2 Windows

Cross-compiling for Windows (from Linux or WSL on win10)
In first time build in Debian Linux and derivatives target Windows 64 bits:

git clone https://github.com/lcgamboa/picsimlab.git
cd picsimlab
bscripts/build_wé64.sh

To recompile use:
make FILE=Makefile.cross -j4
For target Windows 32 bits:

git clone https://github.com/lcgamboa/picsimlab.git
cd picsimlab
bscripts/build_w32.sh

To recompile use:

make FILE=Makefile.cross_32 -j4

2.3.3 macOS

Theoretically it is possible to compile PICSimLab natively on macOS. But I do not
have access to any computer with macOS to try to compile and until today nobody has
communicated that they managed to do it. (help wanted)

2.3.4 Experimental version

Experimental version can be built using the parameter "exp" on scripts:

bscripts/build_all_and_install.sh exp
bscripts/build_wé64.sh exp
bscripts/build_w32.sh exp

And recompiled using the parameter "exp" on Makefiles:

make -j4 exp
make FILE=Makefile.cross -j4 exp
make FILE=Makefile.cross_32 -j4 exp


https://docs.microsoft.com/windows/wsl/install-win10

Chapter 3

Simulator Interface

3.1 Main Window

The main window consists of a menu, a status bar, a frequency selection combobox,
an on/off button to trigger debugging, some board-specific controls and the part of the
board interface itself.

In the title of the window is shown the name of the simulator PICSimLab, followed
by the board and the microcontroller in use.

I's )
. PICSimLab - PICGenios - PIC18F4520 A - O X

File Board Microcontroller Modules Tools Help

Clk(MHz) | 8 v |

Spd: 1.00x | Debug

Running... Debug: MDB:1234 Serial: /dev/tnt2:9600( 0.2%)

The frequency selection combobox directly changes the working speed of the mi-

10
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crocontroller. The “Spd” label show the ratio between simulation speed and real time.
when the “Spd” label goes red indicates that the computer is not being able to run the
program in real time for the selected clock. In this case the simulation may present
some difference than expected and the CPU load will be increased.

The on/off button to enable debugging is used to enable debugging support, when
active simulation load is increased.

The menus and their functions are listed below:

 File
Load Hex - Load .hex files
Reload Last - Reload the last used .hex file

Save Hex - Save memory in a .hex file

Configure - Open the configuration windows

Save Workspace - Saves all current workspace settings to a .pzw file

Load Workspace - Loads saved settings from a .pzw file

— Exit

¢ Board

Arduino Uno - Choose board Arduino Uno
Breadboard - Choose board Breadboard
Franzininho - Choose board Franzininho
K16F - Choose board K16F

McLab1 - Choose board McLabl

McLab2 - Choose board McLab2
PICGenios - Choose board PICGenios
PQDB - Choose board PQDB

uCboard - Choose board uCboard

¢ Microcontroller

— xxxxx - Selects the microcontroller to be used (depends on the selected
board)

¢ Modules

— Oscilloscope - Open the oscilloscope window

— Spare parts - Open the spare parts window
* Tools

— Serial Terminal - Open the serial terminal (default Cutecom)

— Serial Remote Tank - Open the remote tank simulator
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Esp8266 Modem Simulator - Open the Esp8266 Modem Simulator
Arduino Bootloader - Load microcontroller with Arduino serial bootloader

MPLABX Debugger Plugin - Open the web page to download the MPLABX
Debugger Plugin

Pin Viewer - Open the Pin Viewer

* Help

Contents - Open the Help window

Board - Open the Board Help window

Examples - Load the examples

— About Board - Show message about author and version of board

About PICSimLab - Show message about author and version of PICSim-
Lab

. PICSimLab - PICGenios - PIC18F4520

File Board Microcontroller Modules Tools Help

Clk(MHz) 8 -
The first part of the status bar shows the state of the simulation, in the middle
part the status of the debug support and in the last part the name of the serial port

used, its default speed and the error in relation to the real speed configured in the
microcontroller.

Running... Debug: Off Serial Port: /dev/tnt2:4800( 0.2%)

3.2 Interaction with the Board

On the interface area of the board it is possible to interact in some ways:

Click in ICSP connector to load an .hex file.

Click in PWR button to ON/OFF the emulator..

* The buttons can be activated through mouse or keys 1, 2, 3 e 4.

Click and drag in potentiometers to change their values.

¢ Click on EEPROM memory to view its contents.
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3.3 Command Line

PICSimLab supports two command lines format:
One for load a PICSimLab Workspace file (.pzw)

picsimlab file.pzw
And other for load .hex files

picsimlab boardname microcontroller [file.hex] [file.pcf]

3.4 Remote Control Interface

The remote control interface allows other programs to control the PICSimLab simula-
tion through a TCP/IP socket using text formatted commands.

The PICSimLab remote control interface supports TCP connections using telnet or
nc (netcat).

The default port is 5000 and can be changed in configuration windows.

The ’rlwrap’ command can be used for best command edition support in telnet or
ne:

rlwrap nc 127.0.0.1 5000

The supported commands can be shown using the “help” command:

help
List of supported commands:
dumpe [a] [s]- dump internal EEPROM memory
dumpf [a] [s]- dump Flash memory
dumpr [a] [s]- dump RAM memory
exit — shutdown PICSimLab
get ob - get object value
help — show this message
info - show actual setup info and objects
loadhex file - load hex file (use full path)
pins - show pins directions and values
pinsl — show pins formated info
quit - exit remote control interface
reset — reset the board
set ob vl - set object with value
sim [cmd] - show simulation status or execute cmd start/stop
sync - wailt to syncronize with timer event
version — show PICSimLab version
Ok

The “info” command show all available "objects" and values:
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info
Board: Arduino Uno
Processor: atmega328p
Frequency: 16000000 Hz
Use Spare: 1
board.out [00] LD_L= 254
part [00] : LEDs

part [00] .out [08] LD_1l= 254
part[00] .out [09] LD_2= 30
part [00] .out [10] LD_3= 254
part [00] .out[11] LD_4= 254
part[00] .out[12] LD_5 254
part [00] .out [13] LD_6= 254
part [00] .out[14] LD_7= 254

part [01]: Buzzer
part[01] .out [02] LD_1= 140
part [02]: Push buttons

part[02].in[00] PB_1= 1
part[02].in[01] PB_2= 0
part[02].in[02] PB_3= 1
part[02] .in[03] PB_4= 1
part[02].in[04] PB_5= 1
part[02] .in[05] PB_6= 1
part[02] .in[06] PB_7= 1
part[02].in[07] PB_8= 1

Ok

The “pins” command show all pins directions and digital values:

pins
pin[01] ( PC6/RST) < O pin[l15] ( PB1/~9)
pinf02] ( PD0/0) < 1 pin[16] ( PB2/~10)
pin[03] ( PD1/1) < 1 pin[17] ( PB3/~11)
pin[04] ( PD2/2) < 1 pin[18] ( PB4/12)
pin[05] ( PD3/~3) > 0 pin[19] ( PB5/13)
pin[06] ( PD4/4) < 1 pin[20] ( +5V)
pin[07] ( +5V) < 1 pin[21] ( AREF)
pin[08] ( GND) < 0 pin[22] ( GND)
pin[09] ( PB6/X1) < 0 pin[23] ( PCO/A0)
pin[10] ( PB7/X2) < O pin[24] ( PC1l/Al)
pinf[l11l] ( PD5/~5) < 1 pin[25] ( PC2/A2)
pin[12] ( PD6/~6) < 1 pin[26] ( PC3/A3)
pin[13] ( PD7/7) < 1 pin[27] ( PC4/A4)
pinf14] ( PB0/8) > 0 pin[28] ( PC5/A5)

Ok

The “pinsl” command show all pins info in text formatted output:

vV V. A A A AN AN A ANV AV V V
O O O O O O O O+ O o O o o
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pinsl
28 pins [atmega328p]:

