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1 Scope

1.1 This specification details general requirements and guidelines for the design, implementation, and
validation of Machine Vision Applications included in Nexteer Manufacturing processes.  Machine
Vision includes part inspection and robot guidance.  Part inspections can be categorized as
location, counting, measuring, and decoding. Machine Vision Applications shall be specified in the
Machine Equipment Purchase Specification (commonly referred to as the Machine T-Spec).

1.2 The use of the word “shall” indicates requirements and the use of the word “should” indicates
recommendations. The use of the word "may” indicates permission or allowance and the use of the
word "can” indicates a possibility.

2 Process

2.1 The goal of machine vision is to fulfill one or several of the following items. Detection and
prevention quality related defects identified in the PFMEA. To detect part presence or absence of
parts or objects to aid machine controls. To aid in part location for robot guidance.

2.2 Camera Selection

2.2.1 Camera Resolution and type Resolution

Selecting the correct resolution is vital for robust detection. The resolution should be based on
the feature size and the desired field of view.

2.2.2 Color vs. Monochrome

Monochrome shall be the default camera type. Color shall only be used if it is required by the
application.

2.2.3 Severity of Detection

Camera models used for detection of QCL items shall have FTP file transfer capability and variable
data output functionality.

2.3 Machine MQ Flow

The Nexteer Equipment Engineer shall request support from the Manufacturing Machine Vision
Engineer (Vision SME) prior to defining the scope definition within the T-Spec. Vision SME support
assignment will be made through TeamCenter Manufacturing (TcM) and MEED indicating Vision is
included in the machine design.

2.4 Vision and Robotics

The Nexteer Equipment Engineer shall request support from the Core Controls and Automation
Group for any robotics application that involves vision. This is accomplished through TcM by
indicating Vision and Robotics is included in the machine design.  Robotic Engineer assignments
will be made in TcM and MEED.



Revision 15AU25 Page 4 of 19

SD-1061
Machine Vision Application

Requirements

2.5 Vision Guidance Robotics

2.5.1 The Equipment Supplier (OEM) is responsible to develop Robot User Frames-Vision System
coordinates configuration procedures.  This procedure shall be performed and documented prior
MQ2. These procedures are to be used to provide proper training to Plant personnel. Proof of
Concept Report and Reliability Study

2.5.2 Machine Vision Inspection (T-Spec)

The Equipment Engineer shall describe the general functionality of the Machine Vision
Application to be included in the manufacturing process in the T-Spec.

2.5.3 Scope of the Application

The Equipment Engineer shall clearly define all attributes to inspect and the criteria of
acceptance / rejection for the Machine Vision Application.

2.5.4 Proof of Concept

Prior to Machine Design Review, an Application Feasibility and Reliability Report shall be created.
The report shall include basic setup information, including, but not limited to camera model,
working distance and angle from camera to part, light color, and lighting used.

2.5.5 Feasibility and Reliability Report

A Study of Reliability for the application shall be created.  This report shall include proposals of
the Machine Vision System that satisfies the requirements specified by the purchasing ME.  The
report shall include a detailed proof of concept and a detailed Study of Reliability including
images representing the criteria of acceptance or rejection.

2.5.6 Samples for testing

Specimens or samples are required for Feasibility and Reliability testing.  The Equipment Engineer
shall provide GOOD and REJECT samples that clearly represent features or attributes to be
inspected by the Machine Vision Application as identified in the PFMEA.  It is required that parts
represent conditions of regular production.  These samples can be utilized to build the OK and
NOT OK Masters required in section 4.1.3.

2.6 Additional Resources (Nexteer)

The Nexteer Vision Lab is available to conduct initial feasibility trials for Vision Inspection.
Contact the Manufacturing Machine Vision Engineer (Vision SME) for assistance.

2.7 Additional Resources (External)

Vision Equipment Suppliers or Distributor shall be contacted by the Equipment Engineer or OEM to
request support during the Machine Vision Application proof of concept. Proof of concept shall
include basic setup information, including, but not limited to working distance and angle from
camera to part, light color, and lighting used.

2.8 Design Review

Once the Feasibility report and Study of Reliability are submitted, a Design Review meeting shall be
conducted by the Equipment Engineer and include the OEM, assigned Controls Engineer, and the
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vision company prior to implementation.  Additional support from the Vision Subject Matter Expert
or Robotics Engineering shall be requested, if applicable.

