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Schematic 1 — Micro-controller Core
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Schematic 2 — Camera Sub-Circuit
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Rear View (MVM V1.5C)

To 5V 5-Ways SIL

Power Source 7 Receptacle:
Reverse Polarity £= (TT)S oos
Protection Diode RX pin)

ToHC05
3.6 5V GND, X TX pin)

EN
*Note: Not used for now (set
to logic ‘0’ always in firmware)

CMOS Camera Power
Camera Indicator

Optional HC-05 Bluetooth Module
or UART-to-Serial Converter
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Front View (MVM V1.5C)

ATSAMS70J20 Rogatv SWRIQ
MCU

Power Input
3.6 t0 5.5V, 150 mA

UART1: Interface to o= =8 CEECMAIN SVD (Serial Wire Debug)
External Controller RN o 5 'ms"k Programming Port
(3.3V, 57600 bps, 1 start bit, =P Sgda Sanuanunf Sl

4

1 stop bit, no parity)

n.'-_? u Reset Switch
UART2: Interface to e B~ icart Beat’
HC-05 or USB-to-Serial TXE ot il ﬁ Indicator
Converter i =

Blink once every second
(3.3V, 115200 bps, 1 start bit,

1 stop bit, no parity)
UART Communication  SPI port for

Activity Indicator External TFT QVGA Display
OO0 0010

sck fGNDf D/C

CS
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Files

 All relevant files can be obtained from

« Firmware is build using Atmel Studio 7.
« PC software is build using Visual Studio Community 2017 or later.
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Observing the Camera
Image via Machine Vision
Monitor Software



Step 1 — Power Up the MVM

« Here we assume the MVM is connected to HC-05 Bluetooth wireless
module or a USB-to-Serial Converter, as shown in the various
implementation examples below. Power up the module.

Set converter

W
To Computer

operating voltage to 3.3V!

Link to computer via
USB-to-Serial Converter
\

Version 0.93 Oct 2019

\\ +5V

GND

Link to computer via
HC-05 Bluetooth Module



Step 2 — Pair Computer to HC-05

* If need to pair the computer to HC-05.

* Then check virtual COM port number on the computer (for instance by
going to the Device Manager).

Version 0.93 Oct 2019 10



Step 3 — Run the Machine Vision
Monitor Software (MV_Monitor.exe)

. Machine Vision Moniter - Yersion 1.20

Open Port \

Start

® Luminance RGB
(O Luminance R
() Luminance G
) Luminance B
() Gradient

) Hue

3d byte

&h byte

®) Red Line Color Db bte
() Green
) Blue

O Yellow

ndbyle |

R
|
|
i

O FResult Mo of bytes in RX buffer
’_

15t byte

Label Test

H.Up | | VLRght

- ]

Herizontal Reference Line

Vertical Reference Line

Save

Ima
HL Down VL Left o

Test

% |

1: Select the correct COM port

4: Now the MVM will transmit the image

data line-by-line to the monitor software
Version 0.93 Oct 2019

coMm 11 v

Close
Port/Stop

2: Press the ‘Open Port’ button -

® Luminance RGB

O Luminance R
() Luminance G
() Luminance B
() Gradient

() Hue

) Result

BB Machine Vision Manitor - Version 1.20 - O X

3: Press the ‘Start’ button

(Press multiple times if necessary)

@® Red  Line Color
O Green

O Blue

O Yellow

i Zndbyte | Isthyte | Horizontal Reference Line
| Srd byte | Vertical Reference Line
i 4th byte
No. of bytes in RX buffer e | Save
Image
/_ Debug byte HL Down VL Lkt
LabelTest Test

. Machine Vision Moniter - Yersion 1.20

® Luminance RGE

(@ Red Line Color 210 Debug byte
() Green
() Blue

O Yellow

o i
O Luminance R ! _' ¢ ﬁ_.‘

O Luminance G 35 2nd byte ﬁ‘ﬁi 1st byte ‘iﬂ] Horizortal Reference Line
() Luminance B =

() Gradient |79 T }Eﬂ Vertical Reference Line

() Hue i5‘3 4h byte . ‘ .

O Resut 0 No. of bytes in R¥ buffer L s | Yt | S

Ima
HL Down VL Left o

LabelTest Test
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Other Information

Always close the COM port
before shutting down the
software

Select between various
display options. All these
are processed in the MVM.

Change reference _—
line color.

. Machine Vision Monitor - Wersion 1.20

Reference lines
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Save the current
Rt Close . . .
Por/Stop bitmap in display
St onto hard disk
(®) Luminance RGB
(O Luminance R gL b AL \. =T%
% Em?naﬂce[ﬁi E 60  Horizontal Reference Line
(O Gradient i \ |5ﬂ Vertical Reference Line
() Hue ”EE'— 4th byte i jommmmmm—————— N
B i g No. of bytes in RX bifer i i| HLUp | | VLRG| E S
® Red  Line Color | |210 Debug byte i i‘ HL Down | Vileh | i hiegs
() Green ‘\s LabelT;ﬁ, __________ = H_,’
=B 0 | Semmmmmmmmmgpe e e ———a |
O Yellow T/v
_— For debugging purpose —— Use these to move
(see source codes) the reference lines.
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Connection to External
Controller for Robotic
Projects



Connection to External Controllers

* Here we use an Arduino Uno to demonstrate the connection.

Note: You can also use
Softwareserial instead of
Arduino Uno hardware serial

GND \ port on pin 0 and 1.

Pt
)

X
Note: Because the Uno output
voltage level is 0 to 5V, while the

. MVM is only tolerant up to 3.6V,
Optlonal HC-05 We put a 1%/0-3309 se?ies resistor
Module (need to change the ; to the TX pin to limit the surge
default baud rate from 9600 to current to the MVM RX input.

115200)
Version 0.93 Oct 2019 14



UART1 Communication Protocol

Image Processing To Activate MVM Output
Algorithm (IPA)
Search for brightest spot | Send hex values to MVM: | 4 bytes:

in a scene. Image
resolution = 160x120

0x10 to search for brightest spot

Byte 1 = 1 (Algorithm ID)

Byte 2 = Maximum luminance
value (1 to 127).

Byte 3 = x coordinate of region
Byte 4 = y coordinate of region

Obstacle detection on
lower half of the image.
Image resolution =
160x120

Send hex value to MVM:
0x20

4 bytes:
Byte 1 =2
Byte 2 = 0b00000b,b,b,
Byte 3 = 0b00000b,b,b,
Byte 4 = 0b00000b,b,b,

Color object detection.
Image resolution =
160x120

Send hex values to MVM:

0x30 for yellow-green object
0x31 for red object
0x32 for green object

4 bytes:

Byte 1 =3

Byte 2 = Number of pixels
matched

0x33 for blue object Byte 3 = x coordinate of region
Byte 4 = ' coordinate of region
Version 0.93 Oct 2019 255 will be send for (x,y) if region with 15

matching color is not found




Brightest Spot Algorithm

Example 1 — Activate Search for

» Assume the MVM is connected to an Arduino Uno. The left panel shows a
simple Arduino Sketch to activate the image processing algorithm to search
for brightest spot on both Interval 1 and 2, giving effective response time of

50 ms.

