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1. Getting Started
1.1. About Mech-DLK

Mech-DLK is machine vision deep learning software independently developed by Mech-Mind. With
a variety of built-in industry-leading deep learning algorithms, it can solve many problems that
traditional machine vision cannot handle, such as highly difficult segmentation, positioning, and
classification.

Through intuitive and simple Ul interactions, even without programming or specialized deep
learning knowledge, users can quickly implement model training and validation with Mech-DLK.

o-o-@- -

BestModel.xxx

The software includes the following algorithm modules: Fast Positioning, Defect Segmentation,
Classification, Object Detection, Instance Segmentation, Text Detection, Text Recognition, and
Unsupervised Segmentation.

Instance Segmentation

Segments the contour of target objects and outputs the corresponding labels of the classes.

This module can produce more refined segmentation results than the module Object Detection.
The module can recognize single or multi-class objects and segment the corresponding contours.
Itis used for depalletizing, machine tending, piece picking, etc., and it cooperates with Mech-Vision
and Mech-Viz to complete object picking.

-+ Segments blocks of various types.

- Segments cartons closely fitted together.
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Defect Segmentation

Detects and segments the defect regions in the image.

This module can be used to detect all types of defects. Defects that can be detected include
surface defects such as stains, bubbles, and scratches and positional defects such as bending,
abnormal shape, and absence. Moreover, this module can be applied even under complex
conditions, such as small defects, complicated background, or random object positions.

+ Detects air bubbles and glue spills on lenses.

Classification
Recognizes object classes in images.

The module is used to recognize workobject front and back faces, workobject orientations, and
defect types, and to recognize whether objects are missing, or whether objects are neatly
arranged.

-+ Recognizes whether workobjects are neatly arranged or scattered.

© 2023 Mech-Mind Robotics Technologies Ltd. 2
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Disordered
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- Recognizes the fronts and backs of objects.

Object Detection

Detects the positions of all target objects and recognizes their categories at the same time.
This module is used to detect the absence of workobjects of fixed position, such as missing
components in a PCB; it can also be used for object counting. Even for hundreds or thousands of
objects, the module can quickly locate and count them.

- Detects the positions of rotors.

®

..‘0:,0'.“"

Fast Positioning

Recognizes the object orientation in an image and corrects the image based on the recognition
result.

This module is used to detect objects in targeted regions of an image and rotate the image to a
specified orientation and position.

© 2023 Mech-Mind Robotics Technologies Ltd. 3
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- Recognizes object orientations in images and rotates these images so that objects in them
have a uniform orientation.

Text Detection

Detects the text areas of an image.

You can use the Text Detection module to detect the text area in an image and thus reduce the
interference from the background. When the Text Recognition module is preceded by a Text

Detection module, after selecting Import > Import from previous module, make sure the Rectify
image(s) option is enabled to rectify images to the positive direction (0°).

- Detects the text areas of an image.

m) |138957-04]
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Text Recognition
Recognizes the text in an image, including letters, numbers, and some special symbols.

This module is used to recognize the characters in the text area of an image, often applied in the
fast recognition of codes on all kinds of labels.

© 2023 Mech-Mind Robotics Technologies Ltd. 4
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+ Recognizes the characters in an image.
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Unsupervised Segmentation

Judges whether an image is OK, NG, or Unknown according to set thresholds and displays the
possible areas with defects.

Images should be labeled as OK or NG, and only OK images will be used as the training set for
model training. The trained model can help judge whether there is any defect in an image.

- Judges whether an image is OK, NG, or Unknown according to set thresholds.

1.2. Release Notes

Mech-DLK 2.5.0 Release Notes

This section introduces the new features and improvements of Mech-DLK 2.5.0.

New Features

Added Text Detection and Text Recognition Modules

Mech-DLK 2.5.0 now features optical character recognition (OCR) that is realized by cascading the
following two algorithm modules:

+ Text Detection: the first module, which is used to detect a single line or multiple lines of text in
an image.

+ Text Recognition: the second module, which is used to recognize the characters in the text
area.

This feature is usually employed to detect and recognize tiny characters on electronic
components, vehicle-related data against complex backgrounds, and serial numbers and lot
numbers displayed on the packaging.

© 2023 Mech-Mind Robotics Technologies Ltd. 5
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Added the Unsupervised Segmentation Module

Mech-DLK 2.5.0 now features the Unsupervised Segmentation module, which only requires OK
images in the training set to achieve pixel-level detection of all known and unknown defects. The
trained model can be used to judge whether the image of an object is OK, NG, or Unknown on the
basis of set thresholds. Moreover, heat maps are available to show the possible areas with
defects.

This module is usually used for industrial quality inspection in scenarios where
- obtaining OK images is easy while getting NG images is difficult, and

- defect types are uncertain.

Added Free Rectangle Tool

In the Text Detection module, the Free Rectangle Tool can be used to draw a rectangle around the
text area. It is recommended to select this tool for rectangular text areas.

Added Text Recognition Tool

In the Text Recognition module, the Text Recognition Tool can be used to define the text
recognition range and automatically generate the recognition result.

Added OK/NG Labels

Mech-DLK 2.5.0 now allows to directly label images as OK or NG with the OK/NG Labels. Select an
image from the image list and click the OK Label or NG Label on the toolbar. The image will be
labeled as OK or NG.

- Both OK Label and NG Label are available in the Unsupervised Segmentation module.

- OK Label is available in the Defect Segmentation module.

Improvements

Support for NVIDIA GeForce RTX 40 Series GPUs

Mech-DLK 2.5.0 now fully supports NVIDIA GeForce RTX 40 Series GPUs for model training and
validation.

Improved the Floating Window of Keyboard Shortcuts

In Mech-DLK 2.5.0, the floating window of keyboard shortcuts displays the shortcuts by modules
for easy and fast search.

Mech-DLK 2.4.2 Release Notes

Added region-specific license control. Click Help » About to view the details.

Mech-DLK 2.4.1 Release Notes

New Features

© 2023 Mech-Mind Robotics Technologies Ltd. 6
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Added the Cascade Mode

Mech-DLK 2.4.1 has added a brand-new cascade mode of modules, which enables the
combination of modules to solve deep learning problems in complex scenarios. It should be noted
that when the Fast Positioning module is involved, it must be the first module. For example, when
you need to detect the positions of defects and classify these defects, you can first add a Defect
Segmentation module and then add a Classification module. In addition, when importing data
from the previous module, you can select images according to actual needs and configure the
import of these images in the Import window.

Added the Training Center

The Training Center supports the training of models in a queue, which is suitable for scenarios
requiring the training of multiple models. With the Training Center, the software can train models
in sequence, with no need for manual clicking of Train repeatedly, which can save a huge amount
of time.

Added the Mask Type of Mask Globally and Supported Custom Mask Fill

In the Defect Segmentation module, when you select the Mask Polygon Tool, the mask type can
be Mask single image or Mask globally. In addition, you can customize the mask color.

- Mask single image: The mask is only displayed in the current image. It is only valid in training.

- Mask globally: After a mask is drawn in the current image, the mask will be displayed in all
images. The mask is valid in both training and validation.

Added the Floating Window of Keyboard Shortcuts

Click @ in the lower-right corner of the selection region to open the window of keyboard shortcuts.

Added Aucxiliary Labeling Lines for Rectangle Tool

In the Instance Segmentation and Object Detection modules, auxiliary labeling lines are added for
the Rectangle Tool to assist rectangular selection on images.

Added the Display and Filtering of Validation Result Confidence

In the Instance Segmentation and Object Detection modules, a confidence filtering function is
added for validation results. You can adjust the confidence to filter the validation results and then
evaluate the accuracy of models.

Improvements

Optimized the Classification Module

The Classification module is optimized, which leads to faster training convergence and a growth
rate of 20% in accuracy under complex scenarios.

Optimized Mech-DLK SDK

Mech-DLK SDK is more stable and easier to use after being restructured. Mech-DLK SDK supports
the inference based on the cascaded modules and the switching between different operating
hardware. In addition, it provides richer samples for reference.

© 2023 Mech-Mind Robotics Technologies Ltd. 7
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Optimized the Setting of Defect Determination Rule

The defect determination rule in the Defect Segmentation module is optimized. Click here to view
the details.

Enabled the Setting of Translation in the Fast Positioning Module

In the Image Adjustment window of the Fast Positioning module, you can translate the image
along the X and Y axes. After training, images with objects in specified positions and orientations
will be generated, which meet the requirements of more application scenarios.

Optimized the Template Tool

In the Instance Segmentation and Object Detection modules, after selecting the Template Tool,
press and hold the Shift key and scroll the mouse wheel to adjust the angle of the template. You
can also set the Rotation angle to achieve the same purpose.

Release Notes of Previous Versions

V Click here to view the Mech-DLK 2.3.0 release notes
Mech-DLK 2.3.0 Release Notes

+ Graphics Card Driver Requirement
Before using Mech-DLK 2.3.0, please upgrade the graphics card driver to 472.50 or above.
+ Improved the Training Speed

Optimized the algorithms, and thus significantly improved the speed of model training. Only
the optimal model is saved during training, and the training cannot be stopped halfway.

+ Added the Smart Labeling Tool
For modules including Defect Segmentation, Instance Segmentation, and Object Detection,
you can do smart labeling by selecting the Smart Labeling Tool, clicking the objects to be
labeled, right-clicking to undo the redundant selection, and pressing the Enter key to
complete the labeling.

+ Added the Function of Adding/Removing Vertices for the Polygon Tool
For the Instance Segmentation and Object Detection modules, after labeling with the
Polygon Tool, if the selection needs to be modified, you can left-click the line segment
between two vertices to add a vertex, or right-click a vertex to remove it.

+ Added the Template Tool
For the Instance Segmentation and Object Detection modules, you can use the Template
Tool to set the selection as a template. The template can be applied by simply clicking the
images. It is suitable for scenarios where there are multiple neatly arranged objects of the
same type in an image, and it improves labeling efficiency.

+ Added the Function of Preview by Zooming

Support previewing full images and cropped cell images.

© 2023 Mech-Mind Robotics Technologies Ltd. 8
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+ Optimized the Grid Cutting Tool

Optimized the Grid Cutting Tool. After cutting the image by the grid, you can select a cell
image by checking the box in the upper left corner of the cell image, and you can preview
the image by clicking on the button in the upper right corner of the cell.

+ Optimized the Data Filtering Mechanism

Added options for filtering results: “Correct results”, “Wrong results”, “False negative”, and
“False positive”. Added options for filtering data types: “Labeled as OK” and “Labeled as NG".

+ Built-in Deep Learning Environment

The deep learning environment is built into the software Mech-DLK, and the models can be
trained without a separately installed environment.

VW Click here to view Mech-DLK 2.2.7 release notes
Mech-DLK 2.2.1 Release Notes

+ Added the Function of Showing the Class Activation Maps for Module Classification

After the model is trained, click [ Generate CAM ]. The class activation maps show the
weights of the features in the form of heat maps; the model classifies an image into its
class according to these features. Image regions with warmer colors have higher weights
for classifying the image into its class.

+ Supported Validation and Export of CPU Models

o Classification and Object Detection: After training is completed, select the deployment
device as CPU or GPU before exporting the model.

o Instance Segmentation: Before training the model, set the training parameters. When
exporting a model, select the deployment device as CPU/GPU:

= CPU lightweight model: Before training the model, set the training parameter Model
type to Lite (better with CPU deployment). When exporting the model for
deployment, set Deployment device to CPU or GPU.

= GPU standard model: Before training the model, set the training parameter Model
type to Normal (better with GPU deployment). When exporting the model for
deployment, set Deployment device to GPU.

1.3. System Requirements

It is recommended that the device that runs Mech-DLK should satisfy the following requirements.

Authorized dongle

version Pro-Run Pro-Train/Standard
Operating system Windows 10 or above

CPU Intel® Core™ i7-6700 or above

Memory 8GB or above 16GB or above
Graphics card GeForce GTX 1660 or above GeForce RTX 3060 or above
Graphics card driver Version 472.50 or above

© 2023 Mech-Mind Robotics Technologies Ltd. 9
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The Pro-Run version features Mech-DLK SDK deployment, labeling, and Operation Mode. The
Pro-Train version supports all features, including module cascading, labeling, training,
validation, and Mech-DLK SDK deployment, while the Standard version supports the features
of labeling, training, and validation.

When Mech-DLK is used, the resolution and scale of the screen should follow the
correspondence in the table below. If the resolution and scale of your screen do not match
those in the table below, some display problems may occur.

If you are using dual monitors, make sure that both have the same resolution and scale.

o Resolution Scale

1280 x 800 (16:10) 100%

1920 x 1080 (16:9) 100% or 125%
2560 x 1440 (16:9) 125% or 150%
3840 x 2160 (16:9) 150% or 175%

Compute Capability Requirements for the Graphics Card

+ The computer graphics card’'s compute capability should be 6.1 at least.

» Click here to check the compute capability of your GPU:

GeForce and TITAN Products GeForce Notebook Products
GPU Compute Capability GPU Compute Capability

86 GeForce RTX 3080 8.6

1.4. Installation Guide

This chapter introduces how to install Mech-DLK and device prerequisites.

Install Mech-DLK
1. You can download the installation package of Mech-DLK from Mech-Mind Download Center.

2. Double-click the Mech-DLK Installer x.x.x.exe file and install Mech-DLK following the
instructions.

Prerequisites for Using the Software

To make sure Mech-DLK can function properly, please complete the following actions.

© 2023 Mech-Mind Robotics Technologies Ltd. 10
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Check Interfaces and Drivers

Check the following in Windows Control Panel:

1. Network and Internet: make sure that the network interfaces used to connect to other devices
are functioning properly.

2. Device Manager: under [ Network adapters] and [ Display adapters ], make sure the required
drivers for your network interfaces and GPU are installed.

Set up Software License

Mech-Mind uses CodeMeter from Wibu-Systems as the license system for its software. The
CodeMeter installer has been included in the software package.

1. Plug the license dongle you received into the IPC.
2. Run the CodeMeter installer to install CodeMeter.

3. Make sure that CodeMeter is running: in the system tray, check if the CodeMeter icon @ is
displayed in the Windows tray.

« If you need to obtain a trial license that does not require a license dongle, please click

o Obtain a Trial Software License.

- If you need to update an existing license, please click Update Software License.

Turn off Windows Defender Firewall

The Windows Defender Firewall might block the normal communication between Mech-Mind
software and devices connected to the IPC. Therefore, it is necessary to turn off Windows
Defender Firewall's protection for the network interfaces connected to devices that communicate
with the software. Follow these steps:

1. Open the control panel, and click System and Security » Windows Defender Firewall > Advanced
Settings.

| o Windows Defender Firewall — m] |
|

T i ¢ Sys.. r Windo v O &

Contral Panel Homa

Help protect your PC with Windows Defender Firewall

‘Windows Defender Firewall can help prevent hackers or maliciouws software from gaining access to your

Allew an app or feature PC thraugh the Intermet or 2 network,
| through Windows Defender
| Firewall ,
| l u Private netwarks Connected
| & Change notification sattings
| @ Turn Windows Defender Metworks at home or work where you know and trust the people and dewices on the netwark
Firawall on or aff
| P Restore defauts ‘Windows Dafender Firawall state: On
Incoming connections: Block all connections to apps that are nat on the
ist of allowad apps
Troubdeshoat my network
Active private natworks: LY MechMind_Guest
! Notification state: Motify me when Windows Defender Firewal
| blocks a naw app
|
| l v Guest or public networks Not connected

See als
Seourity and Maintanance

Metwork and Sharing Center

2. Inthe pop-up window, click Windows Defender Firewall Properties.

© 2023 Mech-Mind Robotics Technologies Ltd. 11
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W Windows Dafender Firawall with Advanced Sacurity
File Action  View Help
e«s © BE

‘ Ll AR L B ST Windows Defender Firewall with Advanced Security on Local Computer

B Inbound Rules
Custbound Rules ¥indows Defender Firewall with Advanced Securit ovides nets

= ¥ B
B Connection Security Rules Bt

» B Monitaring

Overview

Domain Profile

& Windows Defender Firavall iz on

(5 Inbound cenmections that do not matoh a rule we Blocked

@ Outbound connections that do not match a rule are allomed

Private Profile is Active

@ wWindows Defoender Firawall is on

(%) Inbwund connections that do not matoh a role wre Blocked
@ Outbound connections that do not match s rule sre allewed

Public Profile

& Windows Defender Firavall is o

(%) Inbound conmections that de net matoh a rule we Blocked
@ Outbound cormections that do not match a rule are allomed.

BN Windows Defender Firewsll Properties I

| Getting Started

3. Under the Domain Profile tab, click [ Customize...] next to Protected network connections.

i
Windows Defendar Firewall with Advancad Seowity on Local Com..,  #

Domain Profie |Private Profie  Public Profle  IPsec Settings

avier for whem a computer iz cormacted to its

SOER omaii
State
'P Firewall state: n {recommended) =
Inbound compuestions: Block Ydefault] -
Outhoumd Allaw {default] ~
Protected network conmections: | Customize, ..
Settings
Epecify settings that comtrol ¥
E_ l?nﬂ.ﬂ: Defender Firewall Customirze. ..
bahavier.
Logzing
Speoifw logring settings for .
troubleshosting. Customize. ..

o] o [

4. In the pop-up window, uncheck all the network interfaces connected to devices that
communicate with the software. Then, click [ OK].

© 2023 Mech-Mind Robotics Technologies Ltd. 12
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Protacted MNetwork Connactions for the Domain Pr.,. — O o
[

Selsct the check box For sach connsction wou want Windows
Defender Firewall te help protect

Hgiwork oonmections:
=
=
=

5. Repeat the above two steps for the Private Profile and Public Profile tabs.

| Windows Defender Firewal with Advanced Security on Local Com,., % | Windows Defender Firewall with Advanced Security on Local Com,,

| Comain Profia] Privste Profie |Pubtc Profia  1Psas Setings | Domain Profie Prvate Profie] Public Pofie. ||Psac Setiings
Spacify biharisz N o computer is soanectsd to s S (i (s o iy ot i o

private natwerk lo i public natwork lecation.
State State

Firewall state: i {recoamended} Firewall state: On (recommended}

* Inbound comnections: Block {default] - ‘ Inbound connections: Block (default] -
Outhomd Allow {default) ~ Outbound Allaw (default) ~
Protected metwork connsctions: | Customize, . | Protected network connections: | Custonize, . |

Settings Settings

=] wheiat badS sl [Custemizes 7= Moot Db sirdl™ [Custmizes)
ahavier. Bohawior.

Logging Logging

Focify foochne settions for | Cuemine ekl Joctng sectines £ [Custei,
III Caneal Apply III Caneel Apoly

Prevent Windows from Updating (Recommended)

Windows updates might force the IPC to shut down/restart during production in order to complete
the updates, which would end the software and thus affect normal production. Therefore, it is
highly recommended to prevent Windows from updating to avoid unexpected shutdown.

shutdown/restart occurs during planned downtime, such as setting active hours for Windows

o If you choose to keep Windows Update enabled, please take measures to ensure that IPC
Update.

