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Information in this manual is subject to change. ISRA SURFACE VISION GmbH (designated supplier) reserves 
the right to make changes  in the sense of technical progress without prior notice and accepts no liability.  

This manual and the information and instructions it includes, have been compiled in good conscience. Neither the 
supplier nor the supplier's employees accept any kind of liability  to anyone for loss or damage of any kind 
resulting from erroneous or lacking information in this manual. It is irrelevant whether such loss or damage occurs 
as a result of a customer request or whether another cause is found. No liability is accepted.  

The supplier accepts no liability for errors resulting from the translation of this manual from English into other 
languages. Only the text of the German instruction manual is binding.  

Changes to the sale article  may only be made after securing the written approval of the supplier. Changes made 
without the written approval nullify any and all demands derived from or to be derived from the guaranty or 
product liability.  

The content of this manual, including the operations and software  described therein, is copyright protected  
confidential personal property of the supplier. Neither the manual nor any section(s) of it may be copied or 
reproduced in any form without prior written approval of the supplier. The only exceptions to this are the normal 
use of the software or the creation of a backup copy. These exceptions do not include the creation of copies for 
third parties. Copying , as defined by law, includes translation into another language or another format. 

© ISRA SURFACE VISION GmbH is a trademark of ISRA SURFACE VISION GmbH. Other names mentioned in 
this publication may be trademarks, but are only used for recognition.  

© Copyright 2005 ISRA SURFACE VISION GmbH. All rights reserved. 
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1 What does the Surface Inspection System SMASH hav e 
to Offer? 

The Advanced Surface Inspection System SMASH controls nonwovens during production, 
analyzes material defects and provides product information to the producer. SMASH 
documents the quality of the product  and makes optimization of the production 
process  possible. 

SMASH guarantees visual quality control  and calculates important production key 
figures  and quality features  of nonwovens of varying width, segmentation and speed 
without contact.  

 

 

 

  

 

SMASH is an effective inspection system that can be configured to meet the operator's 
needs and tailored to individual customer applications. Assembly, commissioning and 
training can be done in only a few days. In addition to the camera technology and the 
software, different illumination methods, an extensive selection of software modules, analysis 
tools, and elements for mechanical construction are available. 

 

The position and size of  

• holes 
• thick areas 
• thin areas 
• soiling 
• insects 
• hard fibers 
• spitters 

• foreign objects 
• granulate drops 
• water streaks 
• folds 
• fiber clumps 
• waves 
• light particles 

• dark particles 
• fiber tears 
• streak defects 
• corner tears 
• flow lines 
• ....etc. 

are determined, analyzed, displayed and protocoled.   

Endless material 

 

Inspecting sections 

 

Split web 
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Additionally the system contains modules for the measurement and evaluation of the 
formation and opacity of the web material.  

The system uses an easy-to-use graphical interface on a Windows platform. The graphical 
interface can be designed by the user. On this way it is optimized to the requirements of the 
certain application.  

Automatically created print protocols or paperless emails are used for documentation. 
Warning messages inform users immediately about defective production or when tolerance 
levels are exceeded.  

The Advanced Surface Inspection System 
SMASH can manage any number of products  
with varying material properties. Defect photos  
are displayed on the monitor and saved. All 
measurement results are saved permanently. 
This allows the user, in addition to the automatic 
analysis, to personally carry out an evaluation of, 
delete, or reclassify material defects. 
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2 Construction of the Inspection System SMASH 

The SMASH web inspection system consists of 

• one or more cameras 
• one or more lighting units 
• visualization and data saving on a PC 

SMASH is a modular inspection system and is put together based on the tasks and wishes of 
the customer. The system makes inspections in transmitted light and direct light, or from a 
combination of various angles possible. The capabilities of an already installed system can 
easily be expanded by adding components. This could become necessary, for example, if an 
increase in resolution should be reached by adding additional cameras, or if an additional 
angle becomes necessary in order to recognize all material defects.  

 

 

 

 

 

 

Cameras 

Illumination 

• Industrial PC 
• Display of Measurement 

Results 
• Product/Recipe 

Management 
• Alarm Signals 
• Controlling Markers 
• Print Logs 
• Network Connection 

Optional:  
• DATA MINING  
• QUICK TEACH Classifier 
• REWINDER Software 
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3 Monitoring the Measurement results 

3.1 Display on the Monitor 

The SMASHs program window can be tailored for each customer, and/or optimized by the 
user for specific needs. Multiple views can be configured and freely position display windows.  

A program window can, for example, be configured as in the figure below. The running web 
material (blue field) with defects (markings) is displayed. Defect data and a defect photo are 
displayed on the right.  

 

The user has access to an overview of process data, inspection status and defect status. 
User access rights can be defined.  

Inspection data from previous inspections is saved and can be called up and displayed. Data 
can also optionally be made available in a DATA-MINING module, a REWINDER module or 
a VIEWER program. The system can be accessed via a master console or any number of 
add-on consoles within a world-wide network. 

Product data 

Simulated web material: 
The symbols show the 
defect classes and positions.  

Defect data 

Defect photo 
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The statistics display can be configured as in the figure below: Defect frequency  within the 
defect classes in a statistical evaluation as a bar diagram.  

  

The display of defect images  can be configured as in the figure below: Defect images are 
displayed on the monitor and saved in the database.  

 

Statistical evaluation of defect frequencies per defect class. 

Slide show of defect photos 
including defect data.  
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3.2 Print Protocols 

Print protocols can be easily adapted to specific needs, 
even by the user. There are some examples in the 
appendix.  

Protocols are printed automatically after a roll change, 
when manually started, or, using a DATA-MINING 
module, via email. The system offers, for example: 

• lane protocol 
• number of defects per defect class 
• statistical evaluation of defect occurrences (defect density) 
• defect protocol for each individual material lane 
• and many more 

3.3 Paperless Data transmission  

A particular highlight is the option to automatically send different reports on various topics 
and at different times via email to recipients or recipient groups that can be freely defined by 
the user. The DATA-MIND-MANAGER (optional) manages the addresses, content and 
schedules for dispatch. The software can automatically send a shift report to the production 
management when a shift change takes place and transmit an overview of the product 
quality by email to the quality control department when a production batch has been 
completed.  

3.4 Markers, Labelers 

The Inspection System SMASH controls markers or labelers that 
mark material defects in-line. The web can also be marked with an 
additional position code, so that a defect position can be precisely 
found using an optional rewinder. 

3.5 Acoustic or Visual Alarms 

There are several options for warning the operator during production in case of defect 
burst, web break or repeating defect for example. Horns or light signals can be 
installed. The user can freely define how the alarms operate.   
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4 Features* 

• Modular structure and easy expansion 

• Standard pc platform with Windows 2000 or XP operating systems 

• Simple network data backup 

• Remote maintenance via telephone line or network 

• Graphic web view with defect symbols 

• Product recipe management 

• Defect reports, print protocols, printing of labels 

• Collection, display and archiving of defect images 

• Statistical information (defect frequency; trend diagrams; …) 

• Reverse of defect position for the rewind operator. 

• Lane visualization/Assignment of defects to lanes 

• Oscilloscope display of the camera signal 

• ODBC interface, Modbus, Profibus … (on request) 

• Freely definable digital alarm outputs 

• Signal inputs for roll change, web break, start/stop inspection, etc. 

• Encoder input for mapping defect positions in web movement direction 

• High resolution in MD* and CD* 

• Precise determination of defect positions 

• Classification of defects according to size, intensity, etc. 