Note:

See Appendix for
Another version
of this code using
SoftwareSerial

Version 0.93 Oct 2019

9 Examplel | Arduino 1.8.9

File Edit Sketch Tools Help

wtes in the received buffer

Com4 ~
Open Port

Port/Stop

o | Brightest
Region

@ Luminance RGB
() Luminance R
() luminance G
() Luminance B
() Gradient

) Hue

(7) Result

® Fed  Line Color
() Green

() Blue

) Yelow

COM Port Closed!

- Machine Vision Manitor - Version 1.01

0

Marker to indicate the
average (X, y) location
of the brightest region

Debug Info Gﬂ Horzontal Reference Line

[85 ndbyte [41 Tstbyte g5

| byte | bote 80 Vertical Reference Line
105 3rd byte

33 &h byte HL Up WL Right

¢ No. of bytes in RX buffer HLDown | | VL Lef

Debug byte
Save Raw
Image
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Example 1 - More on ‘Interval’

* The firmware of MVM V1.5C assigns odd image frames to Interval 1 and
even image frames to Interval 2.

* An image processing algorithm (IPA) can be attached to each interval as
shown below and executed after acquisition of a new image frame.

o o _ IPA 2: Search for IPA 3: Search for
Acquisition Acquisition I LPAr;It Sfarch for obstacle in region I region of certain color
of Frame 1 of Frame 2 rightest region of interest (hue)

v

» time
IPA 1 will send back 4

bytes result packet upon
A completing analysis
Interval 1 Interval 2 |Interval 1 Interval2  Interval 1 of each image frame.
I< >I wvolid setup() {
| 50 ms | // put your setup cofle here, to run once:
Serial.begin(57600) ;
(20 fpS) Execution Of delay (500} S A 500 ms delay for the module to initialize properly.
IPA1 Serial .write (0x10); J/ Bun IPA (image processing algorithm) 1 on interval 1.
Serial.write (0x10) =l // Bun IPA 1 on interval 2.
1

 The C code snippet attaches IPA 1 to both Interval 1 and Interval 2 of the
execution flow, thus in this setting IPA 1 runs every 50 ms and any
“EHaNges’in scene is detected within 50 ms. .



Example 2 - Activate Both Search for
Brightest Region (IPA 1) and Obstacle (IPA

— 2)Algorithms

In this example we attach IPA 1 to on s o -
Interval 1 and IPA 2 to Interval 2.

Thus a robot using the MVM V1.5C w o

can be programmed to move fowards | =y | E S
a bright light source while at the same |

time avoid any obstacle on the floor. T

Version 0.93 Oct 2019




Example 2 — The Assignment of IPAs
to Intervals

IPA 2: Search for

e s ) IPA 3: Search for
Acquisition Acquisition I LPA;t Stearch for I obstacle in region I region of certain color
of Frame 1 of Frame 2 rightest region of interest (hue)

> time
A
Interval 1 Interval 2 Interval 1 Interval P Interval 1
le |
|‘ ’l void setup() |
50 ms /f put your setup code here, to run once:
(20 fps) Serial.begin{57600) ;
EXGCUtiOﬂ Of delay(500) 7 J/ B 500 ms delay for the module to initialize properly.
|PA1 Serial.write (0x10); // Bun IPA (image processing algorithm) 1 on interval 1.
Serial.write(0x20)T™ // Bun IPR 2 on interval 2.
1

« Each IPA only executes every 100 ms, thus the response time now slows
down to 100 ms, however the up side is we get to run two different
algorithms simultaneously.

Version 0.93 Oct 2019 19



Interpreting the Results of IPA 2

« When IPA 2 is activated:

- Machine Vision Monitor - Version 1,02

®) Luminance RGE
() Luminance R
) Luminance (60
O wmnance t Region-of-interest |
g ==t (ROI) where the
o processor searches
for obstacle using
contrast analysis

st byte :-E_ﬂ—

HL Up

® Red |
() Green

) Blue

) Yellow

Save Raw

|'2' Curert IPAin interval 1 o

i'z' Curment IPA in Interval 2

COM Port Closed!
Version 0.93 Oct 2019

X buffer HL Down

Horizontal Reference Line

Vertical Reference Line

|| VLRight |

VL Left

 Byte 4 = owooggor'\\ Row 0

Cell MO
Cell LO Cell RO

Row 3 is
Row 0 not used
Cell L1 for now.

Row 1

v
Cell L2 S 2

Whenever the number of black pixels exceed
a pre-determined threshold in a cell, an
obstacle is deemed present. Thus, for this
example, cells RO, MO and R1 contains
obstacle and the bits corresponding to these
cells will be set to ‘“1’. The following result
packet will be transmitted via UART 1 from
MVM V1.5C:

Byte 1=2 ID Row 2

Byte 2 = 0b00000000 ~

Byte 3 = 0b00000001«— Row

20
L M R



Compiling and Building
Your Own Firmware for
MVM V1.5C



Introduction 1

» The source codes for the sample firmware is a simplified version of the
application pre-loaded into the MVM V1.5C micro-controller.

« The codes for IPA 1 is provided with the sample firmware and if the
micro-controller is programmed with the sample firmware hex output,
the micro-controller will run IPA 1 continuously at 20 fps upon power up.

Version 0.93 Oct 2019 22



Introduction 2

* Clone the MVM_V1_5C folder from

Original firmware in hex

m MVM_Arduino_Example/Examplel_SoftSerial Added example codes for Acake format

B MVM_Miscellaneous/Scilab =es via upload T l

B MVM_Original_Hex_File_RO.53 Delete MVM.hex PC Application and Source

B MVYM_PC_Monitor_Software <= Add files via upload COdeS fOI’ MV |\/|0n itor SOftwa re
B MVM_Sample Firmware_R0.9 Minor update on PD24 pin 3 days ago |

E] LICENSE Create LICENSE

Sample firmware in C
B MVM_V1_5C Quick Start.pdf Update the gquick start guide for MVM V1 5C

E] README.md Create README.md Lt |

« “MVM_Sample Firmware” contains all the drivers files and IPA 1
routines. You can use this to build your own custom applications.

« “MVM_PC_Monitor_Software” contains the Visual Studio template to
build up the Machine Vision Monitor software in Visual Basic .NET.

Version 0.93 Oct 2019 23



Setting Up An Atmel Studio Project 1

« Start a new project in Atmel Studio 7.