When external lighting is used it shall be wired to only be on when the camera is triggered, and an
image is being captured. The light shall not be wired for continuous unless specifically requested
by equipment ME or plant ME.

When applications require UV light the application shall be designed so that the light is not
directed at or near any operator’s eyes. All other visible lighting used should be directed away
from any operator's eyes.

2.9 Components Compliance

All components for the Vision Application shall comply with Nexteer Specification SD-007 or SD-
2007 for AP specific applications.  Any component used in the design that does not comply with
SD-007 shall be pre-approved by the Equipment Engineer, Vision Subject Matter Expert Engineer,
and Controls Engineer supporting the project.

3 Programming

3.1 A clean and structured programming is critical for the deployment and maintenance of any
Machine Vision Application in a plant environment.  Program shall use a logical sequence,
comments, and descriptors to facilitate troubleshooting and diagnostics.  The OEM is responsible
to follow recommendations, templates and references provided by camera manufacturers and
Nexteer Machine Vision SME. See section 7.2 for additional references.

3.2 Programming shall not include any inverse logic to determine if a part is good. The program shall
pass based on the presence of good part features and not absence of bad features. An example of
inverse logic is using a pattern search for features on a bad part and if feature is not present, and
pattern search fails, then labeling part as good. This logic results in false acceptance of reject
parts if part is not in FOV, image light is changed along with several other items.

Programming logic shall ensure that pass bits are reset and not retained from previously passed
images retained data. All logic needs to fail if an upstream error in the program is present. See
figure 1 of bad example.

Figure 1: Retained Pass Bit Example



Revision 15AU25 Page 6 of 19

SD-1061
Machine Vision Application

Requirements

Where applicable, error counting or monitoring should be used and added as an additional
condition for pass status. See Figure 2 for example.

Figure 2: Error monitoring used to prevent retained pass bit.

3.3 Naming Convention

When possible, cameras should be renamed with the following format:
 Machine Asset number (SDxxxxxx)_OP (OPxxx) or station number (STAxxx)_Description
 Example: SD123456_OP190_Final_Inspection

Camera programs should follow the following naming convention:
 Cognex Program name Example: 01_IS7600_OP140_RTV_13FEB25
 First two characters are program number: 01 – 99
 Camera model: Example: IS7600
 OP or station number: OPxxx or STAxxx
 Description: Example RTV
 Creation or revision date DDMMYY: Example 18JL24
 Keyence Program name Example: CAHX200M_OP140_RTV_13FEB25
 Camera model: Example: CA-HX200M
 OP or station number: OPxxx or STAxxx
 Description: Example RTV
 Creation or revision date DDMMYY: Example 18JL24

3.4 Use of AI vision tool Image Database

When Edge Learning, Deep Learning, or other vision tools commonly referred to as AI tools are
used an Image database of all images used to train the tools shall be saved and provided to the
Equipment ME and a copy saved in Teamcenter / GMEP. These images should be saved in a
secure location so that they can be used to recreate vision program if necessary.
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4 Qualification / Documentation

4.1 General Requirements for Machine Vision (pre MQ1/MQ2)

4.1.1 Implementation

Reliability of a Machine Vision Application is crucial for a successful and robust Error Proofing
Device functionality.  Therefore, it is imperative the OEM provides the best and optimal solution to
be implemented.

4.1.2 Error Proofing Verification.

4.1.3 The OEM is responsible to include an Error Proofing Verification sequence in the machine
function.  This function will be used to validate system performance, reliability and any
adjustments made to the system once the equipment is released into production. Camera program
functionality shall be tested for the following items prior to MQ1. Camera program shall not pass
with complete black image, white image, with part not in focus, or part not in image. GOOD and
REJECT Part Masters

The OEM is responsible to work with engineer in charge to provide GOOD and REJECT part
Master(s) to be used for the Error Proofing Verification (EPV) routine. Master ID is required (2D
code) for stations that require 2D code reading. Rust prevention for master(s) is required. If
applicable, Masters can be painted Red or Green avoiding features that are inspected.

When a vision system is used with AI (Edge learning, Neural Networking, or Deep Learning)
capabilities the REJECT part Master(s) shall not be used to train and setup any AI tools. Other
REJECT parts shall be used.