000
000
000
000
179
186

.875 "PCO/A0 "
.925 "pCl/Al "
.700 "pC2/A2 "
.275 "PC3/A3 "
.000 "pc4/n4 "
.000 "PC5/A5 "

pin[01] D I 0 000 0.000 "PC6/RST "
pin[02] D I 1 200 0.000 "PDO/O0 "
pin[03] D I 1 200 0.000 "pPD1/1 "
pin[04] D I 1 200 0.000 "PD2/2 "
pin[05] D 0 0 007 0.000 "PD3/~3 "
pin[06] D I 1 200 0.000 "pD4/4 "
pin[07] P I 1 200 0.000 "+5V "
pin[08] P I 0 000 0.000 "GND "
pin[09] D I 0 000 0.000 "PB6/X1 "
pin[10] D I 0 000 0.000 "PB7/X2 "
pin[11] D I 1 200 0.000 "PD5/~5 "
pin[12] D I 1 200 0.000 "PD6/~6 "
pin[13] D I 1 200 0.000 "PD7/7 "
pin[14] D O 0 000 0.000 "PBO/8 "
pin[15] D O 0 000 0.000 "PB1/~9 "
pin[16] D O 0 000 0.000 "PB2/~10 "
pin[17] D 0 0 006 0.000 "PB3/~11 "
pin[18] D I 0 000 0.000 "PB4/12 "
pin[19] D O 0 000 0.000 "PB5/13 "
pin[20] P I 1 200 0.000 "+5V "
pin[21] R I 0 000 0.000 "AREF "
pin[22] P I 0 000 0.000 "GND "

[23] A I O 0

[24] A I O 1

[25] A I O 2

[26] A I O 4

[27] D O 1 0

[28] D O 1 0

Ok
You can view one input/output state using the “get” command:

get board.out[00]
get part[02].in[01]

Its possible use the “get” command to view individual pins state:

#digital state
get pin[19]
pin[19]1= 0

Ok

#digital mean value (0-200)
get pinm[19]
pin[18]= 100
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Ok

#analog state
get apin[25]
apin[25]= 2.700
Ok

#all info

get pinl[13]

pin[13] D I 1 200 0.000 "PD7/7 D
Ok

And set value of one input using the “set” command:

set part[02].in[01] O
set part[02].in[01] 1

Or set value of one pin using the “set” command:

#digital

set pin[10] 2

#analog
set apin[20] 2.345

16

For windows users putty telnet client is a good option to access the remote control

interface.

3.5 Picture Map Reference

Names used in .map files for boards and parts are standardized and used by the remote

control interface.

The names must start with I_ if it is an input, O_ if it is an output or B_ if it is
bidirectional. And be followed by one of the two-letter types in the table below before

the area name.


https://www.putty.org/
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Function Type
MD
KB
PG
CN
PO
JP
VS
PB
DP
SW
RT
Al
MC
PN
ST
IC
LR
LM
DI
LD
DS
MT
DG
SS

QOO0 Q0O0O0O0O0O0OO0OO0O W HIHIWHIHIIW — — — —

Description
Memory Dump
Keyboard Key
Program
Connector
Potentiometer
Jumper
Value short
Push button
Dip switch
Switch
Rotary encoder
Dip switch
Motor Cooler
Pin name
Status
IC name
LED RGB
LED Matrix
Display Info
LED
Display
DC motor
Degree
seven segment

RControl In

Oorl

0 to 200
Oorl
-32768 to 32767
Oorl
Oorl
Oorl
0 to 200

17

RControl Out

Oorl

0 to 200
Oorl
-32768 to 32767
Oorl
Oorl
Oorl
0 to 200

0 to 200

0 to 200

if alphanumeric show text
dir O or 1, spd. 0 to 200, pos. 0 to 200

float angle
decoded number

For example area named B_PB_Start, which describes the position of a push but-
ton named "Start". The B_ bidirectional indicates that the mapped area serves as user
action input and drawing output.
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Boards

PICSimLab currently supports five backend simulators: picsim, simavr, uCsim, gpsim

and gemu (stm32 and esp32).
The Figure below shows which boards are based on which backend simulator:

18
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cboard_gpboard

4""""#; cboard_Arduino_Mega
-

cboard_Arduine_Uno

- .
cboard_Arduino_Nano
cboard_Franzininho_DIY
-

bsim_simavr

bsim_gpsim

cboard_Breadboard
cbhoard_Curiesity
cboard_Curiosity_HPC
cboard_K16F
cboard_MecLabl

-—

bsim_picsim -#———— cboard_McLab2

\

cboard_PICGenios

cboard_PQDB

cboard_xpress
choard_x

cboard_Blue_Pill
bsim_gemu

cboard_DevkitC

bsim_remote cboard_5TM32_H103

\

- cboard_RemoteTCP
bsim_ucsim

““—‘-‘_""‘"\.

cboard_uChoard

Figure 4.1: Boards backend simulators

The below table show the supported debug interface of each simulator:

Backend Debug Support
picsim see the section MPLABX Integrated Debug
simavr see the sections MPLABX Integrated Debug and remote avr-gdb Debug
gemu-stm32 see the section remote arm-gdb Debug
gemu-esp32 see the section remote esp32-gdb Debug
uCsim see the section uCsim remote console (telnet) Debug
gpsim none yet
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4.1 Breadboard

It is a generic board only with reset, serial and crystal circuits and support to multiple
microcontrollers of PICSim and simavr backend simulators.

. PICSimLab - Breadboard - PIC18F4620 A - O X
File Board Microcontroller Modules Tools Help

Clk(MHz) | 8 -
Spd: 1.00x Debug

Running... Debug: Off Serial: /dev/tnt2:9600( 0.2%)

Board Breadboard schematics.
Examples

4.2 McLabl

It emulates the Labtools development board McLab1 that uses one PIC16F84, PIC16F628
or PIC16F648 of PICSim backend simulator.

8 x LED
|4 X push-buttons |—>
PIC
famp P |+

PORTA

PORTB

2x 7 segments
multiplexed
display



https://lcgamboa.github.io/picsimlab_examples/board_Breadboard.html
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= PICSimLab - McLab1 - PIC16F628A A -DOXx
File Board Microcontroller Modules Tools Help
Clock (MHz)

2 Debug Ciiis RBO (0]

RB1
LAMP ¢ )
RB3
RB4
RB5

L
RE7 v

PICSimLab

ciime — i G

RAL RA2 RAk
(- - o n (- -

Running... Debug: Off

Board McLab1 schematics.

The code examples can be loaded in PICSimLab menu Help->Examples.
The source code of board McLabl examples using MPLABX and XC8 compiler
are in the link: board_McLabl1.

4.3 KI16F

It emulates an didactic board developed by author that uses one PIC16F84, PIC16F628
or PIC16F648 of PICSim backend simulator.

RTC
PIC

3x4 keyboard

PORTA
PORTB

—|serial LCD 16x2 |

| 4xLEDs |~



http://www.microchip.com/mplabx
https://lcgamboa.github.io/picsimlab_examples/board_McLab1.html
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- PICSimLab - K16F - PIC16F628A A - OX
File Board Microcontroller Modules Tools Help
Clock (MHz)

4 Debug

o

o
|
E
v
o
o

SHIFT REG.

c
T EY

ciii> RAL RA2 RA6 RA7 2000008

Running... Debug: Off Serial: fdev/tnt2:9600( 0.2%)

Board K16F schematics.

The code examples can be loaded in PICSimLab menu Help->Examples.
The source code of board K16F examples using MPLABX and XC8 compiler are
in the link: board_K16F.

4.4 McLab2

It emulates the Labtools development board McLab2 that uses one PIC16F777, PIC16F877A,
PIC18F452, PIC18F4520, PIC18F4550 or PIC18F4620 of PICSim backend simulator..


http://www.microchip.com/mplabx
https://lcgamboa.github.io/picsimlab_examples/board_K16F.html
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potentiometer

4 x push-buttons |

[PORTA |
[PORTB |

puzzer]«—

<—|_
[heater |«——

[sora]~| =
oo}

PIC

[PORTC |
[PORTD |

P

[
o ee]

4x 7 segments
multiplexed
display

PORTE

PICSimLab - McLab2 - PICI6F877A

File Board Microcontroller Modules Tools Help

Clock (MHz)
Debug

Temp: 27.50°C

Debug: Off

EXPANSION

HEATER
e

Serial: /dev/tnt2:4800( 0.2%)

Board McLab2 schematics.

The code examples can be loaded in PICSimLab menu Help->Examples.

The source code of board McLab2 examples
are in the link: board_McLab2.

4.5 PICGenios

It emulates the microgenius development board
crochip that uses one PIC16F777, PIC16F877A, P
or PIC18F4620 of PICSim backend simulator.

using MPLABX and XC8 compiler

PICGenios PIC18F e PIC16F Mi-
IC18F452, PIC18F4520, PIC18F4550


http://www.microchip.com/mplabx
https://lcgamboa.github.io/picsimlab_examples/board_McLab2.html

CHAPTER 4. BOARDS 24

ICSP
]
|2 x potentiometer E E 4_I_|6 x push-buttons |
[relay J~——8 g

m‘—L PIC 4x 7 segments

[fan tacometer | multiplexed
[heater |« | [7|_display
<J —— 8 x LEDs
12C eeprom

PORTE

|PORTC |
|PORTD |

LCD 16x2
| s
temp. sensor
- PICSimLab - PICGenios - PIC18F4520 A - O X

File Board Microcontroller Modules Tools Help

Clock (MHz)

8 Debug

LCD o SERIAL =
hd44780 16 ~

COOLER
L
HEATER

BUZZER

*
Heater

®
5 RB2/INT2

Cooler i L RBL/INTL

RBII INT =
Temp: 27.50°C DISP1 DISPZ DISP3 DISP4 /

PICSimLSb

LEDA/PORTD  LED1/PORTB.