El Atmeistudio Standard Mode ¥ Quick Launch (Ctrl+C) A= 8 =
File | Edit View VAsistX ASF  Project Debug Tools Window Help
New PR Project. Ctrl Shift+N 5" nCountX SR DTN R ‘ = | =
Open ' D File. CurkeN NoDevice | NoToal -

Atmel Start Project

i Solution Explorer -1 x
Solution Atmel Start Example Project

| &

Import v | ] Example Project.. Ctrl+Shift+E

Save Selected ltems Ctrl+5

Save Selected ltems
W Savedll Ctrl+ Shift+5
Export Template...

Page Setup..
Print.. CtrleP

Recent Files »
Recent Projects and Solutions ’

Exit

Error List

Entire Solution ~ | € 0Erors | 4 0Wamings | @b 0Messages | Build + IntelliSense - Search Error List P~

™ Description

Project File Line

ASF Explorer VA View VA Outline [EIECHEN
| Output

Show output from:

Version 0.93 Oct 2(E



Setting Up An Atmel Studio Project 2

 Create a GCC C executable project.

E] stmeistudic

File Edit View VAssistX ASF  Project Debug Tools Window Help
e | ¥ ‘ - - | 2 | De

| | v

-o(@-@u-a

Debug Browser =

nCountX

= v NoDevice § NoToal -

New Project

¥ Recent Sort by: | Default -
4 |nstalled
GCC C ASF Board Project CfC++
CfC++
Assembler GCC ecutable Project CiCe+

AtmelStudio Solution

GCC C Static Library Project SG € Rerartable P

GCC C++ Executable Project C/C++
GCC C++ Static Library Project C/C+
Create project frem Arduine sketch JC++

Take note of project
name and project
folder

o - — -,

MM
Entire Solution -|| @ oErmors

Location: chusersiuser\Documents\Atmel Studio\7.0

™ Description MVM

Selution name:

o,

Output

Show output from: T ‘ ‘ ‘ | s

Version 0.93

e e e o e e S e 2

Standard Mode Y Quick Launch (Ciri+Q) P = O x

R EsD-

Solutien Explorer

| &

Search Installed Templates (Ctrl<E) P -
Type: C/Ce+
Creates an AVR 8-bit or AVR/ARM 32-bit C
project

= Browse..

ﬁ Create directory for solution

Explorer VA View VA Outline SSuIINIIhY M

25



Setting Up An Atmel Studio Project 3

 Select the correct device.

E AtmelStudio Standard Mode Y Quick Launch (Ctrl+Q) Pl o | X
File Edit View VAssistX ASF Project Debug Tools Window Help
-9 | H-Bya-a (2 -0 - EE] sbug Debug Browser = F nCountX MRV - R | | o
‘ | | Hex | - | £ = ; No Device No Toal -

Solution Explorer - 0 x

| #

Device Selection

Device Familly: | SAMSTO

iName App./Boot Memary (Kbytes)Data Memory (bytes)EEPROM (bytes) | Device Info:

TSAMSTONS 512 262144 N/ Devics Mame:

TSAMST0I198 262144 N/A Sics A
ATSAMSTI 393216 N/A
ATSAMS70J208 393216 N/A
ATSAMST0J21 393216 M/
ATSAMST0I21B 393216 N/A Datasheet

Vee N/A
Family: SAMST0

ATSAMSTON1S 262144 N/A Device page for ATSAMS70420
ATSAMSTON198 262144

ATSAMSTON20 293216 NfA
ATSAMSTON208 293216 N/A
ATSAMSTON21 393216 i
ATSAMSTON218 393216 NrA X EDBG
ATSAMS70Q18 262144 X EDBG MSD
ATSAMS70Q198 262144
ATSAMS70020 393216
ATSAMS70Q208 393216 M mEDEG
ATSAMST0021 393216 A Power Debugger
ATSAMST00218 393216 & Lk

Supported Tools
- Atmel-ICE

= JTAGICES

Error List
Entire Solution -|| @ 0Erors | £ 0

A Description

A ety Solution E..
| output -1 x
a

Show output from: = ‘ | ‘

Version 0.93 Oct 2019




Setting Up An Atmel Studio Project 4

A project with a default “main.c” file will be created.

Standard Mode Y | Quick Launch (Cirl+Q) Pl

EY vvm- atmeistudio

File  Edit Miew VAssistX ASF  Project Build Debug TJools Window Help
-0 H-& a-2 W[ XEA |90 |ERA| b W Debug
B ) A (T~ = =

.‘,}|

~ |2 C\Users\User\Documents\Atmel Studio\7.0\MVM\MVM\main.c

Debug Browser ~

| 5 nCountX

(90 ATSAMS70J20  § NoTool -

* Created: 16/9/2019 6:57:01 PHM
* Author : User
L=

#include "sam.h"

Eint main(void)

{
/% Initialize the SAM system */
SystemInit();
/* Replace with your application code */
while (1)
i
/]

¥

99 % -

Error List
Entire Solution - | € 0Eors | 1 0Warnings | @ 0Messages | Build + IntelliSense

™ Description

Output
Show output from: = | #a

Version 0.93 Oct 2019

Project

Search Error List

File

- 1 >

H

Line

@ o-am| p-

Search Solution Explorer {Ctrl+;) P~

(@l Solution 'MVM' (1 project)
4 [ MVM
24 Dependencies
il Output Files
b g Libraries
b [ Device_Startup
cl main.c

ASF Explorer VA View VA Outline [T AN

Properties

N E

27



Setting Up An Atmel Studio Project 5

* Now close Atmel Studio 7.
» (o to the project folder.

Extract - O X

| |~_|f" = | C\Users\User\Down...

| & + | C\Users\User\Documents\At] io), 7. 0NV MVIM - O X
e S View ) Home Share View Compressed Folder Tools
‘f J X - £ i W E &= Pictures g
Pmt“o Quick Copy FPaste Mew B Pro;t‘ie; Select ¢ i Al
access - ) folder - - - g | Photo_Video
Clipboard Organize MNew .
Extract To
“ v 4 <« Atmel Studio > 7.0 » MVM > MVM 2 b CO py al I th e fl IeS fro m
. <« MVM... » MVM_Sample_Firmware_RD.9 v O SearchM... 2
MName
e MVM_Sample_Firmwar " " - |
Debug RO 9 . t h //N‘a'l"ITE ~ Type
> %% Dropbox i s 1 \
e | BEpcE S e_ o 'le O here | IS Driverl2c1.V100.c 1 C Source File
> @ OneDrive A >33 Drophox | B Driver l2C1VIOOh | C/C++ Head
| MWM.componentinfo.xm| < == : iz s = ; : =i St
~ B This PC MYM.cpraj & OneDrive 1 I_EJ Driver_TCMB230.c : C Source File
B 20 Objects | [ DriverTcM230h | C/C++ Header
> [l Desktop v @ ThisPC : €] Driver_UART2_V100.c : C Source File
= Documents _J 30 Objects : [ Driver UARTZ_V100.h : C/C++ Header
W Hownlasds [ Desktop 1 [2] Driver USARTO_V100.c | C Source File
2 : 1 Es
& Music B D : [® Driver_USARTO V100 | C/C++ Header
> &= Picture- = Documents i i i - .
e « ” & Downlosd I [e] main.c I C Source File
B Videos g > ownloads i ) o
B 1. Delete the default “main.c e D [0 os APl . C Source Fie
* e ERIE : €] 0s_SAMSTO_APIs.c ' C Source File
= flle . =] Pictures 1 [® osmainh : C/C++ Header
2 1
& Network B Videos 1 [6] User Taske ] C Source File
i Windows (C) I‘ [ User_Task.h ,I C/C++ Header
\ 4
. RECOVERY (D) S ———————— -
» ¥ Network
. <
Version 0.93 Oct 20]9 .
14 items
5 items




Setting Up An Atmel Studio Project 6

Now reopen Atmel Studio 7. The new “main.c” file will be reflected
window.

