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1. Safety precautions

e Use the supply voltage and interfaces given in the micrometer specifications.

¢ WWhen connecting/disconnecting cables, the device must be turned off.

¢ Do not use the micrometer in locations close to powerful light sources.

e To obtain stable results, wait about 20 minutes after turning on the power to
allow the optical sensor to warm up evenly.

e All components of the device must be grounded.

2. CE compliance

2D Optical Micrometers have been developed for use in industry and meet the
requirements of the following Directives:

e EU directive 2014/30/EU. Electromagnetic compatibility (EMC).

e EU directive 2011/65/EU, “RoHS" category 9.

3. Light source

The micrometers make use of the LED with a dominant wavelength of
e RF656.2D Series - 630 nm (red)

e RF657.2D and RF657R.2DR - 525 nm (green)

According to EN 62471:2008, the device is classified as safe.

4. General information

2D Optical Micrometers are designed for non-contact two-dimensional
measurements of linear dimensions, diameters, angles, thread parameters, part shapes,
etc. This Operating Manual is uniform for all series of 2D RF65x.2D optical micrometers,
namely

e RF656.2D

e RF657.2D

e RF657R.2D

A single web interface is used to configure micrometers. The series differ in
technical characteristics (range, speed, accuracy).

5. Structure and operating principle

The operation of the micrometer is based on the so-called "shadow" principle.
The main components of the 2D micrometer are an optical sensor and a
controller.

Optical sensor Controller

RF65x.2D [Revision 1.0.1] 12.03.2024
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The optical sensor of the micrometer consists of two parts - the emitter and the
receiver. The light from the LED is collimated by the lens. When a product is placed in
the region of a collimated beam, its shadow image is projected by the receiver lens onto
the 2D CMOS sensor. According to the location of the shadow border of the image
(object profile), the controller calculates the required parameters of the object.

Measurement of geometric quantities

Receiver

Shadow image

Collimated beam

d
Measured object .~

Measurements and tolerance control are made according to the algorithm
created by the user. To build the measurement algorithm, a simple and visual tool is
proposed - the measurement scheme. The scheme is formed from a library of ready-
made blocks. Various combinations of blocks and connections between them allow the
user to create an almost unlimited number of measuring functions and measure
products of varying complexity. Measurement results can be transmitted via various
protocols (Ethernet/IP, Modbus TCP, UDP), as well as to the logical outputs of the
micrometer for controlling actuators and signaling the suitability of the product.

6. Basic technical data

6.1. General specifications
Technical characteristics of optical sensors of RF656.2D Series:

RF656.2D -8x10 -15x20 -25x35 -40x50
Measuring range, mm 8x10 15x20 25x35 40x50
Measurement error, um 1.5 +2 2.5 4.5
Distance along the axis at which
the measurement error is applied, 11 +2 +3 +4
mm
Minimum object size, mm 0.07 0.2 0.2 0.35
Speed, measurements/s up to 65
Exposure time, ps 100
Light source LED, 630 nm, RED
Overall dimensions, figure 1 2 2 4
Weight, not more, kg 1.1 23 23 5.6

RF65x.2D [Revision 1.0.1] 12.03.2024
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Technical characteristics of optical sensors of RF657.2D Series:

RF657.2D -15x20 -25x35 -40x50 -60x80
Measuring range, mm 15x20 25x35 40x50 60x80
Measurement error, um 0,8 +1,2 12 +3
Distance along the axis at which
the measurement error is applied, 5 +10 +15 120
mm
Minimum object size, mm 0.13 0.13 0.2 0.3
Speed, measurements/s 24
Exposure time, us 15
Light source LED, 525 nm, GREEN
Overall dimensions, figure 5 6 7 8
Weight, not more, kg 5 5.6 101 223

Technical characteristics of optical sensors of RF657R.2D Series:

RF657R.2D -25 -45 -70 -100
Measuring range, diameter, mm 25 45 70 100
Measurement error, um +0.8 +1.2 +2 +3
Distance along the axis at which
the measurement error is applied, 5 +10 15 120
mm
Minimum object size, mm 0.1 0.13 0.2 0.3
Speed, measurements/s 4
Exposure time, us 15
Light source LED, 525 nm, GREEN
Overall dimensions, figure 5 6 7 8
Weight, not more, kg 5 5.6 10.13 223

General technical characteristics of RF65x.2D optical sensors:
Interface
Basic interface Ethernet / 1000 Mbps
Synchronization inputs 1 channel
Logic outputs 2 channels (1 channel is used as a strobe of active
exposure)
Power supply, V 12...24
Power consumption, not more, W 6
Environmental resistance

Enclosure rating P62
Vibration 20 g/ 10...1000 Hz, 6 hours for each of XYZ axes
Shock 30g/6ms
Operating ambient temperature, °C -10...450
Storage temperature, °C -20...+80
Relative humidity, % 20-80 (no condensation)
Housing/windows material aluminum/glass

RF65x.2D [Revision 1.0.1] 12.03.2024
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Technical characteristics of RF65x.2D-SuM controllers:

Parameter Value
Speed, measurements/s 50 - RF656.2D and 24 - RF657.2D
Interface
Ethernet 3 x GbE, RJ-45 connectors
COM port 4 x RS-232/422/485, DB-9 connectors. Changing the

interface type can be done in the BIOS (see Annex 2.
Configuring the protocol for controller serial interfaces).
2 x RS-232, RJ-45 connectors

USB 4xUSB 3.2Gen 2 (10 6 x USB 3.2 Gen 2 (10
Gb/s) Gb/s)
2xUSB 2.0

Display 1 x HDMI

1 x DisplayPort

Power
Power supply, V 12...24
Power consumption, not more, W 60
Standard AT/ATX, switchable
Environmental resistance
Operating ambient temperature, °C -20...+60
Storage temperature, °C -40...+85
Permissible relative humidity during use, % 10-95 (no condensation)
Permissible relative humidity during storage, % 10-95 (no condensation)
Shock 5G/11ms half-sine shock, 100 shocks for each of XYZ
axes, IEC68-2-27

Vibration MIL-STD-810G 514.6C-1 (SSD)
Weight, kg 29
Overall dimensions, mm 81 x 150 x 190

6.2. Overall dimensions

Detailed CAD documentation (2D and 3D) is available here:

https://riftek.com/upload/iblock/dd2/RF656.2D 2D CAD.rar

https://riftek.com/upload/iblock/262/RF656.2D 3D _CAD.zip

The housing of the optical sensor is made of anodized aluminum. The overall
and mounting dimensions of the sensors, as well as the field of view (measuring range)
are shown in the figures below.

124 _
32 L 60 B , | A-A

B+184

Figure 1. RF656.2D-8x10. B=20...100
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Figure 2. RF656.2D-25x30. B=20...240
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Figure 3. RF656.2D-30x40. B=20...250
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Figure 4. RF656.2D-40x50. B=20...500
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Figure 5. RF657.2D-1 5x20 and RF657R.2D-25
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Figure 6. RF657.2D-25x35 and RF657R.2D-45
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Figure 8. RF657.2D-60x80 and RF657R.2D-100
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Figure 9. RF656.2D-SUM
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6.3. View of controller panels

The front panel of the controller contains:

e 3 x RJ-45 Gigabit LAN with RJ-45
connectors.

e 4 x RS-232/422/485 serial ports with
DB-9 connectors. Changing the
interface type can be done in the BIOS
(see Annex 2. Configuring the protocol
for controller serial interfaces).

e 2 x RS-232 serial ports with RJ-45
connectors.

e 4 xUSB 3.2 Gen 2 and 2 x USB 2 ports
- for HW1 model, 6 x USB 3.2 Gen 2
ports - for HW2 model.

e Power LED - Green indicator.

e HDD LED - Yellow indicator.

.. DRPC-230

The top panel of the controller contains:
e DC IN - power connector 12...24 VV DC.
e Ground connector.

e HDMI.

e DisplayPort.

¢ "Power" - Power button.

¢ "Reset" - Reset button.

e AT/ATX switch.

il

DP peser atatx DCIN ¢

)
a
T
%
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7. Connection options
The block diagram of the connection options is shown in the figure.

HDMI USB | Ly

Switch

i' : . i Glgal:nt Ethernet

Dlsplav Keybnarﬁ I Mnuse

"""""""" Ethernet !
1 L + I
| Ethernet |
: e |
i RF656.20 Sensor-1 |
| Madhbus TECP clients: L . |
T “ i
i o~ i
: RS-232/422/485 i
: R '

FE56.20 SuM RFB56.2D Sensor-2

Modbus RTU clients:,
HMI, PLC

_ Power supply 8 Interface

s - 5 C|

DC, 24 V / 5A Exernal

synchronization
{optional)

The red box shows the standard set, which includes:

¢ Controller RF656.2D SuM.

¢ Optical sensor RF656.2D of the required range (up to four optical sensors can

be connected to one controller).

¢ Ethernet cable for connecting the optical sensor to the controller.

¢ Optical sensor power cable with sync and output lines.

¢ Controller power cable.

NOTE. Pin assignment of connectors and cables, as well as electrical
characteristics of the inputs/outputs of the optical sensor are shown in Annex 1.

The green box shows the service equipment needed to operate the micrometer.
A computer or a display with a keyboard connected to the controller is used to
parameterize the micrometer, generate measurement schemes, display the result, etc.

The purple box shows the process automation tools (operator panel and/or
programmable logic controller) connected to the micrometer controller, if needed.

RF65x.2D [Revision 1.0.1] 12.03.2024



@-{&}-@ RIFTEK
2D Optical Micrometers Sensors & Instruments

8. Example of item designation when ordering
RF656.2D-R-LP-LS-LI

Symbol Description
X 6or7or7R

R Measuring range of the optical sensor.
RF656.2D-(FOV, height x width, mm):
e 8x10

e 25x30

e 30x40

e 40x50

RF657.2D-(FOV, height x width, mm):
e 15x20

e 25x35

e 40x50

e 60x80

RF657R.2D-(FOV, diameter, mm):

e 25

o 45

e 70

e 100

LP The length of the controller power cable, m.
LS The length of the power and sync cable of the optical sensor, m.
LI The length of the Ethernet cable, m (max. 100).

Example: RF656.2D-40x50-3-3-10 - optical sensor with measuring range 40x50 mm, controller power
cable length 3 m, optical sensor power cable length 3 m, Ethernet cable length 10 m.

9. Overall demands for mounting

The optical sensor of the micrometer is installed in such a way that the controlled
object is within the measuring range of the sensor. In addition, there should be no
foreign objects in the area of the collimated beam.

Avoid direct sunlight on the optical sensor and the measured object.

ATTENTION!
The optical sensor of the micrometer and the controller of the micrometer must be grounded.
Static electricity can cause the failure of electronic components.