4.1.4 MQ setup Image files

At least 100 GOOD images and 50 REJECT images per model are required in a folder.  Images shall
be stored electronically in a BMP format.  Name of the file shall contain the prefix GOOD or
REJECT for each image.

4.2 Machine Qualification 1 (MQ1)

Reliability of a Machine Vision Application is crucial for a successful and robust Error Proofing
Device functionality.  Therefore, it is imperative that Nexteer Engineer in charge documents
functionality of Machine Vision incorporated as Error proofing.

4.2.1 Inspection Repeatability Study

Acceptable Gage R&R for vision measuring applications or gage attribute capability study for
vision attributes inspection shall be documented in Runoff Book.

The Repeatability and limit verification study required is the same for all applications and shall
follow the steps below. The number of data points required will be based on severity level of
failed detection.
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4.2.1.1 Repeatability and Limit verification Process

The images used for data points should include all variation in lighting. If operator lights are
available, then images should be included with the lights on and off. If the receiving plant will
have skylights, then an added external light should be used to simulate a skylight with direct
sunlight on the part.

The average value of all the good parts shall be calculated along with the sample population
standard deviation. A six-sigma distribution range shall be calculated.

The average value of each failure mode bad part shall be calculated along with the sample
population standard deviation. A six-sigma range of each failure mode shall be calculated and
compared to the six-sigma distribution of the good parts. There should be separation between
the bad part and good part ranges.

The camera program shall have limits set to fail all six-sigma range values of the reject parts
for all failure modes. There should be no good parts rejected by setting the limit in this way,
meaning the set limit(s) should not be placed within the good part distribution. The ideal
camera application should have separation between good part distribution and bad part
distribution(s).See Figure 3 for example of acceptable results in graphical form.

The limits should be set conservatively, meaning that the limit should be closer to the edge of
the good part distribution range and further away from the bad part distribution(s).

The set limits shall be used to calculate the Cpk and Ppk and included in the Runoff book.
Requirements are per SD-002.

If there is an overlap between good and bad part distribution ranges the camera and lighting
setup should be improved to increase contrast between good and bad parts or the camera
program changed to improve performance, and the study repeated. If a small amount of
overlap cannot be avoided, then the receiving plant ME & QE team will need to sign off on the
machine vision application in MQ plan. Include calculated FTQ in MSD plan. See Figure 4 for
example of overlapping distribution example.
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4.2.1.2 Part Gauging Applications

In applications where the vision system will be acting in place of a gage a gage R&R shall be
performed per SD-002.

Figure 3: Example of Good and Bad part value distributions.

Figure 4: Overlapping Distributions Example.
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4.2.1.3 SEV 9/10 items:

A minimum of 45 good part data points and a minimum of 20 data points from each failure
mode identified in the PFMEA. If the occurrence of certain failure modes are higher than 3 in
the PFMEA, then it is recommended to collect more than the minimum required data for that
failure mode.

4.2.1.4 For all other KCC items:

A minimum of 30 good part data points and a minimum of 10 data points from each failure
mode identified in the PFMEA. If the occurrence of certain failure modes are higher than 3 in
the PFMEA, then it is recommended to collect more than the minimum required data for that
failure mode.

4.2.1.5 For all other items:

A minimum of 18 good part data points and a minimum of 6 data points from each failure mode
identified in the PFMEA. If the occurrence of certain failure modes are higher than 3 in the
PFMEA, then it is recommended to collect more than the minimum required data for that
failure mode.

4.2.1.6 The failure modes that are closest to the good parts should be focused on. A limited number of
samples can be evaluated to determine which failure modes are closest to the good parts and
the failure modes that are furthest from the good parts can be ignored until more sample parts
are available.

4.3 Machine Qualification 2 (MQ2)

4.3.1 Installing Machine Vision Application in the plant.

Plant environment and lighting conditions are critical for any Machine Vision Application and its
reliable performance. The OEM is responsible for eliminating such lightning variation by design.
Image files can be used at this point to replicate MQ1 conditions.

4.3.2 Attributes Inspection Capability Study

An acceptable Gage R&R or Repeatability and limit verification study applied to all inspected
features or attributes shall be documented in Runoff Book.  This study shall demonstrate system
reliability and shall follow the requirements outlined in section 4.2.1 at a minimum.

4.3.3 The OEM is responsible for providing camera system configurations, libraries and application
backups to the Equipment Engineer.