MVM - AtmelStudio Standard Mode Y Quick Launch (Ctri+0) Fe] 0 x

File Edit View VAssist{ ASF Project PBuild Debug Tools Window Help

1 - IR - |iﬁ-@*ﬂvﬂﬂf|%@ | 2~ vlﬂ@l‘bﬂlﬂ Debug ~ | Debug Browser ~ - | A% nCountX
Gl ow | Pa ot 2 on T He [ i i | _ i omATSAMSTORD T NoTool =
Solution Explorer X
= Driver_TCM8230.h bt : h CiUsers\User\Documents\Atmel Studio\7.0\MVIMUMYIM\ Driver_TCM3230.h | @GD G & G” Y@ - & lEj | o
#include "User_Task.h” 1%
= =W Search Solution Explorer (Ctrl+:) P
a
Fint main(void) Solution 'MVYM' (1 project)
{ | .
int ni = @; =4 Dependencies
{4 Output Files
SAMS7@_TInit(); // Custom initialization, see file “os_SAMS7@ APTs.c”. This will overwrites the b Libraries
. 1/ initiali.z?t?on-don? in Sy%t?mlr-\it(}; b [ Device Startup
0SInit(); // Custom initialization: Initialize the RTOS. & mainic
gnTaskCount = 8; // Initialize task counter. =
// Initialize core 05 processes.
05CreateTask(&gstrecTaskContext[gnTaskCount], OSProcel); // Start main blinking LED process.
13 H ” H
. New “main.c” file.
05CreateTask(&gstreTaskContext[gnTaskCount], Proce UART2 Driver); // Start UART driver.
0sCresteTask(&gstrcTaskContext[gnTaskCount], Proce I2C1 Driver); // start I2C driver.
0sCresteTask(&gstrcTaskContext[gnTaskCount], Proce Camera_LED Driver); // start camera LED driver.
0sCresteTask(&gstrcTaskContext[gnTaskCount], Proce USART@ Driver); /! Start USART@ driver.
05CreateTask(&gstrcTaskContext[gnTaskCount], Proce_TCM323@ Driver); /1 start Toshiba TCM823@ camera drive
// Initialize user processes.
OSCreateTask(&gstrcTaskContext[gnTaskCount], Proce_Messageloop_StreamImage); /! Start stream image data wia UART
OSCreateTask(&gstrcTaskContext[gnTaskCount], Proce_Imagel); /{ Start Image Processing Algorithm 1 e e Solution E...
while (1) | Properties
i MVM Project Properties e
/f --- Check SysTick until time is wp, then update each process's timer ---
if ((SysTick->CTRL & SysTick CTRL_COUNTFLAG Msk) > @) // Check if SysTick counts to @ since the last read. &
//PICD->PIO_ODSR |= PIO_ODSR_P21; // Set PD21, this is used as a output strobe to indicate the timing ¢+ Project File MVM.cproj
Project Folder Ci\UserstUser\Document!
Error List
Entire Solution - | €3 0Emors | 1 DWamings | @ 0Messages | Build + IntelliSense - Search Error List
™ Description Project File Line Project File

The name of the file containing build,
configuration, and other information about th..,

Cutput

ra
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Setting Up An Atmel Studio Project 7

Right click the folder “MVM” in the Solution Explorer, and select Add

E MVM - AtmelStudio Standard Mode ¥ | Quick Launch (Ctrl~Q) - X

EXIStI n g Itel I I File  Edit View VAssistX ASF  Project Build Debug Tools Window Help:
fo-o|B-An-a WX T2
‘ Hex % | E i~

A nCountX - ‘m P

8o

Debug ~ | Debug Browser =

< B ATSAMSTOJ0 § NoTool -

Solution Explorer
= Driver TCM8230.h ] S io\7. iver . X G}| -3 & | -
#include "User_Task.h”

Search Solution Explorer (Ctri+;)

=int main(void) . (@l Solution 'MYM' (1 project)

int ni = @;

. SN e 5 S 5 " : : s Rebuild
SAMS7@_Init(); /! Custom initialization, see file “os_SAMS78_APIs.c". will overwrites the

// initialization done in SystemInit(); Clean
OSInit(); I Cu%t?m %nitiali:aticm: Initialize the RTOS. 1| B3 CopyFull Path
gnTaskCount = @; /f Initialize task counter.
Collapse

// Initialize core O0S processes. Scope to This

05CreateTask(&gstrcTaskContext[gnTaskCount], 0SProcel}; Start main blinking LED process. Mew Solution Explorer View

OSCreateTask(&gstrcTasklontext[gnTaskCount], Proce UARTZ Driver); Start UART dj Exictifef e Shifte Alts A i@ AddLibraiy
OSCreateTask(&gstrcTaskContext[gnTaskCount], Proce I2C1 Driver); Start I2C dr

OSCreateTask(&gstrcTaskContext[gnTaskCount], Proce_Camera_LED Driver); Start camera New Foider Set as StartUp Project
OSCreateTask(&gstrcTaskContext[gnTaskCount], Proce USART@® Driver); Start USART@ Reference., Add Arduino Library
OSCreateTask(fgstrcTaskContext[gnTaskCount], Proce TCMS238 Driver); Start Toshibd R

// Initialize user processes. Board Wizard
0SCreateTask(&gstrcTaskContext[gnTaskCount], Proce Messageloop StreamImage); i stream image data via UART
OSCreateTask(&gstrcTaskContext[gnTaskCount], Proce Imagel); ' Image Processing Algorithm I

// Initialize driver processes. 0 MNew ltem... Ctrl«Shift+ A Add
a
%

Add Mew Cl

View Example Project Help

Export Project as Extension
while (1)

Cut Curl+X
{

[/ -—- Check SysTick until time is up, then update each process's timer --—- | Remave Del
if ((SysTick->CTRL & SysTick CTRL_COUNTFLAG Msk) > @) // Check if SysTick counts to ® since the last read. T 4 Rename

Unload Project

//PIOD->PID_ODSR |= PIO_ODSR_P21; // Set PD21, th

Project Fi|

Project Fd Praperies

Error List
Entire Solution - | €3 0Errors 1 0 Warnings | @D 0Messages | Build + IntelliSense Search Error List

™ Description Project File i Project File
The name of the file containing build,
configuration, and other information about th...

| | Output

Show output from:

Version 0.93 Oct 2019
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Setting Up An Atmel Studio Project 8

« Add all the *.c and *.h files in the project folder to the prOJect

Version 0.93 Oct 2019

MVM - AtmelStudio

Er[e Edit View WAssist{ ASF Project Build Debug
| B-Ba-m | %E -
BEXE =g

‘- EA& | b M Debug &

Tools  Window Help

Debug Browser =

Standard Mode

5 nCountX

| W ATSAMS70120 T NoTool <

SAMS7@_Init();
// initializ

05Init();
gnTaskCount = @;

// Initiaslize core 0S processes.
0sCreateTask(&gstrcTaskContext[gnTaskCount],

// Initialize driver processes.