Disable Windows Update

1. Click the magnifying glass icon in the taskbar, and search for Services.

2. Click Services in the search results to open it, and scroll down to find Windows Update.

© 2023 Mech-Mind Robotics Technologies Ltd. 13



i o/

MECH MIND Mech-DLK Software Manual

4 Services - m] *
File Action Wiew Help
e [ EHdz HEm renw
% s toen [T
Windows PushTalnstall Service Marme i Description Status Start *
_ 15 Windows Masdules Installer Enables inst.. Paste
T seace {6 Windlows Perception Service Enables spat.. Mar
Q\Nindohs Perception Simulation Sanvice Enables spat.. Mar
Description: €5 Windows Push Motifications System Service This servicer.  Running  Autc
P;W'\i:w i":;’;:um}-h supportfor G Windows Push Notifications User Service_lad.. This service..  Running  utc
;t:m:ﬁmm"c';'w o i dieapleg 'O Windows PushiTalnstall Service Provides infr.. Mar
then remote installstions will net ) Windows Remote Management (WS-Manage.. Windows Re. Mar
function properly. T4 Windows Search Provides con. Running  Aute
Qwilﬂum Security Servioe Windows Se..  Running  Mar
8 Wingows Time Maintains d.. Mar
Eraic o
Eh Windows Update Medic Service Enables rem. Disa
18 WinHTTF Web Froxy Auto-Discovery Service  WinHTTPim.  Runming  Mar
16 Wired AutoConfig The Wired A. Mar
) WLAN AutoConfig The WLAMS.  Runming  Autc
Ewn Perfarmance Adapter Provides per_. Mar
&4 Work Folders This service . Har
Q‘Wurknaiion Createsand . Running  Autc
{5 WWAN AutoConfig This service _ Mar
@h:bmmnry Management Service This service Mar
@;!bm Live Auth Manager Provides aut. Mar ~
€ >
Extended ,{sunmrd /
3. Click [ OK] after clicking the Stop button.
Windows Update Properties (Local Computer) ot
Genaal Log On Recowery  Dependancies
Servce nama: YRR
Display nacma: Windores Lipdat
Description: Erabibeas tha debaction, downlcad, and nstallation of -~

updatas for Windows and cthar programs. If this -

e Aiemblad rane AF shie come dee wl red e

Paih fo axecutabla:
CWindowesisystemidisvchost. exns & netsves -p

Starup type: Manual -

Sarvce status:  Funning

Start Siop Pausze Fesuma
Yiou can spedafy the siard parameabars that apply when you start the sensoe
Traft e,
Start paramatens

[ ok | camm [ hosy

4. Inthe drop-down menu of Startup type, select Disabled, and then click [ Apply].

© 2023 Mech-Mind Robotics Technologies Ltd. 14
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I Windows Update Properties {Local Computer)

Garwral Log On  Recowery Dependences

Canach names: VAL LSy

Diesplary nasme: Windows Update

Description: Enabies the datection, downioad, and netallation of
updates for Windows and other programs. I ths -
[T e S A Amer wrlll ned b

Path o executabls:
Ciindows ystemidsvchost exs & netsves p

Startup type Dhisabbes]

Service status:  Sicppad

Seart g

ou can spedly the san paramaberns that apply when you star the senos

Treare i,

[ x|

Pauss

Cancad

Fesuimes

Apply

5. Click the Recovery tab, and change the response for all failures to Take No Action. Then, click

[OK].

© 2023 Mech-Mind Robotics Technologies Ltd.
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Windows Update Propertias {Local Computer) o

Gonaral Log On  Fecovery  Dependancies

Salact the computer's espenss if this sanice fails. Halp ma set up ecowmng

achons

First failure: Taka Mo Actian -

Seoond failure: . Take Mo Actian E
: Subsaquant failures: Takm Mo Actian -
| Rasai fal count afier i days
[

i
| Enable actions for stops with amars, Restart Compuler Options
Rum prageam

Browse

#Agpand fail count to end of command line {Tai="%1

O =1 -~ ~

Disable Windows Update Medic Service

Windows Update Medic Service fixes problems in Windows Update and ensures that your
computer continues to receive updates. That is, even if you have disabled Windows Update,
Windows Update Medic Service will eventually re-enable it. Therefore, it is necessary to disable
Windows Update Medic Service as well.

Windows does not allow you to disable Windows Update Medic Service through simple button-
clicking. To disable it, you'll need to go to the Registry Editor as instructed below.

1. Click the magnifying glass icon in the taskbar, and search for “regedit”. Click Registry Editor in
the search result to open it.

2. Inthe left pane, navigate to
HKEY_LOCAL_MACHINE\SYSTEM\CurrentControlSet\Services\WaaSMedicSvc. Then in the
right pane, right-click Start and select Modify.

© 2023 Mech-Mind Robotics Technologies Ltd. 16
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[ B Registry Editor
File Edit View Fovorites Help
ComputenHEEY_LOCAL MACHINE\SYSTEN CumentCentralSer| Services\WaasMedicSue

vsmraid ~ [ ame Type
VsS aB|(Dafault) REG_SZ
VSTXRAID ¥|DependOnSenice REG_MULTI SZ
b 28| Description REG 52
wifft S¥|DisplayName  REG.SZ

> wwifimp REG_DWORD

Bt REG_BINARY
WacamPen REG_DWORD

> 7 Wallatservice HEG 57

Y B wanap REG_MULTI SZ
wanerpve:
WorpTSve
whengine
1‘:":5"'“ Madify Binary Data
Wemsue Dekete
wencsve Rename
wenfs

> 1 WoBaot

> 1 wdi01000 w

< 3>

Data

{walue not set)

rpess

@WoaSMedicSwedll,-101

@WaaSMedicSvedll.-100

Ox0O000001 (1)

840300 00 00 00 00 0 00 00 00 00 03 00 00 00 _
Fsystemroat¥systern3Zisvchost.exe -k wusves -p
00000002 (2)

LacatSystem

SaTchPrivilage SaChangeNatifyPrivilege Selmperso_
OwOD000001 (1)

3. In the pop-up window, change Value data to 4, and then click [ OK].

Edit DWORD {32-bit) Valse

Vahie name
Stari

Vale daia
4

4. Right-click FailureActions and select Modify.

[ B Registry Editor
File Ecit View Fovorites Help

ComputedHEEY_LOCAL MACHINEYSYSTEMCurrentContralSet| Services\WaaShedicive
> 1 vsmraid A || Narme Type Data
VsS a8 Dafault) REG_SZ {walue not set)
VSTHRAID 28| DependOnSenvice REG MULTI SZ rpess
vwifibies. 38| Descripticn REG_SZ @WaaSMedicSvedll,-101
wiifit 28| DisplayNanme REG_SZ @WaaShedicvedl,-100
wwifimp | ErrorControl REG_DWORD OXO0000001 (1]
> | waaTime 03 00 D0 00 00 00 00 00 00 00 00 03 00 00 00 —
> WaaSMedicSwe I Modify...
2 imag, Tty Brory Tt svchost.axe -k wusvss -p
WacomPen #Launch De00000002 (2)
> 1 WaletService Delete locatsystemn
> 1 wanom Aename SaTchPrivilage SeChangeNatify Privllege Selmperse.
::::;\:"l?w SarviceSidTypa  REG_DWORD OXO0000001 (1]
! REG_DWORD 0400000004 (4]
whengine REG_DWORD 000000020 (32)
WhicSne -
weifs
Wernswe
wencsve
> 7 wenfs
> 1 wdBaot
> 1 w1000 v
< >

5. In the pop-up window, change the values (whose positions are shown in the middle box of the

following figure) to 01. Then, click [ OK].

© 2023 Mech-Mind Robotics Technologies Ltd.

Mech-DLK Software Manual




i o/

MECH MIND
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14
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29
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6. Return to Services, find Windows Update Medic Service and double-click to open it.

7. The Startup type in the General tab should be Disabled, and all responses for failures in the
Recovery tab should be Take No Action.

| Windows Update Medic Sanvice Properties (Lacal Compaster)

Diescription:

Path to executable:

I

Windows Update Madic Sanice

CWindows'system32ischast exe -+ wusves B

Enables remediabon and peobection of Windows.
Updatm componants.

Startup type:

Disabled

Service status:  Stopped

Start

Stop

Pause

Resuma

You can spedfy the start parmeters that apply when you start the servce

Tram here.

Now, you can start to use Mech-DLK.

1.5. Terminology

+ ROI

| Windows Update Medic Sarvice Properties (Lacal Compater) = |

1. Gararal LNDanulm'u

Select the computer's responsa if this sanvice fais. Halp ma set up eeover]

Bctions]

: First faiure:
Second faiure:
Subsaquant fadures:

Raset fal count afer:

Take Mo Actian .

Take Mo Actian =

Take Mo Actian -

o days

1 Enable actiars for stops with amons. Reestart Camputer Options

Fun progeam

Brawse

Appand fail count to end of command line {fai=%1%}

A region of interest (ROI) is a region selected from an image. The region is the focus of the
analyses of the images. Selecting regions of interest helps reduce processing time and

improve accuracy.

- Labeling

Labeling refers to the process of selecting object features or contours from images and adding
labels indicating features or defects to the selections, and the process of adding labels to
individual images, thus telling the model what contents it should learn.

+ Dataset

A dataset contains the original data and labels. In Mech-DLK, datasets are saved in dlkdb files.

+ Unlabeled data

© 2023 Mech-Mind Robotics Technologies Ltd.
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Original data without labels.
+ Training set
The part of the dataset allocated for model training.
+ Validation set
The part of the dataset allocated for model validation.
+ OK'image
In defect defection, an OK image is an image that contains no defects.
+ NG image
In defect detection, an NG image is an image that contains any defects.
+ Training
Training refers to the process of letting the model learn on the training set.
+ Validation
Validation refers to the process of verifying the trained model on the validation set.
+ Accuracy

Accuracy refers to the ratio of the number of correctly predicted samples to the total number
of samples in the validation set when validating the trained model.

« Loss

Loss is a measure of the inconsistency between the model’s predictions on the validation set
and the ground truth of the validation set.

- Epochs

The number of times the model goes through all data in the training set when training. The
model completes one epoch when it has gone through all training data once.

- False positive (FP)

The situation where an image not containing defects is predicted as an image containing
defects.

- False negative (FN)

The situation where an image containing defects is predicted as an image not containing
defects.

+ Defect confidence
The probability that there are defects in an image.

+ Super model

© 2023 Mech-Mind Robotics Technologies Ltd. 19
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General-purpose models provided by Mech-Mind, which are used to recognize cartons or
sacks. If any one of them works poorly, Mech-DLK can be used to fine-tune the model.

1.6. Train Your First Model

This section shows how to train and export an example deep learning model that can be used for

defect segmentation. The data used for training is from an image dataset of Ethernet ports.

Prerequisites

Click here to download the image data and unzip the file.

Training Process

Capture Images Select Module/s Import Images Label Images

ﬂm~~

Train a Model Validate the Model Export the Model

1. Create a New Project: Click [ New Project] in the interface, name the project, and select a
directory to save the project.

(5 ] Do NOT include Chinese characters in the path name.

2. Add the Defect Segmentation Module: Click @l to add a module. Select [ Defect
Segmentation ] and then click the OK button.

© 2023 Mech-Mind Robotics Technologies Ltd.
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3. Import Image Data: Click [ Import] in the upper-left corner, select [ Folder] and import the
image dataset you have downloaded.

o Image: Import image(s).
o o Folder: Import all images from the selected folder.

o Dataset: A dataset contains images and corresponding labels. You can generate one
by clicking File » Export Dataset.

4. Labeling: In this example, you will need to label the OK images and NG images in each dataset.
OK means that the connectors meet quality requirements and NG means that there are
defects such as deformations and fractures on the Ethernet ports. Labeling is to provide the
information required by deep learning training.

For NG images, long press the left mouse button or right-click @ on the toolbar and then use
the Brush Tool to select the regions with defects.
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Click g to use the eraser tool to remove the labeled region.

For OK images, select an image and click the OK Label [ on the labeling toolbar, or right-click
the image and select [ Set to OK]. The image will be labeled as OK. Please make sure that
there is at least one OK image in each dataset.

5. Train the Model: On the Training tab,click [ Train] in the lower-right corner of the interface to
start training the model.
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6. Validate the Model: After the training is completed, click [Validate] to validate the model and
check the results.

7. Export the Model: Click [ Export] and select a directory to save the exported model (with file
extension of .dlkpack).

Defect Segmentation

GPU default 19 ms

Now, you have completed the training of the first model. Continue your reading to learn all the
details of modules.
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2. Use Algorithm Modules

2.1. Train an Instance Segmentation Model

2.1.1. Introduction

This module is used to segment the contour of target objects and output the corresponding labels
of the classes.

Application Scenarios

Depalletizing: Applicable to scenarios where cartons, boxes, or sacks need to be depalletized from
the pallets and then placed elsewhere (such as a bag break station or conveyor belt).

Machine tending: Applicable to machine tending of complex workobjects, structural parts, and
irregular parts in automobile, steel, machinery, and other industries.
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Product picking: Applicable to batch picking, discrete order picking, etc., in the e-commerce
industry. This module is capable of processing various product packaging such as airbags,
transparent packaging, aluminum cans, packaging of irregular shapes, etc.

Handwash
uulhpasle
S0ap|

Express parcels: Suitable for detecting parcels of different shapes such as soft packages, postal
envelopes, express cartons, padded envelopes, etc.

General Workflow
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ECE

Add a New Project  Add the Instance Import Images
Segmentation Module

laas

Train a Model Validate the Model Export the Model

2.1.2. Use the Instance Segmentation Module

Please click here to download an image dataset of wooden blocks, an example project provided by
Mech-DLK. In this section, we will use an Instance Segmentation module and train a model to
segment different types of wooden blocks and export the corresponding class labels.

(r') You can also use your own data. The usage process is overall the same, but the labeling part
o is different.

1. Create a new project and add the Instance Segmentation module: Click [ New Project ] in the
interface, name the project, and select a directory to save the project. Click [fd in the upper right
corner of the Modules panel and add the Instance Segmentation module.

2. Import the image dataset of wooden blocks: Unzip the downloaded dataset file. Click the
[ Import] button in the upper left corner, select Folder, and import the image dataset. The
wooden blocks in the images are of four different shapes and colors.
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Instance Segmentation

Labeled Images

3. Select an ROI: Click the ROI Tool button [ and adjust the frame to select the bin containing
wooden blocks in the image as an ROI, and click [ Apply ] to save the settings. Setting the ROI
can avoid interferences from the background and reduce processing time.

ROITool | Apply Cancel

4. Create Labels: Select Labeling and click the [E button in the Classes panel to create labels
based on the type or feature of different objects. In this example, the labels are named after
the different shapes of the wooden blocks. You can also name the labels according to different
colors.

ROITool | Apply

5. Label images: Right-click the [ button and select a suitable tool to label the image. In this
example project, the contours of the wooden blocks need to be outlined for segmentation. In
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addition, please make sure that the different shapes of wooden blocks have been labeled
correctly. Click here to view how to use labeling tools.

ROITool | Apply

Instance Segmentation

6. Split the dataset into the training set and validation set: By default, 80% of the images in the
dataset will be split into the training set, and the rest 20% will be split into the validation set.
You can click [ and drag the slider to adjust the proportion. Please make sure that both the
training set and validation set include objects of all classes to be segmented. If not, select the
image name and then right-click it for adjustment.

7. Train the model: Keep the default training parameter settings and click [ Train ] to start training
the model.

Select Tool
n

Instance Segmentation

© 2023 Mech-Mind Robotics Technologies Ltd. 28



i o/

MECH MIND Mech-DLK Software Manual

8. Validate the Model: After the training is completed, click [ Validate ] to validate the model and
check the results.

GPU default 67 ms Instance Segmentation |/

9. Export the model: Click [ Export]. Then, set Max num of inference objects in the pop-up dialog
box, click [ Export ], and select a directory to save the exported model.

(; ] The maximum number of objects during a round of inference, which is 100 by default.

Export

Belonged module Instance Segmentation(1)

Max num of inference objects |

20

3

The exported model can be used in Mech-Vision and Mech-DLK SDK. Click here to view the
details.

2.1.3. Introduction to Labeling Tools
You can use labeling tools to label the images and hence provide data for deep learning training.
You can choose among the following labeling tools built in the software according to actual needs.

Please create labels of corresponding classes according to the needs of the current project
before using labeling tools.
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Polygon Tool

The Polygon Tool can draw polygon labels with more vertices, which is suitable for objects of
complex shapes.
1. Click i (or press P on the keyboard).

2. Click the first position (vertex) in the selection region, then click the second one, third one, etc.,
to draw the labels, and right-click to finish. (At least three vertices are required.)

3. If multiple label classes are created, colors corresponding to different label classes should be
selected.

After labeling, use the Select Tool to select a label and adjust the label by the following methods.

- Click the label edges to increase the number of vertices.
- Right-click a vertex to delete it.

- Long press the left mouse button and drag the vertex in any direction to modify the label
shape.

Ellipse Tool
Use more vertices to make elliptical selections. This tool is suitable for elliptical objects.

1. Right-click i and then click [}

2. Click the first position (vertex) in the selection region, and then continue clicking. An elliptical
label should have at least five vertices.

(or press L on the keyboard).

3. If multiple label classes are created, colors corresponding to different label classes should be
selected.

After labeling, use the Select Tool to select the label and then long press the left mouse button to
drag the vertex in any direction and thus modify the label shape.

Rectangle Tool

The Rectangle Tool can be used to draw rectangular labels, which is suitable for rectangular
objects.

1. Right-click [i¥ and then click [ (or press R on the keyboard).

2. Long press the left mouse button in the selection region, move it in any direction, and then
release the left mouse button to finish the rectangular selection.

3. If multiple label classes are created, colors corresponding to different label classes should be
selected.

Smart Labeling Tool

The Smart Labeling Tool can be used to automatically select the objects in the image.

When multiple objects in an image have large color differences and are scattered, you can use the
Smart Labeling Tool to conveniently label the objects in the image.

1. Click @ (or press M on the keyboard).

2. Move the cursor in the selection region and then click the object to be labeled.
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o If the selection cannot completely cover the object, click the uncovered part to expand the
selection area.

o If the selection covers the areas outside the object, right-click these areas to reduce the
selection area.

3. Click [ Apply]in the upper-left corner of the selection region.
You can use the Select Tool to fine-tune the labeled contour by the following steps:

1. Use the Select Tool to select the label to be adjusted.

2. Adjust the contour in one of the following three ways according to actual situation. Please
ensure that the selected area closely aligns with the object contour.

a. Place the mouse cursor on a vertex of the contour. When the cursor turns into |, long-
press the left mouse button and drag the vertex to adjust the contour.

b. Place the mouse cursor on a vertex of the contour. When the cursor turns into |, click the
right mouse button to delete the vertex.

c. Place the mouse cursor on the contour. When the cursor turns into B8], click the left mouse
button to add a vertex.

- When the objects differ greatly in colors and have clear contours, it is recommended that you
O label multiple objects at a time and click [ Apply ]. If the objects are not obviously distinct, it is
- recommended to label one at a time.

Template Tool

You can use the Template Tool to set an existing selection as a template. After setting, you can
use this template to rapidly label contours and objects with the same pose.

It is suitable for scenarios where there are multiple neatly arranged objects of the same type in an
image, which can improve labeling efficiency.

1. Click B (or press C on the keyboard).
2. Click the region that needs to be set as the template.

3. Move the template to the to-be-selected object, adjust the angle of the template to make it fit
the object, and then click it.

o Coarse adjustment: Press and hold the Shift key and then scroll the mouse wheel.

o Fine adjustment: Adjust the Rotation angle parameter.

6 During labeling, press and hold the Ctrl key and click the selection to switch the template.
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You can also click [ Replace template ] and then click the selection to achieve the same
purpose.

ROI Tool

You can use the ROI Tool to set the region of interest.

Setting the ROl can avoid interferences from the background.

1. Click [ (or press O on the keyboard).
2. Adjust the ROI frame in the selection region.
3. Click [ Apply]in the upper left corner of the selection region.

Select Tool
You can use the Select Tool to select, move, and adjust the selections.

1. Click B (or press S on the keyboard).

2. Move the cursor in the selection region and then click the selection to be processed. Select
multiple selections by pressing and holding the Ctr1l key.

Adjust size

Rotation

© 2023 Mech-Mind Robotics Technologies Ltd.
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Move

2.1.4. Train a High-Quality Model

This section introduces the factors that most affect the model quality and how to train a high-
quality instance segmentation model.

Ensure Image Quality

1. Avoid overexposure, dimming, color distortion, blur, occlusion, etc. These conditions can lead
to the loss of features that the deep learning model relies on, which will affect the model
training effect.

Bad example: overexposure. Good example: adequate exposure.

1

T

R ERRRRRE I RREE DD

P —

You can avoid overexposure by methods such as shading.

Bad example: dim image. Good example: adequate exposure.

You can avoid dimming by methods such as supplementary light.
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Bad example: color distortion. Good example: normal color.

Color distortion can be avoided by adjusting the white balance.

Bad example: blur. Good example: clear.

Please avoid capturing images when the camera or the objects are still moving.

Bad example: cccluded by the robot arm. Bad example: occluded by a human.