10. Network setup and connection

10.1. Network setup

Unless otherwise specified in the order, all controllers are shipped with the
following Ethernet settings:

Parameter LAN1 LAN2 LAN3 Network interfaces
(enp1s0) (enp2s0) (eno1)
mode static - a static address is assigned. GbE (LAN3) +—
IP Address 192.168.1.130 | 192.168.3.130 | 192.168.2.130 | 6pe (Lanz) et
mask 255.255.255.0
gateway 192.168.1.1 192.168.3.1 192.168.2.1 | oo ANIT
dns 192.168.1.1 192.168.3.1 192.168.2.1

To connect to the controller, configure the network settings of the connected
PC/device as follows:

e LAN1: device address must be 192.168.1.*, mask - 255.255.255.0

e LAN2: device address must be 192.168.3.%, mask - 255.255.255.0

RF65x.2D [Revision 1.0.1] 12.03.2024
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e LANS: device address must be 192.168.2.%, mask - 255.255.255.0

(* is any number from 1 to 254, except 130)

Unless otherwise specified in the order, all sensors are shipped with the
following factory settings:

Parameter Value
mode static
IP Address 192.168.3.30
mask 255.255.255.0
gateway 192.168.3.1
dns -

The network parameters of both the controller and the sensor can be changed
using the service software (SDK), service protocol, or on the device web page.

10.2. Connection

e Make network settings according to the previous paragraph.

e Connect the service equipment (PC or switch) to the LAN1 or LAN3 output of

the controller.

e Connect the optical sensor to the LANZ2 output of the controller.

e Connect the power supply (12...24V) to the controller (DC IN connector on the

top panel of the controller).

e Connect the power supply (12...24V) to the optical sensor (red wire "+", brown

wire "-").

Within 15-30 seconds after the controller is turned on, the controller firmware is
loaded and the Ethernet interface is initialized.

Next, it is recommended to go to the web page of the micrometer, which can be
accessed from any browser - enter the network address of the controller into the
address bar of the web browser, namely 192.168.1.130 when connected to LAN1 or
192.168.2.130 when connected to LANS.

If all the settings are correct, the browser will display the micrometer page with
the following content:

SmartUnit-M  version:0.1.0 E B ® W

5 t27.8C
% cpu:0%

f 2 @ & G @ I NewScheme.json (¢] of ap o) S pps:0/0 @
home v

5 ‘

£ packets:10 alerts:0

WES
)L

JA
W

f656.2D

%3
Smart
& F
Files . ““*
o s o

System

-30.0 -250 -200 150 100 50 00 50 10.0 15.0 200 250 30.0

Evaluate the operation of the controller and the optical sensor by the status
indicators located at the top of the web page (see Web interface).
The optical sensor is turned off by removing the supply voltage.

RF65x.2D [Revision 1.0.1] 12.03.2024
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The controller can be turned off using the service software (SDK), the service
protocol, the "Power" button on the top panel of the controller, and the web page of the
micrometer.

11. Web interface

2D Optical Micrometers RF65x.2D have an embedded web page, which can be
accessed from any browser by entering the network address of the controller into the
address bar of the browser. The web page is intended for checking the operation of the
micrometer, setting parameters, accumulating and displaying a shadow image and a
profile of parts, and creating the measurement scheme.

SmartUnit-M  version:0.1.0 1

t27.8C H - & | 3
(% cpu2.4% 3 = packets:6.0K alerts:0 = i} 1Gbps ” no-carrier 1Gbps ”
L3 H [E@ B E B & Newschemeison HEEEE
home fmee
= 23592388 A~
&
[656.2D  Mod stopped
Q% Connect tion CLOSE
Smart  AcquisitionTriggerMode of -
B Frames capture mode Video =
Files *“’
o E 3 @F
System  Acquisition START
Acquisition autostart of ~
Ethernet v

1 - General information (controller name and firmware version).
2 - Control buttons.
3 - Status indicators.

4 - Paramete

rization tabs.

5 - Measurement scheme.
6 - Measurement results.

Area 1 contains the name of the controller, its serial number and firmware
version. The name can be changed by the user.
Area 2 contains the following control buttons:

Button Name Description
= File Browser Opening the file manager.
Update . '
1
] Firmware Updating the controller firmware.
(#)  |Restart device |Restarting the controller.
Power off .
G
N device Turning off the controller.

Area 3 contains a set of status indicators for the controller and optical sensors:

RF65x.2D [Revision 1.0.1] 12.03.2024
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Group

Description

System

Displays the controller status. The check is performed by the availability of the SUD
(Smart Unit Daemon) service.

The controller is running.

The temperature and CPU load are displayed. This
information is for reference only and is used to evaluate
the operating conditions of the controller. The
temperature must not be allowed to rise to 90°C or
more.

Temperature indicator color, t °C:

e Green: 0 <t<61

e Yellow: 61 <t<91

e Red: 91 <t

CPU indicator color, %:

e Green: 0<% <61

e Yellow: 61 < % <91

e Red: 91 <%

t:27.8C
cpu:15.2%

(System

The controller is not running. Information about the
current state of the controller is not available.

(System |

SuM daemon

Displays the SUMD (Smart Unit Micrometer Daemon) service status. This service is
responsible for interacting with the micrometer and performing calculations according to
the scheme.

The card consists of two panels that display:

e connection status via websocket (first panel),

e passing JSON-RPC commands (second panel).

The indicator also contains a button =¢ for calling the auxiliary control panel for the
SUMD service. The auxiliary panel contains different sets of buttons according to the
current status of the service.

|| The service is running.
alerts:0

“Sumd

__ Ppackets:8.8K

=
£ .
= packets:0 alerts:2

‘ The service is stopped or is not available.

Sensor

Displays the operating status of the optical sensor. The indicator has a button =< for
calling the auxiliary control panel. The auxiliary panel contains different sets of buttons
according to the current status of the sensor.

RE ' Connected. Frame capture started. The sensor is used
£ _ 10 ‘ in the measurement scheme.
(EQ =< In this mode, the frame capture rate is additionally
displayed.
The auxiliary panel contains the "Stop" button to stop
capturing frames.
88 =
p I
Connected. Frame capture stopped. The sensor is used
in the measurement scheme.
= The auxiliary panel contains the following buttons:
e "Capture frame" - to capture one frame and then stop,
e "Start video" - to start continuous frame capture.
pn | =
i CAPTURE FRAME | START VIDEQ [
EH Not connected. The sensor is used in the measurement
g closed scheme.
£8 = The auxiliary panel contains the "Open" button to
connect to the sensor. Once connected, the sensor
status will change to "Stopped".
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Eth

Group Description
BE =
]
OPEN
QE ] The connection to the sensor was lost after a successful
8 & _reconnection J connection. Reconnection attempts are being made.
=8= The sensor is used in the measurement scheme.
o8 _ Available for connection. The sensor is not used in the
go accessible measurement scheme.
%ﬁEK
Ethernet Status of available Ethernet interfaces. A separate panel

16bps 1|

no-carrier 16bps  {| ‘

is displayed for each available interface.

Depending on the status of the interface, the panels can

be of the following colors:

e Green - The interface is configured and running. For
the active interface, the IP address, connection speed
(1Gbps, 100Mbps) and transmission type (duplex or
half duplex) are additionally displayed.

e Yellow - This status occurs if the interface is not
physically connected to other network devices. The
"no-carrier" or "dormant” message is displayed.

e Red - The network interface is deactivated. The "off"
message is displayed.

Area 4 provides access to detailed settings and contains the following tabs:

Tab Icon Description
Home Y 3 Default tab. The auxiliary panel with settings is hidden.
home
Sensors I Settings for sensors and calibration tables, including settings for frame
vt capture, gating, and Ethernet.
M656.20
Smart 9@ Access to the functions of mathematical processing of profiles, smart
(& blocks for measuring various geometric and statistical quantities,
smart measurement schemes.
Files E File browser: dumps, logs and calibration tables.
Files
System ¢ Micrometer system settings, including general information about the
svet micrometer, system management, controller network settings, and
ystem

viewing the device operation log (log file).

Area 5 is intended for the user to form an algorithm for measuring various
geometric and statistical quantities of the controlled product. The controls for this area

are described in par. 11.1.

Area 6 displays the results of the micrometer operation. The controls for this
area are described in par. 11.1.
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11.1. Measurement scheme

The following tool is provided to create, delete, upload and edit measurement
schemes:

2 @ [ [5) B X5 NewScheme json o i S

i*n,
el W (-0
12 o

To create, save and upload measurement schemes, use the buttons located at
the top of the measurement scheme area:

L @ &) [E) & &3 NewScheme.json c Iy oy s o)

Creating a new measurement scheme. When you create a new scheme, it is necessary to
define its name. In accordance with the entered name, a file is created in the non-volatile
memory of the controller.

Clearing the current measurement scheme. All blocks will be removed.

Saving all changes to non-volatile memory. Until you click this button, all changes made to the
scheme are stored in volatile memory and will be lost when the scheme is reloaded.

Saving the current scheme to non-volatile memory under a new name.

Opening the dialog box for managing saved measurement schemes.

TRV |0 (@]

Downloading the current measurement scheme from the controller in order to save it to the
computer. The saved measurement scheme can later be used on other 2D micrometers.

L5
w
=]
=

Redrawing the current measurement scheme.

Activating/deactivating the specified block. When deactivated, this block is no longer used in
calculations, i.e. internal processing loops are stopped and information on all ports of the
deactivated block is ignored.

E )| Q|
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Activating all blocks of the scheme.

Deactivating all blocks of the scheme.

Displaying/hiding the "Display" blocks in the measurement scheme. The "Display" blocks are
< designed to transfer information from the scheme blocks to the measurement results display
area.

O XD

11.1.1. Managing saved schemes

Click ® to open the window for managing saved measurement schemes. This
window contains the following controls:

# Description
Select scheme 1 |This button is used to upload a json file with a measurement
o ' scheme from a computer to the micrometer controller.
2 [This field displays the name of the current (uploaded) scheme.
¥, NewSCEmeERon 3 |This icon indicates the default scheme, i.e. the scheme loaded at
Ioaded controller startup.

4 |This button deletes the scheme file from the non-volatile memory

spherejson W of the controller.
5 |This button uploads the selected scheme as the current one. After

prof_to_ws.json [ ] the selected scheme is uploaded, its name will be shown as the
current scheme (see #2).
new2 json [ ] 6 |This button sets the selected scheme as the default scheme, i.e.

the scheme uploaded at controller startup.

test json

@-

LOAD SETASDEFAULT

11.2. Measurement results display

This area is designed to display the results of the smart block operation, as well
as to provide visual control and customization of smart block search areas.
The area can contain up to 12 virtual displays. Each display can be configured to
present information in any of the following ways:
e 2D mm - Two-dimensional rectangular coordinate system. Coordinate values
are given in millimeters.
e 2D px - Two-dimensional rectangular coordinate system. Coordinate values
are given in pixels.
e Table - Tabular representation of scalar quantities.
o Statistics - Representation of the dependence of scalar quantities on the
measurement cycle.
Displays are configured in a special area that appears when you click on the

Display settings © button.
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pps0 &

1 mm Profile -

2 px Profile
3 table
4 statistic
Pa 5 statistic
gl 6 mm Profile
ett 7 mm Profile
&% 8 mm Profile
9 mm Profile
10mm Profile
11mm Profile

12mm Profile

4

4

4

Each display shows certain types of data (see Data types):

Display type

Data type

2D mm

Alalalp

m m @ @ m n @ m bool, int8_t, int16_t, int32_t, int64_t, double,

Point2d<double>, Rect, SegmentLine,
StraightLine, PolyLine, Contour, Profile,
Description

2D px gﬂ%@@@ﬂﬂ

bool, int8 t, int16_t, int32_t, int64 t, double,
Profile, Frame.
Description - only for "Tolerance" blocks.