0sCreateTask(&gstrcTaskContext[gnTaskCount],
OsCreateTask(&gstrcTaskContext[gnTaskCount],
05CreateTask(&gstrcTaskContext[gnTaskCount],
OsCreateTask(&gstrcTaskContext[gnTaskCount],
OsCreateTask({&gstrcTaskContext[gnTaskCount],

// Initialize user processes.
OsCreateTask(&gstrcTaskContext[gnTaskCount],

//PIOD->PI0O _ODSR |= PIO _ODSR P21;
OSEnterCritical();
if {gnRunTask == 1)

while (1)
1

ClearWatchDog();

Error List
Entire Solution

™ Description

| Qutput
Show output from:

// Custom initialization:
// Initialize task counter.

if ((SysTick->CTRL & SysTick_CTRL_COUNTFLAG_Msk) > @)

- ‘ 3 DErrors ‘ 1 DWarnings | @ 0 Messages

Initialize the RTOS.

0SProcel);

Proce_UART2_Driver);
Proce_I2C1 Driver);
Proce_Camera_LED_Driver);
Proce USARTO_Driver);
Proce_TCM&23@_Driver);

Proce_Messageloop_StreamImage);

05CreateTask({&gstrcTaskContext[gnTaskCount], Proce Imagel);
while (1)
{
[/ --- Check SysTick until time is up, then update each process’s timer ---

f// Custom initialization, see file "os_SAMS7@_APIs.c".
tion done in SystemInit();

'y
i
1!
7
1

7
I

This

Start

Start
Start
Start
Start
Start

Start
Start

will overwrites the

main blinking LED process.

UART driver.

I2C driver.

camera LED driver.

USART@ driver.

Toshiba TCME23@ camera drive

stream image data via UART
Image Processing Algorithm 1

/1 Check if SysTick counts to @ since the last read.

// Set PD21, this is used as a output strobe to indicate the timing c
// Stop all processor interrupts.
/{ If task overflow occur trap the controller
// indefinitely and turn on indicator LEDI.

// Clear the Watch Dog Timer.

Build + IntelliSense =

Project

Search Error List

File Line

% @’LT.;O

S
5B Search Solution Explorer (Ctrl+;)
a

¥ | Quick Launch (Ctri+Q) - | x

Solution Explorer

R o-a@m| e -

Dependencies

=d| Output Files
b 3 Libraries
b 3 Device_Startup

€} Driver_|2CT_V100.c
| Driver_12C1_V100.h
| Driver_TCMB230.c
. Driver_TCM38230.h
Driver_UART2_V100.c
| Driver_UART2 V100.h
| Dwiver_USARTD_V100.c
Driver_USARTD_V100.h
main.c
os_APls.c
| 0s_SAMSTO_APIs.c
asmain.h
User_Task.c
| User_Task.h

o EbhRbELERERE

=

ASF Explorer VA View VA Outline il =8

| Properties

MVM Project Properties -

Project File
Project Folder

MVM.cproj
ChUsers\User\Document|

Project File
The name of the file containing build,
configuration, and other information about th...
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Setting Up An Atmel Studio Project 9

* Now you can build or compile the project.
|

m MVM - AtmelStudio Standard Mode ¥ Quick Launch (Ctri+ Q) Pl A x
File Edit View VAssist ASF  Project | | Debug WBols Window  Help
©- 0 i@ -8 -2 B ML H BuildSolution 7 ~| Bebug Browser - - | &% nCountx
Bl @ | » ‘ 4o S | Rebuild Solution Ctrl+Alt+F7 m | L e ATSAMSTON20 T NoTool
[ ot v TR i
main.c +
T Use this tab to select and
§7 Driver TCM2230h =z h Cusers T TCME230.h ~|&Go - &
ebui
SAMS78_Tnit(); A @_APIs.c". This will overwrites the Y = oy .
/j cenmm | o=~ getup the programming too
osInit(); /A Batch Build.. S- 4 Rwvm !
gnTaskCount ,‘/i " & = b =4 Dependencies -
Sl s —omene €€ NEXt slide.
// Initialize core OS5 processg Compile Cirl+F7 b [ Libraries
05CresteTask(&gstrcTaskContext[ENTESKCOUNT];  USPTOCET); // start main blinking LED process. b 3 Device Startup
c Driver_2C1_V100.c
// Initialize driver processes. W Driver 1201 V100.h
05CreateTask(&gstrcTaskContext[gnTaskCount], Proce UARTZ Driver); // Start UART driver. A e
0SCreateTask(&gstrcTaskContext[gnTaskCount], Proce_T2C1 Driver); // Start T2C driver. e DnveriTCMSZBD.h
05CreateTask(&gstrcTaskContext[gnTaskCount], Proce_Camera_LED Driver); // Start camera LED driver. S e s v1l00
0SCreateTask(&gstrcTaskContext[gnTaskCount], Proce USART@ Driver); // Start USART® driver. a D”'ver_u.amz_vmﬁ
0SCreateTask(&gstrcTaskContext[gnTaskCount], Prace_TCMB23@_Driver); // Start Toshiba TCMB238 camera drive bj Drver hi
<] Driver_USARTD_V100.c
/4 Initialize user processes. 1 Driver USARTO_V100.h
05CreateTask{&gstrcTaskContext[gnTaskCount], Proce MessagelLoop StreamImage); // Start stream image data via UART €] main.c
05CreateTask(&gstrcTaskContext[gnTaskCount], Proce Imagel); // start Image Processing Algorithm 1 ¢l os APlsc
©] os_SAMST0_APls.c
while (1) n osmainh
{ ¢! User_Task.c
/{ --- Check SysTick until time is up, then update each process's timer --- 0 User Task.h
if ((SysTick->CTRL & SysTick CTRL_COUNTFLAG Msk) > @) // Check if SysTick counts to @ since the last read.
{ ASF Explorer VAView VA Outline [SIlll- 1=
//PIOD->PIO_ODSR |= PIO_ODSR P21; // set PD21, this is used as a output strobe to indicate the timing c
OSEnterCritical(); /f Stop all processor interrupts. Properties
if (gnRunTask == 1) /1 If task overflow occur trap the controller &
/f indefinitely and turn on indicator LEDL.
while (1) &
CleariatchDog(); // Clear the Watch Dog Timer. -
99 % ~ 4 »
Error List
Entire Solution - | €3 0Erors | 1 0Wamings | @) OMessages | Build + IntelliSense - Search Error List L~
1‘ Description Project File Line