• Recognition and mapping of recurring defects 

• Dynamic edge tracking / automatic lane tracking 

• Integrated width measurement / integrated edge tear recognition 

• Automatic adjustment when products are changed 

• Display of material surface 

 

 

 

 

*MD = Machine Direction 
*CD = Cross Direction 
*partially optional 
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5 Special Features 

5.1 Defect Data and Defect Images 

Displaying defect images on the monitor allows the operator, in addition to the automatic 
classification, to personally assess defects. Defect data and images can be permanently 
saved.  

• Defect class 
• Defect image 
• Defect length 
• Defect width 

• Defect surface 
• Position from roll beginning 
• Position within a single 

lane 

• Roll number 
• From which camera? 
• Time of detection  
• and several more … 

The actual defect position is registered using an encoder.  

If SMASH is operating together with QUICK TEACH (optional), up to 70 defect attributes can 
be registered, saved and analyzed.  

 

 

 

Simulated web material: 
The symbols show the defect 
classes and positions.  
Double clicking on a symbol opens 
the defect photo.  

Defect photo can be zoomed in or out.  

Defect photo with defect data:  
size, position, class, etc. 
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Original  Filter operator  Difference  

Binary image  

=- 

5.2 Detection of Low Contrast Defects 

Filters convert the image data from the cameras into a viewable image, making use of 
operators that, for example, selectively amplify or suppress particular image contents. In this 
way, filter functions can, for example, amplify low contrast streaks  enough for them to be 
automatically recognized. The figure below shows an example of an original and then filtered 
image of the material surface. The accompanying video signal is visible below.  

 

With SMASH, the original camera signal is processed with individual filters in real time. Even 
low contrast material defects can be clearly discerned in this way. Filters such as these 
are used: 

• in order to eliminate signal noise caused by the texture in textured materials 
• in very cloudy material, point defect detection is possible even in areas with highly 

differing material consistencies.  
 

 

 

 

 

Reduction of the image data onto the point defect and avoidance of pseudo defects.  

 

 

Original image 

Filtered image (optional) 

Video signal from 
one, several or all 

cameras.  
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5.3 Defect Classification, Teachable System QUICK T EACH  

Simple defect classification is done according to criteria such as light or dark defects, defect 
length and width, defect surface and the correlation of length to width.  

The user can set up the symbol display and coloration himself to best suit his needs. Any 
number of defect classes can be defined. Defect data can be printed in detail if desired. How 
the inspection results are further processed can be defined by the user.  

Expanding the standard software with the QUICK -TEACH Option  makes an even more 
highly differentiated classification of defects possible. This option provides the user a simple 
method for "teaching" the system necessary information about defects and defect 
classification. The user must already have several defect images sorted in categories 
(classes). The user can then refine the classification or expand it by adding new defect types 
any time, even during an inspection. Even with only a little information, the system already 
has enough information to precisely classify defects. The defect classes and all resulting 
consequences (e.g. setting of alarm outputs or triggering of markers) are saved in a recipe. 

In this process, defect images are analyzed according to their form and intensity and further 
attributes (feature extraction). The software recognizes similar defect images on its own and 
categorizes new defect images together with the most similar defect type. All information 
from the various inspection channels (e.g. Transmission and Reflection) are taken into 
consideration in the process. It is also possible to summarize closely related defects.  

Size classification can be set up differently dependent on the defect type. Up to 70 defect 
attributes can be evaluated here. 

The following factors are important for classification: 

• The teaching process is simple and intuitive.  
• The inspection is not stopped during the teaching process.  
• What has been taught becomes effective for classification immediately.  
• Defects can be re-classified later.  
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5.4 Defect Visualization – even offline  

In the SMASH web view, customer specific defect types are visualized with user defined 
symbols. Statistical evaluations such as trend diagrams and "Defects per square meter" 
overviews can be displayed for every defect class. Defect reports are generated 
automatically or on request.  

 

Display of web 
with defect symbols 

 

 

 

 

Trend diagram: defects by roll 

SMASH can be used for offline analysis of inspection results even without any connected 
cameras on other Windows 2000 or XP computers via a network connection. Program 
modules can access both saved and real time data. In addition, routines are available for 
copying measurement data from the database server to other computers via the network.  
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5.5 Defect Database 

Data from previous productions can be called up and printed without halting a running 
inspection. If a defect protocol contains a very high number of defects, the system can be set 
up to only print the first and last defect in a roll and/or only elected defect classes. The 
database can be accessed from other stations in a network as well.  

 

Selection of production data 

5.6 Overview of Defect Images 

Images (also from previous productions) can be viewed in an overview.  

 

Defect image list 
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Double clicking with the mouse on a photo will open the IMAGE VIEWER. The viewer 
contains all defect data and even allows defects to be re-classified afterwards or deleted 
from the statistics.  

 

Individual defects can be deleted or re-classified in IMAGE VIEWER.  

5.7 Analysis of Defect Frequency for Production Mon itoring 

Defect frequency analysis can, for example, be displayed as a bar diagram showing time or 
running meter. The number of defects per surface or running length of material can be 
assessed for every defect class and type. Particularly high defect frequencies are highlighted 
in the visualization and flagged in the protocol. A distinct alarm can be defined for each 
defect type.  

Important for burst alarms:  

• Alarms when n number of defects are detected in x number of feet 
• Stays in alarm condition until defect rate has dropped back to acceptable limits 
• On alarm user can 

- Stop Inspection 
- Delete subsequent defects until alarm condition is over 
- Delete defects that started the burst plus subsequent defects 
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Trend diagram – defects by class 

5.8 Product Management with Automated Product Chang e 

The Inspection System SMASH can manage any number of 
products (recipes). When a product is selected, the inspection 
system is customized with special inspection sensitivities, 
defect classifications and alarms for the inspection task. Before 
an inspection, the machine operator loads the recipe into the 
system. Inspection parameters, such as product width, alarm 
outputs, etc. can be loaded automatically from various sources 
(optional OPC, ODBC, network).  

 

 

 

 

 

5.9 Standardizing the Video Signal 

Standardization algorithms make it possible for the system to continually adjust to long term 
changes to the inspection environment or the material (changes in lighting, changes to 
material transparency...), without it being necessary for the user to perform a reconfiguration.  

Standardization of the video signal is a prerequisite for optimal inspection. The process is 
hardware based and is done in real time.  
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5.10 Edge Tracking 

Edge tracking can be set up individually for each product: 

• set inspection area  
• automatic recognition and dynamic tracking of edges 
• edge search from "inside-to-outside" or "outside-to-inside" 
• separate settings for the left and right edges 
• probing of the material edge is done using a method specially adjusted to the material 

(absolute threshold or gradient evaluation). 

5.11 Alarm for Repeating Defects 

Repeating defects can be assigned an alarm. The diameter of a defective roll detected as the 
cause of a repeating defect can, for example, be automatically reported; the operator can 
then address the problem directly.  

5.12 Web Lane Inspection 

If the material is already divided into lanes during production or afterwards, every lane that 
contains defects is highlighted on the monitor and in the protocol. The total number of 
defects of each defect type is reported for each lane. Labels and print reports for each lane 
can be created individually. Varying lane widths and lateral movement are taken into account 
by the system.  

5.13 Interface to Machine Level/Process Control Sys tems 

The interface between SMASH and the machine level transfers the product change signal to 
the inspection system automatically. The roll number, product type and lot number can be 
transferred to the inspection system optionally.  

Inspection data can be displayed using the process visualization system Real Time Viewer 
(option), so that the operator can monitor the process from several places. The system 
communicates with the in-plant network server via Ethernet using the TCP/IP network 
protocol.  
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5.14 Automated Data Backup 

Automatic data backup reduces the amount of maintenance for the machine operator. 
Inspection data can be saved automatically on the customer's company network. There are 
intelligent, graduated procedures for reducing the large amounts of data that may occur, in 
order to ensure that the inspection is carried out, even when maintenance intervals are not 
adhered to.  