RB3

PL-ANO  P2-ANL

LOAD/RUN
RESET
»
-
PORTA/E

Running... Debug: Off Serial: /dev/tnt2:9600( 0.2%)

Board PICGenios schematics.

The code examples can be loaded in PICSimLab menu Help->Examples.
The source code of board PICGenios examples using MPLABX and XC8 compiler
are in the link: board_PICGenios.


http://www.microchip.com/mplabx
https://lcgamboa.github.io/picsimlab_examples/board_PICGenios.html
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4.6 PQDB

The PQDB board is an opensource/openhardware project, more info at https://github.com/projetopqdb/.
It was developed to be used with arduino/freedom boards, but adapted to use the mi-
crocontroller PIC18F4520 of PICSim backend simulator on PICSImLab.

- PICSimLab - PQDB - PIC18F4520 A — O X
File Board Microcontroller Modules Tools Help

Clk(MHz) 8 -
Spd: 1.00x Debug

Temp: 115.3C
-——

DB(PWM)

Light: 115 lux
L]

" PICSimLab

Running... Debug: Off Serial: /dev/tnt3:115200(77.0%)

Board PQDB schematics.
Hat board PIC18F schematics.

Examples

4.7 Arduino Uno

It emulates the Arduino Uno development board that uses one ATMEGA328P micro-
controller of simavr backend simulator.


https://github.com/projetopqdb/
https://lcgamboa.github.io/picsimlab_examples/board_PQDB.html
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. PICSimLab - Arduino Uno - atmega328p A - O X
File Board Microcontroller Modules Tools Help

Clock (MHz)
16 - Debug

d8ZEVOINLY

Running... Debug: Off Serial: /dev/tnt2:9600( 0.2%)

Board Arduino Uno schematics.

The code examples can be loaded in PICSimLab menu Help->Examples.

The source code of board Arduino Uno examples using the Arduino IDE with avr-
gcc are in the link: board_Arduino_Uno.

More information about the Arduino in www.arduino.cc

Information on how to configure the PICSimLab integration with the Arduino IDE
can be found in the section: Arduino IDE Integration.

4.8 Arduino Nano

It emulates the Arduino Nano development board that uses one ATMEGA328P micro-
controller of simavr backend simulator.

- PICSimLab - Arduino Nano - atmega328p A —_ O X

File Board Microcontroller Modules Tools Help

0000000000000 00@
o R

= = %
A

Clk(MHz) | 16 -
Spd: 1.00x Debug

3

5 - O-9 L

6 PICSimLab .

. 000000000000 0000
Running... Debug: Off Serial: /dev/tnt3:57600( 2.1

The code examples can be loaded in PICSimLab menu Help->Examples.

The source code of board Arduino Nano examples using the Arduino IDE with
avr-gcc are in the link: board_Arduino_Nano.

More information about the Arduino in www.arduino.cc

Information on how to configure the PICSimLab integration with the Arduino IDE
can be found in the section: Arduino IDE Integration.


https://www.arduino.cc/en/uploads/Main/Arduino_Uno_Rev3-schematic.pdf
https://www.arduino.cc/en/Main/Software
https://www.arduino.cc/en/Main/Software
https://lcgamboa.github.io/picsimlab_examples/board_Arduino_Uno.html
https://www.arduino.cc/
https://www.arduino.cc/en/Main/Software
https://www.arduino.cc/en/Main/Software
https://lcgamboa.github.io/picsimlab_examples/board_Arduino_Nano.html
https://www.arduino.cc/
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4.9 Arduino Mega

It emulates the Arduino Mega development board that uses one ATMEGA?2560 micro-
controller of simavr backend simulator.

. PICSimLab - Arduino Mega - atmega2560 A - OX
File Board Microcontroller Modules Tools Help
Clk(MHz) 16 - - p_
Spd: 1.00x Debug :
: @ P|CSimLab
5
B : S S RESET
9 [ ] (=2 =]
10 ATMEGA2560 | ‘
11 g =
Running... Debug: Off Serial: /dev/tnt3:115200( 2.1%)

The code examples can be loaded in PICSimLab menu Help->Examples.

The source code of board Arduino Mega examples using the Arduino IDE with
avr-gec are in the link: board_Arduino_Mega.

More information about the Arduino in www.arduino.cc

Information on how to configure the PICSimLab integration with the Arduino IDE
can be found in the section: Arduino IDE Integration.

4.10 Franzininho DIY

The Franzininho DIY board is an openhardware project, more info at https://franzininho.com.br/.

It was developed to be used with the microcontroller ATtiny85 of of simavr backend
simulator.

. PICSimLab - Franzininho DIY - attiny85 A _ O X

File Board Microcontroller Modules Tools Help
Clk(MHz) 16 -

Spd: 1.00x Debug

|

. !

0 |

- L L e :
o “I'nl 0

D
W zininho.com hr.
Running... Debug: Off

Board Franzininho DIY schematics.


https://www.arduino.cc/en/Main/Software
https://www.arduino.cc/en/Main/Software
https://lcgamboa.github.io/picsimlab_examples/board_Arduino_Mega.html
https://www.arduino.cc/
https://franzininho.com.br/
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Examples

4.11 wuCboard

It is a generic board only with reset, serial and crystal circuits and support to multiple
microcontrollers (initially C51, Z80 and STM8S103 )of ucsim backend simulator..

. PICSimLab - uCboard - 280 A - OX
File Board Microcontroller Modules Tools Help

Clock (MHz)

5 - Debug §
PICSimLab
T A
280
Running... Debug: Off Serial: /dev/tnt2
Examples

4.12 Blue Pill

Itis a generic board only with reset, serial and crystal circuits and support to stm32f103c8t6
microcontroller of gemu-stm32 backend simulator.

. PICSimLab - Blue Pill - stm32f103c8t6 A _OX

File Board Microcontroller Modules Tools Help

Clk(MHz) | 1 M S eIEIIIREOSIOGIOTIOEIOTOIETN

Spd: 1.00x  Debug BDOT_ﬂPlCSI L b
o SimLab .,

Qemu CPU MIPS

No Limit -
|
RESET & D -
LE AN R R AN LN RN NN NN NN
Running... Debug: GDB:1234 Serial: /dev/tnt3

Board Blue Pill schematics.

Examples


https://lcgamboa.github.io/picsimlab_examples/board_Franzininho_DIY.html
https://lcgamboa.github.io/picsimlab_examples/board_uCboard.html
https://lcgamboa.github.io/picsimlab_examples/board_Blue_Pill.html
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4.13 ESP32-DevKitC

It is a simple board only with reset, serial and crystal circuits and support for ESP32
microcontroller of gemu-esp32 backend simulator.

. PICSimLab - ESP32-DevKitC - ESP32 A _DOX

File Board Microcontroller Modules Tools Help

Ck(MHz) | 1 |« NOCO00000000000000000 CBD_DTD

Spd: 1.00x Debug -
-PICSimLa
Qemu CPU MIPS « i1 _
No Limit -
Config Qemu E E
> 1 |
G b
'Djc00000000000000000 EN
Running... Debug: Off Serial: /dev/tnt3

Board DevKitC schematics.

Examples

4.14 gpboard

It is a generic board only with reset, serial and crystal circuits and support to multiple
microcontrollers of gpsim backend simulator..

. PICSimLab - gpboard - pic16f628a A _OX
File Board Microcontroller Modules Tools Help
Clock (MHz)
4 Debug §
piclef628a
-
Running... Debug: Off Serial: /dev/tnt2

Examples

4.15 STM32 H103

It is a generic board only with reset, one push button, serial and crystal circuits and
support to stm32f103rbt6 microcontroller of gemu-stm32 backend simulator.


https://lcgamboa.github.io/picsimlab_examples/board_ESP32_DevKitC.html
https://lcgamboa.github.io/picsimlab_examples/board_gpboard.html
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= PICSimLab - STM32 H103 - stm32f103rbt6 A _OX
File Board Microcontroller Modules Tools Help

Clk(MHz) 1 -
Spd: 1.00x Debug

Qemu CPU MIPS

31.25 - e
BE
&
&3
)
BUTTON )\
Esseeeee
LA AR R R LN N NN R
Power Off! Debug: GDB:1234 Serial: /dev/tnt3

Board STM32 H103 schematics.
Examples

416 X

It is a generic board, used as example in the tutorial Creating New Boards. This board
uses one PIC16F877A, PIC18F4550 or PIC18F4620 of PICSim backend simulator.