Statistics

Table TFLia Jir6 Jis2lioafdbl
&

bool, int8_t, int16_t, int32_t, int64_t, double.
Description - only for "Tolerance" blocks.

11.2.1. "2D mm" display

It is designed to display profiles, contours, polylines, straight lines, segments,
points, scalars, search areas, and measurement results.
The display is also used for visual control and setting up search areas for smart

blocks.

X134 0847

10468

80 60 40 20 00 20 40 60 80 100 120 140 160 180 200 220 240

Some blocks have search areas within which block functions are executed. The
user can move and resize the search area. Moving is done with the right mouse button
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(click on the search area and move the mouse). Resizing is carried out using special
rectangles located around the perimeter of the search area:

| I N N S |
Moving the search area Resizing the search area

The table in the upper right corner of the screen displays scalar values. The
principle of displaying information in this table is the same as in the "Table" display (see
"Table" display).

11.2.2. "2D px" display
It is designed to display frames, profiles, and search areas.

pps0 &

X545 14)Y: 538.02;

o

A feature of this display is the ability to display the original shadow image of the
object. However, be aware that when information is displayed on this display, the
bandwidth requirements for the network connection between the controller and the
computer increase significantly. This is due to the fact that the image from the controller
is transmitted without compression. Required network bandwidth: 110 Mbps (at 10 fps
optical sensor frame rate).
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11.2.3. "Table" display

It is designed to display scalar values, as well as the results of checking for
scalar values (measurement results) to fall within the specified range.

1 2 .
MM 3% - pps0 | @

# Label Value Min:Max Tolerance
1 diameter min 8.264 5.200:8.250 FAIL
7 diameter 15.945 15.950:15.960 FAIL
12 angle 1.574 1.500:1.600 PASS
# Actor Port Value
1 ActorAngleLines-60443312 Angle 1.574
6 ActorDiameter-47952399 Diameter 5.264
5 ActorDiameterParallelSides-96563130 Diameter 15.945

All information on the display is grouped into two tables.

The first table contains information about whether the scalar values fall within the
specified range or not. This information can come from the ResultDescription output of
the tolerance block. Depending on the result of the check, the rows of the table are
highlighted in colors: red - if scalar values do not fall within the specified range, green - if
scalar values fall within the specified range.

The second table contains scalar values.

11.2.4. "Statistics" display

It is designed to visualize the dependence of the measured quantities on the
measurement number. The display allows the user to visually assess the stability of the
measurement results.

pps:0/0 CLEAR Showlast: = 100 v | [&

[11- ActorAngleLine

[6] - ActorDiameter-47952399_Diameter

[11] - diameter min

The display has the following auxiliary controls:

e Clear button - to clear the contents of the window. Clicking this button deletes
all measurement information accumulated on the display.

e Show last ... list - to set the number of measurements to be displayed on the
graphs. Only the numbers of the latest measurements (N) are displayed for
each displayed scalar value. The following N values are available in the list: 10,
50, 100, 250, 500.
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When displaying data from the ResultDescription output of the tolerance
block, the upper and lower limits of the range are displayed on the graph.

11.3. "Sensors" tab

The Sensors tab is designed to configure optical sensors and calibration tables
for them, as well as configure frame capture, gating, and Ethernet settings for optical

Sensors.

This tab contains two sections:

e Sensors Settings.
e Calibration Tables.

11.3.1. "Sensors Settings" section
fh 2
home
. 23592388 A
>
rMes6.20  Mode stopped
@% Connection CLOSE
Smart AcquisitionTriggerMode Off v
E Frames capture mode Multifra... «
Files
System Acquisition START
Acquisition autostart Off v
Ethernet A
maode: static «

192.168.3.1

192.168.3.30

255 255 255.0

Desired Name

SUBMIT
Parameters:
Parameter Default value Description
Mode - The current operating mode of the optical sensor. The
following modes are possible:

e started - Connected. Frames capture started.

¢ stopped - Connected. Frame capture stopped. The sensor
is used in the measurement scheme.

e closed - Disconnected. The sensor is used in the
measurement scheme.

e reconnection - The connection has been lost. Attempts are
being made to reconnect. The sensor is used in the
measurement scheme.

e accessible - Available for connection. The sensor is not
used in the measurement scheme.

Connection - Button for establishing/closing the connection to the sensor.
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Parameter Default value Description
AcquistionTriggerMode OFF Selecting a channel for connecting an external trigger for
capturing frames. The following options are available: "Off",
"Line0", "Line1", "Line2", "Line3".
Frame Rate 30 The number of frames per second captured by the sensor.
Frames capture mode Multiframe Frame capture mode. The following options are available:
e Multiframe - capture the number of frames specified by the
"Frames" parameter, and then stop capturing.
¢ Video - continuous frame capture.
Frames 1 Number of frames captured in "Multiframe" capture mode.
Acquistion - Button to start/stop capturing frames.
Acquistion autostart Off Automatically start capturing frames when the controller

starts and connects to the sensor.

The Sensor Settings section also provides the interface for configuring the
network settings of the sensors. All network settings are grouped in the Ethernet area:

Parameter Default value Description
mode static static - a static address is assigned manually,
dhcp - IPv4 or IPv6 address is dynamically assigned if there
is the DHCP server on the network.
IP Address 192.168.3.30 |IP address of the sensor. Only for mode:static.
Subnet mask 255.255.255.0 [Subnet mask. Only for mode:static.
Default gateway 192.168.3.1 [Gateway network address. Only for mode:static. This

parameter is optional.

Desired Name

Network name for the sensor.

o

It is necessary to click the SUBMIT button in order for the changes to take effect.

11.3.2.

"Calibration Tables" section

This section is designed to upload new calibration tables for optical sensors, as
well as delete existing tables.

” i
home

o5 1-12-20_10_16_00
[f656.2D /media/users/sumuser/tables/1-12-
!

smart | 23592388

/media/users/sumuser/tables/23592388

Files

System

UPLOAD DELETE
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11.4. "Smart" tab

The Smart tab is designed to implement the smart functions of the micrometer.

Smart functions include:

e Creating an algorithm for measuring various geometrical and statistical

parameters of the controlled product.

e Performing measurements in real time according to a given algorithm.

e Processing of measurement results and automatic decision-making about their

being within acceptable limits (control of tolerances).

e Transmitting measurement results via industrial (Modbus TCP, Modbus RTU)

and simplified (UDP, UART) protocols.

e Forming control actions (for example, pass/fail) at the physical outputs of the

micrometer.

To ensure the simplicity and ease of use of smart functions, the concept of the
"computation graph" is applied. The user creates the measurement scheme to solve a
specific problem. The measurement scheme is an ordered sequence of operations
performed by the micrometer. This sequence is presented in the form of smart blocks
and links between them.

The main window of the web interface (the Smart tab):

SmartUnit-M  version:0.1.0

t:27.8C

> cpu:0%

L L] B
home
]

11656.2D

%5
Smart
e | BB op @
Files frames. Modbus:
o | - =

System

=

ppppppppppp

Designations:

1 - smart blocks and parameters area,;
2 - measurement scheme area;

3 - measurement results display area.

11.4.1. Smart blocks and parameters

The area is intended for displaying a set of smart blocks and setting the
parameters of the blocks placed on the measurement scheme.

The area contains two tabs:

e Smart blocks - a set of smart blocks grouped by functionality.

¢ Block settings - parameters of the block selected on the graph.
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f = B f = B
home home
oo Data source/sink W P selected actor
' ' [2]-ActorLineApproximation-74341625  ~
rf656.2D Feature detect rMfes6.2D
eature detectors source ~ Switch Form/Coda
Q% £ e \Q_ st Q% o
=i Bt -
Smart Smart Segment -
diameter angle diameter of
B parallel sides E roi
Files ., . Files Left top x
* P Q "_--:.. * -3.05
Syst exireme radius line Lefitopy®
ystem coordinates approximation System 45
N e *,\ 34
L]
angle lines distance point distance point TEe
o point to line 225
RO Uy oo No -

select in RCI align tilt & shift
compensate correction SUBMIT

PolyLine filt mean
detector

Math functions v
Converters v
o

Unragistered

"Block Settings" tab

"Smart Blocks" tab

11.4.1.1. "Smart Blocks" tab

This tab contains smart blocks available for use. All smart blocks are logically
divided into groups according to their functional purpose. The pictogram on the smart
block schematically displays the function it performs. Examples:

~p- o o

micrometer angle tolerance
Smart block for working with the | Smart block for finding an angle Smart block for threshold
sensor on a contour processing

11.4.1.2. "Block Settings" tab

This tab provides access to the settings of the selected block.
You can select a block on the graph or from the "selected actor" drop-down list.
It is possible to edit the block parameters in Form mode and in JSON Scheme

mode. Switching between modes is done with the Switch Form/Code toggle switch.
Examples:
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L (] LH &
selected actor selected actor
[3]-ActoriMicrometer-22449635 - [3]-ActorMicrometer-22449635 v
Switch Form/Code ) Switch Form/Code .
ricrometr id 1 {

23592388 - 2 "micrometr Id":
"23502388",
== 3 "table™: "/mediafusers/
23592388 - sumuser,/tables/23592388"
4 [}
SUBMIT SUBMIT
Smart block settings in Form mode Smart block settings in JSON Scheme mode

11.4.2. Smart block sets

11.4.2.1. Data types

Each smart block works with a certain type (or several types) of data, which are
measurement results, logic signals, etc. Byte order is LITTLE-ENDIAN (unless otherwise
noted). Description of data types is given in the table:

Name Icon | Type | Description
Common types These types are used to transmit data to external (in relation to the sensor) devices
and receive data from them. They are used in conjunction with special conversion
blocks.
Bool bool Boolean value that has two mutually exclusive states
"TRUE" and "FALSE". It corresponds to the uint8 type:
0 - “FALSE”,
other - “TRUE”.
Numberint8 m int8_t Signed integer value (size - 1 byte).
Numberint16 m int16_t Signed integer value (size - 2 bytes).
NumberInt32 @ int32_t Signed integer value (size - 4 bytes).
NumberInt64 m int64_t Signed integer value (size - 8 bytes).
NumberDouble m double Double-precision floating-point value (size - 8 bytes).
Internal types These types are used to transfer information within a graph. As a rule, they are

composite (contain several fields) and should not be used for input and output of
data from/to external systems (EthernetlP, UDP, etc.).