Output
Show output from:  Build - ‘ | € x | § ‘ =

Dt BUETETE et VA COrCTT A success message Wl” be

Build succeeded.
Build: 1 succeeded or up-to-date, @ failed, 8 skipped ==

Out5016 displayed.

n 0.93
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Setting Up the Programming Tool -
Atmel ICE

« Now you can load the firmware into the micro-controller with a suitable
programmer. Here we are using Atmel ICE, but any programmer
compatible with Atmel Studio 7 and support SWD (serlal wire debug) mode

E wm- atmeistudio Standard Mode ¥ | Quic I
IS Ine Fle Edit View VAssistX ASF Project Buld Debug Tools Window Help
-0 (B-Fh-2 @ |- < |Ee| b Wi Debug ~ | Debug Browser = | &% ncountx RN AV N T

Wom o > o | Hex % | B@- -7 AR A A ] i WMATSAMSTOI20 F SWD on Atmel-ICE (141800022797)

B & -

@ e-F
Search Solution Explorer [Ctri+;) P~

o e Once Atmel ICE is connected
¥ | Interface: [SWD |
to the computer we can

select it from here, and set

The clock frequency should not exceed target CPU speed * m: o th e p rog ra m m e r pa ra m ete rS
<+—— a8 shown on the left.

Fraseentive chip ¥ | Boot selection | Baot from Flash. ¥
Debug settings SAMSW APIs,
n' h
[T] Override Vector Table Offset Register |exception_table Esma‘T o5 .
Cache all flash memory except ASF E\(p\w&r R Solution ...

Entire Solution - \ €3 0Emrors || 1 0Wamings \ @ 0Messages | Build + IntelliSense - Search Error List P
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Flashing the Micro-Controller 1

Connect the MVM to Atmel ICE. Power up the MVM and click this
button to program the flash memory.

See Appendix on the pin assignment on the 2x3 ways re
comes with Atmel ICE.

ptacle that

MVM - AtrnelStudio Standard Mode Y | Quick Launc

File  Edit View  VAssistX ASF  Project Build Debug Tools  Wind,
Q- | R i il ~ [ | | - v | E = | P | Bl Debug » Debug Browser - | 5 nCountX

S 4 - e = : :

bR e L R | Hee %8| g~ .0 Start Without Debugging (Ctrt- AlteF5) [OAMSTOI20. § SWD on Atmel-ICE (41800022797) 4

(Al [Jcer Task.c User Task.h main.c

Build

N/A Slatform: | AA

Build Events Search
Toolchain @l 5

Selected debugger/programmer 4
Device : - [

Atmel-ICE = J41800022797 « . |[SWD

Tool* me Interface: b
Components 4
Advanced I

SWD Clock

2 MHz
The clock frequency should not exceed target CPU speed * 10.
Pragramming settings
Erase entire chip ¥ Boot selection | Boot from Flash ¥

Debug settings
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Flashing the Micro-Controller 2

Finally you need to setup the TCM (tightly coupled memory) size of Cortex

M7 by setting the GPNVM (general purpose non-volatile memory) bits of

SAMS70 as shown.

EJ wmvm - atmeistudio

Atmel-ICE (J41800022797) - Device Pregramming ? x
Teol Device Interface Device signature Target Voltage
Mmel-ICE | ATsams7izo = |swD | [Apply]  oxAt120C01 33V ]
Interface settings GPNVM Bit Value
¥ GPNVMBITS.BOOT_MODE

ITU ol information

Device information
Memeries

GPNVM Bits

Lock bits

Security

Programming settings

Erase entire chip ¥
Debug settings

Cache all flash memory except

Version 0.93 Oct 2019

File  Edit View VAssist{ ASF Project  Build Debug Tools | Window Help
i | B8 g-2 H e | ¥ | . B Command Prompt
T | S | o | Hex % | § & Device Pack Manager
t# Device Programming b
User_Task.c User Task.h main.c MVM &= X =
L"ﬂ Add target...
Build N/A B 0ata Visualizer
Build Events %) Select profile
Toolchain 5| i
) Selected debugger/programmer | 7 Suke e Mateier: i
Device - - B Extensions and Updates...
Atmel-ICE » J41800022797 v | Interf -
Tool Atrnel Gallery Profile...
Components External Tools...
Advanced Import and Export Settings...
SWD Clock | Customize...
£ Options...
Reset o uf C

The clock frequency should not exceed target CPU speed * 10,

Boot selection | Boot from Flash +

Starting operation read registers
Reading register GRNVYMBITS...OK

Read registers...OK

[C] Owerride Vector Table Offset Register EXCEptI:GH_EEb|E

|Z| Read registers..0K

The Heartbeat LED of the
MVM V1.5C should start
blinking once all the GPNVM
bits are programmed.

Value
0x0182

Register
GPNVMEITS

Copy to clipboard

Pmiram | Verify | | Read |

Hit the ‘Program’ button once
the parameters are properly
setup.

Auto read
Verify after programming
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Coding Your Own Routines

» The source files “User Task.c” and “User Task.h” contains the

routines and declarations for image processing task 1 that search for
the brightest region in an image.

« Use this as the basis to add on your own routines. Do remember to

use the state machine approach to code your tasks, and keep the total
execution time for all tasks within 1 system ticks!

* For more information on the round-robin scheduler and basic structure
of the C codes for ARM Cortex-M see
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Compiling and Building the
Machine Vision Monitor
Software



Introduction

« The PC application (*.exe) to observe the image frames captured by
the MVM and the corresponding source codes are also provided.

* If needed, you can rebuild the application using Visual Studio
Community version and customize the software features.

* The following slides show how to setup the Visual Studio project from
the source codes provided.
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Setting Up Visual Studio Project 1

* In the folder “MVM_PC_Monitor_Software” look for the file
MVMMon1.zip.

« Decompress the file into a suitable project folder.

i MVM_Arduino_Example/Example1_SoftSerial
B MVM_Miscellaneous/Scilab
B MVM_Original_Hex_File_ R0.53

m MVYM_PC_Maonitor_Softwar

i MVM_Sample_Firmware_R0.9

E) LICENSE

Added example codes for Arduino
Add files via upload

Delete MVM.hex

Add files via upload

Minor update on PD24 pin

Create LICENSE

3 days ago
4 days ago
3 days ago
4 days ago

3 days ago

4 days ago

El MYM_V1_5C_Quick_Start.pdf

[E] READMEmd

= | ChUsers\User\Down... Extract

Home Share View Compressed Folder Tools

&= Pictures
FabiankKung
AREA 4 APPEMDICES
Extract To

« MV.. » Visual_Basic_dotMET_...