5.15 Simplicity with "Plug and Play" 

The inspection system is modularly structured, and cameras and illumination can be easily 
exchanged or added. Data can be forwarded to process control systems or production 
planning systems via Ethernet (TCP/IP) and analyzed. A PLC interface (OPC) for sending 
and receiving roll numbers and product information is available.  
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6 Special Modules for SMASH 

6.1 Measure Uniformity with the FORMATION MODULE 

The FORMATION module is an add-on module for the inspection system. It delivers 
information about the uniformity of the material and uses transmitted light.  

The product area to be monitored is divided into small rectangles. 
The average brightness intensity for each of these rectangles is 
calculated. Based on this, a histogram showing the average intensity 
is produced.  

The system can also divide the product area into tracks and create separate histograms for 
each track, in order to include changes perpendicular to the direction of movement. 

A product whose quality is constant has a set histogram. 
The position of the histogram on the x-axis is dependant on 
the weight of the material. The farther to the right the 
histogram is, the lighter the material it represents. 
Fluctuations in the regularity of the material are represented 
both in a graph and on a histogram that shows the deviation 
from the expected histogram.  

 

Reference histogram 

Current histogram 

Difference between reference 
and current histogram 
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6.2 Recognize Streaks with the STREAK ANALYSIS MODU LE 

The STREAK ANALYSIS  module is a hardware module based on image data filtering. It 
simulates processes similar to those of the human eye. This module is used for sure 
detection of especially low contrast streaks  in web direction in homogenous material with 
low difference in intensity.  

Using special algorithms (based on hardware), low contrast defect areas are calculated from 
two dimensional camera images. Because streaks in the material surface are usually 
recurring defects, the inspection system combines the individual defect information into a 
single streak defect and visualizes them accordingly on the monitor.  

The upper window section shows the original camera image. The section below that is 
already processed. The streak is clearly visible in the calculated video signal.   

 

 

 

 

 

 

Streak 

Original camera image 

Filtered camera image 

Filtered video signal 
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6.3 Teaching Defects with QUICK TEACH 

The QUICK TEACH module is an add-on module. This module makes it possible to manually 
teach defect types.  

The defect images are loaded from running product inspection and defined into the defect 
classes with QUICK TEACH manually. The inspection system continues to be "trained" until 
the classification is performed flawlessly.  

 

QUICK TEACH contains following advantages:  

• intuitive handling  
• Teaching of the defects during the running inspection  
• immediate take-over into the system  
• Re-classification is possible anytime.  
 
 

User selects defect „unknown“ 

Yes,  
teach it! Write defect into 

classifier data base 

Online  Classifier  
switch over  
‚on the fly‘ 

Name it! 
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6.4 REWIND Manager for the Winding Station 

The REWIND Manager  is used for the further processing of a material roll.  

When the system detects a defect, it marks the defect on the web edge. Additionally, a 
barcode is applied to the edge of the material during production, indicating the length of the 
material in meters. The barcode is essential for synchronizing the defect database with the 
actual web position. 

During further processing, the material 
roll is rewound using a winder. The 
Rewind Manager provides the 
necessary start/stop signals for the 
winder. For reading the barcode a line 
scan camera is used.  

The machine operator can access the determined defect class or the defect size in order to 
define those defects for which the winder should be stopped. Additionally, he can manually 
select or deselect specific defects, e.g. on the basis of the defect images. 

 

 

 

 

 

The REWIND Manager only 
stops the winder at defect 

images marked in red. 
 

Defect filter 

Current position 
 

Stop defect 
 

REWIND MANAGER screen 
 

decodieren Barcode 
Stopp Signal  Rewind Manager 

Senden eines “slow down”  Pulses 
2000 ft vor dem Fehler  
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6.5 More Statistics with the VIDEO ANALYSIS Module 

The VIDEO ANALYSIS  module is an extension of the standard software. This module offers 
the user additional statistical information about his product. This information can be used to 
assess variation in the process.  

Amplitude and signal noise are analyzed with this module. The results are displayed as bar 
diagram or as trend graph.  

 

Example: Bar diagram shows the average intensities.  

The red limit lines indicate the range of desired lane intensities of the video. Any intensity 
outside the limits will be drawn in red. A green limit line is drawn at the target average 
intensity.  

6.6 Live Monitoring Using the REAL-TIME-VIEWER 

The REAL-TIME-VIEWER module is an extension of the standard 
software. This module allows a user to access current inspection 
data in real time via a network.  

The REAL-TIME-VIEWER establishes a connection between the 
external REAL-TIME PC and the inspection system. The inspection 
data is sent to the external viewer in real time. The user interface is 
configured according to customer specifications. Access rights can 
be granted in order to be able to alter the inspection status or 
inspection parameters from the REAL-TIME-PC. 

 

 

 

Real Time Viewer n 

Main Inspection System 

Real Time Viewer N
etw

ork



 

 Page 25  

6.7 Calling Up Data Using the REVIEWER 

The REVIEWER module is an extension of the standard 
software. This module allows a user to access past  inspection 
data. The user interface can be configured according to 
operator specific demands. 

The figure shows one possible configuration of the system. The 
SMASH system archives the data on the plant server. The 
REVIEWER-PC accesses the server in order to load the data. It 
is also possible to directly access the inspection PC. 

6.8 Data Preparation Using DATA MINING 

The DATA-MINING module is an extension of the standard software. This module is used for 
data mining and topic-based data preparation. 

The software allows the user to design, extend, automatedly create and email his own 
customized protocol printouts, prepared from the quality and material defect data.  

The user can generate various different printouts according to selectable topics: production 
time period, from date ... until date, shift, user name, machine number, roll number, batch 
number, customer name, product type, etc. 

Access is possible from any computer in the network, no matter where in the network the 
inspection data is stored. A particular highlight is the option to automatically send different 
reports on various topics and at different times via email to recipients or recipient groups that 
can be freely defined by the user. The DATA-MIND-MANAGER manages the addresses, 
content and schedules for dispatch. The software can automatically send a shift report to the 
production management when a shift change takes place and transmit an overview of the 
product quality by email to the quality control department when a production batch has been 
completed.  

The DATA-MIND-MANAGER ...  

• accesses the defect database 
• filters the data 
• generates selected and individual reports 
• the individual reports are created and edited by the customer  
• the reports are printed 
• independently sends paperless reports by email 
 

Main Inspection System 

Reviewer Plant 
Server 

Reviewer  n 
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7 Hardware Structure of SMASH 

The Inspection System is tailored to the customer application. Depending on the material 
speed, the material width and the minimum defect size, the resolution is calculated in MD 
and in CD. The resolution determines the number of cameras to be used and the necessary 
hardware. 

SMASH is equipped with at least one camera and one framegrabber card (Smash-Web). 
This includes at least one PC. The system can be freely extended. Up to four framegrabber 
cards can be integrated into one PC.   

The figure on the left shows a camera system with only one PC (containing the 
framegrabber), which provides the user interface and carries out external 
communication.  

The figure on the lower shows a "high speed" system. Each camera works with 
one Smash-Web and one slave-PC. The master-PC collects the information and 
provides the interface for the user.  
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8 Technical Details 

8.1 Functionality of the Linescan Camera AVIIVA 

The AVIIVA standard linescan camera was developed with precision, versatility and ease-of-
use in mind. This camera is available in a compact casing with line lengths 512, 1024, 2048, 
4096 and 8192 pixel. With this camera, the manufacturer Atmel has produced a camera that 
digitizes data at up to 12-bits and is equipped with electronics that deliver an outstanding 
video signal. The user can adjust the exposure time, the amplification and the offset. An 
external trigger allows for the synchronization of multiple cameras. 