= PICSimLab - X - PIC18F4550 A - DOX
File Board Microcontroller Modules Tools Help
Clock (MHz)
8 Debug
RBO
RBE1
-
(=]
a
=
«©
Ed
ry
w
o
o
SERIAL
PICSimLab
Running... Debug: Off Serial: /dev/tnt2:9600( 0.0%)

Board X schematics.

Examples


https://lcgamboa.github.io/picsimlab_examples/board_STM32_H103.html
https://lcgamboa.github.io/picsimlab_docs/stable/CreatingNewBoards.html
https://lcgamboa.github.io/picsimlab_examples/board_X.html

Chapter 5

Experimental Boards

Boards in the experimental phase. Probably with some bugs and missing features.

5.1 Curiosity

This is a simple PIC microcontroller development board that uses the PICSim backend
simulator.

. PICSimLab - Curiosity - PIC16F1619 A - O X
File Board Microcontroller Modules Tools Help
Clk(MHz) | 8 -
Spd: 1.00x  Debug

] o

] H
RAS o ]

0 o
RAL g g
RAZ L) ]
RCS

En:
" o000
ma PICSimLab ----
Running... Debug: Off Serial: /dev/tnt2:9600( 0.0%)
Examples

5.2 Curiosity HPC

This is a simple PIC microcontroller development board that uses the PICSim backend
simulator.

31


https://lcgamboa.github.io/picsimlab_examples/board_Curiosity.html
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- PICSimLab - Curiosity HPC - PIC18F27K40 A - DOX
File Board Microcontroller Modules Tools Help
Clock (MHz)
1 . | Debug
AN —
RA4
RAS
RAG
RAT ___
Second serial port:
/dev/tntd -
YiCTve status s
Running... Debug: Off Serial: /dev/tnt2:9600( 0.0%)
Examples
5.3 Xpress
This is a simple PIC microcontroller development board that uses the PICSim backend
simulator.
: PICSimLab - Xpress - PIC16F18855 A - O X
File Board Microcontroller Modules Tools Help
Clock (MHz)
2 - Debug
CooooOoDOCDD0oD
AN4 ——
RAO
RAL
RA2
RA3 - : CDOoOQOOODRDO0OD
PICSimLab o
Running... Debug: Off Serial: /dev/tnt2:9600( 0.0
Examples

5.4 Remote TCP

It is a virtual board controlled through one TCP connection. Currently only supports
the Risc-V simulator Ripes and uses the remote backend simulator.


https://lcgamboa.github.io/picsimlab_examples/board_Curiosity_HPC.html
https://lcgamboa.github.io/picsimlab_examples/board_Xpress.html
https://github.com/mortbopet/Ripes
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PICSimLab - Remote TCP - Ripes

File Board Microcontroller Modules Tools Help

CIk(MH2)
Spd: 1.00x

Power Off!

8

-

Debug ||

PICSimLab

Debug: Off Serial:

fdevftnt2

Examples
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https://lcgamboa.github.io/picsimlab_examples/board_Remote_TCP.html

Chapter 6

Serial Communication

To use the simulator serial port emulation, you must install a NULL-MODEM emula-
tor:

e Windows: comOcom http://sourceforge.net/projects/comOcom/
* Linux: ttyOtty https://github.com/lcgamboa/tty0tty

For communication the PICSimLab should be connected in one port of the NULL-
MODEM emulator and the other application connected in the other port. Configuration
examples linking PICSimLab to Cutecom for serial communication:

[ OS [ PicsimLab port [ Cutecom port | NULL-Modem prog. | Connection \
Windows coml com?2 com(Ocom coml<=>com?2
Linux /dev/tnt2 /dev/tnt3 ttyOtty /dev/tnt2<=>/dev/tnt3

The PICSimLab serial communication uses the 8N1 format.

6.1 ComOcom Installation and Configuration(Windows)

Download the signed version of comOcom.

Unzip the downloaded .zip file and run the specific installer of your operating sys-
tem, x86 for windows 32-bit or x64 for windows 64-bit.

Configure the “choose components” window as the figure below:
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http://sourceforge.net/projects/com0com/
https://github.com/lcgamboa/tty0tty
https://github.com/neundorf/CuteCom
https://sourceforge.net/projects/com0com/files/com0com/3.0.0.0/com0com-3.0.0.0-i386-and-x64-signed.zip/download
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(1 Mull-modem emulator (comOcom) Setup — X
Choose Components s
Choose which features of Null-modem emulator (comOcom) you want to install. { @ |

Check the components you want to install and unchedk the compenents you don't want to

install, Click Mext to continue,

Select components to install:

Space required: 374.0KB

comOcom
Start Menu Shortcuts

CNCAQ <-> CNCBO

[Jcomz <-= coms

< Back

Description

In the last configuration window, check the “Launch setup” option:

() Mull-modem emulater (comOcom) Setup

Completing the Null-modem
emulator (comOcom) Setup Wizard

Mull-modem emulator (comOcom) has been installed on your

camputer.

Click Finish to close this wizard.

[]show Readme

Visit comOcom homepage

In the setup window, change the port names to COM1, COM2, COM3 .... Just
check the “enable buffer overrun” and “use Port class” options on the port used to
CuteCom, click in the “Apply” button and close the setup. In the configuration shown
in the figure below, the port COMI1 (with buffer overrun disabled) must be used by
the PICSimLab and COM2 (with buffer overrun enabled) by the application with serial

communication.
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& Setup for comOcom - *
= Virtual Port Pair 1 oM CoMz?
" Com use Ports class [ ] use Ports class
- COM2 emulate baud rate [ | [ ] emulate baud rate
enable buffer overmun [ ] enable buffer overun
enable plugin mode [ ] [ ] enable plug-in mode
enable exclusive mode [ ] [] enable exclusive mods
enable hidden mode [ ] [] enable hidden mode
RX & ®#RX
TX & >< 8 Tx
DTR » K ®DTR
DSR & / \ ® D3R
DCD = ®DCD
RTS ‘& }{ & RTS
CTS & ®CTS
RI &) {*®@ Rl
ouT1 @ ®OUT1
ouTZz2 @ ®BOUT2
CPEN @ . & OPEN
Ol
Add Pair Remove Reset Apply

6.2 ttyOtty Installation and Configuration (Linux)

Download the ttyOtyy. Unzip the downloaded folder.
Open a terminal and enter in the ttyOtty/module/ folder and enter the following
commands:

sudo apt-get update

sudo apt-get -y upgrade

sudo apt-get -y install gcc make linux—headers-"uname -r°
sudo ./dkms-install.sh

sudo modprobe ttyOtty

The user must be in the dialout group to access the ports. To add your user to
dialout group use the command:

sudo usermod —-a -G dialout your_user_name

after this is necessary logout and login to group permissions take effect.
Once installed, the module creates 8 interconnected ports as follows:

/dev/tnt0 <=> /dev/tntl
/dev/tnt2 <=> /dev/tnt3
/dev/tntd <=> /dev/tntb
/dev/tnt6 <=> /dev/tnt7

the connection between each pair is of the form:


https://github.com/lcgamboa/tty0tty/archive/master.zip
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X -> RX
RX <- TX
RTS -> CTS
CTS <- RTS
DSR <- DTR
CD <- DTR
DTR -> DSR
DTR -> CD

Any pair of ports form a NULL-MODEM connection, where one port must be used
by the PICSimLab and another by the application with serial communication.

6.3 Arduino IDE Integration (simavr)

For integrated use with the Arduino IDE, simply configure the serial port as explained
in the Chapter Serial Communication and load the Arduino bootloader. The bootloader
can be loaded from the “Tools->Arduino bootloader” menu.

In Windows, considering comOcom making a NULL-MODEM connection between
COMI1 and COM2, simply connect the PICSimLab on the COM1 port (defined in
configuration window) and the Arduino IDE on the COM2 port or vice versa.

On Linux the operation is the same, but using for example the ports /dev/tnt2 and
/dev/tnt3.

In Linux for the virtual ports to be detected in Arduino IDE 1.8.xx it is necessary to
replace the library lib/liblistSerialsj.so of the Arduino with a version which support the
detection of ttyOtty ports, that can be downloaded in the link listSerialC with ttyOtty
support. The Arduino IDE 2.0 does not yet support virtual port detection, consider
using IDE version 1.8 or vscode.


https://github.com/lcgamboa/listSerialPortsC/releases
https://github.com/lcgamboa/listSerialPortsC/releases

Chapter 7

Backend Simulators

PICSimLab currently supports five backend simulators: picsim, simavr, uCsim, gpsim
and gemu (stm32 and esp32).
The type of debug interface depends on the backend simulator utilized.