Please make sure there is no robot or human in the way from the camera to the objects.

2. Ensure that the background, perspective, and height of the image-capturing process are
consistent with the actual application. Any inconsistency can reduce the effect of deep
learning in practical applications. In severe cases, data must be re-collected. Please confirm
the conditions of the actual application in advance.

Bad example: The background in the training data (left) is different from the background in the actual application (right).

Please make sure the background stays the same when capturing the training data and when deploying the project.
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Bad example: The field of view and perspective in the training data (left) are different from that in the actual application (right).

Please make sure the field of view and perspective stay the same when capturing the training data and when deploying the
project.

Bad example: The camera height in the training data (left) is different from the background in the actual application (right).

Please make sure the camera height stays the same when capturing the training data and when deploying the project.

Ensure Data Quality

The Instance Segmentation module obtains a model by learning the features of existing images
and applies what is learned to the actual application. Therefore, to train a high-quality model, the
conditions of the collected and selected dataset must be consistent with those of the actual
applications.

Collect Data

Various placement conditions need to be properly allocated. For example, if there are horizontal
and vertical incoming materials in actual production, but only the data of horizontal incoming
materials are collected for training, the classification effect of vertical incoming materials cannot
be guaranteed. Therefore, when collecting data, it is necessary to consider various conditions of
the actual application, including the following:

- Ensure that the collected dataset includes all possible object placement orientations in actual
applications.
- Ensure that the collected dataset includes all possible object positions in actual applications.

- Ensure that the collected dataset includes all possible positional relationships between
objects in actual applications.

learning model will not be able to learn the features properly and therefore cannot recognize

o If any of the representations among the above three is missed in the dataset, the deep
the objects correctly. A dataset with sufficient samples will reduce errors.

Object placement orientations
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Object positions

Positional relationships between objects

© 2023 Mech-Mind Robotics Technologies Ltd. 36




i o/

MECH MIND Mech-DLK Software Manual

i [

Data Collection Examples

1. A metal piece project involves objects of a single class, and thus 50 images were collected.
Object placement conditions of lying down and standing on the side need to be considered.
Object positions at the bin center, edges, corners, and at different heights need to be
considered. Object positional relationships of overlapping and parallel arrangement need to be
considered. Samples of the collected images are as follows:

2. A grocery project involves seven classes of mixing objects, which requires classification. The
objects of one class placed in different orientations and mixing objects of multiple classes
need to be considered to fully capture object features. Number of images for objects of one
class = 5 x number of object classes. Number of images for mixing objects of multiple classes
=20 x number of object classes. The objects may come lying flat, standing on sides, or
reclining, so images containing all faces of the objects need to be considered. The objects may
be in the center, on the edges, and in the corners of the bins. The objects may be placed
parallelly or fitted together. Samples of the collected images are as follows:

o Placed alone
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o Mixedly placed

3. Atrack shoe project involves track shoes of many models, and thus the number of images
captured was 30 multiplied by the number of models. The track shoes only face up, so only the
facing-up condition needs to be considered. They may be on different heights under the
camera. In addition, they are arranged regularly together, so the situation of closely fitting
together needs to be considered. Samples of the collected images are as follows:

4. A metal piece project involves metal pieces presented in one layer only, and thus, only 50
images were captured. The metal pieces only face up. They are in the center, edges, and
corners of the bin. In addition, they may be fitted closely together. Samples of the collected
images are as follows:

5. A metal piece project involves metal pieces neatly placed in multiple layers, and thus, 30
images were collected. The metal pieces only face up. They are in the center, edges, and
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corners of the bin and are at different heights under the camera. In addition, they may be fitted
closely together. Samples of the collected images are as follows:

Select Appropriate Data

1. Control the image quantity of datasets

For the first-time model building of the Instance Segmentation module, capturing 30—-50
images is recommended. It is not true that the larger the number of images the better. Adding
a large number of inadequate images in the early stage is not conducive to model
improvement later, and will make the training time longer.

2. Collect representative data

Image capturing should consider all the conditions in terms of illumination, color, size, etc. of
the objects to be recognized.

o Lighting: Project sites usually have environmental lighting changes, and the data should
contain images with different lighting conditions.

o Color: Objects may come in different colors, and the data should contain images of objects
of all the colors.

o Size: Objects may come in different sizes, and the data should contain images of objects
of all existing sizes.

If the actual on-site objects may be rotated, scaled in images, etc., and the
corresponding images cannot be collected, the data can be supplemented by
adjusting the data augmentation training parameters to ensure that all on-site
conditions are included in the datasets.

3. Balance data proportion
The number of images of different object classes in the datasets should be proportioned
according to the actual project; otherwise, the training effect will be affected. There should be

no such case where 20 images are of one object, and only 3 are of the other object.

4. Images should be consistent with the application site
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The factors that need to be consistent include lighting conditions, object features, background,
and field of view.

Ensure Labeling Quality

Determine the Labeling Method

1. Label the upper surface’ contour: It is suitable for regular objects that are laid flat, such as
cartons, medicine boxes, rectangular workobjects, etc. For these objects, the pick points are
calculated on the upper surface contour, and the user only needs to make rectangular
selections on the images.

Bad example: Select the entire box when only selecting the top Good example: Only select the top surface when necessary.
surface is needed.

P

2. Label the entire objects’ contours: It is suitable for sacks, various types of workobjects, etc.,
for which only labeling the object contours is the general method.

Good examples

3. Special cases: for example, when the recognition result needs to conform to how the grippers
work.

o Itis necessary to ensure that the suction cup and the tip of the bottle to pick completely fit
(high precision is required), and only the bottle tip contours need to be labeled.
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Cood example: Label bottle tips.

o The task of rotor picking involves recognizing rotor orientations. Only the middle parts
whose orientations are clear can be labeled, and the thin rods at both ends cannot be
labeled.

Good example: Label middle parts of rotors.

o Itis necessary to ensure that the suction parts are in the middle parts of the metal pieces,
so only the middle parts of the metal pieces are labeled, and the ends do not need to be
labeled.

Good example: Label middle parts.

Check Labeling Quality

The labeling quality should be ensured in terms of completeness, correctness, consistency, and
accuracy:

1. Completeness: Label all objects that meet the rules, and avoid missing any objects or object
parts.
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Bad example: Omit objects. Good example: Label all objects.
. ________________________________________________________]

2. Correctness: Make sure that each object corresponds correctly to the label it belongs to, and
avoid situations where the object does not match the label.

Bad example: Wrong label. A Mentos was

’ Good example: correct labels.
labeled as a yida. P

3. Consistency: All data should follow the same labeling rules. For example, if a labeling rule
stipulates that only objects that are over 85% exposed in the images be labeled, then all
objects that meet the rule should be labeled. Please avoid situations where one object is
labeled but another similar object is not.

Bad example: &n object that should be labeled is labeled in one image but not labeled in another

4. Accuracy: Make the region selection as fine as possible to ensure the selected regions’
contours fit the actual object contours and avoid bluntly covering the defects with coarse large
selections or omitting object parts.
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Bad example: Omit object Good example: correct Good example: Include parts of
parts. labeling selection. other cbjects in an object’s selection.

2.2. Train a Defect Segmentation Model

2.2.1. Introduction

This module is used to detect and segment the defect regions in the image.

Application Scenarios

1. Renewable energy: For detecting various types of defects. This module is capable of working
under complicated situations, such as when the defects are tiny, the background is complex, or
the positions of the workobjects are not fixed, etc. For example, this module can be used for
weld seam inspection or appearance inspection of lithium batteries.

2. Electronics manufacturing: For detecting the surface defects, such as stains, bubbles,
scratches, etc., of functional modules and electronic components.

3. PCB manufacturing, printing, daily necessities manufacturing, and other industries: For
detecting surface defects, such as scratches or foreign object debris, of PCB, connectors,
printing products, daily necessities, and other objects.
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General Workflow

pECe

Add a New Project  Add the Defect Import Images
Segmentation Module

RE

Train a Model Validate the Model Export the Model

2.2.2. Use the Defect Segmentation Module

Please click here to download an image dataset of network ports, an example provided by Mech-
DLK. Different from the content in Train Your First Model, in this section, we will use a Defect
Segmentation module and train a model to detect defects such as deformations and fractures on
the network ports.

(r') You can also use your own data. The usage process is overall the same, and the labeling part
is different.

-
1. Create a new project and add the Defect Segmentation module: Click [ New Project] in the
interface, name the project, and select a directory to save the project. Click [Ed in the upper right
corner of the Modules panel and add the Defect Segmentation module.

Add Module
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2. Import the image dataset of network ports: Unzip the downloaded dataset file. Click the
[ Import] button in the upper left corner, select [ Folder], and import the image dataset. The
pins in the images can be deformed, fractured, or intact.

Labeled Images

Select Tool Modules

Defect Segmentation
L

Training  Validation

3. Select an ROI: Click the ROI Tool button [l and adjust the frame to select the pins in the
image as an ROI, and click [ Apply ] to save the settings. Setting the ROI can avoid
interferences from the background and reduce processing time. Setting the ROl can avoid
interferences from the background.

Name

station...

station...

station...

station...

station...

station...

station...

station...

station...

station...

station.

station...
station..

station...
station...

station...

Labeled Images
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i

Train

Train

Train

ci

Train

Train

Train

Val.
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X: 327. Y: 435. | RGB: (0, 0, 0)

4. Labeling: In this example, you will need to label the OK images and NG images in each dataset.
OK means that the connectors meet quality requirements and NG means that there are
defects such as deformations and fractures on the Ethernet ports.

o For NG images, right-click the Polygon Tool and select a suitable tool to select the defect
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regions. In this example, it is recommended to use the Brush Tool. During labeling, the
brush should be close to the edge of the defect to avoid the inclusion of a large number of
non-defective areas. Click here to view how to use labeling tools.

Name
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Import w
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Train

Train

Labeled Images

Tag: Label
OK
OK
oK

OK

Polygon Tool

R #  Autofill Lasso Tool (A)

O, & Auiliary Labeling Tool (7
b

5

o For OKimages, select an image and click the OK Label [ on the labeling toolbar. The
image will be labeled as OK.

Name
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station...
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station...
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3 station...
station...

station...

station.

Train
Train
Train
Train
Train
Train
Train
Train
Train
Train
Train

Train

Labeled Images

5. Split the dataset into the training set and validation set: Please make sure that both the
training set and validation set include images with all types of defects and at least one OK
image. This can guarantee that the algorithm can learn all different types of defects and
validate the images with different defects properly. If the default training set and validation set
cannot meet this requirement, please right-click the individual image and switch it to the
training/validation set manually.

6. Train the model: Keep the default training parameter settings and click [ Train] to start training

the model.
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Network Port *
Select Tool - Modules
.
Defect Segmentation
L

Import v
Name: Set: Tag- Label Display Settings
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7. Validate the Model: After the training is completed, click [ Validate ] to validate the model and
check the results. You can also modify the Defect determination rule to filter results.
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The exported model can be used in Mech-Vision and Mech-DLK SDK. Click here to view the details.
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2.2.3. Introduction to Labeling Tools

OK Label

Use the OK Label ¥ to label an image as OK.

- Select an image from the image list and then click the OK Label on the toolbar. The image will
be labeled as OK.

Defect Labeling Tools

Defect labeling tools can label the defects in images to provide the information required by deep
learning training.

You can choose among the following labeling tools built in the software according to actual needs.

Polygon Tool

The Polygon Tool can draw polygon labels with more vertices, which is suitable for regular defects.

1. Click i (or press P on the keyboard).

2. Click the first position (vertex) in the selection area, then click the second one, third one, etc., to
draw the labels, and right-click to finish.

Brush Tool

Use the Brush Tool to draw labels of any shape. This tool is suitable for defects with complex
shapes.

1. Right-click [ and then click |[Eg (or press B on the keyboard).
2. Adjust the slider to set the thickness of lines according to the size of defects.

3. Long press the left mouse button in the selection area, move in any direction, and then release
the left mouse button to finish the drawing.
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Autofill Lasso Tool

Draw arbitrarily shaped labels by forming closed shapes with brush paths. This tool is used for
defects with complex shapes.

1. Right-click [ and then click @ (or press A on the keyboard).
2. Adjust the slider to set the thickness of lines according to the size of defects.

3. Long press the left mouse button in the selection area and move in any direction to form
closed shapes with the starting point and thus finish the drawing.

Mask Tool

If there are some irrelevant parts that may interfere with model training/inference, you can use the
Mask Tool to cover such parts. The masked parts will not be involved in training/inference. For
example, the object surface features that should not be judged as defects but are similar to
defects, need to be masked out.

You can choose among the following three mask tools built in the software according to actual
needs.

+ The Mask Type includes Mask single image and Mask globally.
o o Mask single image: the mask is only valid in the current image.
o Mask globally: the mask is valid in all images.

- Itis recommended that the same type of masks should be filled with the same color.

Mask Polygon Tool

1. Click [ (or press Shift + P on the keyboard)
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2. Set Mask Type and Mask fill.

3. Click the first position (vertex) in the selection area, then click the second one, third one, etc., to
draw the labels, and right-click to finish.

Mask Brush Tool

1. Right-click [ and then click &g (or press Shift + B on the keyboard)
2. Set Mask Type, Mask fill, and Brush size.

3. Long press the left mouse button in the selection area, move in any direction, and then release
the left mouse button to finish the drawing.

Mask Lasso Tool

1. Right-click | and then click ¥ (or press Shift + A on the keyboard)
2. Set Mask Type and Mask fill.

3. Long press the left mouse button in the selection area and move in any direction to form
closed shapes with the starting point.

Labeling Eraser Tool

The Labeling Eraser Tool can be used to erase the labeled region.
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1. Click |Pg (or press E on the keyboard)

2. Long press the left mouse button in the selection area and move in any direction.

Q Adjust the slider to change the eraser size.

Mask Eraser Tool

The Mask Eraser Tool can be used to erase the masks.

1. Right-click /g and then click [fg (or press Shift + E on the keyboard)

2. Long press the left mouse button in the selection area and move in any direction.

Q Adjust the slider to change the eraser size.

Grid Cutting Tool

In industrial inspection scenarios, if the size of images captured by the camera is large, smaller
defects may be inconspicuous. If training in such a case is performed, defects are difficult to
detect. You can use the Grid Cutting Tool to cut the large images into cell images of the same size
according to the set dimension. Defect labeling should be completed for all images before the
application of this tool.

1. Click [f=q (or press U on the keyboard).

2. Set Rows and Columns and then click [ Apply |.

o Place the cursor in the parameter boxes and then scroll the mouse wheel.

o Enter values in the parameter boxes.

Note that the number of rows and columns should not be too large, or else the
o number of cell images after cutting is great, which slows down subsequent
inference.
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Grid Selection Tool

Right-click gz and then click &g (or press | on the keyboard) to open the Grid Selection Tool. By
default, the cell images with defect labels are checked, which will be added into the
training/validation set. You can select cell images with and without defects on demand. Click the
Preview button in the upper right corner of the selected image to preview the cell images.

- Select defects: Select all the cell images containing defects to put into the training/validation
set.

- Select all: Select all the produced cell images into the training/validation set, and set those
containing no defects to OK.

+ Clear selection: Clear the selections on cell images.

2.2.4. Train a High-Quality Model

Industrial quality inspections usually have strict limits on false negative and false positive rates.
Therefore, the quality of a defect segmentation model is very important. This section introduces
the factors that most affect the model quality and how to train a high-quality defect segmentation
model.

Ensure Labeling Quality

Labeling quality is one of the most significant factors affecting model performance. In actual
projects, low labeling quality accounts for the reasons for more than 90% of poor model
performance cases. Therefore, if the model is not performing well, solving labeling quality issues
should be prioritized.

Labeling quality involves consistency, completeness, accuracy, and certainty:

1. Consistency: Ensure the consistency of defect labeling methods, and avoid using different
labeling methods for the same type of defects.

Bad example: Label defects of the same type in different ways. Good example: Label defects of the same type in a consistent way.

The defects are missing parts in the welding areas.
Although both ways of labeling are correct. when labeling. please stick to one way.

2. Completeness: Ensure that all regions that should be considered as defect regions according
to the user-defined standard are selected, and avoid any missed selections.
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Bad example: Omit the regions that should be labeled. Good example: Label all necessary regions.

3. Accuracy: Make the region selection as fine as possible to ensure the selected regions’
contours fit the actual defects’ contours and avoid bluntly covering the defects with coarse
large selections.

Bad example: Cover defects with a coarse large selection. Good example: Make the contour of the selection fit the defect’s contour.

4. Certainty: For ambiguous defects, when it is impossible to judge whether the defect judgment
criteria are met, the mask polygon tool can be used to cover the defect regions.

Mediocre example: Leave regions in which whether there are

Good example: Mask out regions containing ambiguous defects. defects is hard to determine unprocessed and exposed to the model.

You can use the mask polygon tool to mask out the regions containing ambiguous defects.

meets the defect judgment criteria, you can delete the current image to avoid affecting the

o When there are multiple defects in the image, if it is impossible to judge whether each defect
model training effect.

Set the Proper Region of Interest (ROI)

Setting the ROl can effectively eliminate the interference of the background, and the ROl boundary
should be as close to the outer contours of the objects as possible.

© 2023 Mech-Mind Robotics Technologies Ltd. 53



i o/

MECH MIND Mech-DLK Software Manual

The same ROI setting will be applied to all images, so it is necessary to ensure that objects in
O all images are located within the ROI, especially in scenarios where the object positions/sizes
- are not fixed.

Select the Right Dataset

« Control dataset image quantities For the first-time model building of the Defect Segmentation
module, capturing 20 to 30 images is recommended. It is not true that the larger the number of
images the better. Adding a large number of inadequate images in the early stage is not
conducive to model improvement later, and will make the training time longer.

- Collect representative data The datasets should contain NG images covering all the defect
types with all defect features, in terms of shape, background, color, size, etc. When the
features in OK images do not differ across images, the number of OK images can be relatively
small.

- Balance data proportion The number of images of different conditions/object classes in the
datasets should be proportioned according to the actual project; otherwise, the training effect
will be affected.

- Images should be consistent with the application site The factors that need to be consistent
include lighting conditions, object features, background, field of view, etc.

2.2.5. Configure Defect Determination Rules

Configure Logical Rules

A'logical rule can contain one or more defect filter items, and the logical relationship between
these items is “or”. When a candidate defect matches any of the defect filter items, it matches the
logical rule. The software allows the configuration of multiple logical rules, and the logical
relationship between them is “and”. If multiple filtering rules are configured, the candidate defect
will be determined as a defect only when it matches all the logical rules.

If any general rules are configured, the candidate defect also needs to match the general rules
to be finally determined as a defect.

Defect Filter [tems
« Defect area filter

A single candidate defect will be determined as a defect when its area falls within the set area
range(s).

- Defect aspect ratio filter
Defect aspect ratio refers to the ratio of the short side to the long side of the minimum

circumscribed rectangle of the defect. A single candidate defect will be determined as a defect
when its aspect ratio falls within the set aspect ratio range(s).
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- Defect angle filter

Defect angle refers to the rotation angle of the minimum circumscribed rectangle. A single
candidate defect will be determined as a defect when its defect angle falls within the set defect

angle range(s).

Application Examples

- Filter the defects with angles ranging from 0° to 10° and 80° to 90°.
1. Click [ Add a defect filter item].
2. Check the Defect angle filter.
3. Click [OK].

Defect determination rule configuration

Logical rule configuration 2 Add a logical rule

Logical rule 1

ct Defect Filter ltem
Defect area fil

General rule configuratio

Defect aspect ratio filter

4. Click [+] and set the angle ranges separately.
5. Click [ Savel.
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Add a logical rule

@
Add a defect filter item

Caneel

- Filter defects with an area ranging from 10000 to 12000 and an aspect ratio ranging from 0.1

t0 0.3.
1. Click [Add a logical rule].

. Click [ Add a defect filter item ] under Logical rule 1.

2

3. Check the Defect area filter and set the area range.
4. Click [ Add a defect filter item ] under Logical rule 2.
5

. Check Defect aspect ratio filter and set the aspect ratio range.