Point2dDouble a Point2d<double> |Point. In the current revision, it has the following
structure:
double X;
double Y;
}
Rect @ Rect Rectangle. In the current revision, it has the following
structure:
Point2d<double> pointTI; I
top-left
double width;
double height;
}
SegmentLine a SegmentLine Line segment. In the current revision, it has the
following structure:
{
Point2d<double> point1;
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Name Icon Type Description
Point2d<double> point2;
}

StraightLine StraightLine Straight line. In the current revision, it has the

following structure:

{
double a;
double b;
double c;

}

PolyLine PolyLine Polyline. It is specified by a set of points. In the current

revision, it has the following structure:
uinté4 t id;
vector<Point2d<double>>

polyline;

}

Contour u Contour Contour. It is specified by a set of points. Unlike a
polyline, it is always closed. In the current revision, it
has the following structure:

uinté4 t id;
deque<Point2d<double>>
points;
ContourType contourType;
where ContourType is the type of contour defined as
outer or inner:
enum ContourType
Outer = 0, // Outer contour
Inner = 1 // Inner contour
5

Profile U Profile Profile. It is a set of contours and hierarchical links
between them. Each outer contour of the profile may
include a plurality of inner contours. It is the primary
result of processing the shadow image by the
micrometer. In the current revision, it has the following
structure:

{
uinté4_t id;
uinté4_t timestamp;
vector<Contour> contours;
vector<int> hierarchy;
}
hierarchy specifies the number of the outer contour
within which the inner contour is located.
Frame Frame Frame. It is used to represent the shadow image

obtained by the micrometer. In the current revision, it
has the following structure:

{
uint64_t id;
uint64_t timestamp;
uint32_t width;
uint32_t height;
PixelFormatType pixelFormat;
vector<uint8_t> frame;

where PixelFormatType is the pixel format of the
frame:
enum PixelFormatType

{
Unknown = 0x00,
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Name Icon Type Description

// mono formats
Mono8 = 0x01, // Monochrome, 8 bits
(PFNC:Mono8)
Mono10 = 0x02, /[ Monochrome, 10
bits in 16 bits (PFNC:Mono10)
Mono10p = 0x03, // Monochrome, 10 bits in 16
bits (PFNC:Mono10p)
Mono12 = 0x04, // Monochrome, 12 bits in 16
bits (PFNC:Mono12)
Mono12Packed = 0x05, /I Monochrome,
2x12 bits in 24 bits (GEV:Mono12Packed)
Mono12p = 0x06, // Monochrome, 2x12 bits in
24 bits (PFNC:MonoPacked)
Mono14 = 0x07, // Monochrome, 14 bits in 16
bits (PFNC:Mono14)
Mono16 = 0x08, // Monochrome, 16 bits
(PFNC:Mono16)
5

Description a Description JSON description of measurement results.
Description of smart blocks may vary.

The initial information received from the optical sensor of the micrometer is a
shadow image (Frame). The result of processing this shadow image by the micrometer
is a profile. The profile is a composite data type, it is a collection of contours and
hierarchical links between them. Each contour is represented by an ordered sequence
of points (Point2dDouble). Contours can be outer and inner. Each outer contour of the
profile may hierarchically include a plurality of inner contours. The contour points are
ordered in such a way that when moving from point to point in forward order, the
measured object is to the left of the direction of movement. l.e., for outer contours, the
order of points is counterclockwise, and for inner contours, it is clockwise.
¥, [mm] .~ Outer contour

Inner contours
Vi

" Profile

11.4.2.2. Sections

Smart blocks are grouped into the following sections:

1. Data source/sink - Smart blocks designed to enter information from sensors
and external systems into the graph, as well as to output measurement
results.

2. Position Correction - Smart blocks designed to transform the profile
coordinate system (rotate and transfer the coordinate system).

3. Measurement - Smart blocks designed to perform measurements, as well as
find primitives on the profile (points, lines, angles, etc.).

4. Math functions - Smart blocks that perform mathematical operations on
primitives, including filtering and monitoring whether measured values are
within tolerances.

5. Converters - Smart blocks that perform transformations (data type
conversion, composition and decomposition of primitives, etc.).
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11.4.2.2.1. "Data source/sink" section

“micrometer” - this smart block is designed to work with the optical sensor of the
"'”"’" micrometer.

micrometer
Inputs: AcqistionStartStop Bool Control signal to start/stop capturing frames from
the sensor.
Outputs: OutFrame Frame Original shadow image from the micrometer.
OutProfile Profile Profile calculated from the shadow image and
converted according to the calibration table
(millimeter coordinate system).
OutProfilePix Profile Profile calculated from the shadow image (pixel
coordinate system).
Parameters: [micrometr Id String ID number of the micrometer.
table String Path to the directory with calibration tables. By
default, calibration tables are stored
in /media/users/sumuser/tables/*

“profiles recorder” - this smart block is designed to save profiles to files. Each profile is
'{-,’;}-)B saved in csv format.

profiles
recorder
Inputs: InpProfile Profile Profiles to be saved in files.
Parameters: |dir String, Directory where profile files will be saved. There are

[tmp_dump/${id}][two options:

o dump/${id} - directory in the non-volatile memory
of the controller. Full
path /media/users/sumuser/dump

e tmp_dump/${id} - directory in the volatile memory
of the controller. Full path /tmp/sumdaemon/dump

NOTE. ${id} is the unique ID of the smart block.

namePrefix String,["prof_"] |File name prefix for each profile.
postfixType String enum, [Algorithm for generating a unique part of the name
["daytime"] for each file. The following options are available:
e counter

e daytime (date and time according to
“postfixDateFormat” parameter)

e dataid (profile ID is used)

o timestamp (profile timestamp is used)

postfixDateFormat ([String, ["%d-%m-|Date/time format for the file name. The field is active

%y_%H-%M-% |only when "postfixType": "daytime".

S"] It is set in accordance with:
std::put_time - cppreference.com
%a |Day name abbreviation Thu
%A [Full day name Thursda
y
%b [Month name abbreviation Aug
%B |Full month name August
%C |First two digits of the year 20

%d |Day of the month, with zeros (01-31) 23
%e |Day of the month, with a space ( 1-|] 23

31)
%F |Date format YYYY-MM-DD is| 2001-
equivalent to %Y-%m-%d 08-23
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0...65535, [255]

%g |Year, last two digits (00-99) 01
%G |Year 2001
%h |Month name abbreviation (same as| Aug
%b)
%H |Hours in 24-hour clock (00-23) 14
%! [Hours in 12-hour clock (01-12) 02
%j |Day of the year (001-366) 235
%m [Month in numeric format (01-12) 08
%M |Minutes (00-59) 55
%p |AM or PM PM
%S |Seconds (00-60) 02
%u |Day of the week in numeric format 4
according to ISO 8601, counting
Monday as the first day of the week
(1-7)
%U |Week number, counting Sunday as| 33
the first day of the week (00-53)
%V |Week number according to ISO 34
8601 (00-53)
%w |Day of the week in numeric format, 4
counting Sunday as 0 (0-6)
%W |Week number, counting Monday as| 34
the first day of the week (00-53)
%y |Year, last two digits (00-99) 01
%Y |Year 2001
isAsync bool,[true] Flag. It indicates whether processing s
asynchronous.
queueSize uint16_t, Queue of asynchronously executing tasks. If set to 0,

the queue size is not limited. The field is only active
when "isAsync": true.

B>

profiles reader
reading the profiles.

“profiles reader” - this smart block is designed to read profiles saved in files. Files matching
the “filesMask” mask are sequentially selected from the given directory. Each next file is
read at the specified time interval "minLoopTimeMks". After reading all files from the
directory, the reading cycle is repeated if the “isCyclic” flag is set, otherwise the block stops

Outputs: OutProfile Profile Profile.
Parameters: |dir String, Directory from which files matching the "filesMask"
[tmp_dump/${id}]|mask will be sequentially selected.
The form automatically offers all directories from:
e dump/* - directories in the non-volatile memory of
the controller. Full
path /media/users/sumuser/dump
o tmp_dump/* - directories in the volatile memory of
the controller. Full path /tmp/sumdaemon/dump
filesMask String,["*.csv"] [Mask for filtering the names of the files being read.
isCyclic bool,[true] File replay flag. If the flag is set to "true", then after

reading all the files from the directory, playback is
repeated in a cyclic mode.

minLoopTimeMks

uint32_t, 0...232,
[10000]

The minimum delay before reading the next file.
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“frames recorder” - this smart block is designed to save frames to files. Each frame is saved

o in
TIFF—)B in tiff format.
frames
recorder
Inputs: OutProfile Profile Profile.
Parameters: |dir String, Directory where the frame files will be saved. The
[tmp_dump/${id}] [form automatically offers two options:
o dump/${id} - directory in the non-volatile memory
of the controller. Full
path /media/users/sumuser/dump
e tmp_dump/${id} - directory in the volatile memory
of the controller. Full path /tmp/sumdaemon/dump
NOTE. ${id} is the unique ID of the smart block.
namePrefix String,["prof_"] [File name prefix for each frame.
postfixType String enum, |Algorithm for generating a unique part of the name
["daytime"] for each file. The options are similar to the “Profiles
recorder” block.
postfixDateFormat |String, ["%d-%m-|Date/time format for the file name. The field is only
%y_%H-%M-% |active when "postfixType": "daytime".
S"] The format is the same as for the “Profiles recorder”
block.
isAsync bool,[true] Flag. It indicates whether processing s
asynchronous.
queueSize uint16_t, Queue of asynchronously executing tasks. If set to
0...65535, [255] [0, the queue size is not limited. The field is only
active when "isAsync": true.
“frames reader” - this smart block is designed to read frames saved in tiff files. Files with the
B—}E‘FF'E tiff” extension are sequentially selected from the specified directory. Each subsequent file is

frames reader

read at a specified time interval "minLoopTimeMks". After reading all files from the directory,
the reading cycle is repeated if the “isCyclic” flag is set, otherwise the block stops reading
profiles.

Outputs: OutFrame Frame Frame.
Parameters: |dir String, The directory from which files corresponding to the
[tmp_dump/${id}] |“filesMask” mask will be sequentially selected. The
form automatically offers all directory options from:
e dump/* - directory in the non-volatile memory of
the controller. Path: /media/users/sumuser/dump
e tmp_dump/* - directory in the volatile memory of
the controller. Path: /tmp/sumdaemon/dump
filesMask String,["*.tiff"] |Mask for filtering file names.
isCyclic bool,[true] Flag for repeating the reading cycle. If this flag is set
to true, then after reading all the files from the
directory, playback is repeated in cyclic mode.
minLoopTimeMks | uint32_t, 0...232, [Minimum delay before reading the next file.
[10000]
“‘Modbus protocol” - this smart block is designed to transmit and receive data via the
ﬁ‘gggw Modbus protocol (both TCP and RTU). The block implements the interface of the slave
device (server - in Modbus terminology). Each input and output of the block is associated
Modbus with the address space of Modbus registers, while the inputs of the block are associated
profocal with the Input Registers, and the outputs of the block are associated with the Holding

Registers.