7.1 PICsim

“PICsim emulates some PIC microcontroller and periferics such as USART and timers,
the simulator architecture permit easy implementation of external elements in ¢ lan-
guage. It can be used as a standalone simulator (picsim executable) or as a library in
other programs (As in PICSimLab).”

7.1.1 MPLABX Integrated Debug

To use the MPLABX IDE for debug and program the PicsimLab, install the plugin
com-picsim-picsimlab.nbm in MPLABX.
The plugin connect to PICSimLab through a TCP socket using port 1234 (or other
defined in configuration window), and you have to allow the access in the firewall.
Tutorial: how to use MPLABX to program and debug PICsimLab.

7.2 simavr

“simavr is a new AVR simulator for linux, or any platform that uses avr-gcc. It uses
avr-gcc’s own register definition to simplify creating new targets for supported AVR
devices. The core was made to be small and compact, and hackable so allow quick
prototyping of an AVR project. The AVR core is now stable for use with parts with <=
128KB flash, and with preliminary support for the bigger parts. The simulator loads
ELF files directly, and there is even a way to specify simulation parameters directly in
the emulated code using an .elf section. You can also load multipart HEX files.”
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https://github.com/lcgamboa/picsim
https://github.com/buserror/simavr
http://mazsola.iit.uni-miskolc.hu/%7edrdani/embedded/ucsim/
http://gpsim.sourceforge.net/
https://beckus.github.io/qemu_stm32/
https://github.com/a159x36/qemu
https://github.com/lcgamboa/picsim
http://www.microchip.com/mplabx
https://github.com/lcgamboa/picsimlab_md/releases/
https://lcgamboa.github.io/picsimlab_docs/stable/UsewithMPLABX.html
https://github.com/buserror/simavr
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7.2.1 avr-gdb Debug

With debug support enabled you can use avr-gdb to debug the code used in the simu-
lator. Use the configuration window to choose between MDB (MPLABX) or GDB to
debug AVR microcontrollers.

Use avr-gdb with the .elf file as the parameter:

avr-gdb compiled_file.elf

and the command below to connect (1234 is the default port):

target remote localhost:1234

Graphic debug mode can be made using eclipse IDE with Sloeber Arduino plugin.
It is also possible to debug using platformIO in VSCode, just add the configuration
lines below in the project’s platformio.ini file:

build_type = debug
upload_port = /dev/tnt?2

debug_tool = custom
debug_port = localhost:1234
debug_build_flags = -00 -ggdb3 -g3

Compile, and upload the code to PICSimLab before starting Debug.

7.2.2 MPLABX Int. Debug

PICSimLab also supports using MPLABX to debug simavr. The configuration is the
same as described in PICSim section: MPLABX Integrated Debug. It’s possible import
and debug a Arduino sketch into MPLABX using the Arduino import plugin.

7.3 qemu-stm32
“Qemu STM32: QEMU with an STM32 microcontroller implementation”

7.3.1 arm-gdb Debug

With debug support enabled you can use arm-none-eabi-gdb (or gdb-multiarch) to de-
bug the code used in the simulator.
Use arm-none-eabi-gdb with the .elf file as the parameter:

arm-none-eabi-gdb compiled_file.elf

and the command below to connect (1234 is the default port):

target remote localhost:1234

Graphic debug mode can be made using eclipse IDE with Eclipse Embedded CDT.


https://www.eclipse.org/
https://eclipse.baeyens.it/
https://platformio.org/
https://github.com/janegilruud/chipKIT-importer-2.0
http://beckus.github.io/qemu_stm32/
https://www.eclipse.org/
https://projects.eclipse.org/projects/iot.embed-cdt
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74 qemu-ESP32

“Qemu ESP32: Qemu Emulator for TTGO TDisplay esp32 board.

For integrated use with the Arduino IDE or IDF esptool.py , simply configure
the serial port as explained in the Chapter Serial Communication to flash PICSimLab
ESP32-DevKitC as a real ESP32 board.

Atention! Qemu ESP32 don “t support the QIO and QOUT flash modes, use only
DIO or DOUT flash modes.

7.4.1 ESP32-gdb Debug

With debug support enabled you can use xtensa-esp32-elf-gdb to debug the code used
in the simulator.
Use xtensa-esp32-elf-gdb with the .elf file as the parameter:

xtensa-esp32-elf-gdb compiled_file.elf

and the command below to connect (1234 is the default port):

target remote localhost:1234

Graphic debug mode can be made using platformIO in VSCode, just add the con-
figuration lines below in the project’s platformio.ini file:

upload_port = /dev/tnt2
build_type = debug

debug_tool = custom
debug_port = localhost:1234
debug_build_flags = -00 -ggdb3 -g3

debug_init_break = tbreak setup
debug_init_cmds =
define pio_reset_halt_target
monitor system_reset
end
define pio_reset_run_target
monitor system_reset
end
target extended-remote S$SDEBRUG_PORT
pio_reset_halt_target
SINIT_BREAK

Compile, and upload the code to PICSimLab before starting Debug.


https://github.com/a159x36/qemu
https://platformio.org/
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7.5 uCsim

“uCsim Software simulator for microcontrollers. uCsim can be used to simulate micro-
controllers. It supports MCS51 family, AVR core, Z80, HC08, ST7, STMS, TLCS90,
XAS51 and Padauk. It can run on Linux, Windows, OSX, BSD, and other systems.”

7.5.1 uCsim Debug
The uCsim debug console can be accessed with the telnet (1234 is the default port):

telnet localhost 1234

All uCsim commands are supported.
For windows users putty telnet client is a good option to access the uCsim console.

7.6 gpsim

“gpsim is a full-featured software simulator for Microchip PIC microcontrollers dis-
tributed under the GNU General Public License, Version 2 or higher, and some of it’s
libraries under GNU Lesser General Public License, Version 2 or higher.

gpsim has been designed to be as accurate as possible. Accuracy includes the entire
PIC - from the core to the I/O pins and including ALL of the internal peripherals. Thus
it’s possible to create stimuli and tie them to the I/O pins and test the PIC the same PIC
the same way you would in the real world.”

7.7 Remote

This is experimental support to allow other simulators acting as microcontrollers to
control PICSimLab remotely (TCP/IP).


http://mazsola.iit.uni-miskolc.hu/%7edrdani/embedded/ucsim/
http://mazsola.iit.uni-miskolc.hu/%7edrdani/embedded/ucsim/cmd.html
https://www.putty.org/
http://gpsim.sourceforge.net/

Chapter 8

Tools

8.1 Serial Terminal

Open the serial terminal (with system application associated with .sterm file extension
), the default application is the Cutecom.

CuteCom - Default A - O X
Sessions Help
Close Device:

AT

Input: CR/LF * Chardelay: 0ms %! Send file... |Plain hd
Clear Hex output Logging te:  /home/gamboa/Desktop/cutecom.log
Device: jdev/tnt3 Connection: 115200 @ 8-N-1

A serial terminal is used to send and receive data over a serial communication
channel. The use of this terminal can be replaced by others like the Arduino IDE serial
monitor.

To use this tool with PICSimLab you first need to configure a virtual serial port as
described in Chapter: Serial Communication. It is possible to use this tool with a real
serial port connected to a real device.

42


https://github.com/neundorf/CuteCom
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8.2 Serial Remote Tank

The serial remote tank is a tank simulator controlled by a serial communication proto-
col. The tank has several sensors and actuators that can be read and controlled using
the communication protocol. The parameters of the serial communication port must be
19200 8NI1.

Serial Remote Tank L B

File Help

Serial port: | /dev/tnt5 v Inlet valve flow (I/s) 100

Outlet valve flow (I/s) 100

Heater Power (kcal/s) | 800

[ |
Cooler Power (kcal/s) 500
Tank capacity (1) 3000
Room temp (*C) 22

specific heat (cal/g.°C) 1.0

Density (g/1) 1000
Input (actuators) Outputs (sensors)
¥| O-Inlet valve 0-High floater

1-Outlet valve v 1-Low floater

2-Heater 2-Min. Temp.
3-Cooler 3-Max. temp
4-Stirrer

0-Min. t. ala. |10 0-Volume (1) | 870

1-Max. t. ala. |28 1-Temp (°C) |22

= =g o=
=10 <00 Digital Read 0 =0

=30 <03 <5c Analog Read 0 = 860

=31 <00 <16 Analog Read 1 = 22

To use this tool with PICSimLab you first need to configure a virtual serial port as
described in Chapter: Serial Communication. It is possible to use this tool with a real
serial port connected to a real device.