Defect determination rule configuration
Logical rule configuration 2
Logical rule 1
Defect area

10000 T~ 12000

Logical rule 2
Defect aspect ratio

0.10

General rule configuration

General Rule Configuration

Filter Distribution Area

Add a logical rule

@
Add a defect filter item

®
Add a defect filter item

Cancel

The part(s) of a single candidate defect which intersects with the set distribution areas will be
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determined as defect(s).

1. Check this parameter and then click [ Set defect distribution area].
2. Draw the defect distribution area(s) in the pop-up window.
3. Click [OK].

Filter Per-lmage Defect Count

Candidate defects on a single image will be determined as defects when the total number of
defects on the image is equal to or larger than the set Minimum defect count parameter.

Check this parameter and then set the Minimum defect count.

After the configuration, click [ Save ] and the configuration takes effect. Validation results change
with the configuration, and relevant configurations will take effect in the exported model.

2.3. Train a Classification Model

2.3.1. Introduction

This module is used to classify different images.

Application Scenarios

Machine tending: Suitable for classifying the front and back sides, positions, types, or other
properties of the workobjects in industries such as steel and machinery.

Disordered
— _—
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Small

General Workflow
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Add a New Project  Add the Classification Import Images
Module

SRS

Train a Model Validate the Model Export the Model

Label Images

2.3.2. Use the Classification Module

Please click here to download an image dataset of condensers, an example project in Mech-DLK.

In this section, we will use the Classification module to train a model that can distinguish between
the front and back sides of the condensers.

@ You can also use your own data. The usage process is overall the same, but the labeling part
e is different.

1. Create a New Project and add the Classification module: Click [ New Project] in the interface,

name the project, and select a directory to save the project. Click [gl in the upper right corner of
the Modules panel and add the Classification module.

Add Module
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2. Import the image dataset of condensers: Unzip the downloaded dataset file. Click the
[ Import] button in the upper left corner, select [ Folder], and import the image dataset.

Select Tool

Display Settings

3. Create Labels: Select Labeling and click the [ +] button to create labels based on the type or
feature of different objects. In this example, the labels are named front and back to distinguish
between the front and back sides of the condenser.

4. Label images: Classify the images with corresponding labels. You can select multiple images
and label them together. Please make sure that you have labeled the images accurately.

ROITool | Apply
Classification
.
Display Settings

Labeling Training Validation

o +

Comment

Q The Classification module supports selecting multiple images for labeling in batches.

5. Split the dataset into the training set and validation set: By default, 80% of the images in the
dataset will be split into the training set, and the rest 20% will be split into the validation set.
Please make sure that both the training set and validation set include images in all different
classes, which will guarantee that the model can learn all the different features and validate
the images of different classes properly. If the default training set and validation set cannot
meet this requirement, please right-click the name of the image and then click Switch to
training set or Switch to validation set to adjust the set to which the image belongs.
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Modules

Classification

Display Settings

Labeling Training Validation
Classes o+

Image Tag

Comment

6. Train the model: Keep the default training parameter settings and click [ Train] to start training
the model.

A Condenser*
Select Tool Modules
»

Classification
Ll

Display Settings

Validation

ettings b

Training cente

Optimal Result
100

1

Validate  Generate CAM  Export

7. Validate the model: After the training is completed, click [ Validate ] to validate the model and
check the results. You can also click | > Wrong results > OK to filter the results and check the
wrong ones.
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Select Tool
»
Classification
Ll

Display Settings

Show chart Training cente

Train

nerate CAM  Export

8. Export the model: Click [ Export], set the Class activation mapping (CAM) option of the model
to be exported in the pop-up window, and then click TExport and select a directory to save the
exported model.

By default, the Class activation mapping (CAM) option is disabled. The inference will
slow down when the model saved with CAMs is used in Mech-Vision.

3
Export | Cancel

The exported model can be used in Mech-Vision and Mech-DLK SDK. Click here to view the
details.

2.3.3. ROI Tool

You can use the ROl Tool to set the region of interest.

Setting the ROI can avoid interferences from the background.
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1. Click [l (or press O on the keyboard).
2. Adjust the ROI frame in the selection region.
3. Click [ Apply]in the upper left corner of the labeling interface.

2.3.4. Train a High-Quality Model

This section introduces the factors that most affect the model quality and how to train a high-
quality classification model.

Ensure Image Quality

1. Avoid overexposure, dimming, color distortion, blur, occlusion, etc. These conditions can lead
to the loss of features that the deep learning model relies on, which will affect the model
training effect.

Bad example: overexposure. Good example: adequate exposure.

T
1
.
.
EI |

Pere—————

I
T T
IORRERRRERE BN

‘You can avoid overexposure by methods such as shading.

Bad example: dim image. Good example: adequate exposure.

‘You can avoid dimming by methods such as supplementary light.
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Bad example: color distortion. Good example: normal color.

Color distortion can be avoided by adjusting the white balance.

Bad example: blur. Good example: clear.

Please avoid capturing images when the camera or the objects are still moving.

Bad example: cccluded by the robot arm. Bad example: occluded by a human.

Please make sure there is no robot or human in the way from the camera to the objects.

2. Ensure that the background, perspective, and height of the image-capturing process are
consistent with the actual application. Any inconsistency can reduce the effect of deep
learning in practical applications. In severe cases, data must be re-collected. Please confirm
the conditions of the actual application in advance.

Bad example: The background in the training data (left) is different from the background in the actual application (right).

Please make sure the background stays the same when capturing the training data and when deploying the project.
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Bad example: The field of view and perspective in the training data (left) are different from that in the actual application (right).

Please make sure the field of view and perspective stay the same when capturing the training data and when deploying the
project.

Bad example: The camera height in the training data (left) is different from the background in the actual application (right).

Please make sure the camera height stays the same when capturing the training data and when deploying the project.

be consistent during collection. If the light is inconsistent in the morning and evening, data

o The quality of image classification is sensitive to lighting, and the lighting conditions need to
needs to be collected separately according to the situation.

Ensure Data Quality

The Classification module obtains a model by learning the features of existing images and applies
what is learned to the actual application. Therefore, to train a high-quality model, the conditions of
the collected and selected data must be consistent with those of the actual applications.

Collect Data

Various placement conditions need to be properly allocated. For example, if there are horizontal
and vertical incoming materials in actual production, but only the data of horizontal incoming
materials are collected for training, the classification effect of vertical incoming materials cannot
be guaranteed. Therefore, during data collection, it is necessary to consider various conditions of
the actual application, including the following:

- The features presented given different object placement orientations.

- The features presented given different object placement positions.

1. Different orientations
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2. Different positions

Data Collection Examples

1. A valve tube project: Single object class. Distinguishing between the front and back sides of
the valve tubes is needed. Positions are generally fixed with small deviations. Fifteen images
for the front and back sides each were collected.
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2. An engine valve assembly project: Single object class. Determining whether the object is
correctly placed in the slot is needed. Since outside the slot, the object may appear in various
positions and orientations, it is necessary to consider different positions and orientations, and
20 images were collected for objects outside the slot. In the slot, only the factor of different
positions needs to be considered, so 10 images were collected for objects inside the slot.

AEEEEREREN

3. A sheet metal project: Two object classes. Different object sizes need to be recognized.
Objects may come in different positions and orientations. Twenty images were collected for
the front and back sides each.
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Select the Right Dataset

1. Control dataset image quantities

For the first-time model building of the Classification module, capturing 30 images is
recommended. It is not true that the larger the number of images the better. Adding a large
number of inadequate images in the early stage is not conducive to model improvement later,
and will make the training time longer.

2. Collect representative data

Image capturing should consider all the conditions in terms of illumination, color, size, etc. of
the objects to be recognized.

o Lighting: Project sites usually have environmental lighting changes, and the data should
contain images with different lighting conditions.

o Color: Objects may come in different colors, and the data should contain images of objects
of all the colors.

o Size: Objects may come in different sizes, and the data should contain images of objects
of all existing sizes.

If the actual on-site objects may be rotated, scaled in images, etc., and the
corresponding images cannot be collected, the data can be supplemented by
adjusting the data augmentation training parameters to ensure that all on-site
conditions are included in the datasets.

3. Balance data proportion
The number of images of different object classes in the datasets should be proportioned
according to the actual project; otherwise, the training effect will be affected. There should be
no such case where 20 images are of one object, and only 3 are of the other object.

4. Images should be consistent with the application site

The factors that need to be consistent include lighting conditions, object features, background,
and field of view.

Ensure labeling quality

Please ensure consistency, namely that there are no missed or incorrect labels.
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Bad example: wrong lable. Good example: correct label.

The left image is the workpiece front. and the right image is the workpiece back.

Class Activation Maps

After the training of the image classification model is completed, click [ Generate CAM ] to
generate the class activation maps, and click [ Show class activation maps (CAM) ]. The class
activation maps show the feature regions in the images that are paid attention to when training the
model, and they help check the classification performance, thus providing references for
optimizing the mode.

Labeling Training. ‘Validation

2.4. Train an Object Detection Model

2.4.1. Introduction

This module is used to detect the location of all target objects and estimate their classes.

Application Scenarios

Counting workobjects: Suitable for counting bundles of steel bars, loose parts, and tiny parts in
factories.
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Detecting the location of workobjects: Suitable for detecting and locating metal parts in factories
or on assembly lines.

B rotor | Total 18

Add a New project  Add the Object Import Images
Detection Module

BRI

Train a Model Validate the Model Export the Model

Mﬂﬁm

2.4.2. Use the Object Detection Module

Please click here to download an image dataset of rotors. In this section, we will use an Object
Detection module and train a model to detect the positions of rotors in the image and output the
quantity.

(r) You can also use your own data. The usage process is overall the same, but the labeling part

e is different.

1. Create a new project and add the Object Detection module: Click [ New Project] in the
interface, name the project, and select a directory to save the project. Click |5l in the upper right
corner of the Modules panel and add the Object Detection module.
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Add Module

2. Import the image dataset of rotors: Unzip the downloaded dataset file. Click the [ Import]
button in the upper left corner, select [ Folder ], and import the image data.

Object Detection

Optimal Resuit

Labeled Images

o0

3. Select an ROI: Click the ROI Tool button [l and adjust the frame to select the bin containing
rotors in the image as an RO, and click [ Apply] to save the settings. Setting the ROI can avoid
interferences from the background and reduce processing time.

ROITool | Apply

Object Detection

=B

4. Split the dataset into the training set and validation set: By default, 80% of the images in the

dataset will be split into the training set, and the rest 20% will be split into the validation set.
You can click [B] and drag the slider to adjust the proportion. Please make sure that both the
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training set and validation set include objects of all classes to be detected. If the default
training set and validation set cannot meet this requirement, please right-click the name of the

image and then select Switch to training set or Switch to validation set to adjust the set to
which the image belongs.

5. Create Labels: Create labels based on the type or feature of different objects. In this example,
the labels are named after the rotors.

ROITool | Apply

6. Label images: Make rectangular selections on the images to label all the rotors. Please select
the rotors as precisely as possible and avoid including irrelevant regions. Inaccurate labeling
will affect the training result of the model. Click here to view how to use labeling tools.

Object Detection
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7. Train the model: Keep the default training parameter settings and click [ Train] to start training
the model.

Object Detection

8. Validate the model: After the training is completed, click [ Validate ] to validate the model and
check the results.

Object Detection

9. Export the model: Click [ Export]. Then, set Max num of inference objects in the pop-up dialog
box, click [ Export ], and select a directory to save the exported model.

(i ) The maximum number of objects during a round of inference, which is 100 by default.
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Export

Belonged module Object Detection(1)

Max num of inference objects |@

20

3

Cancel

The exported model can be used in Mech-Vision and Mech-DLK SDK. Click here to view the
details.

2.4.3. Introduction to Labeling Tools

You can use labeling tools to label the images and hence provide data for deep learning training.
You can choose among the following labeling tools built in the software according to actual needs.

Please create labels of corresponding classes according to the needs of the current project
before using labeling tools.

Polygon Tool

The Polygon Tool can draw polygon labels with more vertices, which is suitable for objects of
complex shapes.

1. Click i (or press P on the keyboard).

2. Click the first position (vertex) in the selection region, then click the second one, third one, etc.,
to draw the labels, and right-click to finish. (At least three vertices are required.)

3. If multiple label classes are created, colors corresponding to different label classes should be
selected.

After labeling, use the Select Tool to select a label and adjust the label by the following methods.

« Click the label edges to increase the number of vertices.
* Right-click a vertex to delete it.

- Long press the left mouse button and drag the vertex in any direction to modify the label
shape.

Ellipse Tool

Use more vertices to make elliptical selections. This tool is suitable for elliptical objects.
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1. Right-click [ and then click [@ (or press L on the keyboard).

2. Click the first position (vertex) in the selection region, and then continue clicking. An elliptical
label should have at least five vertices.

3. If multiple label classes are created, colors corresponding to different label classes should be
selected.

After labeling, use the Select Tool to select the label and then long press the left mouse button to
drag the vertex in any direction and thus modify the label shape.

Rectangle Tool

The Rectangle Tool can be used to draw rectangular labels, which is suitable for rectangular
objects.
1. Right-click [i¥ and then click [ (or press R on the keyboard).

2. Long press the left mouse button in the selection region, move it in any direction, and then
release the left mouse button to finish the rectangular selection.

3. If multiple label classes are created, colors corresponding to different label classes should be
selected.

Smart Labeling Tool

The Smart Labeling Tool can be used to automatically select the objects in the image.

When multiple objects in an image have large color differences and are scattered, you can use the
Smart Labeling Tool to conveniently label the objects in the image.

1. Click g (or press M on the keyboard).

2. Move the cursor in the selection region and then click the object to be labeled.

o If the selection cannot completely cover the object, click the uncovered part to expand the
selection area.

o If the selection covers the areas outside the object, right-click these areas to reduce the
selection area.

3. Click [ Apply] in the upper-left corner of the selection region.
You can use the Select Tool to fine-tune the labeled contour by the following steps:

1. Use the Select Tool to select the label to be adjusted.

2. Adjust the contour in one of the following three ways according to actual situation. Please
ensure that the selected area closely aligns with the object contour.

a. Place the mouse cursor on a vertex of the contour. When the cursor turns into |, long-
press the left mouse button and drag the vertex to adjust the contour.

b. Place the mouse cursor on a vertex of the contour. When the cursor turns into |, click the
right mouse button to delete the vertex.

c. Place the mouse cursor on the contour. When the cursor turns into g, click the left mouse
button to add a vertex.

- When the objects differ greatly in colors and have clear contours, it is recommended that you
O label multiple objects at a time and click [ Apply ]. If the objects are not obviously distinct, it is
- recommended to label one at a time.
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Template Tool

You can use the Template Tool to set an existing selection as a template. After setting, you can
use this template to rapidly label contours and objects with the same pose.

It is suitable for scenarios where there are multiple neatly arranged objects of the same type in an
image, which can improve labeling efficiency.

1. Click Y (or press C on the keyboard).
2. Click the region that needs to be set as the template.

3. Move the template to the to-be-selected object, adjust the angle of the template to make it fit
the object, and then click it.

o Coarse adjustment: Press and hold the Shift key and then scroll the mouse wheel.

o Fine adjustment: Adjust the Rotation angle parameter.

During labeling, press and hold the Ctrl key and click the selection to switch the template.
o You can also click [ Replace template ] and then click the selection to achieve the same
purpose.

ROI Tool
You can use the ROI Tool to set the region of interest.

Setting the ROI can avoid interferences from the background.

1. Click [ (or press O on the keyboard).

2. Adjust the ROl frame in the selection region.
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3. Click [ Apply]in the upper left corner of the selection region.

Select Tool

You can use the Select Tool to select, move, and adjust the selections.

1. Click | (or press S on the keyboard).

2. Move the cursor in the selection region and then click the selection to be processed. Select
multiple selections by pressing and holding the Ctrl key.

Adjust size

Rotation

Move

2.4.4. Train a High-Quality Model

This section introduces the factors that most affect the model quality and how to train a high-
quality object detection model.

Ensure Image Quality

1. Avoid overexposure, dimming, color distortion, blur, occlusion, etc. These conditions can lead
to the loss of features that the deep learning model relies on, which will affect the model
training effect.
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Bad example: overexposure. Good example: adequate exposure.

‘You can avoid overexpesure by methods such as shading.

Bad example: dim image. Good example: adequate exposure.

‘You can avoid dimming by methods such as supplementary light.

Bad example: blur. Good example: clear.

Please avoid capturing images when the camera or the objects are still moving.

Bad example: occluded by the robot arm Bad example: occluded by a human.

Please make sure there is no robot or human in the way from the camera to the objects.

2. Ensure that the background, perspective, and height of the image-capturing process are
consistent with the actual application. Any inconsistency can reduce the effect of deep
learning in practical applications. In severe cases, data must be re-collected. Please confirm
the conditions of the actual application in advance.
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Bad example: The background in the training data (left) is different from the background in the actual application (right).

Please make sure the background stays the same when capturing the training data and when deploying the project.

Bad example: The field of view and perspective in the training data (left) are different from that in the actual application (right).

Please make sure the field of view and perspective stay the same when capturing the training data and when deploying the
project.

Bad example: The camera height in the training data (left) is different from the background in the actual application (right).

Please make sure the camera height stays the same when capturing the training data and when deploying the project.

Ensure Data Quality

The Object Detection module obtains a model by learning the features of existing images and
applies what is learned to the actual application. Therefore, to train a high-quality model, the
conditions of the collected and selected data must be consistent with those of the actual
applications.

Collect Data

Various placement conditions need to be properly allocated. For example, if there are horizontal
and vertical incoming materials in actual production, but only the data of horizontal incoming
materials are collected for training, the recognition effect of vertical incoming materials cannot be
guaranteed. Therefore, when collecting data, it is necessary to consider various conditions of the
actual application, including the following:
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+ The features presented given different object placement orientations.
+ The features presented given different object placement positions.

- The features presented given different positional relationships between objects.

If some situations are not in the datasets, the deep learning model will not go through
inadequate learning on the corresponding features, which will cause the model to be unable
to effectively make recognitions given such conditions. In this case, data on such conditions
must be collected and added to reduce the errors.

Orientations

Object positions

e == ==

Positional relationships between objects
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Data Collection Examples

1. A workobject inspection project: The incoming objects are rotors scattered randomly. The
project requires accurate detection of all rotor positions. Thirty images were collected.

o Positions: In the actual application, the rotors may be in any position in the bin, and the
quantity will decrease after picking each time.

o Positional relationships: The rotor may come scattered, neatly placed, or overlapped.

2. A steel bar counting project: The incoming objects are steel bars in bundles. The project
requires accurate counting of steel bars. Twenty images were collected.

o Steel bars have relatively simple features, so only the variations of object positions need to
be considered. Images in which steel bars are in any position in the camera’s field of view
were captured.

Select the Appropriate Data
1. Control the image quantity of datasets

For the first-time model building of the Object Detection module, capturing 20 images is
recommended. It is not true that the larger the number of images the better. Adding a large
number of inadequate images in the early stage is not conducive to model improvement later,
and will make the training time longer.

© 2023 Mech-Mind Robotics Technologies Ltd. 80



i o/

MECH MIND Mech-DLK Software Manual

2. Collect representative data

Image capturing should consider all the conditions in terms of illumination, color, size, etc. of
the objects to be recognized.

o Lighting: Project sites usually have environmental lighting changes, and the data should
contain images with different lighting conditions.

o Color: Objects may come in different colors, and the data should contain images of objects
of all the colors.

o Size: Objects may come in different sizes, and the data should contain images of objects
of all existing sizes.

If the actual on-site objects may be rotated, scaled in images, etc., and the corresponding
images cannot be collected, the data can be supplemented by adjusting the data
augmentation training parameters to ensure that all on-site conditions are included in the
datasets.

3. Balance data proportion

The number of images of different conditions/object classes in the datasets should be
proportioned according to the actual project; otherwise, the training effect will be affected.
There should be no such case where 20 images are of one object, and only 3 are of the other
object, or the case where 40 images are of the objects neatly arranged, and only 5 are of
scattered ones.

4. Images should be consistent with the application site

The factors that need to be consistent include lighting conditions, object features, background,
and field of view.

Ensure Labeling Quality

Labeling quality should be ensured in terms of completeness and accuracy.