All data received at the inputs of the block from other blocks of the scheme are written to the
Input Registers at the specified address ("address") for the corresponding input. On
subsequent polling, the data from the registers will be provided to the Modbus client
controller. Input Registers are 65536 (addressing 0 to 65535) 16-bit registers.
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All data written by the Modbus client to the Holding Registers will be transferred to other
blocks connected to the corresponding output of the block. Holding Registers are 65536
(addressing from 0 to 65535) 16-bit registers.

Each message is allocated in 16-bit registers based on the type of this message. The order
of writing different types of messages to registers is given in "Annex 3. Modbus data types".
The inputs and outputs of the block are created dynamically based on the entries of the
"ports" array in the block parameters.

Inputs: Created dynamically. The description of each input is represented by an element of the
"ports" array.

Outputs: Created dynamically. The description of each output is represented by an element of the
"ports" array.

Parameters: [minLoopTimeMks uint32_t, Minimum delay before reprocessing connection

0...232, [10000]

requests from new clients and processing incoming
requests from connected clients.

channel:{}
backend String enum, |Modbus protocol type. Possible options:
["TCP"] e "TCP" Modbus TCP protocol for TCP/IP
networks,
¢ "RTU" - Modbus RTU protocol for data
transmission via serial communication lines RS-
485, RS-422, RS-232.
backend=TC |ip string["192.168. |Server IP address. Must match the IP address of the
P 2.130"] network interface being used.
port uint16[502] |Server TCP port number.
backend=RT |port string File name associated with the serial device, for
U file example /dev/ttySO0.
baund uint32 Port baud rate: 9600, 19200, 57600, 115200.
rate
ports:[{}.{}...]
id string Unique ID for the port.
type string Port type:
e Portlnput - for the input port that receives data
from the scheme.
e PortOutput - for the output port that sends data to
the scheme.
message type string Message type. Possible values: Bool, NumberInt8,
Numberint16, Numberint32, Numberint64,
NumberDouble, Point2dDouble, Rect, SegmentLine,
StraightLine.
address uint16_t Address of data location in registers: Input Registers
- for block inputs, and Holding Registers - for block
outputs.
mode string This parameter is defined only for the ports of the

"PortOutput" type.

It sets the following modes for sending data from

Holding Registers to the measurement scheme:

¢ SendNever - no data is sent.

o SendWhenChanged - data is sent as a message
only if the value in the registers has been changed.

e SendEverytime - data is sent as a message on
each loop defined by minLoopTimeMks.

e SendWhenChangedToTrue - data is sent as a
message only if the value in the registers has been
changed from false to true. Only for message type
== Bool.

e SendWhenChangedToFalse - data is sent as a
message only if the value in the registers has been
changed from true to false. Only for message type
== Bool.
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"RFTP protocol” - this smart block is designed to transmit data using a proprietary protocol
based on UDP or UART.

Rftp protocol
Inputs: InpData * (all types Input data.
supported in
schemes)
Parameters: |“isAsync” bool,[true] Flag. It indicates whether the process is
asynchronous.
“‘queueSize” uint16_t, Queue of asynchronously executing tasks. If set to
0...65535, [255] [0, the queue size is not limited. The field is only
active when "isAsync": true.

o

"Web Hmi” - this smart block is design to interact with the panel integrated into the HMI web
interface. It provides data transmission from the circuit outputs to the HMI and reception of
data from the HMI via a web socket. Configuring the "Web HMI" block and interacting with

web Hmi  |this block is described in par. "Hmi Adjustment".
Inputs: Created dynamically. The description of each input is represented by an element of the
"ports" array.
Outputs: Created dynamically. The description of each output is represented by an element of the
"ports" array.
Parameters: |minLoopTimeMks [ uint32_t, 0...232, [Minimum processing time for new data from the web
[10000] HMI.
ports:[{}.{}...
id string Unique ID for the port.
type string Port type:
¢ Input - for the input port that receives data from
the scheme.
e Output - for the output port that sends data to the
scheme.
messageTypes [string,...] Lists the allowed message types from/to the port.
The following values are possible: Void=0 ,Bool=1,
Numberint8=10, Numberlnt16=11,
NumberInt32=12, NumberInt64=13,
NumberDouble=14, Point2dDouble=50, Rect=100,
SegmentLine=101, StraightLine=102, PolyLine=103,
Contour=104, Profile=105, Frame=1000,
Json=5000, Description = 5001.
5ed b "data direction switcher” - this smart block is designed to redirect information from the "i"
input to the "j" output of the block. This block makes it possible to organize the switching of
vee various parts of the scheme involved in the measurement.
data direction
switcher
Inputs: Activelnput NumberInt8 |Active input number (Inp). They have values from 1
to N, where N is the specified number of inputs
(countinputs).
ActiveOutput NumberInt8 |Active output number (Out). They have values from
1 to N, where N is the specified number of outputs
(countOutputs).
Inp1 ... InpN All Inputs. They are created automatically based on the
countlnputs parameter.
Outputs: Out1 ... OutN All Outputs. They are created automatically based on
the countOutputs parameter.
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Parameters:

activelnput uint8_t, 0...255, [Active input number (Inp). The value is used until
[1] another value arrives at the ActiveOutput port. They
have values from 1 to N, where N is the specified
number of inputs (countinputs).

activeOutput uint8_t, 0...255, |Active output number (Out). The value is used until
[1] another value arrives at the Activelnput port They
have values from 1 to N, where N is the specified
number of outputs (countOutputs).

countlnputs uint8_t, 0...255, [Number of automatically created input ports Inp1...
[1] InpN.
countOutputs uint8_t, 0...255, [Number of automatically created output ports Out1...
[1 OutN.
isAsync bool,[true] Flag. It indicates whether the process is
asynchronous.

<@/

"python loop performer” - this smart block is designed to execute custom scripts written in
Python. Custom scripts provide ample opportunities for customizing and expanding the
functionality of the system. They can be used to implement custom measurement

pytnonloop  |processing  algorithms, proprietary information exchange protocols, control the
performer  [measurement process, and others tasks. Custom scripts allow you to adapt the system to
specific needs and implement additional control logic. Rules for writing scripts are described
in par. "Custom scripts".
Inputs: Created dynamically. The description of each input is represented by an element of the
"ports" array.
Outputs: Created dynamically. The description of each output is represented by an element of the
"ports" array.
Parameters: [path string The path to the script to be executed. Typically,
scripts are located

here: /media/users/sumuser/scripts. Next to the
editable field there is a button for calling the
integrated script editor.

minLoopTimeMks uint64_t, 0..., |Minimum time for calling the Process function
[30000] handler.

ports:[{},{},--]

id string Unique ID for the port.
type string Port type:
e Input - for the input port that receives data from
the scheme.
¢ Output - for the output port that sends data to the
scheme.
messageTypes [string,...] Lists the allowed message types from/to the port.
The following values are possible: Void=0 ,Bool=1,
Numberint8=10, Numberint16=11,
Numberint32=12, Numberint64=13,

NumberDouble=14, Point2dDouble=50, Rect=100,
SegmentLine=101, StraightLine=102, PolyLine=103,
Contour=104, Profile=105, Frame=1000,
Json=5000, Description = 5001.

tracelLevel string enum, |[The type of information messages sent for

["Info"] debugging to the integrated Code Editor. The

following options are available:

e Trace - trace messages, as well as all of the
following message types.

¢ Info - information messages, as well as all of the
following types.

¢ Warning - messages containing warnings about
incorrect execution of scripts, as well as all the
messages listed below.
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e Error - error messages when executing the script.
e NoTrace - messages are not transmitted.

“Riftek step motor” - this smart block is designed to control the proprietary Riftek stepper

i%:ﬁ motor driver.
riftek step
motor
Inputs: CycleStartStop Bool Control signal to start/stop capturing frames from
the sensor.

MoveTo int8_t, int16_t, |Sending a command to the driver to turn the engine

int32_t, int64_t, |for N steps. The N sign determines the direction, cw
double or ccw. All values are converted to int32. The
double value is mathematically rounded to an

integer value.

MoveToZero All Sending a command to the driver to move to the
starting position. The command will be executed for
any type of incoming message, regardless of its
content.

RequestPosition All Requesting the current position from the driver. The
command will be executed for any type of incoming
message, regardless of its content.

RequestState All Requesting the current status of the driver. The
command will be executed for any type of incoming
message, regardless of its content.

SetSpeed int8_t, int16_t, |Sending a command to the driver to change the

int32_t, int64_t, |speed of the stepper motor. All values are
double converted to int32. The double value is
mathematically rounded to an integer value.

Stop All Sending a command to stop the motor. The
command will be executed for any type of incoming
message, regardless of its content.

Outputs: State int8_t Status of the driver and stepper motor. Possible

values:

e 97 (0x61) - reached Hall1.

e 160 (0OxAOQ) - reached Hall2.

e 192 (0xCO0) - moves towards Hall2 from Hall1.

e 193 (OxC1) - moves towards Hall1 from Hall2.

e 224 (OxEQ) - stopped before reaching the Hall2
Sensor.

e 225 (OxE1) - stopped before reaching the Hall1
Sensor.

o 255 (OxFF) - the state is undefined.

Position int32_t Current position from the motor driver.

Parameters: [portName string, The file name that the operating system associates
["/dev/ttyS3"] |with the serial device, for example /dev/ttyS3.
motorAddress uint8_t, 0...256, |Logical address of the stepper motor. Determined
[10] when flashing the stepper motor driver.

baundRate uint32,[115200] [Port baud rate: 1200, 2400, 4800, 9600, 19200,
38400, 57600, 115200.

isAsync bool,[true] Flag. It indicates whether the process is
asynchronous.

queueSize uint16_t, A queue of asynchronously executing tasks. When

0...65535, [255]

set to 0, the queue size is not limited. The field is
active only when "isAsync": true.
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11.4.2.2.2.