8.2.1 Actuators
Digital inputs:
1. Inlet valve

2. Outlet valve

[O8]

. Heater
4. Cooler

5. Stirrer
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Analog inputs:
1. Minimal temperature alarm trigger level

2. Maximal temperature alarm trigger level

8.2.2 Sensors

Digital outputs:
1. High floater
2. Low floater
3. Minimal temperature
4. Maximal temperature
Analog outputs:
1. Volume

2. Temperature

8.2.3 Communication Protocol
Writing on Digital Input

Sent one byte in 0xON hexadecimal format where N is the number of input followed
by a second byte with value 0x00 for disable or 0x01 for enable.
Example to turn on the input 2:

Serial_write (0x02);

Serial_write (0x01);

Reading Digital Output

Sent one byte in 0x1N hexadecimal format where N is the number of output and read
one byte. The byte readed have value 0x00 for disable or 0x01 for enable.
Example to read output 3:

Serial_write (0x13);
valor=Serial_read(0);

Writing on Analog Input

Sent one byte in 0x2N hexadecimal format where N is the number of input followed
by two bytes with the 16 bits value.
Example to write the value 230 on analog input 1:
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Serial_write (0x21);
valor=230;
Serial_write((valor&0xFF00)>>8);

Serial_write(valor&0x00FF) ;

Reading Analog Output

Sent one byte in 0x3N hexadecimal format where N is the number of output and read
two bytes to form the 16 bits value.
Example to read analog output 2:

Serial_write (0x32);
valorh=Serial_read(0);
valorl=Serial_read(0);
valor=(valorh<<8) |valorl;

8.3 Esp8266 Modem Simulator

The ESP8266 modem simulator emulates the operation of an esp8266 with wifi modem
firmware. Communication is done using a serial channel via AT modem commands.
The parameters of the serial communication port must be 115200 8N1.
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espmsim

File Help

WIFI CONNECTED=1
CWMODE=1

CIPMODE=0
CIPMUX=1
CIPSERVER=1 PORT=2000

SKL=9 C0=-1Cl1=-1 C2=-1 C3=-1

crmd=[AT]

cmd=[AT+R5T]
cmd=[AT+CWMODE=1]
cmd=[AT+CWDHCP=1,1]
cmd=[AT+CWJAP="redel","123456"]
cmd=[AT+CIFSR]
cmd=[AT+CIPMUX=1]
cmd=[AT+CIPSERVER=1,2000]

I@l:l@

X
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To use this tool with PICSimLab you first need to configure a virtual serial port as
described in Chapter: Serial Communication. It is possible to use this tool with a real

serial port connected to a real device.

8.3.1 Supported Commands
e AT
e AT+RST
¢ AT+GMR
¢ AT+CWMODE=1
¢ AT+CWDHCP=1,1
¢ AT+CWLAP
e AT+CWIJAP="redel","123456"
¢ AT+CIFSR
o AT+CIPMUX=1
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* AT+CIPSERVER=1,2000
* AT+CIPSEND=0,10
* AT+CIPCLOSE=0

8.4 Arduino Bootloader

This menu option load PICSimLab microcontroller with Arduino serial bootloader.
The microcontroller with the bootloader loaded can be programmed directly by the
Arduino IDE or using the avrdude program.

To use this tool with PICSimLab you first need to configure a virtual serial port as
described in Chapter: Serial Communication.

8.5 MPLABX Debugger Plugin

This menu option open the web page to download the MPLABX Debugger Plugin.

The plugin must be installed on MPLABX to allow debugging and programming
PICSimLab (PICs and AVRs) from the IDE, like a real tool for debugging and pro-
gramming.

8.6 Pin Viewer

The PinViewer connects to PICSimLab through the rcontrol interface and allows view-
ing the status and direction of all microcontroller pins. It is also possible to change the
state of the digital pins and adjust the voltage value on the analog pins configured as
input. Pins configured as outputs also show the average value, useful for evaluating the
functioning of PWM outputs.

PinViewer A - O X

File Help

PC6/RST 15 PB1/~9
PDO/@ 16 PB2/~10
PD1/1 17 PB3/~11
PD2/2 16 PB4/12
PD3/~3 19 PB5/13
PD4/4 20 +5V

+5V 21 AREF

o
[1]
[1]
(1]
[}

PB6/X1 23 PCO/AO
PB7/X2 24 PC1/A1l

PD5/~5 25 PC2/A2
PD6/~6 26 PC3/A3
PD7/7 27 PC4/A4
PBO/8 28 PC5/A5

D
D
]
]
D
P
R
GND 22 GND P
A
A
A
D
D
D

I
I
I
I
I
I

Connected Scale: 1.0 Offset: 0 0
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Oscilloscope

The PICSimLab has a basic two-channel oscilloscope that can be used to view the
signal on any pin of the microcontroller. The oscilloscope can be accessed through the
“Modules->Oscilloscope” menu.

. PICSimLab - Oscilloscope A - O X
Frequency Autoset Stop Single
Ch 1 (v/div) Ch 2 (V/div) Time (ms/div)
2.00 — + 200 — + 0500 - +
Ch 1 off. (V) Ch 2 off. (V) Time off. (ms)
0.00 — 4 | -6.00 - + -0.050 -+
on on Trigger On/Off
Trigger
Color %
Trigger channel
Inv Inv
1 -
TM 0.506ms -0.058ms
.00V -6.00V N TRG CHL 2.58V Trigger level (V)
- Save Png 2.50 - 4+

The oscilloscope supports up to 4 simultaneous measurements of the type:

* Vmax

* Vmin

* Vavg

* Vrms

* Frequency
* Duty cycle
* Pos. cycle
* Neg. cycle
* Full cycle

48



Chapter 10

Spare Parts

The PICSimLab has a window that allows the connection of spare parts to the micro-
controller, it can be accessed through the menu “ Modules-> Spare parts ”.
The main window has the menu with the following functions:

* File

New configuration - Clear the spare parts window

Save configuration - Saves the current settings of the spare parts into .pcf
file

Load configuration - Loads the settings from .pcf file

Save pin alias - Saves the current pin alias to .ppa text file

Load pin alias - Loads the pin alias from .ppa file

 Edit

Clear pin alias - Clear the pin alias

Toggle pin alias - Enable/Disable pin alias use

Edit pin alias - Open current pin alias .ppa file in text editor

Reload pin alias - Reload the current .ppa pin alias file (need after edit .ppa
file)

Zoom in - Increase draw scale

Zoom out - Decrease draw scale

* Inputs

ADXIL.345 (Accel) - Adds a I2C/SPI accelerometer (only raw values)
BMP180 (Pressure I12C) - Adds a I2C pressure and temperature sensor
BMP280 (Pressure 12C) - Adds a I2C/SPI pressure and temperature sensor
DHT11 (Temp. Hum.) - Adds a humidity and temperature sensor

49
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DHT22 (Temp. Hum.) - Adds a humidity and temperature sensor
— DS1621 (Temperature 12C) - Adds a I2C temperature sensor

— DS18B20 (Temperature) - Adds a 1-Wire temperature sensor

— Encoder - Adds a rotary quadrature encoder with push button

— FM50 (Temperature) - Adds a analog temperature sensor

— Fixed Voltage - Adds a analog fixed voltage reference

— Gamepad - Adds a gamepad

— Gamepad (Analogic) - Adds a gamepad with one analogic output
— Keypad - Adds one matrix keypad

— LDR - Adds a light dependent resistor

— LM35 (Temperature) - Adds a analog temperature sensor

— MPUG6050 - Adds a accelerometer and gyroscope (only raw values)
— Potentiometers - Adds 4 potentiometers

— Potentiometers (Rotary) - Adds 4 rotary potentiometers

— Push Buttons - Adds 8 push buttons

— Push Buttons (Analogic) - Adds 8 push buttons with analog output
— SHT3X - Adds a analog temperature and humidity sensor

— Switches - Adds eight switches

Ultrasonic HC-SR04 - Adds a ultrasonic range sensor
¢ Qutputs

— 7 Segments Display - Adds four multiplexed (or single) 7 segments dis-
plays

7 Segments Display (w/dec) - Adds four multiplexed 7 segments displays
with decoder

Buzzer - Adds a active/passive buzzer

DC Motor - Adds a DC motor with H-bridge and quadrature encoder
LCD hd44780 - Adds a text display hd44780

LCD hd44780 I2C - Adds a text display hd44780 connect to one PCF8574
12C converter