 

 

 

This example of transmitted light shows that dark defects cause the video signal to be 
deflected downwards while light defects cause the signal to be deflected upwards. Different 
thresholds are used for detecting defects and for detecting edges. Applications with direct 
light or with a combination of direct and transmitted light are also possible. 

The inspection system is modular, allowing for the addition and replacement of cameras. The 
cameras do not require maintenance, as wear parts such as rechargeable batteries, normal 
batteries or electric motors are not used. It is delivered with lenses and mounting plate. 
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8.2 Inspection System Resolution 

The best possible resolution in the direction of web movement, also called "machine 
direction" or MD, depends on the machine speed and the shortest exposure time of the 
camera type used.   

310*60

][*min]/[
][

s�time exposurem speedmachine
=mmMDResolution  

If the material speed is 300 m/min and the camera's exposure time is 50 µs, the resolution in 
MD is calculated as follows:  

mm=
s�m

=mmMDResolution 25.0
10*60

50*min/300
][

3
 

 

The best possible resolution perpendicular to the direction of web movement, also called 
"cross direction" or CD, depends on the field of vision and the number of pixels used.  

pixels of no. cameras of no.

mmnvisio of field
=mmCDResolution

*

][
][  

If the material is 1000 mm wide and two cameras with 2048 pixels [pe] each are used, the 
resolution in CD is calculated as follows:  

pemm=
pe

mm
=mmCDResolution /25.0

2048*2

1000
][  

 

A camera's maximum scan rate  is calculated from the reciprocal value of the minimum 
exposure time.  

timeexposureshortest
=rateScan

1  

If, for instance, the shortest exposure time is 33 µs, then:  

sscans
s

/303,30
10*33
1

=rateScan
6-

=  
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8.2.1 Resolution in "Cross Direction" at 512 Pixels  

Maximum resolution in cross direction (CD in mm/pe) for an AVIIVA with 512 pixels.  

Resolution in cross direction (sensor 512 pixel)
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8.2.2 Resolution in "Cross Direction" at 1024 Pixel s 

Maximum resolution in cross direction (CD in mm/pe) for an AVIIVA with 1024 pixels.  

 Resulotion in cross direction (sensor 1024 pixel) [ mm/pixel]  
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8.2.3 Resolution in "Cross Direction" at 2048 Pixel s 

Maximum resolution in cross direction (CD in mm/pe) for an AVIIVA with 2048 pixels.  

 Resolution in cross direction (sensor 2048 pixel) [ mm/pixel]  
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1,00 
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web width [m]  
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8.2.4 Resolution in "Cross Direction" at 4096 Pixel s 

Maximum resolution in cross direction (CD in mm/pe) for an AVIIVA with 4096 pixels.  

 
Resolution in cross direction (sensor 4096 pixel) [ mm/pixel]  
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8.2.5 Resolution in "Cross Direction" at 8192 Pixel s 

Maximum resolution in cross direction (CD in mm/pe) for an AVIIVA with 8192 pixels.  

Resolution in Cross Direction (Sensor 8192 Pixel)
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8.2.6 Resolution in "Machine Direction" 

The best resolution in machine direction (MD) depends on the web speed and the sensor's 
number of pixels.  

 Resolution in web direction  [mm/Scan]  

0,0 
0,2 
0,4 
0,6 
0,8 
1,0 
1,2 
1,4 
1,6 
1,8 
2,0 

0 250 500 750 1000 1250 1500 
Web speed v [m/min]  

512 
1024 
2048 
4096 
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Page 32  

8.3 System Enclosure (Optional) 

Cameras and lighting are protected against dust and other 
influences by a robust and compact enclosure. The lenses and 
the electronics are thus protected against pollution and damage. 
The enclosure is supplied with fresh air through ventilators in 
order to prevent dust from penetrating and to cool the 
electronic components.  

8.4 Control Cabinet / System Interfaces 

The control cabinet contains 

• industrial PC(s) with monitor 
• printer interface 
• interfaces to the process control system 
• interface to the encoder 

• alarm outputs 
• external access to data 
• telephone connection for remote 

maintenance 

By default, SMASH provides up to 24 outputs and 24 inputs. These also provide 
programmable functions.  

Customizations according to customer requirements are possible.  

8.5 Illuminations 

8.5.1 Types of Illumination 

The linescan cameras used in the system require a bright and uniform "strip of light" that 
illuminates the material surface across the entire width. One of the illuminants used made 
with LEDs. These have several advantages:  

• life of 50,000+ hours = 5-10 years 
• large visible light spectrum 
• controllable power supply 
• dimmable via Ethernet TCP/IP 

• any desirable length due to cascaded 
modules 

• high light intensity 
• diffuse or directional light 
• recipe-controlled light 

The light source is selected dependant on the material and the material defects:  

• fluorescent tubes 
• fluorescent lamps 

• fiber optic line illumination 
• halogen metal halide lamps 

Further light sources are available on request. 
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Bank 1 

Bank n Bank 2 

Light 

Light 

8.5.2 Lighting Arrangement 

 

 

 

 

 

 

 

Depending on the task at hand, the components are arranged either for direct light or 
transmitted light. In transmitted light, the material is located between the camera and the 
lamp – the camera "looks through the material" (transmission). This technique is particularly 
suited for detecting holes, bright areas and dark areas (foreign objects in transparent or 
semi-transparent materials as well as thin and thick areas). 

In direct light, the camera and the lighting are located on the same side of the material. This 
technique is particularly suited for high-resolution detection of bright and dark defects, 
scratches and folds on non-transparent materials. Coating defects, e.g. missing adhesive, 
streak defects and the uniformity in the case of powder coatings are also recognized.  

Depending on the task at hand, combinations of these lighting techniques and/or multiple 
camera frames for advanced defect classification may be used. 

The SMASH consists of at least one bank on 
which at least one camera is mounted. A system 
can contain several banks and feature different 
combinations, as shown in the figure.  

 
 

 

 

 

Transmitted 
light  

Direct 
light  

Direct / bright field 
 

Dark field Diffuse 

Diffuse Dark field Reflecting / bright field 

Nonwovens 

Interlining 

Applications  
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9 Appendix 

9.1 Print Protocols (Examples) 

 Documented quality using print protocols as production evidence. 
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9.2 Line Scan Camera AVIIVA 

9.2.1 Data Sheet AVIIVA 
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9.2.2 Housing Dimension 

 

 

9.2.3 Technical construction AVIIVA 

 

Or 
CameraLink 
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9.3 Housing Design (Example) 

 

 

 

Lamp 
 position 1 
 
Lamp 
 position 2 
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9.4 Tables: Resolution in "Cross Direction" 

9.4.1 At 512 Pixels 

Maximum resolution in cross direction (CD in mm/pe) for an AVIIVA with 512 pixels. The 
table values were calculated with 500 pixels and 2.4% overlap.  