~
MName

A Quick access
[ Desktop g
& Downloads #

i MVMMon1.zip

|§ Documents

Compressed (mpped)

Version 0.93 Oct 2019

| & = | Ch\Users\Use

File

A

Pinto Quick Copy Paste
access (]

Clipboard

Home Share

“« v <« Soft...

5 3F Quick access
%2 Dropbox

@ Onelrive

v [ ThisPC
Objects
[ Desktop
|5 Documents
-‘ Downloads
J” Music

| Pictures

Videos
. Windows [C:)
s RECOVERY (D:)

> ¥ Network

Bitems

r\Google Drive\Pr... -

Wiew

x- *
Mew  Open

-
Crrganize

» Visuals.. »

v O

Mame

MMy Project
- __Templatelcon.ico
¥ App.config
B Main1.Designer.vb
O3 Maint.resx
B Mainlvb
- Mainlcon.ico
]| MyTemplate. vstemplate
RobetEyeMonlvbpro)

Select

Search Vis... J
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Setting Up Visual Studio Project 2

* Open Visual Studio, and open the VB project (*.vbproj) as shown.

] RobotEyeMont - Microsoft Visual Studio 0 & | Quick | .
_“J ) ) = | C\Users\User\Google Drive\Pr... - O X
File | Edit. View Project Build Debug Team Tools Test Analyze Window Help
Mew v | - AnycPU < b oStar s | g8 Home Share View ®
Open v | 9 Project/Solution.. Ctrl+Shift+0
& StartPage 21 Folder.. Ctrl+ Shift+Alt+ O ﬁb - + E
Add to Source Control B WebSite.. Shift+ Alt+-O
Search So| pj ick Copy
Add » (s t7oa SOuRCante Pin to Quick Copy Mew  Cpen Select
€ ] Soly access - - e
Close 21 File.. 4 [B H z i
B Close Solution e y Clipboard Organize
Bl SeveSelected ftems EnED B <« v <« Soft.. » VisualS.. » v D Search Vis.. J
Save Output As... hi
- [ | ~
W save Al Ctrl+Shift+5 E Name
Source Control 3 » 3 Quick access
[ Page Setup.. My Project
.
= Print... Ctrl+P == Dropbox -_Templatelcon.lco
Account Settings... : v’j App.canfig
Recent Files ’ & Onelrive : -
B Main1.Designervb
Recent Projects and Solutions ’ = This PC o
W [N is Painl.resx
Exit Alt+F4 =
_J 30 Objects B Mainlvb
B Deskiop - Mainlcon.ico
Solution

L ] MyTemplate vstemplate

4L Downloads

J’t Music

Pictures

B videos

e Windows (C:)
wa RECOVERY (D:)

| Properties

PiE| RobotEyehonl.vbproj

Project
Project

Output

Show output from: | Debug

3 d Metwork

Error Lict JOINHINS

G items
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Setting Up Visual Studio Project 3

* Double-click the MyProject icon to bring up the project setting.

’Q_J RobotEyeManT - Microsoft Visual Studio Y & | Quick Launch (Ctrl+Q) el
Ele  Edit View DProject Build Debug Team Tools Test Analyze Window  Help
f@-o |- @ -0 -| Debug - AnycCPU - postat - | G _

RobotEyeMon1® & X Solution Explorer

| | o8-lo-s0

/A
Compile

Search Solution Explorer (Ctrl+;)

Solution 'RebotEyeMonT’ (1 la}
Debug Assembly name: Root namespace; & Seftion'RahotEyeMon' {1 project)

) 4 [ RobotEyeMon1
References ‘Ssafepmje:tnames ‘ & My Project
Target framework: Application type: » ..; REFEEHCFTS
Services NET Framework 4.5 || Windows Forms Ap_tp}[cation b tEl a:?njo::g
Settings [ Mainlcon.ico

Resources

Startup form: lcon:
Signing Main Mainlcon.ico
My Extensions

Security Assembly Information... | View Windows Settings

Fubfich Enable application framework

Code Analysis

Windows application framework properties
Enable XP visual styles

[] Make single instance application

Save My.Settings on Shutdown

SISl Team Explorer  Class View
Authentication mode:

Properties
| Windows

Shutdown mode:

‘When startup form closes

Splash screen:

Show output from:

Errar List JlNGI0S

A Addto Source Control =
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Setting Up Visual Studio Project 4

 Type in the Assembly Name and Root Namespace as shown.

A) RobotEyeManT - Microsoft Visual Studio X & | OuickLaunch (Ctrl+0) Al B x
File Edit View Project Build Debug Team Joof Test Analyze Window Help
-0 | @-2 WD -| Debug - AdycPu - b Stat - | &

RobotEyeMonl™ + X | Solution Explarer

e | -5 aB s

Compile : Search Solution Explorer (Ctrl+;)

J1dxg 1as

13

7 Solution 'RobotEyeMoni' (1 project)
4[] RobotEyeMon1

A My Project
Resources Target framework: Application type: b References

. App.conf
Services | \MET Framework 4.3 - |Windews Forms App}[:ation [ g MZTn?Th'g
Settings

Startup form: lcon: E Mainlcon.ico

Signing | Main ~ | Mainlcon.ico

Debug Assembly name: Root namespace:

References |Mv,Monimr \ |M\LMonitor

x0q|oo|

S ejeq

5331N¢

My Extensiens
Security Assembly Information... | View Windows Settings

Rublics Enable application framework

Code Analysis
Windows application framework properties
Enable XP visual styles
[ Make single instance application

Save My.Settings on Shutdown ELINCORSTIEDY Team Explorer Class View

Authentication mode:
| Windows

Properties
Shutdown mode:
When startup form closes

Splash screen:

Show output from: Debug

28 Cutput
Version (

4 Add to Source Control =



Setting Up Visual Studio Project 5

* Now rebuild the project as shown and you should get a success
message in the Output window.

RobotEyeMon1 - Microsoft Visual Studio ¥ & | Quick Launch (Ctri
File Edit View Project | Build | Debug Team Tools Test Analyze Window Help
G- B-2EF % Build Solution Crl+Shift+B 1
Rebuild Selution
Main1.vb RobotEyd
] Clean Solution -
Run Code Analysis on Solution Alt+F11 & -
Search Selution E
Commie I::l Build RobotEyeMon1 SRl e
Debug Rebuild RobotEyeMont s .\ 2 Solution Rob
4 [ RobotEyel
References Clean RobotEyeMon itor F My Prol
B Resources @  Publish RobotEyeMon! iy b .; Referer}
5 ; , App.
g o Run Code Analysis on RobotEyeMaon Forms Application » ‘ :3 Mpp :D
g - ain.
g Settings Configuration Manager... Ay
a E
Bl Sianing Wain s = - B Mainlcs
My Extensions
Sechrby Assembly Information... View Windows Settings
Fublich Enable application framework
Code Analysis
Windows application framework properties
Enable XP visual styles
[ Make single instance application
Save My.Settings on Shutdown Salistian Expliter
Authentication mode:
Windows ~
Shutdown mode: |
When startup form closes v
Splash screen: v
Output X
Show output from:  Build - & | & |z
e Rebuild All started: Project: RobotEyeMonl, Configuration: Debug Any CPU ------
ucceSS A kcboitychiont 2 s\ ee il koriGonate OF: U DR cE- iobat s Embe et hanes Viatontsertnars\isnazstudion i
Rebuild All: 1 succeeded, @ failed, 8 skipped =
4 »
I Output

Rebuild All succeeded
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Setting Up Visual Studio Project 6

You can now run the application, view/edit the source code and the
main window form.