"Position correction” section

"align compensate" - this smart block is designed to align the profile along a given edge
detected within the ROI. The ROI must contain a set of points that include only one edge of
the profile to be aligned. If there is more than one edge in the detection area, the first edge

align detected is selected for aligning. It is also possible to align to the center line. In this case,
compensate  |the ROI should include two symmetrical edges of the figure. The angle of rotation of the
resulting profile is defined as the minimum angle from the edge or center line to the
horizontal line and to the vertical line.
Profile before tilt compensation Vertically aligned profile
Inputs: InpProfile Profile Input profile.
InpRoi Rect Search area. When the input is disabled, the default
value from the "roi" parameter is used for calculation.
Outputs: OutProfile Profile,Contour |A profile aligned to a horizontal or vertical line.
Parameters: |alignLine String enum, [Type of line defining the profile alignment angle:
['Side"] e Side - edge.
e Center - center line.
roi Rect Measurement area - ROIl. Set by the following
parameters: left top x, left top y, width, height.
== |'shift compensate" is a parallel shift of the coordinate system relative to a given position.
D
shin
compensate
Inputs: InpProfile Profile,Contour |Input profile or contour.
InpRoi Rect Search area. When the input is disabled, the default
value from the "roi" parameter is used for calculation.
Outputs: OutProfile Profile,Contour |Profile with a transformed coordinate system.
Parameters: [horizontalAlign String enum, |The side on which the origin of the new coordinate
["No"] system will be determined along the X coordinate. The

following options are available:

¢ No - the coordinate system is not transferred.

o Left - the origin of the coordinate system along the X
coordinate is determined by the profile point that falls
within the ROI with the minimum X value. The X
value of this point becomes the origin of the
coordinate system.

o Center - the origin of the coordinate system along the
X coordinate is determined by the point equidistant
from the profile point with the minimum X value and
from the profile point with the maximum X value. The
X value of this point becomes the origin of the
coordinate system.
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¢ Right - the origin of the coordinate system along the
X coordinate is determined by the profile point that
falls within the ROI with the maximum X value. The X
value of this point becomes the origin of the
coordinate system.

verticalAlign

String enum,
[IlNoll]

The side on which the origin of the new coordinate
system will be determined along the Y coordinate. The
following options are available:

¢ No - the coordinate system is not transformed.

e Top - the origin of the coordinate system along the Y
coordinate is determined by the profile point that falls
within the ROl with the maximum Y value. The Y
value of this point becomes the origin of the
coordinate system.

¢ Middle - the origin of the coordinate system along the
Y coordinate is determined by the point equidistant
from the profile point with the minimum Y value and
from the profile point with the maximum Y value. The
Y value of this point becomes the origin of the
coordinate system.

¢ Bottom - the origin of the coordinate system along
the Y coordinate is determined by the profile point
that falls within the ROI with the minimum Y value.
The Y value of this point becomes the origin of the
coordinate system.

roi

Rect

Measurement area - ROIl. Set by the following
parameters: left top x, left top y, width, height.

"tilt and shift correction" -

rotation around a given point and parallel shift of the profile

e 4+ |coordinate system.
tiit & shift
caorrection
Inputs: Angle double The angle by which the profile needs to be rotated.
InpProfile Profile,Contour |Input profile or contour.
RotationCenterPoi | Point2dDouble |The point that defines the center of the coordinate
nt system being rotated.
Shift Point2dDouble [The point that defines the new center of the coordinate
system (after parallel shift).
Outputs: OutProfile Profile,Contour |Profile with a transformed coordinate system.
Parameters: |angle double The angle by which the profile needs to be rotated.
rotationCentrePoin| Point2dDouble |The point that defines the center of the coordinate
t system being rotated.
shift Point2dDouble [The point that defines the new center of the coordinate
system (after parallel shift).
invertAngle bool Indicates whether the input angle value needs to be
multiplied by -1.
invertShift bool Indicates whether the coordinate value should be taken
with a negative sign.
11.4.2.2.3. "Measurement” section
“distance point to point” - this smart block is designed to calculate the distance between two
s——a |points arriving at the block inputs. It is possible to calculate both the Euclidean distance and

distance point
o point

the distance at a given coordinate.
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Inputs: Point1 Point2dDouble |First input point.
Point2 Point2dDouble |Second input point.
Outputs: Distance double The resulting Euclidean distance between points.
ResultDescription Description [The result of the check with descriptive semantics.
The result is represented as a json object with the
following fields:
¢ "type" - DistancePointToPoint.
e "D" - the resulting Euclidean distance between
points.
¢ "Point1" - the first point of the distance. Point object
"X", ||y||};
e "Point2" - the second point of the distance. Point
Object {IIXII’ Ilyll}.
o "Valid" - indicates whether the result is correct, true
or false. False indicates an error in the calculation.
The output is intended to be displayed in the results
area.
Parameters:|measureType string enum, [The type of calculated distance between points. The
['Distance"] [following options are available:
¢ Distance - Euclidean distance.
¢ Horizontal - distance along the X coordinate.
¢ Vertical - distance along the Y coordinate.
syncMode string enum, [Synchronization of calculations is carried out based on
['Sameld"] |the arrival of input points. The following options are

available:

e NoSync - calculations are made upon the arrival of
each point.

e Sameld - calculations are made only after the arrival
of both points with the same Id.

o\

distance point

“distance point to line” - this smart block is designed to calculate the distance between a
point and a segment (line) entering the block inputs. It is determined as the length of the
perpendicular drawn from a point to a line.

to line
Inputs: Line StraightLine, |Input line/segment.
SegmentLine
Point Point2dDouble [Input point.
Outputs: Distance double The resulting distance between the point and the line.
ResultDescription Description |The result of the check with descriptive semantics. The

result is represented as a json object with the following

fields:

¢ "type" - DistancePointToPoint.

e "D" - the resulting Euclidean distance between
points.

¢ "Point1" - the first point of the distance. Point object
X", "Y'}
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e "Point2" - the second point of the distance. Point
Object {IIXII’ Ilyll};

e "Valid" - indicates whether the result is correct, true
or false. False indicates an error in the calculation.
The output is intended to be displayed in the results

area.

Parameters:[syncMode string enum, |Synchronization of calculations is carried out based on

['Sameld"] [the arrival of the input point and line. The following

options are available:

e NoSync - calculations are made upon the arrival of
both a point and a line.

e Sameld - calculations are made only after the arrival
of both a point and a line with the same Id.

“angle” - this smart block is designed to calculate the angle between two adjacent profile
\Q_ edges. The search and calculation of the angle is done within the measurement area

defined by the ROI. If there are more than two edges in the measurement area, the angle is
angle calculated either between the first two detected segments on the profile or between the two
longest segments, depending on the specified parameters. When searching for the required
line segments, the profile is first divided into a polyline.The resulting angle can be external or
internal based on the given "angleType" parameter:

internal external

Inputs: InpProfile Profile, Contour |Input profile or contour.

InpRoi Rect Measurement area. When the input is disabled, the
calculation uses the default value from the "roi"
parameter.

Outputs: Angle double The resulting value of the angle between adjacent
edges. In case of calculation error, there is no output
value.

ResultDescription Description [The result of the check with descriptive semantics.

The result is represented as a json object with the

following fields:

o "type" - the value is always "Angle".

e "Angle" - the resulting value of the angle.

e "angleType" - angle type "Internal" or "External"
according to the "angleType" parameter.

e "Segment1" - the first segment approximating the
first detected edge. The object contains {"x1", "y1",
"x2", "y2"}.

e "Segment2" - the second segment approximating
the second detected edge. The object contains

"x1", "y1", "x2", "y2"}.

o "Valid" - indicates whether the result is correct, true
or false. False indicates an error in the calculation.
The output is intended to be displayed in the results

area.
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Parameters:

"angleType"

string

The type of angle to be detected. Possible values:

¢ "Internal" - the internal angle of the object. When
moving from the first to the second edge, the angle
is on the left.

o "External" - the external angle of the object. When
moving from the first to the second edge, the angle
is on the right.

lineSelector

string enum,
["FirstTwo"]

Tun obHapyxumBaemoro yrna. BoamoxHble 3Ha4eHus:

e "FirstTwo" - the internal angle of the object. When
moving from the first to the second edge, the angle
is on the left.

¢ "Biggest" - the external angle of the object. When
moving from the first to the second edge, the angle
is on the right.

maxHalfWidthMm

double,[0.3]

Threshold value (mm) that determines the maximum
offset of a point from the polyline line at which a new
polyline segment begins.

roi

Rect

Measurement area - ROIl. Set by the following
parameters: left top x, left top y, width, height.

nE

“angle lines” - this smart block is designed to calculate the center of intersection of
lines/segments and the angle between them.

= If both input lines are represented by SegmentLine segments, the algorithm determines the
angle lines | line type "Internal" or "External" according to the "angleSegmentType" parameter.
Examples of calculations in the case of two input segments:
Result with profile Result with segments
Inputs: Line1 StraightLine, |First line/segment.
SegmentLine
Line2 StraightLine, [Second line/segment.
SegmentLine
Outputs: Angle double The resulting value of the angle between adjacent
faces. In case of a calculation error, there is no output
value.
Intersection Point2dDouble |Intersection point of segments/lines. In case of a
calculation error, there is no output value.
ResultDescription Description [The result of the check with descriptive semantics.

The result is represented as a json object with the
following fields:

e "type" - the value is always "Angle".

e "Angle" - the resulting value of the angle.

e "Valid" - indicates whether the result is correct, true
or false. False indicates an error in the calculation.
Parameters that must be specified, provided that both
input lines are represented by SegmentLine segments:
e "angleType" - angle type "Internal" or "External"
according to the "angleSegmentType" parameter.
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e "Segment1" - the first segment received from the
Line1 input. The object contains {"x1", "y1", "x2",
"y2"}.

e "Segment2" - the second segment received from
the Line2 input. The object contains {"x1", "y1", "x2",
"y2"}.

Parameters that must be specified if at least one of the

input lines is represented by a StraightLine:

e "angleType" - angle type: Default, Exp, Sup,
SupExp. It corresponds to the "angleStraightType"
parameter.

e "Straight1"- the first straight line received from the
Line1 input. The object contains {"a", "b", "c"}.

e "Straight2"- the second straight line received from
the Line2 input. The object contains {"a", "b", "c"}.

The output is intended to be displayed in the results

area.

Parameters:

angleSegmentType string Angle type, provided that both input lines are

represented by SegmentlLine segments. Possible

values:

¢ "Internal" - the internal angle of the object. When
moving from the first to the second segment, the
angle is on the left.

e "External" - the external angle of the object. When
moving from the first to the second segment, the
angle is on the right.

angleStraightType string Angle type, provided that at least one of the input lines
is represented by a StraightLine. Possible values:

e Default

e Exp

e Sup

e SupExp

syncMode string enum, |Synchronization of calculations is carried out based on

['Sameld"] [the arrival of input lines. The following options are

available:

e NoSync - calculations are made upon the arrival of
each line.

e Sameld - calculations are made only after the arrival
of both lines with the same Id.

diameter

“‘diameter” - this smart block is designed to calculate the object diameter within the
measurement area specified by the ROIl. The slope of the input profile must first be
eliminated. The ROI must contain two sets of points that correspond to two edges of the
object. The calculation is performed in the horizontal or vertical direction, depending on the
"direction" parameter. There are three methods for determining the distance, which are
specified by the "method" parameter:

min max avg

Inputs:

InpProfile Profile Input profile.