Web width 
(mm) 

Number of AVIIVA cameras  

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

100 0,20 0,10 0,07 0,05 0,04 0,03 0,03 0,03 0,02 0,02 0,02 0,02 0,02 0,01 0,01 0,01 0,01 0,01 0,01 0,01 

500 1,00 0,50 0,33 0,25 0,20 0,17 0,14 0,13 0,11 0,10 0,09 0,08 0,08 0,07 0,07 0,06 0,06 0,06 0,05 0,05 

750 1,50 0,75 0,50 0,38 0,30 0,25 0,21 0,19 0,17 0,15 0,14 0,13 0,12 0,11 0,10 0,09 0,09 0,08 0,08 0,08 

1000 2,00 1,00 0,67 0,50 0,40 0,33 0,29 0,25 0,22 0,20 0,18 0,17 0,15 0,14 0,13 0,13 0,12 0,11 0,11 0,10 

1100 2,20 1,10 0,73 0,55 0,44 0,37 0,31 0,28 0,24 0,22 0,20 0,18 0,17 0,16 0,15 0,14 0,13 0,12 0,12 0,11 

1200 2,40 1,20 0,80 0,60 0,48 0,40 0,34 0,30 0,27 0,24 0,22 0,20 0,18 0,17 0,16 0,15 0,14 0,13 0,13 0,12 

1300 2,60 1,30 0,87 0,65 0,52 0,43 0,37 0,33 0,29 0,26 0,24 0,22 0,20 0,19 0,17 0,16 0,15 0,14 0,14 0,13 

1400 2,80 1,40 0,93 0,70 0,56 0,47 0,40 0,35 0,31 0,28 0,25 0,23 0,22 0,20 0,19 0,18 0,16 0,16 0,15 0,14 

1500 3,00 1,50 1,00 0,75 0,60 0,50 0,43 0,38 0,33 0,30 0,27 0,25 0,23 0,21 0,20 0,19 0,18 0,17 0,16 0,15 

1600 3,20 1,60 1,07 0,80 0,64 0,53 0,46 0,40 0,36 0,32 0,29 0,27 0,25 0,23 0,21 0,20 0,19 0,18 0,17 0,16 

1700 3,40 1,70 1,13 0,85 0,68 0,57 0,49 0,43 0,38 0,34 0,31 0,28 0,26 0,24 0,23 0,21 0,20 0,19 0,18 0,17 

1800 3,60 1,80 1,20 0,90 0,72 0,60 0,51 0,45 0,40 0,36 0,33 0,30 0,28 0,26 0,24 0,23 0,21 0,20 0,19 0,18 

1900 3,80 1,90 1,27 0,95 0,76 0,63 0,54 0,48 0,42 0,38 0,35 0,32 0,29 0,27 0,25 0,24 0,22 0,21 0,20 0,19 

2000 4,00 2,00 1,33 1,00 0,80 0,67 0,57 0,50 0,44 0,40 0,36 0,33 0,31 0,29 0,27 0,25 0,24 0,22 0,21 0,20 

2100 4,20 2,10 1,40 1,05 0,84 0,70 0,60 0,53 0,47 0,42 0,38 0,35 0,32 0,30 0,28 0,26 0,25 0,23 0,22 0,21 

2200 4,40 2,20 1,47 1,10 0,88 0,73 0,63 0,55 0,49 0,44 0,40 0,37 0,34 0,31 0,29 0,28 0,26 0,24 0,23 0,22 

2300 4,60 2,30 1,53 1,15 0,92 0,77 0,66 0,58 0,51 0,46 0,42 0,38 0,35 0,33 0,31 0,29 0,27 0,26 0,24 0,23 

2400 4,80 2,40 1,60 1,20 0,96 0,80 0,69 0,60 0,53 0,48 0,44 0,40 0,37 0,34 0,32 0,30 0,28 0,27 0,25 0,24 

2500 5,00 2,50 1,67 1,25 1,00 0,83 0,71 0,63 0,56 0,50 0,45 0,42 0,38 0,36 0,33 0,31 0,29 0,28 0,26 0,25 

2600 5,20 2,60 1,73 1,30 1,04 0,87 0,74 0,65 0,58 0,52 0,47 0,43 0,40 0,37 0,35 0,33 0,31 0,29 0,27 0,26 

2700 5,40 2,70 1,80 1,35 1,08 0,90 0,77 0,68 0,60 0,54 0,49 0,45 0,42 0,39 0,36 0,34 0,32 0,30 0,28 0,27 

2800 5,60 2,80 1,87 1,40 1,12 0,93 0,80 0,70 0,62 0,56 0,51 0,47 0,43 0,40 0,37 0,35 0,33 0,31 0,29 0,28 

2900 5,80 2,90 1,93 1,45 1,16 0,97 0,83 0,73 0,64 0,58 0,53 0,48 0,45 0,41 0,39 0,36 0,34 0,32 0,31 0,29 

3000 6,00 3,00 2,00 1,50 1,20 1,00 0,86 0,75 0,67 0,60 0,55 0,50 0,46 0,43 0,40 0,38 0,35 0,33 0,32 0,30 

3500 7,00 3,50 2,33 1,75 1,40 1,17 1,00 0,88 0,78 0,70 0,64 0,58 0,54 0,50 0,47 0,44 0,41 0,39 0,37 0,35 

4000 8,00 4,00 2,67 2,00 1,60 1,33 1,14 1,00 0,89 0,80 0,73 0,67 0,62 0,57 0,53 0,50 0,47 0,44 0,42 0,40 

5000 10,00 5,00 3,33 2,50 2,00 1,67 1,43 1,25 1,11 1,00 0,91 0,83 0,77 0,71 0,67 0,63 0,59 0,56 0,53 0,50 

6000 12,00 6,00 4,00 3,00 2,40 2,00 1,71 1,50 1,33 1,20 1,09 1,00 0,92 0,86 0,80 0,75 0,71 0,67 0,63 0,60 

7000 14,00 7,00 4,67 3,50 2,80 2,33 2,00 1,75 1,56 1,40 1,27 1,17 1,08 1,00 0,93 0,88 0,82 0,78 0,74 0,70 

8000 16,00 8,00 5,33 4,00 3,20 2,67 2,29 2,00 1,78 1,60 1,45 1,33 1,23 1,14 1,07 1,00 0,94 0,89 0,84 0,80 

9000 18,00 9,00 6,00 4,50 3,60 3,00 2,57 2,25 2,00 1,80 1,64 1,50 1,38 1,29 1,20 1,13 1,06 1,00 0,95 0,90 

10000 20,00 10,006,67 5,00 4,00 3,33 2,86 2,50 2,22 2,00 1,82 1,67 1,54 1,43 1,33 1,25 1,18 1,11 1,05 1,00 
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9.4.2 At 1024 Pixels 

Maximum resolution in cross direction (CD in mm/pe) for an AVIIVA with 1024 pixels. The 
table values were calculated with 1000 pixels and 2.4% overlap.  

Web width 
(mm) 

Number of AVIIVA cameras  

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

100 0.10 0.05 0.03 0.03 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

500 0.50 0.25 0.17 0.13 0.10 0.08 0.07 0.06 0.06 0.05 0.05 0.04 0.04 0.04 0.03 0.03 0.03 0.03 0.03 0.03 

750 0.75 0.38 0.25 0.19 0.15 0.13 0.11 0.09 0.08 0.08 0.07 0.06 0.06 0.05 0.05 0.05 0.04 0.04 0.04 0.04 

1000 1.00 0.50 0.33 0.25 0.20 0.17 0.14 0.13 0.11 0.10 0.09 0.08 0.08 0.07 0.07 0.06 0.06 0.06 0.05 0.05 

1100 1.10 0.55 0.37 0.28 0.22 0.18 0.16 0.14 0.12 0.11 0.10 0.09 0.08 0.08 0.07 0.07 0.06 0.06 0.06 0.06 

1200 1.20 0.60 0.40 0.30 0.24 0.20 0.17 0.15 0.13 0.12 0.11 0.10 0.09 0.09 0.08 0.08 0.07 0.07 0.06 0.06 

1300 1.30 0.65 0.43 0.33 0.26 0.22 0.19 0.16 0.14 0.13 0.12 0.11 0.10 0.09 0.09 0.08 0.08 0.07 0.07 0.07 

1400 1.40 0.70 0.47 0.35 0.28 0.23 0.20 0.18 0.16 0.14 0.13 0.12 0.11 0.10 0.09 0.09 0.08 0.08 0.07 0.07 