’_QJ RobotEyeMon1 - Microsoft Visual Studio Y .'.:‘ Quick Launch (Ctri+Q) Pl = | x
File Edit View Project Build Debug Team Tools Test Analyze Window  Help
-0 @2 W -0 | Debug | |AnycPU - b Stete | B iR S | -

(NERYL S S RobotEyelon] Solution Explorer
@ME-le-s¢a@lo

Search Solution Explorer (Ctrl+;) P -

'Private mFilePath As String
Private mFilePath As String =

"C:\FabianKung\Testimagq. txt"

|dx3 B

FEN:

Private Const mnRedMask As Integer = &HFF™" fa] Solution ‘RebetEyeMonT' (1 projec R- ht I- k
Private Const mnGreenMask As Integer = & 4 [ RabotEyeMon1 Ig C IC
Private Const mnBlueMask As Integer = &H Run the & My Project

b =@ References t A d
Private Const mnLuminanceRGE As Integer : . . ¥ App.config O VIeW CO eS
Private Const mnlLuminanceR As Integer = . appllcatlon b [ Mainlvb —
Private Const mnluminanceG As Integer = | B Mainlcon.ico f
Private Const mnlLuminanceB As Integer = 3 Or Orl I l
Private Const mnLuminanceGradient As Integer = 4

Private Const mnHue As Integer =5 desig ner

Private Const mnIPResult As Integer = &

o5 e1eQ

S3UNC

Private Sub Main_Load(sender As Object, e As Eventirgs) Handles Me.Load

Source codes
"Initialize main picture box and graphic objects. For Main-Vb

mbmpMainBMP = New Bitmap(mintImageWidth + 1, mintImageHeight + 1, Pixelrormat.rormat24bpplgb)
mptBmpStart = New Point(164, 28) 'Start position for bitmap (upper left corner}.
mrecMainBMPArea.X = @ ‘A rectangle area within the bitmap. This will be used | =
mrecMainBMPArea.Y = @ ‘Here the area is equivalent to a row on the bitmap, thu: Properties
mrecMainBMPArea.Width = mbmpMainBMP.Width

mrecMainBMPArea.Height = 1 "1 pixel

ie.Text = mstrsoftwareTitle & " " & mstrSoftwareVersion

StatusStriplabell.Text = "No COM Port open”

ELlNLLNSGILIEY Team Explorer  Class View

If mintImageScale = 2 Then 'This will display the image at 2x original size.
mbmptainBMP.SetResolution(5@, 58) 'Set resolution to 58 dots per inch.

"TF we zpt +n 16& dAntc ner inch  thic will recnlt in emaller image cize

Show output from:
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APPENDIX



Appendix 1 — Connecting Atmel ICE to
MVM V1.5C
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Appendix 2 — Example 1 Using
SoftwareSerial

@ Examplel_SoftSerial | Arduino 1.8.9 - O X

File Edit Sketch Tools Help

In this code we use SoftwareSerial
port to communicate with MVM V1.5C, [cimcis o= :

void setup() {

while the hardware serial is used in P

Serial.b:

our setup code here, toc run once:
i TE00) ;
1{576003 ;
// A 500 ms delay for the module to initie

mySerial

conjunction with Serial Terminal for pr
debugging. :

mySerial
void loop() {

// put your main code here, to run repsatedly:

={0x10}) 7 // Bun IPA- {image processing algorithm
{0x10) » /4 Buan IPA 1 on interval 2

int nlID;
int nLuminance;
int nX;
int n¥:

if (mySerial.available()>3)
{
nID = mySerial.r=ad(): // Get IPA ID
if (nID = 1) J/ Make sure it is algorithm 1
{
nLuminance = mySerial.read();
n¥X = mySerial.rzad({);
nY = mySerial.r {:
Serial. ("Process ID = ");
Serial. (nID);
Serial. In(};
Serial. coordinate = ");
Serial. {nX) ;

Serial. 1n();
Serial. {"Y coordinate = ");
Serial. {nY);

Serial. In()s
1
glse
{
mySerial.flush();
}
13
delay(2); f// B short 2 ma delay.
i3 v
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Appendix 3 — Saving the Image Frame onto
Computer Harddisk and Retriving the

« As mentioned in slide #12, one can save the image displayed in the
Machine Vision Monitor software onto hard disk.

« The image file is saved as a binary file containing 2D array of luminance

pixels.

« Scilab or MATLAB software to read the file and display the image. This is
useful when one is developlnq a new alqorlthm

1. Close the
COM port to
stop streaming
image

Version 0.93 Oct 2019

& Machine Vision Mon

com4 w

COM Port Closed!

- Version 1.02

Horizontal Reference Line

e
|ED Vertical Reference Line

Current [PAin Interval 1
i_ﬁ Cumrent IPAIN Interval 2

2. Save the current

+ bitmap in display

onto hard disk "



Appendix 3 Continued...

« The Scilab script to read the saved image file is also provided in the

MVM V1 _5C folder. The script listing is shown below.

s Basic_GrayScale_GrablmageCamera.sce (C:\Users\User\Google I
File Edit Format Options Window Execute 7

ChkE 54 X060 @22y

Make éﬁre fhe path declaration

matches your file path in the hard disk

Version

ImageWidth = L&0;
ImageHeigth = 120;
Hgraf = sci():

{ImageHeigth+l, ImageWidth+1);
5 {ImageWidth+l, ImageHeigth+l) ;

15|for i=1:ImageHeigth-1

I3 for j=1:ImageWidth
18 Mii, J)
19 end

20 mgeti{l, 'c', HBfile);
21|=nd

=-mget{l, "c

23|for i=1:ImageHeigth-1
24 for j=l:ImageWidth
25 Mr(j, Imagedeigth-1) = M{1,]]

Hgraf.

1 HEile); //-Read-1-pixel.data, -convert-to.double.

36 P == 0T

37jrow = l:ImageWidth + 1;

3g|col = 1l:ImageHeigth + L

3g|gravplot (row,col,Mt) ; Plot-.ERe-transpose-and-flap.images.

~

. Graphic window number 0 — [m]
File Toolz Edit 7
B|EBEG T O
Graphio window number 0
140
T T T T 1
o 20 40 B0 80 100 120 140 180 180
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