LCD ili9340 - Adds a color graphic display 1119340 with touchscreen

LCD pcd8544 - Adds a monochrome graphic display pcd8544 (Nokia 5110)
LCD pct8833 - Adds a color graphic display pcf8833

LCD ssd1306 - Adds a monochrome graphic display ssd1306

LED Matrix - Adds a 8x8 LED matrix with MAX72xx controller

LEDs - Adds 8 red LEDs
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RGB LED - Adds one RGB LED
RGB LED WS2812B - Adds one or multiple addressable RGB LED

Servo Motor - Adds a servo motor

Step Motor - Adds a step motor

¢ Others

ETH w5500 - Adds a ethernet shield w5500

10 74xx573 - Adds a 74xx573 octal latch

10 74xx595 - Adds a 74xx595 SIPO 8 bit shift register

10 MCP23S17 - Adds a MCP23S17 serial SPI 10 expander
10 MM74C922 - Adds a MM74C922 key encoder

10 PCF8574 - Adds a PCF8574 serial 12C 10 expander

10 UART - Adds a UART serial port

Jumper Wires - Adds sixteen jumper wires

MEM 24CXXX - Adds a 24CXXX serial [2C EEPROM memory
RTC ds1307 - Adds a ds1307 real time clock

RTC pfc8563 - Adds a pfc8563 real time clock

SD Card - Adds a SD card shield

Temperature System - Adds a temperature control system

¢ Virtual

— D. Transfer Function - Adds a discrete transfer function mathematical model

1O Virtual term - Adds a virtual serial terminal

Signal Generator - Adds a virtual signal generator

Text Box - Adds a static text box

VCD Dump - Adds a digital value file dump recorder

VCD Dump (Analogic) - Adds a analog value file dump recorder
— VCD Play - Adds a digital value file dump player

* Help

— Contents - Open Help window

— About - Show message about author and version
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. PICSimLab - Spare parts A - O X
File Edit Inputs Outputs Others Virtual Help

Use Alias: Off Scale: 1.0 Offset: 0 0

After adding the part, with a right click of the mouse you can access the options
menu of the part with the options:

* Properties - Opens the connection settings window
* Move - Unlocks the part to move

* Rotate - Change the orientation of part

* Delete - Remove part

* Help - Open Help window of part

* About - Show message about author and version of part
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. PICSimLab - Spare parts A - O X

File Edit Inputs Outputs Others Virtual Help

Properties
Move
Rotate
Delete
Help
About

Use Alias: Off Scale: 1.0 Offset: 0 -1

10.1 Pin Alias

The pin alias support allows the user to place custom names on the pins making it easy
to identify according to the project.
When off the normal names are shown:

. PICSimLab - Spare parts A — O X

File Edit Inputs Outputs Others Virtual Help

VCD Dump:/tmp/picsim

PDG/~6  PD7/7

n @
L]
n w0
a o
- o
- m
T 9
M+

Use Alias: Off Scale: 1.0 Offset: -14 -21

When on the alias names are shown:
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. PICSimLab - Spare parts A - O X
File Edit Inputs Outputs Others Virtual Help

VCD Dump:/tmp/picsim

ouTE PUSHB

o
E B
= 2
(=T~
= @
79
L2 - o

Use Alias: On Scale: 1.0 Offset: -14 -21

To use:
1. active the menu “Edit->Clear pin alias” to reset the pin alias file

2. active the menu “Edit->Edit pin alias” to open pin alias file, change the names,
save and close.

3. active the menu “Edit->Reload pin alias” to load new alias

4. active the menu “Edit->Toggle pin alias” to show new alias

10.2 Inputs

10.2.1 ADXL345 (Accel)

This part is ADXL345 accelerometer with I2C/SPI interface. Only raw values are
available.
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-

E.o0

s
L

ACC X ACC Y ACC Z

500 MISO
SDA MOSI

SCL CLK

Examples

Datasheet

10.2.2 BMP180 (Pressure 12C)

This part is BMP180 12C pressure and temperature sensor. The temperature range is
-40 to 85 °C and the pressure range is 300 hPa to 1100 hPa.

BMP180

048

1

PRESS TEMP

SCL PC5/AS
SDA PC4/Ad

Examples


https://lcgamboa.github.io/picsimlab_examples/parts_ADXL345_(Accel).html
https://lcgamboa.github.io/picsimlab_examples/parts_BMP180_(Pressure_I2C).html
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Datasheet

10.2.3 BMP280 (Pressure 12C)

This part is BMP280 I2C/SPI pressure and temperature sensor. The temperature range
is -40 to 85 °C and the pressure range is 300 hPa to 1100 hPa.

BMP280

I
5

PRESS TEMP

SCL PC5/AS
SDA PC4/Ad

Examples

Datasheet

10.2.4 DHT11 (Temp. Hum.)

This part is DHT11 digital temperature and humidity sensor. The temperature range is
0 to 50 °C and the relative humidity range is 20 to 80 %.


https://lcgamboa.github.io/picsimlab_examples/parts_BMP280_(Pressure_I2C).html
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Examples

Datasheet

10.2.5 DHT22 (Temp. Hum.)

This part is DHT22 (AM2302) digital temperature and humidity sensor. The tempera-
ture range is -40 to 80 °C and the relative humidity range is 0 to 100 %.

Examples

Datasheet


https://lcgamboa.github.io/picsimlab_examples/parts_DHT11_(Temp._Hum.).html
https://lcgamboa.github.io/picsimlab_examples/parts_DHT22_(Temp._Hum.).html
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10.2.6 DS1621 (Temperature 12C)

This part is DS1621 I2C temperature sensor. The measurement range is -55 to 125 °C.

DS1621 Temp.

Tout HC

Examples

Datasheet

10.2.7 DS18B20 (Temperature)

This part is DS18B20 1-Wire temperature sensor. The measurement range is -40 to 80

.

DS18B20

[==]
—
!
J
[ |
o
o
o
=
1
™~

Examples

Datasheet


https://lcgamboa.github.io/picsimlab_examples/parts_DS1621_(Temperature_I2C).html
https://lcgamboa.github.io/picsimlab_examples/parts_DS18B20_(Temperature).html
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10.2.8 Encoder

This part is a rotary quadrature encoder (Ky-40) with push button. The output is twenty
pulses per revolution.

3-0A OUTA

Examples
Datasheet

10.2.9 FMS0 (Temperature)

This part is FM50 analog temperature sensor. The measurement range is -40 to 125 °C
and voltage output is 10mV/°C + 500mV.

f=]
-
[=]
@
o
=
=2
[=]
|
~

Examples
Datasheet

10.2.10 Fixed Voltage

This part is analog fixed voltage reference. The value range is 0 to 5V.


https://lcgamboa.github.io/picsimlab_examples/parts_Encoder.html
https://lcgamboa.github.io/picsimlab_examples/parts_FM50_(Temperature).html
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FIXED VOLTAGE

2.55 V¥

2-0UT AREF

Examples

10.2.11 Gamepad

This part is a gamepad with two analog axis and 7 push buttons.

A PDG/~6 C nC E NC
B PD7/7 D PD5/~5 F nNC



https://lcgamboa.github.io/picsimlab_examples/parts_Fixed_Voltage.html
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The gamepad can be controlled by keyboards keys:
e X axis - keys A’ and ’D’

* Y axis - keys "W’ and ’S’

* Button A - key '’

e Button B - key 'L’

e Button C - key 'K’

e Button D - key ’J’

* Button E - key 'E’

e Button F - key O’

* Button K - key 'R’

Examples

10.2.12 Gamepad (Analogic)

This part is a gamepad with 5 push buttons and one analogic output.
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https://lcgamboa.github.io/picsimlab_examples/parts_Gamepad.html
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The gamepad can be controlled by keyboards keys:
e Button A - key 'L’

e Button B - key 'T’

e Button C - key 'K’

e Button D - key ’J’

* Button E - key 'O’

Examples

10.2.13 Keypad

It is a matrix keyboard configurable to 4x3 , 4x4 or 2x5 rows/columns.



https://lcgamboa.github.io/picsimlab_examples/parts_Gamepad_(Analogic).html
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Examples

10.2.14 LDR

This part is light dependent resistor (LDR) connected in series with one 10K resistor.
The analog output of the voltage divider is applied to one voltage follower and can be
read directly from pin AO. The analog value from voltage follower is compared with
one voltage threshold, the digital output of comparator and can be read directly from
pin DO.