1. Completeness: Label all objects that meet the rules, and avoid missing any objects or object
parts.

Bad example: Omit objects that should be labeled. Good example: Label all objects.

Please do not omit any object.

2. Accuracy: Each rectangular selection should contain the entire object. Please avoid missing
any object parts, or including excess regions outside the object contours.
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Bad example: Include multiple objects or Good example: Each selection corresponds to one
incomplete objects in one selection object

Please do not include unnecessary regions or omit necessary object parts.

2.5. Train a Fast Positioning Model

2.5.1. Introduction

This module is used to detect objects in images and rotate the images to a specified orientation
and a specified position.

Application Scenarios

Electronics manufacturing: Detect the electronic components with different placement
orientations in the images and adjust the orientations to a specified one.

General Workflow
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Add a New Project Add the Fast Import Images
Positioning Module

laas

Train a Model Validate the Model Export the Model

2.5.2. Use the Fast Positioning Module

Please click here to download an image dataset of connectors. In this section, we will use a Fast

Positioning module and train a model to rotate the connectors in the images to a uniform
orientation.

(r') You can also use your own data. The usage process is overall the same, but the labeling part
o is different.

1. Create a new project and add the Fast Positioning module: Click [ New Project] in the

interface, name the project, and select a directory to save the project. Click [f8 in the upper right
corner of the Modules panel, select Fast Positioning, and click [ OK].

Add Module

© oer

2. Import images: Click Import » Folder and select the downloaded image dataset of connectors.
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3. Set a template: Click [ Set template].

Click [ Draw ] under feature1 to select the first feature and then click [ Draw ] under feature2 to
select the second feature. Select (&) of the feature frame to adjust the expected image
orientation. Click [ Next ] upon the setting.
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Labeling Template Settings

Features

Drag the slider or click [ -] and [+] to adjust the image to an expected orientation and position,
and click [ Finish ] to confirm settings.

Image Adjustment

Translate along the ¥ axis

—_—

Previous

Finish

4. Modify the labeling: Click [] and then click Set template. You can translate and rotate the
feature frames to cover both features. Repeat the operations to label all images. Click here to
view how to use labeling tools.
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Display Settings

6. Validate the model: After the training is completed, click [ Validate ] to validate the model and
check the results.

After validation, you can view the fast positioning results of the selected image in the
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parameter bar of Validation. You can also click [ W] on the right side of Original image to
switch to the Inference Result. In this way, the original image is switched to the image that has
undergone pose correction.

7. Export the model: Click [ Export ] and select a directory to save the trained model.

Select Tool Set template Modules
N N . A I A S .y n

Fast Positioning
L]

Display Settings
Original image
© Labels 100 %
Labeling Training Validation

Validation parameter settings D)

Validation Result

0 0

Train

X: 2811. ¥: 3117. | RGB: (0, 0, 0). Validate

The exported model can be used in Mech-Vision and Mech-DLK SDK. Click here to view the
details.

2.5.3. Introduction to Labeling Tools
You can use labeling tools to label the images and hence provide data for deep learning training.

The yellow frame in the image below shows the labeling tools.

There are two labeling tools in the Fast Positioning module, i.e., Quick Template Tool and Select
Tool.

Quick Template Tool
By the Quick Template Tool, you can apply the labeling template to the current image. Click [&] (or

press F on the keyboard), click the image at any point, and then use the Select Tool to adjust the
template to cover the features of the current image.
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Select Tool

You can use the Select Tool to select and adjust the labels.
1. Click g (or press S on the keyboard).
2. Move the cursor on the labeling interface and then click the labels.

o Click the labels and then hold the left mouth button to drag them for a position change.

o Click 2 and then hold the left mouth button to drag it for a change in label orientations.

2.6. Train a Text Detection Model

2.6.1. Introduction

The text detection algorithm can be used to detect the text area in an image. It is usually used with
the text recognition algorithm.

Application Scenarios

-+ Consumer electronics industry: This algorithm can detect the small characters on electronic
parts. It works as well when the characters are embossed or debossed or are similar to the
background in color.

- Automotive industry: This algorithm can detect vehicle-related data, such as vehicle
identification number (VIN) and the DOT code on tires, against a complex background. It can
work when the characters are embossed or debossed or are similar to the background in color.
For characters covered with some oil or water, it works as well.

WMI00000XP0000001
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- Packaging industry: This algorithm can detect characters displayed on the packaging, such as
the serial number and the lot number. For ring labels or wrinkled or worn labels, it works as

well.

1234 123456

General Workflow

xxxxxxxxxxx

Eisa

Add a New Project Add the Text Import Images
Detection Module

laas

Train a Model Validate the Model Export the Model

2.6.2. Use the Text Detection Module

Taking an image dataset of identification numbers (download) as an example, this section will
show you how to use the Text Detection module to detect the text area in an image. The Text
Detection module can be followed by a Text Recognition module to output the recognized
numbers, letters, or some special symbols.

(r') You can also use your own data. The usage process is overall the same, but the labeling part

e is different.

1. Create a new project and add the Text Detection module: Click [ New Project ] after you
opened the software, name the project, and select a directory to save the project. Then, click
in the upper-right corner and add the Text Detection module.
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Add Module

2. Import the image dataset: Extract the downloaded zip file. Select Import > Folder on the left of
the interface to import the image dataset.

Labeling Training
Classes  Currentimage +

» Label

3. Select an ROI: Click the ROI Tool button [l and adjust the frame to set an ROI that covers the
text areas of all images. Then, click [ Apply ] on the top of the selection region to save the
setting. Setting the ROI can avoid interferences from the background.
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ROI Tool Cancel

n
Text Detection
L]

Display Settings
® Labels 100 Validation 100 %
Labeling Training Validation

Classes  Current image v

3 Label

Image Tag

4. Split the dataset into the training set and validation set: By default, 80% of the images in the
dataset will be split into the training set, and the rest 20% will be split into the validation set.
You can click [B] and drag the slider to adjust the proportion. Please make sure that both the
training set and validation set include all kinds of text areas to be detected. If the default
training set and validation set cannot meet this requirement, please right-click the name of the
image and then click Switch to training set or Switch to validation set to adjust the set to
which the image belongs.

A New Project-test *

Modules

Text Detection

Validation

0 30%

Image Tag

Comment

5. Label the images: Select an appropriate tool from the toolbar to label the images.
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Modules
.
Text Detection
O
Display Settings

Image Tag

Comment

6. Train the model: Keep the default training parameter settings and click [ Train ] to start training

the model.

e

Select Tool

Name Tag

image ...

Text Detection
L

Display Settings

Validation
Untrained  Parat

Show chart Training center

Training Info

Optimal Result

7. Validate the Model: After the training is completed, click [ Validate ] to validate the model and

check the results.

New Project-test +

Select Tool

Name Tag-  Label

image ...
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8. Export the model: Click [ Export]. Then, set Input image size in the pop-up dialog box, click
[ Export], and select a directory to save the exported model.

dialog box. In validation, if the inference speed and accuracy are up to standard, you can

o By default, the Input image size is consistent with that set in the Validation Parameters
keep the default setting.

Cancel

The exported model can be used in Mech-Vision and Mech-DLK SDK. Click here to view the details.

2.6.3. Introduction to Labeling Tools

Free Rectangle Tool

The Free Rectangle Tool can be used to draw a rectangle around the text area. Therefore, it is
recommended to select this tool for rectangular text areas.

[free rectangle tool] | dlk-software-manual/2.5.0/algorithm-modules/_images/text-detection/free-
rectangle-tool.gif
1. Click =] (or press D on the keyboard).

2. Move the crosshair cursor in the selection region and left-click to select the starting point of
the area you want to outline. Then, move the cursor and left-click again to select the second
point to define the range you want to outline. At this point, a straight line will be created,
forming one side of the rectangular selection frame.

3. Moving the cursor to either side of the straight line will allow you to create a rectangle. Click
the left mouse button to complete the labeling.

(5 ] During the process, you can click the right mouse button to cancel the labeling.

Polygon Tool

The Polygon Tool can draw polygon labels with more vertices, which is suitable for text areas of
complex shapes or those near the image edges.

1. Click i (or press P on the keyboard).

2. Click the first position (vertex) in the selection region, then click the second one, third one, etc.,
to draw the labels, and right-click to finish. (At least three vertices are required.)
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After labeling, use the Select Tool to select a label and adjust the label by the following methods.

« Click the label edges to increase the number of vertices.
+ Right-click a vertex to delete it.

- Long press the left mouse button and drag the vertex in any direction to modify the label
shape.

Template Tool

You can use the Template Tool to set an existing selection as a template. After setting, you can
use this template to rapidly label contours and objects with the same pose.

It is suitable for scenarios where there are multiple neatly arranged objects of the same type in an
image, which can improve labeling efficiency.

1. Click Y (or press C on the keyboard).
2. Click the region that needs to be set as the template.

3. Move the template to the to-be-selected object, adjust the angle of the template to make it fit
the object, and then click it.

o Coarse adjustment: Press and hold the Shift key and then scroll the mouse wheel.

o Fine adjustment: Adjust the Rotation angle parameter.

During labeling, press and hold the Ctrl key and click the selection to switch the template.
o You can also click [ Replace template ] and then click the selection to achieve the same
purpose.

ROI Tool

You can use the ROI Tool to set the region of interest.

Setting the ROl can avoid interferences from the background.
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1. Click [l (or press O on the keyboard).

2. Adjust the ROI frame in the selection region.

3. Click [ Apply]in the upper left corner of the selection region.
Select Tool

You can use the Select Tool to select, move, and adjust the selections.

1. Click B (or press S on the keyboard).

2. Move the cursor in the selection region and then click the selection to be processed. Select
multiple selections by pressing and holding the Ctrl key.

Adjust size

Rotation
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Move

2.6.4. Train a High-Quality Model

This section introduces the factors that most affect the model quality and how to train a high-
quality text detection model.

Ensure Image Quality

Avoid overexposure, dimming, blur, occlusion, etc. These conditions can lead to the loss of
features that the deep learning model relies on, which will affect the model training effect.

Poor images: The text areas are partially occluded, which may affect the detection result and
the subsequent recognition result.

Suggestion: Make sure that the text areas are clear and complete.
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Poor image: overexposure Poor image: underexposure

Suggestion: You can avoid overexposure by methods such as shading and avoid dimming by
methods such as supplemental light.

Ensure Data Quality

The Text Detection module can be used to detect the text area in an image. In practical
applications, the text to be detected only takes a small part of the image. Thus, the camera and
lighting conditions should stay stable once adjusted during data collection to avoid data deviations
and ensure model performance.

Data Selection

Select Images with Different Text Orientations

Select diverse images. In practical applications, the texts in images may be horizontal (0° and
180°), vertical (90°), or tilted (other angles). If only images with horizontal or vertical texts are
applied for training, the trained model can hardly detect tilted texts in images.

If some situations are not included in the dataset, the model will not go through adequate
learning. As a result, the trained model cannot effectively detect the text areas given such
conditions. In this case, data on such conditions must be collected and added to reduce the
errors.
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Select Appropriate Data

- Control the image quantity of training set

When you first use the Text Detection module, it is recommended to use 30 to 50 images as a
training set for model training. If the validation results are not up to standard, you can then add
more data.

- Balance data proportion

In the training set, the images with different text orientations should be balanced. Using
diverse data can help improve model performance.

+ Reduce inadequate data

High-quality images can ensure better model training. Poor images or irrelevant images may
do damage to model training.

inadequate images in the early stage is not conducive to model improvement later and will

o [t is not true that the larger the number of images the better. Adding a large number of
slow down the training process.

Ensure Labeling Quality

Ensure accuracy. During labeling, the selection frame should be placed as close to the edges of
the text area as possible to minimize interference. Incomplete selections or overly large selection
frames should be avoided.

Bad labeling Good labeling

2.7. Train a Text Recognition Model

2.7.1. Introduction

The text recognition algorithm can be used to recognize characters in images. The recognition of
the following characters is supported:

- Letters: abcdefghijkimnopgrstuvwxyzABCDEFGHIJKLMNOPQRSTUVWXYZ
* Numbers: 0123456789
- Special symbols: I"#S%&'()*+,-./;>=<?@[\]_ ~
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Application Scenarios

+ Customer electronics industry: This algorithm can recognize the small characters on

electronic parts. It works as well when the characters are embossed or debossed or are similar
to the background in color.

+ Automotive industry: This algorithm can recognize vehicle-related data, such as vehicle
identification number (VIN) and the DOT code on tires, against a complex background. It can

work when the characters are embossed or debossed or are similar to the background in color.
For characters covered with some oil or water, it works as well.

- Packaging industry: This algorithm can recognize characters displayed on the packaging, such
as the serial number and the lot number. For ring labels or wrinkled or worn labels, it works as

well.

—_ =

1234 123456
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General Workflow

§isa

Add a New Project Add the Text Import Images Label Images
Recognition Module

Sa-E

Train a Model Validate the Model Export the Model

2.7.2. Use the Text Recognition Module

Taking an image dataset of numbers (download) as an example, this section will show you how to
use the Text Recognition module to recognize and output the characters in an image. The
characters that can be recognized include numbers, letters, and some special symbols.

@ You can also use your own data. The usage process is overall the same, but the labeling part

e is different.

1. Create a new project and add the Text Detection module: Click [ New Project] after you
opened the software, name the project, and select a directory to save the project. Then, click
in the upper-right corner and add the Text Recognition module.

Add Module

n
Ta | Text Detection F)| Aa TextRecognition

3 oK Cancel

2. Import the image dataset: Extract the downloaded zip file. Select Import » Folder on the left of
the interface to import the image dataset.
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A New Project-test *

Text Recognition
"

Labeling | Training Validation

Classes  Currentimage

» [l word 0 30%

Image Tag

Labeled Images

module. In this case, you can select Import > Import from previous module to import

o For better model performance, the Text Recognition module is often preceded by another
data.

3. Select an ROI: Click the ROI Tool button [ and adjust the frame to set an ROl that covers the
text areas of all images. Then, click [ Apply] on the top of the selection region to save the
setting. Setting the ROl can avoid interferences from the background.

New Project-test *

ROI Tool [ Apply | cancel Modules

Text Recognition
L]

Display Sett
@ Labels 100 Validation 100 %
Labeling  Training  Validation

Classes  cu ge ~

W word 0 30%

S 1 38957-04

Image Tag

Comment

Labeled Images.

4. Label the images: Select the Text Recognition Tool from the toolbar to label the images.
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Text Recognition Tool

3 38741-08

5. Split the dataset into the training set and validation set: By default, 80% of the images in the
dataset will be split into the training set, and the rest 20% will be split into the validation set.
You can click [/ and drag the slider to adjust the proportion. Please make sure that both the
training set and validation set include all kinds of texts to be detected. If the default training set
and validation set cannot meet this requirement, please right-click the name of the image and
then click Switch to training set or Switch to validation set to adjust the set to which the image

belongs.

Select Tool

Mech-DLK Software Manual

Modules
-

Text Recognition
]

Display Settings

® Labels 100 % © Validation 100 %

Labeling Training Validation

Classes  Currentimage ~

. word 0 30%

Image Tag

Modules
Text Recognition
)

Settings

Validation

1 30%

13895 7-04

Labeled Images.

6. Train the model: Keep the default training parameter settings and click [ Train] to start training

the model.
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Select Tool Modules
n
Text Recognition
]

Display Settings

@ Labels 100 %

Labeling Validation

Untrained P

Show chart Training center

Training Info

138957-04 I

Validate Export

7. Validate the Model: After the training is completed, click [ Validate ] to validate the model and

check the results.

File Edit T

New Project-test

Train
Val.
Train

Train

Train
Train
Train

Train

Train
Train

Train

New Project-test

Impor
Set
Train
Val.
Train
Train

Train

Train
Train
Train
Train
Val.
Train
Train
Train

Train

Labeled Images

Settings

Help

Select Tool Modules
.

Text Recognition
.

Display Settings

Labels 100 %

Labeling Validation

Trained Param ettings b | D)

Show chart Training center

138741-03

Select Tool Modules
.
Text Recognition
Display Sett

Labels 100 % lidation 100 %

Labeling  Training | Validation

741.03 U default3 ms

138741-03 it

Characte
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The exported model can be used in Mech-Vision and Mech-DLK SDK. Click here to view the details.

2.7.3. Introduction to Labeling Tools

Text Recognition Tool

The Text Recognition Tool can be used to define the text recognition range and automatically
generate the recognition result.

[text recognition tool] | dlk-software-manual/2.5.0/algorithm-modules/_images/text-
recognition/text-recognition-tool.gif
1. Click [§# (or press G on the keyboard).

2. Long press the left mouse button in the selection region and move the cursor to draw a
rectangle. Release the mouse button to confirm the selection.

3. The automatically recognized characters will be displayed right under the selection frame. If
the recognition result is correct, click [ OK ] to confirm it; otherwise, please correct the result
first and then click the OK button.

If Unconfirmed is displayed right under the selection frame, click the frame and then confirm
the recognition result.

ROI Tool
You can use the ROI Tool to set the region of interest.

Setting the ROl can avoid interferences from the background.

1. Click [ (or press O on the keyboard).

2. Adjust the ROl frame in the selection region.

3. Click [ Apply]in the upper left corner of the selection region.
Select Tool

You can use the Select Tool to select, move, and adjust the selections.

1. Click B (or press S on the keyboard).

2. Move the cursor in the selection region and then click the selection to be processed. Select
multiple selections by pressing and holding the Ctr1l key.

© 2023 Mech-Mind Robotics Technologies Ltd. 104



i o/

MECH MIND Mech-DLK Software Manual

Adjust size

Rotation

Move

2.7.4. Train a High-Quality Model

This section introduces the factors that most affect the model quality and how to train a high-
quality instance segmentation model.

Ensure Image Quality

Single Module

Please pay attention to the following suggestions so as to train a high-quality text recognition
model:

- Avoid overexposure, dimming, blur, occlusion, etc. These conditions can lead to the loss of
features that the deep learning model relies on, which will affect the model training effect.

Poor images: The texts in the images are partially occluded, which
affects recognition performance.

139142-. ma372-03 |

Suggestion: Make sure that the text areas are clear and complete.
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Poor image: overexposure Poor image: underexposure

Suggestion: You can avoid overexposure by methods such as
shading and avoid dimming by methods such as supplemental light.

- The texts in the imported images should be oriented toward the positive direction (0°). If the
text orientations vary greatly, it is recommended to add a Text Detection module before this
module. When importing data, select Import > Import from previous module and make sure the
Rectify image(s) function is enabled to rectify images to 0°.

Cascaded Modules

The Text Detection or Object Detection module can precede the Text Recognition module for
better recognition results. Note that the Text Recognition module cannot be followed by any other
modules.

* |If a Text Detection module precedes it, select Import » Import from previous module when
importing data and make sure the Rectify image(s) function is enabled to rectify images to 0°.

occasionally, few images oriented at 0° may inadvertently undergo rectification to 180°.

o Typically, the Rectify image(s) function reliably carries out its designated task. However,
In such situations, it is advisable to exercise discretion in practical applications.

Before rectification After rectification

vo-,568¢ . W co-Lvz8eL £0-069cvz [l €0-vveVve 138957-04 243690-03 Ml 244244-03

£0-0988E | 139222-03 1 138860-03 138860-03 ll 139202-03 il 139222-03 1138860-03

£0-8888¢ | [l £0-B4coo] 244180-03 il 138888-03 138888-03 laaa572-03 | 244180-03 [l 138888-03

Ensure Data Quality

The Text Recognition module can recognize the characters in the selected text area of an image
and automatically generate the recognition result. Manual checking is required for the result. The
used data should be as consistent with the actual scenarios as possible for the training of a high-
quality model.

Select Appropriate Data

- Control the image quantity of training set
When you first use the Text Recognition module, it is recommended to use 20 to 30 images as

a training set for model training. If the validation results are not up to standard, you can then
add more data.
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- Balance data proportion

In the training set, the images with different text types should be balanced. Using diverse data
can help improve model performance.

|1138802-03| [139054-03
1 39292-072 243690-03

139602-03 |

M [243911-03

- omt L —

+ Reduce inadequate data

High-quality images can ensure better model training. Poor images or irrelevant images may
do damage to model training.

inadequate images in the early stage is not conducive to model improvement later and will

o It is not true that the larger the number of images the better. Adding a large number of
slow down the training process.