1500 1.50 0.75 0.50 0.38 0.30 0.25 0.21 0.19 0.17 0.15 0.14 0.13 0.12 0.11 0.10 0.09 0.09 0.08 0.08 0.08 

1600 1.60 0.80 0.53 0.40 0.32 0.27 0.23 0.20 0.18 0.16 0.15 0.13 0.12 0.11 0.11 0.10 0.09 0.09 0.08 0.08 

1700 1.70 0.85 0.57 0.43 0.34 0.28 0.24 0.21 0.19 0.17 0.15 0.14 0.13 0.12 0.11 0.11 0.10 0.09 0.09 0.09 

1800 1.80 0.90 0.60 0.45 0.36 0.30 0.26 0.23 0.20 0.18 0.16 0.15 0.14 0.13 0.12 0.11 0.11 0.10 0.09 0.09 

1900 1.90 0.95 0.63 0.48 0.38 0.32 0.27 0.24 0.21 0.19 0.17 0.16 0.15 0.14 0.13 0.12 0.11 0.11 0.10 0.10 

2000 2.00 1.00 0.67 0.50 0.40 0.33 0.29 0.25 0.22 0.20 0.18 0.17 0.15 0.14 0.13 0.13 0.12 0.11 0.11 0.10 

2100 2.10 1.05 0.70 0.53 0.42 0.35 0.30 0.26 0.23 0.21 0.19 0.18 0.16 0.15 0.14 0.13 0.12 0.12 0.11 0.11 

2200 2.20 1.10 0.73 0.55 0.44 0.37 0.31 0.28 0.24 0.22 0.20 0.18 0.17 0.16 0.15 0.14 0.13 0.12 0.12 0.11 

2300 2.30 1.15 0.77 0.58 0.46 0.38 0.33 0.29 0.26 0.23 0.21 0.19 0.18 0.16 0.15 0.14 0.14 0.13 0.12 0.12 

2400 2.40 1.20 0.80 0.60 0.48 0.40 0.34 0.30 0.27 0.24 0.22 0.20 0.18 0.17 0.16 0.15 0.14 0.13 0.13 0.12 

2500 2.50 1.25 0.83 0.63 0.50 0.42 0.36 0.31 0.28 0.25 0.23 0.21 0.19 0.18 0.17 0.16 0.15 0.14 0.13 0.13 

2600 2.60 1.30 0.87 0.65 0.52 0.43 0.37 0.33 0.29 0.26 0.24 0.22 0.20 0.19 0.17 0.16 0.15 0.14 0.14 0.13 

2700 2.70 1.35 0.90 0.68 0.54 0.45 0.39 0.34 0.30 0.27 0.25 0.23 0.21 0.19 0.18 0.17 0.16 0.15 0.14 0.14 

2800 2.80 1.40 0.93 0.70 0.56 0.47 0.40 0.35 0.31 0.28 0.25 0.23 0.22 0.20 0.19 0.18 0.16 0.16 0.15 0.14 

2900 2.90 1.45 0.97 0.73 0.58 0.48 0.41 0.36 0.32 0.29 0.26 0.24 0.22 0.21 0.19 0.18 0.17 0.16 0.15 0.15 

3000 3.00 1.50 1.00 0.75 0.60 0.50 0.43 0.38 0.33 0.30 0.27 0.25 0.23 0.21 0.20 0.19 0.18 0.17 0.16 0.15 

3500 3.50 1.75 1.17 0.88 0.70 0.58 0.50 0.44 0.39 0.35 0.32 0.29 0.27 0.25 0.23 0.22 0.21 0.19 0.18 0.18 

4000 4.00 2.00 1.33 1.00 0.80 0.67 0.57 0.50 0.44 0.40 0.36 0.33 0.31 0.29 0.27 0.25 0.24 0.22 0.21 0.20 

5000 5.00 2.50 1.67 1.25 1.00 0.83 0.71 0.63 0.56 0.50 0.45 0.42 0.38 0.36 0.33 0.31 0.29 0.28 0.26 0.25 

6000 6.00 3.00 2.00 1.50 1.20 1.00 0.86 0.75 0.67 0.60 0.55 0.50 0.46 0.43 0.40 0.38 0.35 0.33 0.32 0.30 

7000 7.00 3.50 2.33 1.75 1.40 1.17 1.00 0.88 0.78 0.70 0.64 0.58 0.54 0.50 0.47 0.44 0.41 0.39 0.37 0.35 

8000 8.00 4.00 2.67 2.00 1.60 1.33 1.14 1.00 0.89 0.80 0.73 0.67 0.62 0.57 0.53 0.50 0.47 0.44 0.42 0.40 

9000 9.00 4.50 3.00 2.25 1.80 1.50 1.29 1.13 1.00 0.90 0.82 0.75 0.69 0.64 0.60 0.56 0.53 0.50 0.47 0.45 

10000 10.0 5.00 3.33 2.50 2.00 1.67 1.43 1.25 1.11 1.00 0.91 0.83 0.77 0.71 0.67 0.63 0.59 0.56 0.53 0.50 
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9.4.3 At 2048 Pixels 

Maximum resolution in cross direction (CD in mm/pe) for an AVIIVA with 2048 pixels. The 
table values were calculated with 2000 pixels and 2.4% overlap.  

Web width 
(mm) 

Number of AVIIVA cameras  

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

100 0.05 0.03 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01           

500 0.25 0.13 0.08 0.06 0.05 0.04 0.04 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.01 

750 0.38 0.19 0.13 0.09 0.08 0.06 0.05 0.05 0.04 0.04 0.03 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 

1000 0.50 0.25 0.17 0.13 0.10 0.08 0.07 0.06 0.06 0.05 0.05 0.04 0.04 0.04 0.03 0.03 0.03 0.03 0.03 0.03 

1100 0.55 0.28 0.18 0.14 0.11 0.09 0.08 0.07 0.06 0.06 0.05 0.05 0.04 0.04 0.04 0.03 0.03 0.03 0.03 0.03 

1200 0.60 0.30 0.20 0.15 0.12 0.10 0.09 0.08 0.07 0.06 0.05 0.05 0.05 0.04 0.04 0.04 0.04 0.03 0.03 0.03 

1300 0.65 0.33 0.22 0.16 0.13 0.11 0.09 0.08 0.07 0.07 0.06 0.05 0.05 0.05 0.04 0.04 0.04 0.04 0.03 0.03 

1400 0.70 0.35 0.23 0.18 0.14 0.12 0.10 0.09 0.08 0.07 0.06 0.06 0.05 0.05 0.05 0.04 0.04 0.04 0.04 0.04 

1500 0.75 0.38 0.25 0.19 0.15 0.13 0.11 0.09 0.08 0.08 0.07 0.06 0.06 0.05 0.05 0.05 0.04 0.04 0.04 0.04 

1600 0.80 0.40 0.27 0.20 0.16 0.13 0.11 0.10 0.09 0.08 0.07 0.07 0.06 0.06 0.05 0.05 0.05 0.04 0.04 0.04 

1700 0.85 0.43 0.28 0.21 0.17 0.14 0.12 0.11 0.09 0.09 0.08 0.07 0.07 0.06 0.06 0.05 0.05 0.05 0.04 0.04 

1800 0.90 0.45 0.30 0.23 0.18 0.15 0.13 0.11 0.10 0.09 0.08 0.08 0.07 0.06 0.06 0.06 0.05 0.05 0.05 0.05 

1900 0.95 0.48 0.32 0.24 0.19 0.16 0.14 0.12 0.11 0.10 0.09 0.08 0.07 0.07 0.06 0.06 0.06 0.05 0.05 0.05 

2000 1.00 0.50 0.33 0.25 0.20 0.17 0.14 0.13 0.11 0.10 0.09 0.08 0.08 0.07 0.07 0.06 0.06 0.06 0.05 0.05 