InpRoi Rect Measurement area. When the input is disabled, the
calculation uses the default value from the "roi"
parameter.

Outputs:

Diameter double The resulting value of the diameter. In case of

calculation error, there is no output value.
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ResultDescription Description [The result of the check with descriptive semantics.
The result is represented as a json object with the
following fields:

o "type" - "Width" or "Height" value depending on the
"direction" parameter.

e "D" - the resulting value of the diameter of the
object.

e "Point1" - the first point of the diameter, point
object {"x", "y"}.

e "Point2" - the second point of the diameter, point
object {"x", "y"}.

e "Valid" - indicates whether the result is correct,
true or false. False indicates an error in the
calculation.

The output is intended to be displayed in the results

area.

Parameters: |method string Methods for determining the distance. Possible
values:

e min - the minimum distance between all pairs of
points along the corresponding coordinate.

e max - the maximum distance between all pairs of
points along the corresponding coordinate.

e avg - the average distance between all pairs of
points along the corresponding coordinate.

direction string Direction:

e horizontal (hor) - distance along the X coordinate.

o vertical (ver) - distance along the Y coordinate.

roi Rect Measurement area - ROIl. Set by the following

parameters: left top x, left top y, width, height.

diameter of
parallel sides

“diameter of parallel sides” - this smart block is designed to calculate the diameter of an
object within the measurement area specified by the ROI. The ROl must contain two sets of
points that correspond to two edges of the object.

Each set of points is approximated by line segments. Next, a perpendicular is drawn to the
line specified by the "fromSide" parameter at the point specified by the "pointRatio"
parameter, and its intersection with the second line is determined. The length of this
perpendicular is the calculated diameter.

An example of calculating the diameter for the parameter "fromSide" = 1 (perpendicular to
side 1) and "pointRatio" = 0.3:

Inputs: InpProfile Profile Input profile.

InpRoi Rect Measurement area. When the input is disabled, the
calculation uses the default value from the "roi"
parameter.

Outputs: Diameter double The resulting value of the diameter. In case of
calculation error, there is no output value.

ResultDescription Description [The result of the check with descriptive semantics.

The result is represented as a json object with the

following fields:

o "type" - "Width" or "Height" value depending on the
"direction" parameter.

e "D" - the resulting value of the diameter of the
object.
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e "Point1" - the first point of the diameter, point object
%", "y,

e "Point2" - the second point of the diameter, point
object {"X", llyll}.

¢ "Valid" - indicates whether the result is correct, true
or false. False indicates an error in the calculation.

The output is intended to be displayed in the results

area.

Parameters:

fromSide int [1] The number of the edge to which the perpendicular is
drawn. Possible values are 1 or 2.

pointRatio double [0.5] |The proportion that determines the ratio of the sizes
of the segments when determining the point on the
edge, at which the perpendicular to the face is drawn.

roi Rect Measurement area - ROI. Set by the following

parameters: left top x, left top y, width, height.

. 1
| LI

"extreme coordinates" - this smart block is designed to find the extreme coordinates of an
object within the measurement area specified by the ROI.

exireme
coordinates

Inputs: InpProfile Profile Input profile.

InpRoi Rect Measurement area. When the input is disabled, the
calculation uses the default value from the "roi"
parameter.

Outputs: MaxX double Maximum X value for profile points.

MaxyY double Maximum Y value for profile points.

MinX double Minimum X value for profile points.

MinY double Minimum Y value for profile points.

Parameters: |[smoothWindow uint8_t,[5] |The width of the smoothing (averaging) window for
the coordinates of profile points. This parameter
determines the size of the window used by the
algorithm to smooth (average) the coordinates of
profile points.

roi Rect Measurement area - ROIl. Set by the following
parameters: left top x, left top y, width, height.

. "extreme points" - this smart block is designed to search for extreme points of the profile
« =, |Within the measurement area specified by the ROI.
leoey

extreme points

Inputs: InpProfile Profile Input profile.

InpRoi Rect Measurement area. When the input is disabled, the
calculation uses the default value from the "roi"
parameter.

Outputs: PointMaxX double The point at which the X coordinate reaches its
maximum value in the profile.

PointMaxY double The point at which the Y coordinate reaches its

maximum value in the profile.
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PointMinX

double

The point at which the X coordinate reaches its
minimum value in the profile.

PointMinY

double

The point at which the Y coordinate reaches its
minimum value in the profile.

Parameters:

smoothWindow

uint8_t,[5]

The width of the smoothing (averaging) window for
the coordinates of profile points. This parameter
determines the size of the window used by the
algorithm to smooth (average) the coordinates of
profile points.

roi

Rect

Measurement area - ROIl. Set by the following
parameters: left top x, left top y, width, height.

"mean" - this smart block is designed to find the central point as the center of mass of all

¥ profile points within the measurement area specified by the ROI.
mean
Inputs: InpProfile Profile Input profile.

InpRoi Rect Measurement area. When the input is disabled, the
calculation uses the default value from the "roi"
parameter.

Outputs: OutPoint Point2dDouble | The resulting center point.
Parameters: |roi Rect Measurement area - ROI. Set by the following

parameters: left top x, left top y, width, height.

lime:

approximation

"line approximation" - this smart block is designed to approximate the input profile by a
straight line. The approximation of points is based on the least squares method. The
approximation takes into account all the profile points that are within the measurement area
specified by the ROI. The result can be represented as a straight line or a straight line
segment bounded at both ends by the ROI:

Approximation by a segment

Approximation by a line

Inputs: InpProfile Profile Input profile.

InpRoi Rect Measurement area. When the input is disabled, the
calculation uses the default value from the "roi"
parameter.

Outputs: Line StraightLine, [The result of approximation by a straight line or a
SegmentLine |segment based on the "lineType" parameter. In case
of a calculation error, there is no value at the output.
Parameters: [lineType string Line type. Possible values:
e Segment - straight line segment.
e Straight - straight line.
roi Rect Measurement area - ROIl. Set by the following

parameters: left top x, left top y, width, height.
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"circle approximation" - this smart block is designed to approximate the input profile by a
circle and find its center and radius. The approximation of points by a circle is based on the
least squares method. When approximating, all profile points located within the

circle measurement area specified by the ROI parameters are taken into account. It is possible to
approximation (approximate both external and internal contours:
Outer circle Inner circle
Inputs: InpProfile Profile Input profile.

InpRoi Rect Measurement area. When the input is disabled, the
calculation uses the default value from the "roi"
parameter.

Outputs: OutCenter Point2dDouble |The center of the approximated circle. In case of
calculation error, there is no output value.

OutRadius double The radius of the approximated circle. In case of
calculation error, there is no output value.

ResultDescription Description |The result of the check with descriptive semantics.
The result is represented as a json object with the
following fields:

e "type" - the value is always "Circle".

e "R" - the resulting value of the circle radius.

e "Center" - the center point of the circle, the point
Object {"X", llyll}.

e "Valid" - indicates whether the result is correct, true
or false. False indicates an error in the calculation.

The output is intended to be displayed in the results

area.

Parameters:|contourType string enum, |Type of analyzed contours of the input profile.

["Outer"] Possible values:

e Outer - approximation is performed using outer
contour points that are located within the region of
interest (ROI).

e Inner - approximation is performed using inner
contour points that are located within the region of
interest (ROI).

roi Rect Measurement area - ROIl. Set by the following
parameters: left top x, left top y, width, height.

AN

PaolyLine
defector

"PolyLine detector" - approximation of the profile by a piecewise linear continuous function.
Approximation example:

Input profile Approximation result
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Inputs: InpProfile Profile, Input profile or contour.
Contour
InpRoi Rect Measurement area. When the input is disabled, the
calculation uses the default value from the "roi"
parameter.
Outputs: PolyLine PolyLine The resulting polyline.
Parameters: |roi Rect Measurement area - ROI. Set by the following
parameters: left top x, left top y, width, height.
e "deviation point" - search for the first point that deviates from a straight line by a distance

deviation Foint

greater than a specified threshold value. The search for a point is carried out in a given
direction relative to the ROI. The desired point is located at a distance exceeding the

specified threshold level from the line approximated within the ROI.

Inputs: InpProfile Profile Input profile.

InpRoi Rect The area where profile points are approximated by a
line. When the input is disabled, the calculation uses
the default value from the "roi" parameter.

Outputs: DeviationPoint Point2dDouble |A profile point located at a specified distance
(distanceThreshold) from the line.
Parameters: |distanceTreshold | double,[0.03] |Threshold value of the distance (in millimeters) from

the line to the profile points being checked. If this value
is exceeded, the required point will be detected.

isForward

bool,[true]

The direction of searching for a point relative to a
specified ROI.

smoothWindow

uint8_t,[5]

The width of the smoothing (averaging) window for the
coordinates of profile points. This parameter
determines the size of the window used by the
algorithm to smooth (average) the coordinates of profile
points.

roi

Rect

Measurement area - ROl Set by the following
parameters: left top x, left top y, width, height.

)

"center line" - search for the center line (line of symmetry) for a given profile.

center line
Inputs: InpProfile Profile Input profile.

InpRoi Rect Measurement area. When the input is disabled, the
calculation uses the default value from the "roi"
parameter.

Outputs: Line StraightLine, [The resulting center line.
SegmentLine
Parameters: [lineType string Line type. Possible values:

e Segment - straight line segment.
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e Straight - straight line.

roi Rect Measurement area - ROIl. Set by the following
parameters: left top x, left top y, width, height.

i _ |"inflection point" - search for the point of maximum inflection of the line on the profile,
T limited by the ROI.

inflection

Inputs: InpProfile Profile Input profile.

InpRoi Rect Inflection point search area. When the input is
disabled, the calculation uses the default value from
the "roi" parameter.

Outputs: Inflection Point2dDouble [Maximum inflection point.

Parameters: |smoothWindow uint8_t,[5] |The width of the smoothing (averaging) window for the
coordinates of profile points. This parameter
determines the size of the window used by the
algorithm to smooth (average) the coordinates of
profile points.

roi Rect Inflection point search area - ROI. Set by the following
parameters: left top x, left top y, width, height.

- "peak point" - search for a local extremum on the profile along the principal component,

£ "= |which is determined using the principal component method. The principal component is a
’ line in two-dimensional space that indicates the direction of the largest data length.

peak point
Inputs: InpProfile Profile Input profile.
InpRoi Rect Extremum point search area. When the input is
disabled, the calculation uses the default value from the
"roi" parameter.
Outputs: Inflection Point2dDouble [Extremum point.
Parameters: [smoothWindow uint8_t,[5] |The width of the smoothing (averaging) window for the

coordinates of profile points. This parameter
determines the size of the window used by the
algorithm to smooth (average) the coordinates of profile
points.

roi Rect Extremum point search area - ROI. Set by the following
parameters: left top x, left top y, width, height.