LDR Characteristics | Value

Gamma value at 100-10Lux 0.7
Light Resistance at 10Lux (25°C) | 20K(2



https://lcgamboa.github.io/picsimlab_examples/parts_Keypad.html
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Datasheet

10.2.15 LM35 (Temperature)

64

This part is LM35 analog temperature sensor. The measurement range is 2 to 150 °C

and voltage output is 10mV/°C.


https://lcgamboa.github.io/picsimlab_examples/parts_LDR.html
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Examples
Datasheet

10.2.16 MPU6050

This part is MPU6050 accelerometer and gyroscope with 12C interface. Only raw
values are available, DMP is not supported.

1.00

e
il

ACC Z GYROX GYROY GYROZ

=<

ACC X ACC

SDA PC4/A4

Examples
Datasheet

10.2.17 Potentiometers

This part is formed by 4 potentiometers connected between 0 and 5 volts, the output is
connected to the cursor and varies within this voltage range.


https://lcgamboa.github.io/picsimlab_examples/parts_LM35_(Temperature).html
https://lcgamboa.github.io/picsimlab_examples/parts_MPU6050.html
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Cann_01x06
GND

Examples

10.2.18 Potentiometers (Rotary)

This part is formed by 4 rotary potentiometers connected between 0 and 5 volts, the
output is connected to the cursor and varies within this voltage range.

2.05 2.23 - 1.43
PCO/AD  PC1l/Al  PC2/A2  PC3/A3



https://lcgamboa.github.io/picsimlab_examples/parts_Potentiometers.html
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+5vV +5V +5V +5V +5V
J1 j‘
1
2
3 =M Pl
4 2z £z
5
. A6 o .
‘Conn_01x06 | - < <
oND GND GND

Examples

10.2.19 Push Buttons

This part consists of 8 push buttons. The output active state can be configurable. The
buttons have activation bounce effect emulation.

a8Y SRV aE¢

Examples

10.2.20 Push Buttons (Analogic)

This part consists of 8 push buttons connected in a resistive ladder.



https://lcgamboa.github.io/picsimlab_examples/parts_Potentiometers_(Rotary).html
https://lcgamboa.github.io/picsimlab_examples/parts_Push_Buttons.html
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10.2.21 SHT3X (Temp. Hum.)

This part is SHT3X analog temperature and humidity sensor. The temperature range is
-40 to 125 °C and voltage output is 22.85mV/°C + 1.53V . The relative humidity range
is 0 to 100 % and voltage output is 40mV/% + 500mV.

3-RH PB4/5

Examples

Datasheet

10.2.22 Switches

This part consists of 8 switches with on or off position (0 or 1). The switches have
activation bounce effect emulation.



https://lcgamboa.github.io/picsimlab_examples/parts_Push_Buttons_(Analogic).html
https://lcgamboa.github.io/picsimlab_examples/parts_SHT3X_(Temp._Hum.).html
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10.2.23 Ultrasonic HC-SR04

This part is ultrasonic range meter sensor.
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Datasheet

10.3 Outputs
10.3.1 7 Segments Display

This part can be configured as four multiplexed or one single 7 segments display.


https://lcgamboa.github.io/picsimlab_examples/parts_Switches.html
https://lcgamboa.github.io/picsimlab_examples/parts_Ultrasonic_HC-SR04.html
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10.3.2 7 Segments Display (Decoder)
This is a four multiplexed 7 segments displays with BCD to 7 segments decoder (CD4511).

Four Multiplexed
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https://lcgamboa.github.io/picsimlab_examples/parts_7_Segments_Display.html
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10.3.3 Buzzer

This is a active/passive buzzer. The buzzer has 3 operating modes:

* Active: When powered, the buzzer emits a frequency of 440Hz.

* Passive: In this mode the values read from the input pin are sent directly to the
sound card, this mode only works well if the simulation is in real time.

* Tone: This second passive mode measures the frequency on the input and up-
dates the frequency of the buzzer every 100ms, its accuracy is less than the nor-
mal passive mode but it works better when the simulation is not in real time.

Examples

10.3.4 DC Motor

chin

PB3/~11
GND

This part is DC motor with H-bridge driver and quadrature encoder.


https://lcgamboa.github.io/picsimlab_examples/parts_7_Segments_Display_(Decoder).html
https://lcgamboa.github.io/picsimlab_examples/parts_Buzzer.html
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10.3.5 LCD hd44780
This part is a text display with 2 (or 4) lines by 16 (or 20) columns.


https://lcgamboa.github.io/picsimlab_examples/parts_DC_Motor.html
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Examples

Datasheet

ili9341

10.3.6 LCD

This part is a color graphic display with 240x320 pixels with touchscreen (xpt2046

controller). Only 4 SPI mode and 8 bits parallel mode is avaliable.


https://lcgamboa.github.io/picsimlab_examples/parts_LCD_hd44780.html

77

CHAPTER 10. SPARE PARTS

sfoad  DYI—HZ
6-/T4d  |N0-CZ
0uf00d  N|-ZZ
oT-fz4d  SI-TZ

Te/rad N12-02

tufena §3/-L

Livad 50-9
2u/2ad S/ -G
su/sod NIQ—%
WiEd W1D-€

RETE S DIN-T

o gN9-T

Examples

Datasheet 1L19341

Datasheet xpt2046

10.3.7 LCD pcf8833
This part is a color graphic display with 132x132 pixels.
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Examples


https://lcgamboa.github.io/picsimlab_examples/parts_LCD_ili9341.html
https://lcgamboa.github.io/picsimlab_examples/parts_LCD_pcf8833.html
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10.3.8 LCD pcd8544
This part is a monochrome graphic display with 48x84 pixels. (Nokia 5110)

l. 100000000 & .

ST GE DO DM CLKVOS BL GHD

/10

1-/RST PB4/12
3-DC  pE2

5-DIN PBL/~9
5-CLK PpBO/8

Examples

Datasheet

10.3.9 LCD ssd1306

This part is a monochrome oled graphic display with 128x64 pixels. The part suport
12C and 4 SPI serial mode.

3-CLK rpE5/12
4=DIN PE3/-11
5—/RES pp2/-3
T7-/CS PDasa

Examples


https://lcgamboa.github.io/picsimlab_examples/parts_LCD_pcd8544.html
https://lcgamboa.github.io/picsimlab_examples/parts_LCD_ssd1306.html
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Datasheet

10.3.10 LED Matrix
It is a 8x8 LED matrix with MAX72xx controller.

3-DIN pout-72
4=CS PB2/~10
5—CLK PBG/13
6-DOUT 72

Examples

10.3.11 LEDs
This part is a bar of 8 independent colored LEDs.



https://lcgamboa.github.io/picsimlab_examples/parts_LED_Matrix.html
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10.3.12 RGB LED

This part consists of a 4-pin RGB LED. Each color can be triggered independently.
Using PWM it is possible to generate several colors by combining the 3 primary colors.

o : D1
1 R1 330
1 — I<ls_l
—|2 R2 330 2[R
3 L | 3 R& T
N R3330 %R 33§N7D
Conn_01x04 |' A BM

GND : LERERe
Examples

10.3.13 RGB LED WS2812B

This part consists of a addressable RGB LED WS2812B. It is possible to set the number

of rows and columns in the configuration window. The LED can be used with or
without diffuser.


https://lcgamboa.github.io/picsimlab_examples/parts_LEDs.html
https://lcgamboa.github.io/picsimlab_examples/parts_RGB_LED.html
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2-DOUT 111
4=DIN PD5/~5

2-DOUT 112
4=DIN PD5/~5

2=D0UT 113
4=DIN PD5/~5

Examples

10.3.14 Servo Motor

The servo motor is a component that must be activated with a pulse of variable width

from 1ms to 2ms every 20 ms. A pulse of 1ms positions the servo at -90°, one from
1.5ms to 0° and one from 2ms to 90°.

'y
PC5 /A5



https://lcgamboa.github.io/picsimlab_examples/parts_RGB_LED_WS2812B.html
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Examples

10.3.15 Step Motor

The stepper motor is a component with 4 coils that must be driven in the correct order
to rotate the rotor. Each step of the motor is 1.8°.

PB3/~11 PB1/~9 PB2/~16 PBO/S



https://lcgamboa.github.io/picsimlab_examples/parts_Servo_Motor.html
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10.4 Others
10.4.1 ETH w5500

83

ML
Stepper_Matar_unipalar_Spin

This part is a ethernet shield w5500 with support to 8 sockets simultaneously.
Only TCP/UDP unicast address sockets is supported. DHCP is emulated and return

a fake ipv4 address.

All listening ports below 2000 are increased by 2000 to avoid operational system
services ports. For example listening on port 80 becomes 2080.

w5500 Status Legend:

1° Letter - Type

2° Letter - Status

3° Letter - Error

C - Closed C - Closed 