Ensure Labeling Quality

When the Text Recognition Tool is used to make a selection, the recognition result will
automatically appear right under the selection frame. Manual verification and confirmation are
required. Therefore, making a valid selection and confirming a correct recognition result in time are
conducive to improving model quality.

Make Valid Selection

If the target text is not covered completely by the selection frame, the labeling will interfere with
model training and thus affect model performance. Therefore, the frame should cover the whole
target text.

Incorrect example Correct example

139292-03 || 139292-03

Confirm Correct Recognition Result

It is possible that the automatic recognition result is incorrect. If so, please correct it first and then
click the OK button. Confirming an incorrect result may detrimentally impact the recognition
accuracy of the trained model.

Incorrect example Correct example

138741-03
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2.8. Train an Unsupervised Segmentation Model

2.8.1. Introduction

The unsupervised segmentation algorithm can be used to judge whether the image of an object is
OK, NG, or Unknown on the basis of set thresholds. Moreover, heat maps are available to show the
possible areas with defects.

- If the Defect confidence of an image is less than the threshold set for OK results, the image
will be labeled as OK.

- If the Defect confidence of an image is greater than the threshold set for NG results, the image
will be labeled as NG.

- If the Defect confidence of an image is greater than the threshold set for OK results and less
than the threshold set for NG results, the image will be labeled as Unknown.

Application Scenario

Quality inspection: The algorithm is applicable to scenarios where objects have defects of different
shapes and size and in different positions but their OK images have small but important
differences

4 z
z z
[ (2}

General Workflow
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iisa

Add a New Project Add the Unsupervised  Import Images Label Images
Segmentation Module

lEaeald

Train a Model Validate the Model Export the Model

2.8.2. Use the Unsupervised Segmentation Module

Taking the bottom images of bottles (download) as an example, this section introduces you to

how to use the Unsupervised Segmentation module to judge whether there are defects in an
image.

(r) You can also use your own data. The usage process is overall the same, but the labeling part
o is different.

1. Create a new project and add the Unsupervised Segmentation module: Click [ New Project ]
after you opened the software, name the project, and select a directory to save the project.
Then, click i in the upper-right corner and add the Unsupervised Segmentation module.

D}

Add Module

2. Import the image dataset: Extract the downloaded zip file. Select Import > Folder on the left of
the interface to import the image dataset.
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3. Select an ROI: Click the ROI Tool button [ and adjust the frame to set an ROl that covers the
target objects in the images. Then, click [ Apply ] on the top of the selection region to save the
setting. Setting the ROI can avoid interferences from the background.

The same ROI setting will be applied to all images, so it is necessary to ensure that
objects in all images are within the set ROI.

.
Unsupervised
Segmeptation

Display Settings

4. Split the dataset into the training set and validation set: By default, 80% of the images in the
dataset will be split into the training set, and the rest 20% will be split into the validation set.
You can click [ and drag the slider to adjust the proportion.
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text-project *

000
000_1
000_2
0003
001
0011 Val
0012 Train
0013 Train
002 Train
0021 Train
0022  Val
0023 Train
003 Train
0031 Train
0032 Train
004 Val.
0041 Train
0042  Train
005  Train
0051  Train
005 2
005_3

nos

5. Label images:

Modules

»
Unsupervised
Segmentation

Display Settings

100%

Training | Validation

6. Train the model: Keep the default training parameter settings and click [ Train] to start training
the model.

If the training set contains images labeled as NG, these images will be automatically put
into the validation set for validation during model training.
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Select Tool Modules

.

Unsupervised

Segmentation
"
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Show chart Training center

Training Info
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Optimal Result
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)

Validate Export

7. Validate the model: After the training is completed, click [ Validate ] to validate the model and
check the results.

Select Tool Modules

=

Unsupervised

Segmentation
"

GPU default 118 ms
Display Settings
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Train

In the Validation tab, click [ Adjust thresholds ], and in the pop-up dialog box, drag the
vertical lines to adjust the thresholds. The green one is used to adjust the threshold of OK
results, and the red one is used to adjust the threshold of NG results. Once the thresholds
are adjusted, please re-validate the model.

8. Export the model: Click [ Export] and select a directory to save the trained model.
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per
Segmentation

GPU default 121 ms

Display Settings

024 0.32

Adjust thresholds
ntimage

The exported model can be used in Mech-Vision and Mech-DLK SDK. Click here to view the details.

2.8.3. Introduction to Labeling Tools

You can use labeling tools to add labels and hence provide data for deep learning training.

OK/NG Labels
Use the OK Label 8 or the NG Label |l to label an image as OK or NG.

- Select an image from the image list and then click the OK Label or the NG Label. The image
will be labeled as OK or NG.

[OK or NG label tool] | dlk-software-manual/2.5.0/algorithm-modules/_images/unsupervised-
segmentation/OK-or-NG-label-tool.gif

ROI Tool

You can use the ROI Tool to set the region of interest.

Setting the ROl can avoid interferences from the background.
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1. Click [ (or press O on the keyboard).

2. Adjust the ROl frame in the selection region.

3. Click [ Apply]in the upper left corner of the selection region.
Select Tool

You can use the Select Tool to select, move, and adjust the selections.

1. Click [ (or press S on the keyboard).

2. Move the cursor in the selection region and then click the selection to be processed. Select
multiple selections by pressing and holding the Ctrl key.

Adjust size

Rotation

Move

2.8.4. Train a High-Quality Model

This section introduces the factors that most affect the model quality and how to train a high-
quality unsupervised segmentation model.

Ensure Image Quality

- Do not use images in which objects have different shapes and size and are in different
positions, or images with changing backgrounds. Such situations will greatly impact model
performance. Therefore, it is necessary to ensure the used OK images have small but
important differences.
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Most images Incorrect examples

@

If the image backgrounds can bring some inference, you can add an Object Detection module
(r') before Unsupervised Segmentation; if the objects in images have different orientations, add a

Fast Positioning module before it. See the Use Cascaded Modules section for detailed
instructions.

Set a Proper Region of Interest (ROI)

Setting the ROI can effectively eliminate the interference of the background, and the ROl boundary
should be as close to the outer contours of the objects as possible.

The same ROI setting will be applied to all images, so it is necessary to ensure that objects in
all images are within the set ROI.

Set Appropriate Thresholds for OK and NG Results

Once thresholds are set for the defect confidence chart, the Unsupervised Segmentation module
can judge accordingly whether an image is OK, NG, or Unknown. In addition, a greater threshold of
OK results indicates a smaller defect area identified by the algorithm. It is necessary to set
appropriate thresholds for OK and NG results according to actual situations to obtain the optimal
performance of the trained model.
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Original image Threshold of OK results: 0.10  Threshold of OK results: 0.20

GPU default 112 ms G NG GPU default 113 ms

In the defect confidence chart, the y-coordinate of the green curve stands for the ratio of the
number of OK images with defect confidence lower than the set threshold of OK results to the total
number of OK images. The y-coordinate of the red curve stands for the ratio of the number of NG
images with defect confidence greater than the set threshold of NG results to the total number of
NG images. If the two curves do not intersect, the OK and NG images can be completely separated
by thresholds. In other words, it is possible to leave no images labeled as Unknown. In this case,
the farther apart the two lines are from each other, the better.

Good result Poor result

Use Appropriate Data

- Control the image quantity of training set
When you first use the Unsupervised Segmentation module, it is recommended to use 30 to
50 images for model training. If the validation results are not up to standard, you can then add
more data.

- Comprehensive and balanced OK images in training set

If OK images present multiple possible situations, please ensure all the possible situations are
covered and evenly distributed in the training set.

+ Reduce inadequate data
Ensure that every image imported can facilitate the model training process. Adding highly

similar images and repeated images makes a slight difference to model training, and it may
slow down the training process.
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2.9. General Parameters

2.9.1. Data Processing

Image Preprocessing

You can adjust the brightness, contrast, and color balance of images.

Typical Usage Scenarios

The original images captured by the camera might be dark or don't have obvious object features
due to lighting or other factors. In such cases, you can preprocess images for better results.

Steps

1. Click [g to open the Image Preprocessing Tool.
2. Adjust the parameters to satisfy your needs.
3. Click [ Start] and wait for the processing to complete.

4. Click [OK]in the pop-up window.

Range of preprocessing: All images of the current project. The preprocessed images will
replace the original images in the training, test, and validation sets.

Filter Images

You can set the filtering conditions to conveniently select specific images from datasets.

Typical Usage Scenarios

- View the results of the dataset division. When the images are divided into different datasets,
you can filter images by dataset type to view the content of each dataset and check whether
the division results need to be adjusted.

+ Check the data labeling results. During labeling, you can view the labeling progress and
labeling results by data type.

- Check the model prediction results. After validation, you can view the validation results by
result type. For instance, when a defect segmentation model makes an incorrect prediction,
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you can filter the images by selecting False positive and False negative for the result type and
do a quick check. The incorrect prediction might result from wrong labels.

Steps
1. Click &

2. You can set the filtering conditions according to actual needs.
3. Click [OK].

Switch to Preview Mode

The list view mode is the default mode, and you can click g to view icons. You can drag the slider
to change the display size of icons. Click it again to display the list.

Partition Training and Validation Sets

By default, 80% of the images in the dataset will be split into the training set, and the rest 20% will
be split into the validation set. Please make sure that both the training set and validation set
include images in all different classes, which will guarantee that the model can learn all different
features and validate the images of different classes properly.

Steps
1. Click B

2. Drag the slider to adjust the proportion of the training set and validation set.

Right-click the image and click [ Switch to training set ], [ Switch to validation set ], or [ Switch to
test set] on the pop-up menu to modify the set to which the current image belong.

(i ] The test set is not involved in training and validation.
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Image Tag

With the image tagging function, you can add tags to images and thereby manage massive image
data in a centralized manner according to the usage scenarios of images.

Typical Usage Scenarios

- For using the Defect Segmentation module:

If the objects in the images have multiple types of defects, the images need to be divided by
defect types, and you can divide the images by adding tags.

If it is hard to instantly determine whether the current image contains any defects, you can tag
the image first to make a judgment on the image later.

- After validation, you can tag the images with poor validation results so that you can export the
tagged images in groups for optimizing the model.

Steps

1. Create a new tag

a. Click [+] on the management panel of Image Tag. (The management panel of Image Tag
is in the lower right corner of the software interface)

b. By default, the tag name is imageTag1. Double-click it to rename it.

= Repeat the above steps to create more tags.
o = Select the tag and click [ to delete it. The tag added to the corresponding
image(s) will be cleared once deleted.
2. Add tags to an image
a. Click animage in the list or select multiple images.
b. Click the corresponding tag on the management panel of Image Tag. The tag will be added
to the image(s).

= Press Ctrl or Shift on the keyboard to select multiple images.

o = Right-click the tagged image(s) and click [ Clear tags] to clear the tags of the
selected image(s).
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GPU default 31 m:

Add a Comment

Click an image in the list and add a comment on the Comment bar.

2.9.2. Model Training

You can get started with model training upon labeling. On the parameter bar of Training, you can
configure training parameters, train models, and view training information.

Training Parameters

Click [ Parameter Configuration] to open the Training parameter configuration window.

Data Augmentation

The data for training the model needs to contain as much as possible all situations that may
actually occur. If the site does not have the corresponding data-collecting conditions, you can
adjust the Data Enhancement parameters to prepare data that can not be collected, thus enriching
the training data. It must be ensured that the augmented image data should conform to the on-site
situation. If there are no rotations on the site, then there is no need to adjust the parameter
“Rotation”; otherwise, the model's performance may be affected.

Q Hover the mouse cursor over [|ll to view the adjustment effect of each parameter.
- Lightness

It refers to how much light is present in the image. When the on-site lighting changes greatly,
by adjusting the brightness range, you can augment the data to have larger variations in
brightness.

Contrast

Contradiction in luminance or color. When the objects are not obviously distinct from the
background, you can adjust the contrast to make the object features more obvious.

» Translation
Add the specified horizontal and vertical offsets to all pixel coordinates of the image. When the

positions of on-site objects (such as bins and pallets) move in a large range, by adjusting the
translation range, you can augment the data in terms of object positions in images.
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+ Rotation

Rotate an image by a certain angle around a certain point to form a new image. In general,
keeping the default parameters can meet the requirements. When the object orientations vary
greatly, by adjusting the rotation range, you can augment the image data to have larger
variations in object orientations.

« Zoom

Shrink or enlarge an image by a certain scale. When object distances from the camera vary
greatly, by adjusting the scale range parameter, you can augment the data to have larger
variations in object proportions in the images.

* Flip horizontally

Flips the image 180° left to right. If the objects to be recognized have left-right symmetry, you
can select the Flip horizontally check box.

- Flip vertically

Flips the image 180° upside down. If the objects to be recognized have vertical symmetry, you
can select the Flip vertically check box.

- Label expansion

Only supported in the Defect Segmentation module. Expand the regions of defects selected in
an image by a certain scale. For most scenarios, you do not need to check this option. If the
regions of defects are too small, you can select the Label expansion checkbox to avoid
influence on training when the defect regions are too small after image scaling.

Training Parameters
* Input image size

The pixel-wise height and width of the image input to the neural network for training. It is
recommended to use the default setting, but if the objects or defect regions in the images are
small, you need to increase the input image size. The larger the image size, the higher the
model accuracy, but the lower the training speed.
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 Batch size

The number of samples selected for each time of neural network training. It is recommended
to use the default settings; if you need to increase the training speed, you can appropriately
increase the batch size. If the batch size is set too large, memory usage will increase.

+ Model type

Defect Segmentation  Normal Generally, it is recommended to use Normal

mode
Enhanced You can choose the Enhanced mode when

the model effect is not as expected or the
accuracy requirement is high. This mode will
decrease the training speed

Instance Normal (better with Select this option when the model is deployed

Segmentation GPU deployment) on a GPU device

Lite (better with CPU  Select this option when the model is deployed
deployment) on a CPU device

« Eval. interval

The number of epochs for each evaluation interval during model training. It is recommended to
use the default setting. Increasing the Eval. interval can increase the training speed. The larger
the parameter, the faster the training; the smaller the parameter, the slower the training, but a
smaller value helps select the optimal model.

- Epochs

The total number of epochs of model training. It is recommended to use the default setting. If
the features of objects to be recognized are complex, it is necessary to increase the number of
training epochs appropriately to improve the model performance, but increasing the number of
epochs will lead to longer training time.

epochs is set to be large, the model will continue to be trained after the accuracy

o It is not true that the bigger the number of epochs, the better. When the total number of
stabilizes, which will result in a longer training time and the risk of overfitting.

Learning rate

The learning rate sets the step length for each iteration of optimization during neural network
training. It is recommended to use the default setting. When the loss curve shows a slow
convergence, you can appropriately increase the learning rate; if the accuracy fluctuates
greatly, you can appropriately decrease the learning rate.

GPU ID

Graphics card information of the model deployment device. If multiple GPUs are available on
the model deployment device, the training can be performed on a specified GPU.

+ Model simplification
This option is used to simplify the neural network structure. Unselected by default. When the

training data is relatively simple, checking the option can improve the training and inference
speeds.
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+ Max num of training objects

Unselected by default. This option is to limit the maximum number of objects that can be
recognized during training. In general, setting this parameter can speed up inference. Under
certain circumstances, setting this parameter can help reduce GPU usage.

Model Finetuning

When a model is put into use for some time, it might not cover certain scenarios. At this point, the
model should be iterated. Usually, using more data to re-train the model can do the job, but it could
reduce the overall recognition accuracy and might take a long time. Hence, Model Finetuning can
be used to iterate the model while maintaining its accuracy and saving time.

This feature only works under the Developer Mode. You can enable the Developer Mode by
clicking Settings » Options.

Steps:

1. Collect images with poor recognition results and add them into the training and validation sets.

2. Enable Model Finetuning in the window of Training parameter settings and lower the learning
rate accordingly; the number of training epochs can be reduced to 50—80.

3. Confirm the changes to the parameters and start the training.

For example, you can enable Model Finetuning and then select the path of Super Model in the
o Training parameter configuration window of the Instance Segmentation model to finetune the
Super Model.

Training Center

You can view the training progress and memory usage in the Training Center.
If there is already a training task in progress, other training tasks will enter a waiting queue.

+ Click [ to terminate the training task in progress.
» Click [g] to remove the training task from the waiting queue.

- Click g to stick the training task to the top of the waiting queue.

2.9.3. Model Validation

After model training, you can configure validation parameters, validate and view the recognition
results of models on the Validation parameter bar. In addition, you can set the confidence in the
Object Detection and Instance Segmentation modules to filter results.

Validation parameters

Click [ Validation parameter settings ] to open the window for validation parameter settings.

+ Hardware type

o CPU: Use CPU for deep learning model inference, which will increase inference time and
reduce recognition accuracy compared with GPU.

o GPU (default): Do model inference without optimizing according to the hardware, and the
model inference will not be accelerated.
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o GPU (optimization): Do model inference after optimizing according to the hardware. The
optimization only needs to be done once and is expected to take 5-15 minutes. The
inference time will be reduced after optimization.

- GPUID

The graphics card information of the device deployed by the user. If multiple GPUs are
available on the model deployment device, the model can be deployed on a specified GPU.

- Float precision
o FP32: high model accuracy, low inference speed.
o FP16: low model accuracy, high inference speed.

- Max num of inference objects (only visible in the Instance Segmentation module and Object
Detection module)

The maximum number of inference objects during a round of inference is 100 by default.
- Character limit (only visible in the Text Recognition module)

The maximum quantity of characters that can be recognized from an image, which is 50 by
default.

After parameter setting, click OK » Validate and wait for the validation to complete.
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3. Application Guide of Mech-DLK

3.1. Usage Scenarios of Deep Learning

2D Camera + Deep Learning

The following show the usage scenarios of a 2D camera + deep learning. Use these deep learning
modules according to actual needs.

Fast Positioning

You can use the Fast Positioning module to correct the object orientations.

- Recognizes object orientations in images and rotates these images so that objects in them
have a uniform orientation.

Defect Segmentation

You can use the Defect Segmentation module to detect all types of defects. These defects include
surface defects, such as stains, bubbles, and scratches, and positional defects, such as bending,
abnormal shape, and absence. Moreover, this module can be applied even under complex
conditions, such as small defects, complicated background, or random object positions.

+ Detects air bubbles and glue spills on lenses.

- Detects bending defects of parts.
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Classification

You can use the Classification module to recognize the fronts and backs of objects, object
orientations, and defect types and to judge whether objects are missing or neatly arranged.

- Recognizes whether objects are neatly arranged or scattered.

Disordered

- Recognizes the fronts and backs of objects.

Object Detection

You can use the Object Detection module to detect the absence of objects in fixed positions, such
as missing components in a PCB. You can also use it for object counting.

+ Counts all rebars.
. Rebar |Tuta| 179

O
BT

Instance Segmentation

You can use the Instance Segmentation module to distinguish objects of a single type or multiple
types and segment their contours.
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+ Segments blocks of various shapes.

ox o
l ! Box I ”

Text Detection

You can use the Text Detection module to detect the text area in an image and thus reduce the
interference from the background.

- Detects the text areas of an image.
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# | 138957-04

243690-03

Text Recognition

You can use the Text Recognition module to recognize the text in an image, including letters,
numbers, and some special symbols.

- Recognizes the characters in an image.

138957-04 138957-04
=
[ i g GPU e ]
138741-03 138741-03

Unsupervised Segmentation

You can use the Text Recognition module to train a model on the basis of only OK images as the
training set. The trained model can judge whether an image is OK, NG, or Unknown.

- Judges whether an image is OK, NG, or Unknown according to set thresholds and displays the
possible areas with defects.
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3D Camera + Deep Learning
In the following scenarios, the data of point clouds cannot assure accurate recognition and

positioning of objects. Therefore, we use 3D matching + deep learning to recognize and position
objects.

Seriously Incomplete Point Clouds

The workobjects in the following figures are used as an example.

1. 2D image: In the figure below, large quantities of reflective workobjects are in contact with
each other, but their edges and shape features are clear.
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T
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2. Point cloud: As the workobjects are reflective, the point clouds are incomplete. Analysis shows
that missing point clouds are mostly along the workobject axis.