2100 1.05 0.53 0.35 0.26 0.21 0.18 0.15 0.13 0.12 0.11 0.10 0.09 0.08 0.08 0.07 0.07 0.06 0.06 0.06 0.05 

2200 1.10 0.55 0.37 0.28 0.22 0.18 0.16 0.14 0.12 0.11 0.10 0.09 0.08 0.08 0.07 0.07 0.06 0.06 0.06 0.06 

2300 1.15 0.58 0.38 0.29 0.23 0.19 0.16 0.14 0.13 0.12 0.10 0.10 0.09 0.08 0.08 0.07 0.07 0.06 0.06 0.06 

2400 1.20 0.60 0.40 0.30 0.24 0.20 0.17 0.15 0.13 0.12 0.11 0.10 0.09 0.09 0.08 0.08 0.07 0.07 0.06 0.06 

2500 1.25 0.63 0.42 0.31 0.25 0.21 0.18 0.16 0.14 0.13 0.11 0.10 0.10 0.09 0.08 0.08 0.07 0.07 0.07 0.06 

2600 1.30 0.65 0.43 0.33 0.26 0.22 0.19 0.16 0.14 0.13 0.12 0.11 0.10 0.09 0.09 0.08 0.08 0.07 0.07 0.07 

2700 1.35 0.68 0.45 0.34 0.27 0.23 0.19 0.17 0.15 0.14 0.12 0.11 0.10 0.10 0.09 0.08 0.08 0.08 0.07 0.07 

2800 1.40 0.70 0.47 0.35 0.28 0.23 0.20 0.18 0.16 0.14 0.13 0.12 0.11 0.10 0.09 0.09 0.08 0.08 0.07 0.07 

2900 1.45 0.73 0.48 0.36 0.29 0.24 0.21 0.18 0.16 0.15 0.13 0.12 0.11 0.10 0.10 0.09 0.09 0.08 0.08 0.07 

3000 1.50 0.75 0.50 0.38 0.30 0.25 0.21 0.19 0.17 0.15 0.14 0.13 0.12 0.11 0.10 0.09 0.09 0.08 0.08 0.08 

3500 1.75 0.88 0.58 0.44 0.35 0.29 0.25 0.22 0.19 0.18 0.16 0.15 0.13 0.13 0.12 0.11 0.10 0.10 0.09 0.09 

4000 2.00 1.00 0.67 0.50 0.40 0.33 0.29 0.25 0.22 0.20 0.18 0.17 0.15 0.14 0.13 0.13 0.12 0.11 0.11 0.10 

5000 2.50 1.25 0.83 0.63 0.50 0.42 0.36 0.31 0.28 0.25 0.23 0.21 0.19 0.18 0.17 0.16 0.15 0.14 0.13 0.13 

6000 3.00 1.50 1.00 0.75 0.60 0.50 0.43 0.38 0.33 0.30 0.27 0.25 0.23 0.21 0.20 0.19 0.18 0.17 0.16 0.15 

7000 3.50 1.75 1.17 0.88 0.70 0.58 0.50 0.44 0.39 0.35 0.32 0.29 0.27 0.25 0.23 0.22 0.21 0.19 0.18 0.18 

8000 4.00 2.00 1.33 1.00 0.80 0.67 0.57 0.50 0.44 0.40 0.36 0.33 0.31 0.29 0.27 0.25 0.24 0.22 0.21 0.20 

9000 4.50 2.25 1.50 1.13 0.90 0.75 0.64 0.56 0.50 0.45 0.41 0.38 0.35 0.32 0.30 0.28 0.26 0.25 0.24 0.23 

10000 5.00 2.50 1.67 1.25 1.00 0.83 0.71 0.63 0.56 0.50 0.45 0.42 0.38 0.36 0.33 0.31 0.29 0.28 0.26 0.25 
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9.4.4 At 4096 Pixels 

Maximum resolution in cross direction (CD in mm/pe) for an AVIIVA with 4096 pixels. The 
table values were calculated with 4000 pixels and 2.4% overlap.  

Web width 
(mm) 

Number of AVIIVA cameras  

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

100 0.03 0.01 0.01 0.01 0.01                

500 0.13 0.06 0.04 0.03 0.03 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

750 0.19 0.09 0.06 0.05 0.04 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 

1000 0.25 0.13 0.08 0.06 0.05 0.04 0.04 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.01 

1100 0.28 0.14 0.09 0.07 0.06 0.05 0.04 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.01 0.01 

1200 0.30 0.15 0.10 0.08 0.06 0.05 0.04 0.04 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

1300 0.33 0.16 0.11 0.08 0.07 0.05 0.05 0.04 0.04 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02 0.02 

1400 0.35 0.18 0.12 0.09 0.07 0.06 0.05 0.04 0.04 0.04 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 0.02 

1500 0.38 0.19 0.13 0.09 0.08 0.06 0.05 0.05 0.04 0.04 0.03 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 0.02 

1600 0.40 0.20 0.13 0.10 0.08 0.07 0.06 0.05 0.04 0.04 0.04 0.03 0.03 0.03 0.03 0.03 0.02 0.02 0.02 0.02 

1700 0.43 0.21 0.14 0.11 0.09 0.07 0.06 0.05 0.05 0.04 0.04 0.04 0.03 0.03 0.03 0.03 0.03 0.02 0.02 0.02 

1800 0.45 0.23 0.15 0.11 0.09 0.08 0.06 0.06 0.05 0.05 0.04 0.04 0.03 0.03 0.03 0.03 0.03 0.03 0.02 0.02 

1900 0.48 0.24 0.16 0.12 0.10 0.08 0.07 0.06 0.05 0.05 0.04 0.04 0.04 0.03 0.03 0.03 0.03 0.03 0.03 0.02 

2000 0.50 0.25 0.17 0.13 0.10 0.08 0.07 0.06 0.06 0.05 0.05 0.04 0.04 0.04 0.03 0.03 0.03 0.03 0.03 0.03 

2100 0.53 0.26 0.18 0.13 0.11 0.09 0.08 0.07 0.06 0.05 0.05 0.04 0.04 0.04 0.04 0.03 0.03 0.03 0.03 0.03 

2200 0.55 0.28 0.18 0.14 0.11 0.09 0.08 0.07 0.06 0.06 0.05 0.05 0.04 0.04 0.04 0.03 0.03 0.03 0.03 0.03 

2300 0.58 0.29 0.19 0.14 0.12 0.10 0.08 0.07 0.06 0.06 0.05 0.05 0.04 0.04 0.04 0.04 0.03 0.03 0.03 0.03 

2400 0.60 0.30 0.20 0.15 0.12 0.10 0.09 0.08 0.07 0.06 0.05 0.05 0.05 0.04 0.04 0.04 0.04 0.03 0.03 0.03 

2500 0.63 0.31 0.21 0.16 0.13 0.10 0.09 0.08 0.07 0.06 0.06 0.05 0.05 0.04 0.04 0.04 0.04 0.03 0.03 0.03 

2600 0.65 0.33 0.22 0.16 0.13 0.11 0.09 0.08 0.07 0.07 0.06 0.05 0.05 0.05 0.04 0.04 0.04 0.04 0.03 0.03 

2700 0.68 0.34 0.23 0.17 0.14 0.11 0.10 0.08 0.08 0.07 0.06 0.06 0.05 0.05 0.05 0.04 0.04 0.04 0.04 0.03 

2800 0.70 0.35 0.23 0.18 0.14 0.12 0.10 0.09 0.08 0.07 0.06 0.06 0.05 0.05 0.05 0.04 0.04 0.04 0.04 0.04 