"peak line" - search for an adjacent straight line. An adjacent straight line is defined as a
“""_”' straight line in contact with the profile outside the material of the part and located in relation
to the profile so that the distance from its most distant point to the adjacent straight line is

peakline  |the smallest.
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Inputs: InpProfile Profile Input profile.

InpRoi Rect Measurement area. When the input is disabled, the
calculation uses the default value from the "roi"
parameter.

Outputs: Line StraightLine, |The resulting adjacent line.
SegmentLine
Parameters: [lineType string Line type. Possible values:
e Segment - straight line segment.
e Straight - straight line.

smoothWindow uint8_t,[5] |The width of the smoothing (averaging) window for the
coordinates of profile points. This parameter
determines the size of the window used by the
algorithm to smooth (average) the coordinates of
profile points.

roi Rect Measurement area - ROIl. Set by the following

parameters: left top x, left top y, width, height.

"peak circle" - search for an adjacent circle. The search takes into account all contour points
of a given type (outer or inner) located within the measurement area specified by the ROI. It
is possible to approximate both outer and inner contours. For the outer contour, the search

peak circle  |is made for a circle located around the contour points and having the smallest diameter. For
the inner contour, the search is made for a circle located inside the contour and having the
largest diameter.
Outer circle Inner circle
Inputs: InpProfile Profile Input profile.

InpRoi Rect Measurement area. When the input is disabled, the
calculation uses the default value from the "roi"
parameter.

Outputs: OutCenter Point2dDouble [The center of the adjacent circle. In case of
calculation error, there is no output value.

OutRadius double The radius of the adjacent circle. In case of

calculation error, there is no output value.

ResultDescription

Description

The result of the check with descriptive semantics.
The result is represented as a json object with the
following fields:
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e "type" - the value is always "Circle".

e "R" - the resulting value of the circle radius.

e "Center" - the center point of the circle, the point
object {"x", "y"}.

e "Valid" - indicates whether the result is correct, true
or false. False indicates an error in the calculation.
The output is intended to be displayed in the results

area.

Parameters:

contourType

string enum,
["Outer"]

Type of analyzed contours of the input profile.

Possible values:

e Outer - the search is performed using outer contour
points that are located within the region of interest
(ROI).

e Inner - approximation is performed using inner
contour points that are located within the region of
interest (ROI).

smoothWindow

uint8_t,[5]

The width of the smoothing (averaging) window for
the coordinates of profile points. This parameter
determines the size of the window used by the
algorithm to smooth (average) the coordinates of
profile points.

roi

Rect

Measurement area - ROIl. Set by the following
parameters: left top x, left top y, width, height.

tilt

"tilt" - this smart block is designed to calculate the tilt angle of the profile along a given edge
detected within the ROI. The ROI must contain a set of points that includes only one edge of
the input profile. If more than one edge falls into the detection area, the first detected edge is
used in the calculation. The tilt angle of the profile is defined as the minimum angle from the
edge to the horizontal line and to the vertical line.

Inputs:

InpProfile

Profile

Input profile.

InpRoi

Rect

Search area. When the input is disabled, the calculation
uses the default value from the "roi" parameter.

Outputs:

Tilt

double

Tilt angle value.

ResultDescription

Description

The result of the check with descriptive semantics. The
result is represented as a json object with the following
fields:

o "type" - the value is always "Angle".

e "Angle" - the resulting value of the angle.

e "Segment1" - a segment on the slope line, limited by
the ROI. The object contains {"x1", "y1", "x2", "y2"}.

e "Segment2" - a segment of a horizontal (or vertical)
line, limited by the ROI. The object contains {"x1",
"y1", "x2", "y2"}.

o "Valid" - indicates whether the result is correct, true or
false. False indicates an error in the calculation.

The output is intended to be displayed in the results

area.

Parameters:

roi

Rect

Measurement area - ROIl. Set by the following
parameters: left top x, left top y, width, height.

"area" - this smart block is designed to calculate the profile area within the ROI. The
resulting value includes the sum of the areas of all outer contours minus the area of all inner

contours located within the ROI (S=%X S_ -2 S)).
area
Inputs: InpProfile Profile Input profile.
InpRoi Rect Measurement area. When the input is disabled, the

calculation uses the default value from the "roi

parameter.
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Outputs: Area double Profile area value.
OutProfile Profile Output profile located within the ROI.
Parameters: |roi Rect Measurement area - ROl Set by the following
parameters: left top x, left top y, width, height.
< "straightness" - assessment of straightness within the ROI. Straightness is defined as the
W greatest distance from the profile points to the adjacent straight line. An adjacent straight line
is a straight line that is in contact with the profile outside the material of the part and is
straightness  |located in relation to the profile so that the distance from its most distant point to the
adjacent straight line is the smallest.
Control number results -
# Actor Port Value . F:;?::ml number nesults;:| = ——
2 ActorStraighiness-09756208 Straightness 0.341 2 ActorStraightness-09756208 Straightness 0,108
Inputs: InpProfile Profile Input profile.

InpRoi Rect Measurement area. When the input is disabled, the
calculation uses the default value from the "roi"
parameter.

Outputs: SuperimposedLine | SegmentLine |The resulting adjacent line.

Straightness double Straightness value.

FarthestPoint Point2dDouble | The farthest point from the adjacent line.

Parameters: |lineType string Line type. Possible values:

e Segment - straight line segment.
e Straight - straight line.

smoothWindow uint8_t,[5] |The width of the smoothing (averaging) window for the
coordinates of profile points. This parameter
determines the size of the window used by the
algorithm to smooth (average) the coordinates of
profile points.

roi Rect Measurement area - ROIl. Set by the following
parameters: left top x, left top y, width, height.

roundness

"roundness" - assessment of roundness within the ROI. It is defined as the greatest distance
from the profile points to the adjacent circle. The adjacent circle is defined differently for the
outer and inner contours. For the outer contour, the search is made for a circle located
around the contour points and having the smallest diameter. For the inner contour, the
search is made for a circle located inside the contour and having the largest diameter.

Control number results
Actor Port Value
2 ActorRoundness-87054704 Roundness 1.090

# Actor Port Value
2 ActorRoundness-87054704 Roundness 1.133

Outer circle Inner circle
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Inputs:

InpProfile

Profile

Input profile.

InpRoi

Rect

Measurement area. When the input is disabled, the
calculation uses the default value from the "roi"
parameter.

Outputs:

OutCenter

Point2dDouble

The center of the adjacent circle. In case of calculation
error, there is no output value.

OutRadius

double

The radius of the adjacent circle. In case of calculation
error, there is no output value.

ResultDescription

Description

The result of the check with descriptive semantics.

The result is represented as a json object with the

following fields:

e "type" - the value is always "Circle".

¢ "R" - the resulting value of the circle radius.

e "Center" - the center point of the circle, the point
object {"x", "y"}.

e "Valid" - indicates whether the result is correct, true
or false. False indicates an error in the calculation.
The output is intended to be displayed in the results

area.

Roundness

double

Roundness value.

Parameters:

contourType

string enum,
["Outer"]

Type of analyzed contours of the input profile.

Possible values:

e QOuter - the search is performed using outer contour
points that are located within the region of interest
(ROI).

e Inner - approximation is performed using inner
contour points that are located within the region of
interest (ROI).

smoothWindow

uint8_t,[5]

The width of the smoothing (averaging) window for the
coordinates of profile points. This parameter
determines the size of the window used by the
algorithm to smooth (average) the coordinates of
profile points.

roi

Rect

Measurement area - ROIl. Set by the following
parameters: left top x, left top y, width, height.

defect straight
line

"defect straight line" - search for a defect relative to an approximated straight line within the
ROI. The approximation of points by a line is based on the least squares method with the

exclusion of defective points.

Control number results

# Actor Port  Value

2 ActorDefectStraightLine-05447001 Distance 0.398

Inputs: InpProfile Profile Input profile.

InpRoi Rect Measurement area. When the input is disabled, the
calculation uses the default value from the "roi"
parameter.

Outputs: Line SegmentLine |Approximated line.

Distance double The greatest distance from the profile points to the
approximated circle.

FarthestPoint Point2dDouble | The farthest point of the profile from the approximated
line.

Parameters: [distanceThreshold double,[0.05] [The minimum threshold distance at which a defect will

be detected.
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smoothWindow uint8_t,[5] |The width of the smoothing (averaging) window for the
coordinates of profile points. This parameter
determines the size of the window used by the
algorithm to smooth (average) the coordinates of
profile points.

roi Rect Measurement area - ROIl. Set by the following
parameters: left top x, left top y, width, height.

. ... |"defect circle" - search for a defect on a circle within the ROI. It is defined as the greatest
/u\ distance from the profile points to the approximated circle. The approximation of points by a
circle is based on the least squares method with the exclusion of defective points.

aefect circle
Control number results
Control number results # Port Value
# Actor Port  Value 2 ActorDefectCircle-87930973 Distance 0.927
2/ ActorDefectCircle-87930973 Distance 0211
Outer circle Inner circle
Inputs: InpProfile Profile Input profile.

InpRoi Rect Measurement area. When the input is disabled, the
calculation uses the default value from the "roi"
parameter.

Outputs: Distance double The greatest distance from the circle to the contour
point.

FarthestPoint Point2dDouble | The farthest point from the approximated circle.

OutCenter Point2dDouble |The center of the approximated circle. In case of
calculation error, there is no output value.

OutRadius double The radius of the approximated circle. In case of
calculation error, there is no output value.

ResultDescription Description [The result of the check with descriptive semantics.
The result is represented as a json object with the
following fields:

e "type" - the value is always "Circle".

e "R" - the resulting value of the circle radius.

e "Center" - the center point of the circle, the point
Object {"X", llyll}.

e "Valid" - indicates whether the result is correct, true
or false. False indicates an error in the calculation.
The output is intended to be displayed in the results

area.

Roundness double Roundness value.

Parameters: |distanceThreshold double,[0.05] [The minimum threshold distance at which a defect will
be detected.

contourType string enum, [Type of analyzed contours of the input profile.

["Outer"] Possible values:
e Quter - the search is performed using outer contour
points that are located within the region of interest
(ROI).
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e Inner - approximation is performed using inner
contour points that are located within the region of
interest (ROI).

smoothWindow

uint8_t,[5]

The width of the smoothing (averaging) window for the
coordinates of profile points. This parameter
determines the size of the window used by the
algorithm to smooth (average) the coordinates of
profile points.

roi

Rect

Measurement area - ROIl. Set by the following
parameters: left top x, left top y, width, height.

"select in ROI" - this smart block is designed to select a part of the profile/contour within the

ff:RGI 1 |area of interest specified by the ROI.
Smmnml I
ROl includes outer and inner contours ROl includes inner contour
Inputs: InpProfile Profile,Contou |Input profile/contour.
r
InpRoi Rect Measurement area. When the input is disabled, the
calculation uses the default value from