If point clouds are incomplete along the workobject axis, 3D matching using the point clouds may
be inaccurate and thus results in largely deviated picking poses. As the workobjects are in contact
with each other, the point clouds may not be correctly segmented and thus lead to incorrect
matching. In addition, the quantity of workobjects is large, the vision cycle time will be long.

In such scenarios, you can use the Instance Segmentation module to train the corresponding
model and then use the deep learning-related Steps in Mech-Vision to recognize the workobjects.
Then, extract the point cloud corresponding to the mask of the workobject and calculate its Pose A
on the basis of 3D matching. Finally, calculate Pose B on the basis of the extracted point cloud and
correct the X and Y components of Pose A.
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Key Features Missing from Point Cloud

The workobjects in the following figures are used as an example.

1. 2D image: In the figure below, the workobjects in the red boxes have their fronts facing up,

while the workobjects in the blue boxes have their backs facing up. The arrows point to key
features used to distinguish between fronts and backs.

2. Point cloud: In the point cloud, the key features used to distinguish between fronts and backs
of workobjects are missing.
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As the key features used to distinguish workobject types are very small (even missing from the
point cloud), when 3D matching is used to recognize different workobject types, the matching
result may be incorrect, which results in the wrong classification of the workobjects.

In such scenarios, you can use the Instance Segmentation module to train the corresponding
model and set corresponding labels for different types of workobjects. When this model is used in
the deep learning-related Steps in Mech-Vision, the Steps will not only extract the masks of each
workobject but also output the type labels of workobjects.

Almost No Point Cloud of Workobjects

The workobjects in the following figures are used as an example.

1. 2D image: Wave washers are reflective and are placed close to each other in the bin.
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2. Point cloud: The point clouds of the workobjects are unstable. Chances are that the points of
some workobjects are completely missing.
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As many object features are missing from the point clouds, it is impossible to use the point clouds
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for positioning the workobjects and calculating their poses by 3D matching. When 3D matching is
used, incorrect matching with the bin bottom is likely to occur.

In such scenarios, although the workobjects are reflective, their edges are clear in the 2D images.
Therefore, you can use the Instance Segmentation module to train the corresponding model and
use this model in the deep learning-related Steps in Mech-Vision. The Steps output workobject
masks, on the basis of which point clouds of workobjects are extracted. The poses of these point
clouds are then calculated and used as the picking pose.

Recognize Patterns and Colored Region on Workobject Surface

The workobjects in the following figures are used as an example.

1. 2D image: A piece of yellow tape is attached to one side of the aluminum bin, used to mark the
orientation of the bin.

2. Point cloud: The point clouds are good, but the yellow tape cannot be reflected by the point
clouds.
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T o e

As the target feature is a colored region and is only visible in the color image, the orientation of the
bin cannot be recognized through the point clouds.

In such scenarios, as long as the rough location of the yellow tape is determined, the orientation of
the aluminum bin can also be determined. You can use the Object Detection module to train the
corresponding model and use this model in the deep learning-related Steps in Mech-Vision to
recognize the workobjects.
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Random Picking from Deep Bin

The workobjects in the following figures are used as an example.

1. 2D image: Steel bars are randomly piled in the bin, and some regions of some steel bars reflect
light. In addition, the steel bars overlap each other.
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2. Point cloud: For workobjects not overlapped, their point clouds are good. For overlapped
workobjects, it is difficult to render the point cloud of each workobject by clustering, and the
clustering performance is unstable.

Point cloud clustering cannot stably cluster out the point cloud of each workobject. It is difficult to
train a suitable model for 3D matching in that the orientations of workobjects vary greatly. 3D
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matching might also output incorrect matching results, which leads to inaccurate pose calculation.
In addition, using only point cloud models for global matching will result in a very long vision cycle
time.

In such scenarios, you can use the Instance Segmentation module to train the corresponding
model and use this model in the deep learning-related Steps in Mech-Vision to extract the masks
of individual workobjects. Then, extract the point clouds corresponding to the masks and then use
the point clouds for the matching of individual workobjects.

Point Cloud Clustering Fails to Separate Point Clouds of Overlapped Workobjects

The workobjects in the following figures are used as an example.

1. 2D image: The obtained 2D images are too dark, and workobject edges may not be discernible.
After the image brightness is enhanced, the workobject edge, size, and grayscale value can be
obtained.

2. Point cloud: The point clouds are good, but the workobjects are in contact with each other.
Therefore, the edges of different workobjects may not be correctly separated.
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Although the point clouds are good, but the point clouds of workobjects stick to each other, so
point cloud clustering cannot be used to segment the point clouds of individual workobjects.
Global 3D matching might output incorrect matching results or even matching to the bin.

In such scenarios, you can use the Instance Segmentation module to train the corresponding
model. The trained model can be used in the deep learning-related Steps in Mech-Vision to extract
the workobject point clouds and then perform matching.

Recognize and Pick Workobjects of Different Types

The workobjects in the following figures are used as an example.

1. 2D images: The image on the left is obtained at the station where the workobjects are
randomly placed. The image on the right is obtained at the station where secondary judgment
is performed. The quality of the 2D images at both stations is good, and the features of
different types of workobjects are distinctive.
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2. Point cloud: The point clouds are good, and the shape features of the workobjects are clearly
reflected in the point clouds.

For cylindrical workobjects, however, the point clouds cannot reflect the orientation or the type of
the workobject, so using only 3D matching cannot distinguish the workobject orientation and type.

For the above 2D image on the left, you can use the Instance Segmentation module to train the
corresponding model and use the model in the deep learning-related Steps in Mech-Vision to
recognize and segment the workobjects. The Steps will output the corresponding workobject
masks, which can be used for subsequent point cloud processing.

i -

For the above 2D image on the right, you can use the Instance Segmentation module to recognize
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individual workobjects and then use the Object Detection module to determine the orientations of
workobjects according to the shape and surface features. (The left figure below shows the
instance segmentation result, and the right figure below shows the object detection result of
determining the orientations of workobjects.)

3.2. Cascade Modules

Cascading modules can help detect defects in complex scenarios such as changing positions of
incoming materials and detection points and the scenarios requiring the classification of defects.

Common Cascading Combinations

The following are the common combinations:
1. Object Detection—Defect Segmentation

o Feature: Position the to-be-detected objects in an image and then detect defects.

o Applicable scenarios: There are many objects to be detected in the original image, and the
position and number of objects are random; the shapes of defects vary.

Original image Result of Object Detection Result of Defect Segmentation

2. Object Detection—Classification

o Feature: Position the to-be-detected objects in an image and then determine the
orientations and colors of objects.

o Applicable scenarios: There are multiple objects to be detected in the original image, and
the number and positions of objects are random; the objects need to be classified.

Original image Result of Object Detection Result of Classification

3. Defect Segmentation—Defect Segmentation
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o Feature: The Defect Segmentation module segments the region to be detected and the
background, and then the Defect Segmentation module performs defect detection on the
extracted region.

o Applicable scenarios: Complex background, small or inconspicuous defects. The to-be-
detected region should be extracted before fine defect detection.

Original image Result of Defect Segmentation Result of Defect Segmentation

4. Fast Positioning—Defect Segmentation

o Feature: Single objects with relatively random positions and angles are relatively random.
Thus, the images should be rotated to a specified angle and position before defect

detection.

o Applicable scenarios: single objects, random incoming materials, and changing defect
shapes.

Original image Result of Fast Positioning Result of Defect Segmentation

5. Text Detection—Text Recognition

o Feature: The Text Detection module can locate and extract the text areas of images to
reduce the interference from the background and the text orientations. The Text
Recognition module can recognize characters in images, and it cannot be followed by any
other module.

o Applicable scenarios: complex backgrounds and different text orientations.

Text Detection Text Recognition

138957-04

Original image

Use Cascaded Modules

First, confirm whether the dongle rights include the module cascading function by clicking the +
sign in the upper-right corner of the Modules section. If you can click it, the function is enabled. If
not, please contact Mech-Mind Sales to upgrade the authorization version.
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Add a New Project  Add the First Module Import Images Label Images Validate the Model |

i EdA

Add the Second Imp mmag fom Label Images Validate the Model Export the Model
Module
1. Train the first module

Train the first module by the training methods of single modules. After training, check whether
the model is applicable.

2. Train the second module

Click [+] in the upper-right corner of the software and add a module according to actual
needs.

3. Import the data from the previous module
The result of the previous module will be the input for the current module.

a. Click [Import] and select Import from previous module.
b. Select images.
¢. Modify Import Configuration.

= Expand by: Expand the imported images by a specified number of pixels. The
expansion can prevent data loss caused by insufficient accuracy of the previous
module. Default value: 0 px

= Rectify image(s): Rectify all imported images to the positive direction (0°).

= Keep background: This option determines whether or not to save the pixels other than
masks. Only masked images are imported when this option is turned off.

d. Click [Import].

4. Label and train the current module
Complete the labeling and training of the current module.
5. Validate and export the model

After training, validate the model and export it. The exported model can be used in Mech-Vision
and Mech-DLK SDK.

(5 ] If the previous module is updated, the following module needs to be re-trained.

3.3. Use Models

Use Models in Mech-Vision
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The exported models can be used in the Deep Learning Model Package Inference Step in Mech-

Vision.

Compatibility

- Itis recommended that the models exported from Mech-DLK 2.5.0 or later versions should be
used in conjunction with Mech-Vision 1.8.0 or above.

+ Itis recommended that single models exported from Mech-DLK 2.4.1 or later versions should
be used in Mech-Vision 1.7.0 or above.

+ Single models exported from Mech-DLK 2.4.1 or later versions can only be used in Mech-Vision
in version 1.7.2 or above.

- When the Deep Learning Model Package Inference Step performs inference on a model
package exported from Mech-DLK 2.2.0 and early versions in Mech-Vision 1.7.2, defect
determination rules configured for this model package are invalid. You need to configure them
again in Mech-DLK in version 2.4.7 or above before exporting the model package.

+ For model packages of object detection exported from Mech-DLK 2.4.7 or later versions, when
the Max num of inference objects is set to 1, and the hardware type of the deep learning
model package management tool is CPU, the inference speed becomes very low. It is
recommended that the Max num of inference objects be greater than 1. (Only for model
packages imported into Mech-Vision 1.7.x.)

V Click here to view the details on compatibility.

Instance Segmentation

Mech-Vision  Deep Learning Mech-Vision Step Compatible Model File
Version Environment Mech-DLK Extension(s)
Version Version
1.4.0 1.4.0 Instance Segmentation 1.4.0 .pth/.py
(please start the deep learning
server for the Step)
1.5.x 2.0.0/2.1.0 Instance Segmentation 1.4.0 .pth/.py
(please start the deep learning
server for the Step)
2.0.0/2.1.0 Instance Segmentation 2.0.0/2.1.0 .dlkmp/.dlkcfg
(please start the deep learning
server for the Step)
1.6.0 2.0.0/2.1.0 Instance Segmentation 1.4.0 pth/.py
(please start the deep learning
server for the Step)
2.0.0/2.1.0 Instance Segmentation 2.0.0/2.1.0 .dlkmp/.dlkcfg
(please start the deep learning
server for the Step)
No deep Deep Learning Model Package 2.2.0+ .dlkpack
learning Inference (Mech-DLK 2.2.0+)
environment
required
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1.6.2

1.7.0

1.7.7

1.7.2

1.7.4

1.8.0

Classification

No deep
learning
environment
required

No deep
learning
environment
required

No deep
learning
environment
required

No deep
learning
environment
required

No deep
learning
environment
required

No deep
learning
environment
required

No deep
learning
environment
required

Deep Learning Model Package 2.2.1+ .dlkpackC/.dlk
CPU Inference/Deep Learning pack

Model Package Inference

(Mech-DLK 2.2.0+)

Deep Learning Model Package 2.2.1+ .dlkpackC/.dlk
CPU Inference/Deep Learning pack

Model Package Inference

(Mech-DLK 2.2.0+)

Deep Learning Model Package 2.2.0+ .dlkpackC/.dlk
CPU Inference/Deep Learning pack

Model Package Inference

(Mech-DLK 2.2.0+)

Deep Learning Model Package 2.2.0+ .dlkpackC/.dlk
CPU Inference/Deep Learning pack

Model Package Inference

(Mech-DLK 2.2.0+)

Deep Learning Model Package 2.2.0+ .dlkpackC/.dlk
Inference pack
Deep Learning Model Package 2.2.0+ dlkpackC/.dlk
Inference pack
Deep Learning Model Package 2.2.0+ .dlkpackC/.dlk

Inference pack

1.4.0

1.5.x

1.4.0

2.0.0/2.1.0

No deep
learning
environment
required

Classification (please start the 1.4.0
deep learning server for the
Step)

Classification (please start the 1.4.0
deep learning server for the
Step)

Deep Learning Inference

.pth/.json

.pth/.json

2.0.0/2.1.0 dlkpack
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Mech-Vision
Version

1.6.0

1.6.1

1.6.2

1.7.0

1.7.1

1.7.2

1.7.4

1.8.0

Deep Learning
Environment
Version

2.0.0/21.0

No deep
learning
environment
required

No deep
learning
environment
required

No deep
learning
environment
required

No deep
learning
environment
required

No deep
learning
environment
required

No deep
learning
environment
required

No deep
learning
environment
required

No deep
learning
environment
required

No deep
learning
environment
required

Object Detection

Mech-Vision Step

Classification (please start the
deep learning server for the
Step)

Deep Learning Inference
(Mech-DLK 2.1.0/2.0.0)

Deep Learning Model Package
Inference (Mech-DLK 2.2.0+)

Deep Learning Model Package
CPU Inference/Deep Learning
Model Package Inference
(Mech-DLK 2.2.0+)

Deep Learning Model Package
CPU Inference/Deep Learning
Model Package Inference
(Mech-DLK 2.2.0+)

Deep Learning Model Package
CPU Inference/Deep Learning
Model Package Inference
(Mech-DLK 2.2.0+)

Deep Learning Model Package
CPU Inference/Deep Learning
Model Package Inference
(Mech-DLK 2.2.0+)

Deep Learning Model Package
Inference

Deep Learning Model Package
Inference

Deep Learning Model Package
Inference
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Compatible
Mech-DLK
Version

1.4.0

2.0.0/21.0

2.2.0+

221+

2.2.1+

2.2.0+

2.2.0+

2.2.0+

2.2.0+

2.2.0+

Model File
Extension(s)

.dlkpack

.dlkpack

dlkpack

.dlkpackC/.dlk
pack

.dlkpackC/.dlk
pack

.dlkpackC/.dlk
pack

dlkpackC/.dlk
pack

.dlkpackC/.dlk
pack

.dlkpackC/.dlk
pack

.dlkpackC/.dlk
pack
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Version

1.4.0

1.5.X

1.6.0

1.6.1

1.6.2

1.7.0

1.7.1

1.7.2

1.7.4

MECH MIND

Deep Learning
Environment
Version

1.4.0

2.0.0/2.1.0

No deep
learning
environment
required

2.0.0/2.1.0

No deep
learning
environment
required

No deep
learning
environment
required

No deep
learning
environment
required

No deep
learning
environment
required

No deep
learning
environment
required

No deep
learning
environment
required

No deep
learning
environment
required

No deep
learning
environment
required

Mech-Vision Step

Object Detection (please start
the deep learning server for
the Step)

Object Detection (please start
the deep learning server for
the Step)

Deep Learning Inference

Object Detection (please start
the deep learning server for
the Step)

Deep Learning Inference
(Mech-DLK 2.1.0/2.0.0)

Deep Learning Model Package
Inference (Mech-DLK 2.2.0+)

Deep Learning Model Package
CPU Inference/Deep Learning
Model Package Inference
(Mech-DLK 2.2.0+)

Deep Learning Model Package
CPU Inference/Deep Learning
Model Package Inference
(Mech-DLK 2.2.0+)

Deep Learning Model Package
CPU Inference/Deep Learning
Model Package Inference
(Mech-DLK 2.2.0+)

Deep Learning Model Package
CPU Inference/Deep Learning
Model Package Inference
(Mech-DLK 2.2.0+)

Deep Learning Model Package
Inference

Deep Learning Model Package
Inference
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Compatible
Mech-DLK
Version

1.4.0

1.4.0

2.0.0/2.1.0

1.4.0

2.0.0/2.1.0

2.2.0+

2.2.1+

221+

2.2.0+

2.2.0+

2.2.0+

2.2.0+

Model File
Extension(s)

.pth/.py

pth/.py

.dlkpack

dlkpack

.dlkpack

.dlkpack

.dlkpackC/.dlk
pack

.dlkpackC/.dlk
pack

.dlkpackC/.dlk
pack

dlkpackC/.dlk
pack

.dlkpackC/.dlk
pack

.dlkpackC/.dlk
pack
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2.2.0+

.dlkpackC/.dlk
pack

1.5.x

1.6.0

1.6.7

1.6.2

1.7.0

1.7.7

1.7.2

No deep
learning
environment
required

No deep
learning
environment
required

No deep
learning
environment
required

No deep
learning
environment
required

No deep
learning
environment
required

No deep
learning
environment
required

No deep
learning
environment
required

No deep
learning
environment
required

Defect Segmentation (please
start the deep learning server
for the Step)

Deep Learning Inference

Deep Learning Inference
(Mech-DLK 2.1.0/2.0.0)

Deep Learning Model Package
Inference (Mech-DLK 2.2.0+)

Deep Learning Model Package
Inference (Mech-DLK 2.2.0+)

Deep Learning Model Package
Inference (Mech-DLK 2.2.0+)

Deep Learning Model Package
CPU Inference/Deep Learning
Model Package Inference
(Mech-DLK 2.2.0+)

Deep Learning Model Package
CPU Inference/Deep Learning
Model Package Inference
(Mech-DLK 2.2.0+)

Deep Learning Model Package
Inference
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2.0.0/21.0

2.2.0+

2271+

221+

2.2.0+

2.2.0+

2.2.0+

pth/.py

.dlkpack

dlkpack

.dlkpack

.dlkpack

.dlkpack

.dlkpackC/.dlk

pack

.dlkpackC/.dlk
pack

.dlkpackC/.dlk
pack
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1.7.4 No deep Deep Learning Model Package 2.2.0+ .dlkpackC/.dlk
learning Inference pack
environment
required

1.8.0 No deep Deep Learning Model Package 2.2.0+ .dlkpackC/.dlk
learning Inference pack
environment
required

Text Detection

1.8.0 No deep Deep Learning Model Package 2.5.0+ .dlkpackC/.dlk
learning Inference pack
environment
required

Text Recognition

1.8.0 No deep Deep Learning Model Package 2.5.0+ dlkpackC/.dlk
learning Inference pack
environment
required

Unsupervised Segmentation

1.8.0 No deep Deep Learning Model Package 2.5.0+ .dlkpackC/.dlk
learning Inference pack
environment
required

Use Models in Mech-DLK SDK

Mech-DLK SDK is a software development kit specifically designed to be used with Mech-DLK. Its
main purpose is to help developers easily do deep learning inference in their software systems.
With Mech-DLK SDK, developers can rapidly deploy deep learning models trained in Mech-DLK and
flexibly integrate deep learning functionality into their own applications without reliance on Mech-
Vision.
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Usage Instructions

If you need to use Mech-DLK SDK, see Mech-DLK SDK User Manual for details.

You can also visit the Download Center of Mech-Mind to get related resources.

Compatibility

Currently, Mech-DLK SDK only supports the inference based on models trained by Mech-DLK
(version 2.4.2 or above).

3.4. Model Iteration

After a certain period of usage, you may find that the trained model may not be applicable to
certain scenarios. At this point, you should iterate the model. It is common practice to re-train the
model with more data, but such an effort could reduce the overall recognition accuracy and might
take a long time. Hence, it is recommended to use the Model Finetuning function for model
iteration so as to maintain accuracy and save time.

General Model Iteration

Collect images that report poor recognition results.

Use Mech-DLK to open the project the model belongs to.
Enable the Developer Mode by clicking Settings » Options.
Add the collected images into the training and validation sets.
Label the newly added images.

Click Training parameter settings » Model Finetuning and then enable Finetune.