2900 0.73 0.36 0.24 0.18 0.15 0.12 0.10 0.09 0.08 0.07 0.07 0.06 0.06 0.05 0.05 0.05 0.04 0.04 0.04 0.04 

3000 0.75 0.38 0.25 0.19 0.15 0.13 0.11 0.09 0.08 0.08 0.07 0.06 0.06 0.05 0.05 0.05 0.04 0.04 0.04 0.04 

3500 0.88 0.44 0.29 0.22 0.18 0.15 0.13 0.11 0.10 0.09 0.08 0.07 0.07 0.06 0.06 0.05 0.05 0.05 0.05 0.04 

4000 1.00 0.50 0.33 0.25 0.20 0.17 0.14 0.13 0.11 0.10 0.09 0.08 0.08 0.07 0.07 0.06 0.06 0.06 0.05 0.05 

5000 1.25 0.63 0.42 0.31 0.25 0.21 0.18 0.16 0.14 0.13 0.11 0.10 0.10 0.09 0.08 0.08 0.07 0.07 0.07 0.06 

6000 1.50 0.75 0.50 0.38 0.30 0.25 0.21 0.19 0.17 0.15 0.14 0.13 0.12 0.11 0.10 0.09 0.09 0.08 0.08 0.08 

7000 1.75 0.88 0.58 0.44 0.35 0.29 0.25 0.22 0.19 0.18 0.16 0.15 0.13 0.13 0.12 0.11 0.10 0.10 0.09 0.09 

8000 2.00 1.00 0.67 0.50 0.40 0.33 0.29 0.25 0.22 0.20 0.18 0.17 0.15 0.14 0.13 0.13 0.12 0.11 0.11 0.10 

9000 2.25 1.13 0.75 0.56 0.45 0.38 0.32 0.28 0.25 0.23 0.20 0.19 0.17 0.16 0.15 0.14 0.13 0.13 0.12 0.11 

10000 2.50 1.25 0.83 0.63 0.50 0.42 0.36 0.31 0.28 0.25 0.23 0.21 0.19 0.18 0.17 0.16 0.15 0.14 0.13 0.13 
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9.4.5 At 8000 Pixels  

Maximum resolution in cross direction (CD in mm/pe) for an AVIIVA with 8192 pixels. The 
table values were calculated with 8000 pixels and 2.4% overlap.  

Web width  
(mm) 

Number of AVIIVA cameras  

 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

100 0,01 0,01                                     

500 0,06 0,03 0,02 0,02 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01                 

750 0,09 0,05 0,03 0,02 0,02 0,02 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01     

1000 0,13 0,06 0,04 0,03 0,03 0,02 0,02 0,02 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 

1100 0,14 0,07 0,05 0,03 0,03 0,02 0,02 0,02 0,02 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 

1200 0,15 0,08 0,05 0,04 0,03 0,03 0,02 0,02 0,02 0,02 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 

1300 0,16 0,08 0,05 0,04 0,03 0,03 0,02 0,02 0,02 0,02 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 

1400 0,18 0,09 0,06 0,04 0,04 0,03 0,03 0,02 0,02 0,02 0,02 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 

1500 0,19 0,09 0,06 0,05 0,04 0,03 0,03 0,02 0,02 0,02 0,02 0,02 0,01 0,01 0,01 0,01 0,01 0,01 0,01 0,01 

1600 0,20 0,10 0,07 0,05 0,04 0,03 0,03 0,03 0,02 0,02 0,02 0,02 0,02 0,01 0,01 0,01 0,01 0,01 0,01 0,01 

1700 0,21 0,11 0,07 0,05 0,04 0,04 0,03 0,03 0,02 0,02 0,02 0,02 0,02 0,02 0,01 0,01 0,01 0,01 0,01 0,01 

1800 0,23 0,11 0,08 0,06 0,05 0,04 0,03 0,03 0,03 0,02 0,02 0,02 0,02 0,02 0,02 0,01 0,01 0,01 0,01 0,01 

1900 0,24 0,12 0,08 0,06 0,05 0,04 0,03 0,03 0,03 0,02 0,02 0,02 0,02 0,02 0,02 0,01 0,01 0,01 0,01 0,01 

2000 0,25 0,13 0,08 0,06 0,05 0,04 0,04 0,03 0,03 0,03 0,02 0,02 0,02 0,02 0,02 0,02 0,01 0,01 0,01 0,01 

2100 0,26 0,13 0,09 0,07 0,05 0,04 0,04 0,03 0,03 0,03 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,01 0,01 0,01 

2200 0,28 0,14 0,09 0,07 0,06 0,05 0,04 0,03 0,03 0,03 0,03 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,01 0,01 

2300 0,29 0,14 0,10 0,07 0,06 0,05 0,04 0,04 0,03 0,03 0,03 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,01 

2400 0,30 0,15 0,10 0,08 0,06 0,05 0,04 0,04 0,03 0,03 0,03 0,03 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 

2500 0,31 0,16 0,10 0,08 0,06 0,05 0,04 0,04 0,03 0,03 0,03 0,03 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,02 

2600 0,33 0,16 0,11 0,08 0,07 0,05 0,05 0,04 0,04 0,03 0,03 0,03 0,03 0,02 0,02 0,02 0,02 0,02 0,02 0,02 

2700 0,34 0,17 0,11 0,08 0,07 0,06 0,05 0,04 0,04 0,03 0,03 0,03 0,03 0,02 0,02 0,02 0,02 0,02 0,02 0,02 

2800 0,35 0,18 0,12 0,09 0,07 0,06 0,05 0,04 0,04 0,04 0,03 0,03 0,03 0,03 0,02 0,02 0,02 0,02 0,02 0,02 

2900 0,36 0,18 0,12 0,09 0,07 0,06 0,05 0,05 0,04 0,04 0,03 0,03 0,03 0,03 0,02 0,02 0,02 0,02 0,02 0,02 

3000 0,38 0,19 0,13 0,09 0,08 0,06 0,05 0,05 0,04 0,04 0,03 0,03 0,03 0,03 0,03 0,02 0,02 0,02 0,02 0,02 

3500 0,44 0,22 0,15 0,11 0,09 0,07 0,06 0,05 0,05 0,04 0,04 0,04 0,03 0,03 0,03 0,03 0,03 0,02 0,02 0,02 

4000 0,50 0,25 0,17 0,13 0,10 0,08 0,07 0,06 0,06 0,05 0,05 0,04 0,04 0,04 0,03 0,03 0,03 0,03 0,03 0,03 

5000 0,63 0,31 0,21 0,16 0,13 0,10 0,09 0,08 0,07 0,06 0,06 0,05 0,05 0,04 0,04 0,04 0,04 0,03 0,03 0,03 

6000 0,75 0,38 0,25 0,19 0,15 0,13 0,11 0,09 0,08 0,08 0,07 0,06 0,06 0,05 0,05 0,05 0,04 0,04 0,04 0,04 

7000 0,88 0,44 0,29 0,22 0,18 0,15 0,13 0,11 0,10 0,09 0,08 0,07 0,07 0,06 0,06 0,05 0,05 0,05 0,05 0,04 

8000 1,00 0,50 0,33 0,25 0,20 0,17 0,14 0,13 0,11 0,10 0,09 0,08 0,08 0,07 0,07 0,06 0,06 0,06 0,05 0,05 

9000 1,13 0,56 0,38 0,28 0,23 0,19 0,16 0,14 0,13 0,11 0,10 0,09 0,09 0,08 0,08 0,07 0,07 0,06 0,06 0,06 

10000 1,25 0,63 0,42 0,31 0,25 0,21 0,18 0,16 0,14 0,13 0,11 0,10 0,10 0,09 0,08 0,08 0,07 0,07 0,07 0,06 
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