4.3.4 The Equipment ME shall share system backups and images libraries to the Plant ME and Controls
Engineer. System backups shall also be saved in the MQ workflow as a PRG file. All this
information shall be included in the Machine Process Sheet (MPS).
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5 Onsite Training

5.1 Proper training shall be provided by the OEM to the Plant Team.  Training shall include basics on
functionality, setup, and system recovery installed in Nexteer Equipment.

5.2 Basic Machine vision training material is available from the Vision SME. Hands-On Training can be
shared or provided to the teams.

5.3 Additional training on Nexteer preferred vision systems (refer to Nexteer Specification SD-007) is
available on the Supplier websites.  Specific training shall be requested to local Machine Vision
representatives.

6 General Requirements for Machine Vision in Production.

6.1 Plant ME

The Plant Receiving ME is responsible to review and approve the MQ2 Runoff Book and additional
documentation related to the Machine Vision Application.

6.2 Machine Vision Subject Matter Expert in Plant

The Plant shall designate a Manufacturing Engineer or Controls Engineer as the Subject Matter
expert in Machine Vision.  This person will be responsible for maintaining and managing machine
vision systems in the Plant.

6.3 Preventive Maintenance

The Plant ME is responsible to design and schedule the frequency for the proper PM for the
Machine Vision Application. PM shall be designed accordingly to the Machine Vision Application
considering machine and plant environment.

6.4 Use of MQ1/MQ2 Image Database as Reference

An Image database can be used as reference in order to maintain Machine Vision Acquisition.
Image quality degradation can be identified by comparing images from MQ runs.
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6.5 Camera Alignment & Verification.

An additional camera program can be created to aid in re-aligning a camera’s position to its
original position if required. This program can use a series of edge/ line tools along with graphic
display tools that align with distinct background objects or master part features. See Figures 5 & 6.

Figure 5: Cognex Alignment Program Example

Figure 6: Keyence Alignment Program Example
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7 Additional References.

7.1 Machine Process Sheet (MPS) Example:
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MPS Example continued.
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MPS Example continued.
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MPS Example continued.



Revision 15AU25 Page 17 of 19

SD-1061
Machine Vision Application

Requirements

MPS Example continued.

7.2 Program Logical Sequence Example:

Figure 7: Camera Program Sequence Logic
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A. Appendix
A.1 Programming Requirements
A.1-1 Lenses and Lighting system shall be documented or commented in the program if the software is

capable.  Language used shall be in English, or language of receiving country.
A.1-2 All programs shall be documented with descriptors. Vision tools and their functions shall be

clearly documented in the program where the software is capable.
A.1-3 All program structures shall follow a logical sequence. Image acquisition, part location, part

inspection and communications shall be clearly defined in the structure.  The program sequence
of operation shall be included and documented. The program sequence can be stored in the
Images Folder.

A.2 Machine Vision Image Visualization and System Access.
A.2-1 A vision monitor/panel should be installed in the machine for image visualization and the system

performance monitoring.
A.2-2 The vision monitor/panel shall display the key inspected features including OK or Not-OK status

indicators for an easy visualization for the operator.
A.2-3 For multiple vision systems within a cell or machine, an industrial PC monitor with the most recent

Vision Software version shall be provided with the equipment.
A.2-4 The access to the vision programming software shall be password protected.
A.3 Image Storage
A.3-1 The OEM and Nexteer Equipment Engineer are responsible to define image storage in the Plant.

Unless required by Nexteer’s End Customer, images are not to be stored in the Traceability
Database and shall follow the Data Retention Policy.

A.4 PM Recommendations
A.4-1 The OEM is responsible to provide recommendations for cleaning, if required.
A.4-2 Plant ME is responsible to document PM recommendations.
A.4-3 MPS shall include setup and a camera machine installation sketch relative to the part.
A.4-4 Plant ME is responsible to maintain and update the MPS.
A.5 Glossary
A.5-1 OEM: Original Equipment Manufacturer
A.5-2 MQ1: Machine Qualification I
A.5-3 MQ2: Machine Qualification II
A.5-4 EPV: Error Proofing Verification
A.5-5 SOP: Start of Production
A.5-6 SME: Subject Matter Expert
A.5-7 ME: Manufacturing Engineer
A.5-8 TcM: Teamcenter Manufacturing
A.5-9 MPS: Machine Process Sheet
A.5-10 PM: Preventive Maintenance
A.5-11 QCL: Quality Control Level
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