N o o &~ N~

In the Training Parameters tab, lower the Learning rate properly. The Epochs can be reduced
to 50-80.

8. Complete model training and export the model.

Super Model Iteration

Collect images that report poor recognition results.

Open Mech-DLK, create a new project, and add the Instance Segmentation module.
Enable the Developer Mode by clicking Settings » Options.

Add the collected images into the training and validation sets.

Label the newly added images.

Click Training parameter settings » Model Finetuning and then enable Finetune.

Select Super model finetuning and click g to select the super model.

©® N o gk~ 0D~

In the Training Parameters tab, lower the Learning rate properly. The Epochs can be reduced
to 50-80.

9. Complete model training and export the model.
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4. Appendix
4.1. Menu Bar

File

New Project
Open Project
Save Project
Save As

Import

Export Dataset

Edit
Undo
Redo

Tools

Operation Mode

Training Center

Settings

Options

Help

Manual
Quick Guide
What's New

Create a new project

Select and open an existing project folder
Save changes to the current project

Save the project in a specified location

Import images, folders, or datasets into the
current project. Under the cascade mode, you can
choose to add from the previous module. The
source folder shouldn't be subject to any change
during the import procedure of a folder.

Export the dataset of the current project to a
specified location. Under the cascade mode, only
the dataset of the first module is exported.

Undo the Labeling action

Redo the action that you've undone

You can perform batch-wise testing on the dataset
under the Operation Mode.

This feature is for the Defect Segmentation
module and the Classification module.

Train models in batches

Change the display language and turn on/off the
Developer Mode

Open the web page of User Manual
Quick guide to start the software

View the release notes in a web interface
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Logs Open the folder containing the running logs

Device Check  Check and view the CPU and GPU information of
the deployment device

About View the software version

4.1.1. Perform Dataset Testing in Batches under Operation Mode

Introduction

You can perform batch-wise testing on the dataset in the Operation Mode. This feature is for the
Defect Segmentation module and the Classification module. It is unavailable under the cascade
mode.

After model training, select Tools > Operation Mode in the menu bar to open the window of
Operation Mode.

- Defect Segmentation: Once data is imported, you can select the automatic check by presetting
images as OK or NG, or you can choose to perform a manual check.

- Classification: Once data is imported, you need to perform a manual check.

After data check, click the Export report button to get a report on accuracy, GPU usage, inference
time, etc.

Use the Operation Mode

+ Use the Operation Mode in Defect Segmentation Module

+ Use the Operation Mode in Classification Module

Defect Segmentation
Steps
1. Select data source
Regarding Data Source, you can select Mech-DLK or Folder.

Mech-DLK Use all images in the current project to demonstrate the performance of the
trained model.

Folder Use massive new data for model testing. After selecting the image folder

path, import all images in the folder as a new dataset. The new dataset
imported will be independent of the original datasets in the project.

and validation set, these new images will also be imported when you select Mech-DLK as

o If some new images were imported into the current project, in addition to the training set
the data source.

2. Load the model

Click [ Load Model ]. After model loading was completed, click [ Next ] to enter the inference
interface.

3. Preset data
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When Preset as OK or Preset as NG is selected, an automatic check will be performed after
inference. When Check manually is selected, a manual check should be performed after
inference.

4. Inference

After presetting, click @ to start the inference. Once inference is completed, relevant data such
as inference time and GPU usage will be displayed under Running information.

5. Perform a manual check (Skip this step if data are preset)

Perform a manual check on inference results. Click @ when the inference result is correct and
click @ when the inference result is incorrect. Upon the check, you can view the statistics of
false positives (FPs) and false negatives (FNs) under Running information.

6. Export the report

After the data check, you can click [ Export report] to learn about accuracy, FN rate, FP rate,
etc.

Running Information

+ Inference time
Display of Image inference time and Average inference time.

* Num of FN/FP images

o When images are preset as OK, the image inferred to be NG will be counted as an FP; when
images are preset as NG, the image inferred to be OK will be counted as an FN.

o During the manual check, if the image inferred to be OK is actually NG, which means the
inference result is incorrect, the image will be counted as an FN; if the image inferred to be
NG is actually OK, also an incorrect inference result, the image will be counted as an FP.

+ GPU usage

Display of Current GPU usage.

Classification
Steps
1. Select data source
Regarding Data Source, you can select Mech-DLK or Folder.

Mech-DLK Use all images in the current project to demonstrate the performance of the
trained model.

Folder Use massive new data for model testing. After selecting the image folder
path, import all images in the folder as a new dataset. The new dataset
imported will be independent of the original datasets in the project.

If some new images were imported into the current project, in addition to the training set
o and validation set, these new images will also be imported when you select Mech-DLK as
the data source.
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2. Load the model
Click [ Load Model ]. After loading successfully, click [ Next] to enter the inference interface.
3. Inference

Click @ to start the inference. Once inference is completed, relevant data such as inference
time and GPU usage will be displayed under Running information.

4. Perform a manual check

Perform a manual check on inference results. Click @ when the inference result is correct and
click @ when the inference result is incorrect.

5. Export the report

After the manual check, you can click [ Export report ] to learn about the inference time, GPU
usage, accuracy, etc.

Running Information

* Inference time
Display of Image inference time and Average inference time.
+ GPU usage

Display of Current GPU usage.

4.2. Obtain a Trial Software License

Mech-Mind uses CodeMeter from Wibu-Systems as the license system for its software. We
provide trial software licenses that do not require a license dongle.

received in time. Once the license dongle is received, please connect it with the IPC and

o Trial software licenses are temporary and are given only when the license dongle cannot be
update software license.

Obtain a Ticket

Please contact Mech-Mind Sales to obtain a ticket code before proceeding. The ticket code sent to
you via email is a 25-character string made up of numbers, alphabets, and hyphens.

Install CodeMeter

Please run the CodeMeter installer received fromm Mech-Mind to install CodeMeter.

Activate the License

Please activate the license in Mech-Mind License WebDepot.
The activation process is as follows:

1. Copy and paste the ticket code into the Ticket field, and click [ Next].
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ot/ English

MECH MIND

‘ Home ‘ Auto Update

Welcome to Mech-Mind License WebDepot

Welcome to Mech-Mind License WebDepot. You can transfer your licenses to your CmContainer using this WebDepot. Please enter
your ticket and click "Next"

Ticket: b

Next

© Mech-Mind Robotics Technologies Lid

Legal Notice | CodeMeter License Central WebDepot v21.04a 276 501 ws4

2. Select the license and click [ Activate Selected Licenses Now ] to download the license.

it/ English

MECH MIND

‘ Home ‘ My Licenses

Available Licenses

To activate your licenses:
1. Select the licenses you want to activate.

2. Select the locally connected CmContainer to which you want to transfer the licenses.
3. Click "Activate Selected Licenses Now".

v Name Activated On CmContainer Status

I
5]

Available

Select CmContainer
Get CmContainer automatically v

Activate Selected Licenses Now File-based license transfer

K My Licenses

3. Once downloaded, the following information will be displayed, and then click [ OK].

Online License Transfer

Starting license transfer.

Downloading license template.
Registering license template.

Creating license request.

Downloading license update.

Importing license update to CmContainer.
Creating receipt.

Uploading receipt.

License transfer completed successfullyl

4. Open CodeMeter Control Center, and you should see the license displayed.
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& CodeMeter Cantral Center

File Process View Help

License Events

) ProtectionOnlyWeb
130-4

Bl eter sarfos A smrfng.

Hame: ProtectionOnlyWeb

Serial: 130—

Version: CmActLicense 3.00

Status: @ License activated

License Update Eemove Licenze

Mech-DLK Software Manual

Webidmin

4.3. Update Software License

CodeMeter will notify you if your license(s) is about to expire. In such case, please contact Mech-
Mind Technical Support (hereafter referred to as Mech-Mind) to request an update.

Once the update has been arranged, you'll need to export a license request file to send to Mech-
Mind first. Then, Mech-Mind will send back a license update file that extends the duration of your

license.

Export License Request File

Before proceeding, please make sure that:

« CodeMeter is installed.

- License dongle(s) is inserted.

1. Click @ in the system tray to open CodeMeter Control Center.

2. Select the license dongle whose license needs to be updated, and click [ License Update ].

@ CodeMeter Control Center

File Process View Help

License Events

@ CmStick

Hame:

Codeleter service is running.

Serial:

Version:

Capacity:

Status:

CmStick

CmStick 4.21

99 % free (314954 Bytes)

O @ Dissbled
O (&) Enabled until unplugged
(O] @Enabled

ILicense Tpdate 'ct Change Password

O X

9

Webidmin
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3. Click [ Next] in the pop-up window.

@ CmFAS Assistant

Welcome to the CmFAS Assistant!

The CodeMeter Field Activation Service (CmFAS) aszistant helps wou adding changing and
deleting licenses from the license management system CodeMeter.

With the CmFAS assistant wou can create licenze request files, which wou can zend to the
vendor of the software by email. You can alsoe import the received license update files with

the CmFAS assistant into the license management and create a receipt of the import for the
vendor.

4. Select Create license request, and then click [ Next].

€ () CmFAS Assistant

Please select the desired action

I@ Create license reguest ’
Choose thiz option if wou want create a licenze request file in order to send it to

the vendor of the software.

O Import license update

Cheoose thiz optiom, if wou received a license update file from the software vender and
want to import thiz file.

() Create receipt

Choose this option if wou want to confirm the successful import of a licensze update file
for the software vendor.

Help

5. Select Extend existing license, and then click [ Next].
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<« @ CmFAS Assistant

Please choose an option for the license request

I@ Extend existing license Q
Choose this option 1f wou want change an existing license or to add new licenses to an

existing license of the same vendor.

() &dd license of a new vendor

Choose thiz option if wou want to add a new licenze and there are no licenzes from this
vendor in the zelected licenze container.

Kelp

6. Choose Mech-Mind as the vendor, and then click [ Next].

€ (@ CmFAS Assistant

Please choose the vendor

Mech-Mind. (103130) '

Select the software vendor to which wou want to send the license request file. The vendor
will only zee the data which wou zelact here. So you can ensure that the vendor doesn t zee
which other licenzes from other vendors vou have.

Help

(5 ] The company code may differ.

7. On the next page, click [ ..] to select a location for saving the license request file, and then
click [Commit].
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<« @ CmFAS Assistant

Please select the file name

Select a file name for storing the license request file. Then click on " commit’ teo create the
file. You can then send this file to the vendor by email.

(r') If licenses on multiple license dongles need to be updated, please repeat steps 2 to 7
o to export a license request file for each dongle.

8. Send the license request file to Mech-Mind.

Update the License

After you send the license request file, Mech-Mind will send back a license update file in
WIBUCMRAU format. Double-click this file to update the corresponding license. Follow the steps
below to check if the license has been successfully updated.

1. Click @ in the system tray to open CodeMeter Control Center.

2. Select the license dongle you'd like to check, and then click [ WebAdmin] in the lower right.

& CodeMeter Control Center = O X
File Process View Help
License Events
Cmtick
@ Hame: CmStick &
Serial: O
Yersion: Cm3tick 4.21 @
Capacity: 99 % free (314954 Eytes)
Status: () @ Dizabled
O (€] Enabled until unplugzged
@ @ Enabled
Licensze Update Eject Changze Pazzword
CodeMeter service is running.

3. The CodeMeter WebAdmin webpage will be opened, and you can check the date under Valid
Until to see if the license has been updated.
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CodeMeter WebAdmin C

SYSTEMS

Dashboard [NESHIEINSSV License Monitoring v Diagnosis v Configuration v Info

B Al Container ® © = engish(us) v

<no name> CmStick 4.21 [ ]
A Licenses CmContainer Info User Data Backup and Restore

A 103130 Mech-Mind.

Product Code Name Unit Counter [Valid Until License Quantity Feature Map

2023-10-09 13:14:39
2023-10-09 13:14:39
2024-03-11 13:07:20
2024-01-12 15:35:44
2024-02-14 17:08:55
2024-02-08 11:06:16.

2023-03-23 15:02:25

o The Valid Until date for a perpetual license is n/a.

o o You can select a different license dongle to view by clicking on the [ Container] tab
at the top.

If for some reason, double-clicking on the WIBUCMRAU file does not update your license, please
follow the steps below to manually import the license update file.

1. Click @ in the system tray to open CodeMeter Control Center.

2. Select the license dongle whose license needs to be updated, and click [ License Update ].

& CodeMeter Control Center - O X
File Process View Help
Licenze Events
CmStick
@ Fame: CmStick y
Serial: O
Version: Cm3tick 4.21 @
Capacity: 99 % free (314954 Bytes)
Status: () @ Dizabled
O (o) Enabled until unplugged
@ @ Enabled
ILicense Tpdate 'ct Change Paszword
CodeMeter service is running. Webidmin

3. Click [Next] in the pop-up window.
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@ CmFPAS Assistant

Welcome to the CmFAS Assistant!

The CodeMeter Field Activation Service (CnFAS) assistant helps vou adding, changing and
deleting licenzes from the license management system CodeMeter.

With the CmFAS assistant wou can create license request files, which wou can send to the
vendor of the software by email. You can alsa import the received license update files with

the CmFAS asziztant into the license management and create a raceipt of the import for the
vendor.

4. Select Import license update, and then click [ Next ].

& (& CmFAS Assistant

Please select the desired action

() Create license request

Chooze this option if wou want to create a license request file in order to =send it to
the wendor of the software

—
I @ Import license uptlate
Chooze thiz optiom, 1f wou

1ved a licenze update file from the software vendor and
want to import this file.

() Create receipt

Chooze this option if wou want to confirm the successful import of a license update file
for the software vendor.

etz

5. Click [..]to select the license update file, and then click [ Commit].
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€ (@ CmFAS Assistant

Please select the file name

Select a file under which the licenze update file iz stored on your computer. Then clm! on

commit to import the new licenzes.

4.4. Keyboard Shortcuts

In the lower right corner of the selection region, click @ to open the floating window of keyboard
shortcuts. The window can be placed anywhere on the interface and will not be hidden during
other operations. Click [ x], click @), or press Esec on the keyboard to close the floating window. In
addition, you can hover over the buttons of labeling tools to view the corresponding keyboard
shortcuts.

;] All the keyboard shortcuts work in both lowercase and uppercase letters.
Project
Feature Shortcut Description
New Project Ctrl + N Create a new project.
Save the project Ctrl+S
Open Project Ctrl+0
Edit
Feature Shortcut Description
Undo Ctrl+Y
Redo Ctrl+7
Copy Ctrl+C
Paste Ctrl+V
Select All Ctrl + A
Delete Delete Please move the cursor to the labeling section /

dataset section and select the item to delete.
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Tools

Feature Shortcut Description
Ellipse Tool L
Polygon Tool P
Free Rectangle Tool D
Rectangle Tool R
Brush Tool B
Autofill Lasso Tool A
Labeling Eraser Tool E
Auxiliary Labeling Tool T
Smart Labeling Tool M

Apply current smart Enter
labeling

Cancel current smart  Q
labeling

Mask Polygon Tool Shift + P
Finish Polygon Drawing Enter

Mask Brush Tool Shift + B
Mask Lasso Tool Shift + A
Mask Eraser Tool Shift + E
Template Tool C

Select template Ctrl + left click
Select template Shift + scroll wheel
Grid Cutting Tool u

Grid Selection Tool I

Feature Group Labeling F

Tool

ROl Tool

Selection Tool S

Adjust Template - =
Tool/Brush size

Switch between t. 3

neighboring images

Text Recognition Tool G

View

Feature Shortcut Description

Switch labeling display Ctrl + L
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Feature Shortcut Description

Switch validation Ctrl+P

display

4.5. FAQ

How to troubleshoot the reason why a defect segmentation model is not effective?
a. Check the labels for errors.

b. Check that all kinds of defects are included in the training set.

c. Check that the input image size is reasonable. If the defect is too small it may not be
effective for training the model.

When to use the Defect Segmentation module and the Unsupervised Segmentation module?

Generally speaking, both modules can recognize the defect areas in images, but they remain
quite different from each other. You may want to choose one by the following considerations:

- The Defect Segmentation module aims to segment the defects; in other words, a high
requirement of accuracy is put on this module in the position, shape, and size of defects.
The Unsupervised Segmentation module, however, is designed to judge whether there is
any defect in an image and display the possible areas with defects for NG images.

« For the former, all types of defects should be labeled in the labeling process. The latter,
however, poses no such requirement as defect labeling, and NG images are unnecessary
for model training, namely that only OK images will be used as the training set.

+ The latter can only show a rough defect area of an image and cannot finely segment a
defect. If you want to segment defects in an image, please use the Defect Segmentation
module.

Does it work if | simulate changes in lighting conditions during data collection by manually
adjusting the camera exposure or adding supplemental light?

No. Simulated lighting conditions may not reflect the actual conditions accurately, and thus
image data collected under such conditions cannot provide accurate object features to train
the model. Therefore, if the lighting conditions on-site change over the day, please collect
image data respectively under different conditions.

The camera is fixed, and the incoming objects’ positions vary slightly. Does it work if | simulate
the position changes of the objects by moving the camera during data collection?
No. The camera should be fixed in position before any data collection. Moving the camera
during data collection will affect the extrinsic parameters of the camera and the training effect.
Setting a larger ROI can help fully capture the changes in object position.

If the previously used camera has unsatisfactory imaging quality and is replaced by a new
camera, is it necessary to add the images taken by the old camera to the dataset?

No. After camera replacement, all data used for model training should come from the new
camera. Please conduct data collection again using the new camera and use the data for
training.

Will changing the background affect model performance?

Yes. Changing the background will lead to recognition errors, such as false recognition or
failure to recognize a target object. Therefore, once the background is set in the early stage of
data collection, it is best not to change the background afterward.
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Does it work if | use the image data collected with different camera models at different heights
together to train one model?

Yes, but please work on the ROI settings. Select different ROIs for images taken at different
heights to reduce the differences among images.

For highly reflective metal parts, what factors should | consider during data collection?

Please avoid overexposure and underexposure. If overexposure in parts of the image is
inevitable, make sure the contour of the object is clear.

If the model performs poorly, how to identify the possible reasons?

Factors to consider: quantity and quality of the training data, data diversity, on-site ROI
parameters, and on-site lighting conditions.

a. Quantity: whether the quantity of training data is enough to make the model achieve good
performance.

b. Quality: whether the data quality is up to standard, whether images are clear enough and
are not over-exposed/under-exposed.

c. Data diversity: whether the data cover all the situations that may occur on-site.

d. ROI parameters: whether the ROI parameters for data collection are consistent with those
for the actual application.

e. Lighting conditions: Whether the lighting conditions during the actual application change,
and whether the conditions are consistent with those during data collection.

How to improve unstable model performance due to complicated on-site lighting conditions, e.g.,
objects are covered by shadows?
Please add shading or supplemental light as needed.

Why does the inconsistency between the ROI settings of on-site data and training data affect the
confidence values of instance segmentation?

The inconsistency will result in objects being out of the optimal recognition range of the model,
thus affecting the confidence. Therefore, please keep the ROI settings of the on-site data and
training data consistent.

What are super models for cartons?

Super models (click here to download) are provided for carton palletizing and depalletizing.
They can be used directly for most project sites to correctly segment most cartons without
collecting additional image data or training.

What scenarios can the super models for cartons be applied to?

It is suitable for palletizing/depalletizing boxes of single or multiple colors and surface patterns.
However, please note that this Super Model is only applicable to boxes placed in horizontal
layers and not at an angle to the ground.

How to collect data for the Super Model for boxes?

Please test the Super Model first. If it cannot segment correctly sometimes, collect about 20
images of situations where the model does not perform well and train the Super Model.

ROI position deviations may occur when opening old projects with the newer-version Mech-DLK.
The ROI will be corrected after you click [ Validate ].

When training a model in Mech-DLK, what should | do if the error message
“ModuleNotFoundError: No module named ‘onnxruntime’™ shows?
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Go to the “users” folder in OS (C:) and open the folder of the current user of the computer.
Check if the folder “AppData/Roaming/Python/Pythong36/site-packages” is empty. If not,
please delete all contents in the folder.

Whether AMD CPUs can run CPU models?
AMD CPUs do not support running CPU models.
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