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[bookmark: _Toc196679588]Introduction
[bookmark: _Toc196679589]Project Background
The Auto Line at CyDen assembles and tests electronic devices as part of a high-volume manufacturing operation. In recent months, the line has experienced a high number of test station failures, particularly related to communication faults. These faults account for nearly 30% of all test failures and significantly reduce throughput and first-time yield (FTY). Compounding the issue is the lack of fault traceability, which limits the team’s ability to understand true failure modes and implement targeted improvements.

[bookmark: _Toc196679590]Objective
This project aims to reduce the impact of communication faults by improving how they are classified, tracked, and analyzed. The ultimate goal is to enhance the quality and reliability of the Auto Line by increasing visibility into failure types and reducing unnecessary retesting.

[bookmark: _Toc196679591]Methodology
This project follows the Lean Six Sigma DMAIC framework:
· Define the problem and customer requirements
· Measure the current state and collect data
· Analyse the root causes
· Improve the process with targeted actions
· Control to sustain gains over time

[bookmark: _Toc196679592]Significance
By addressing communication faults and the surrounding data gaps, the project supports broader business goals such as waste reduction, increased productivity, and improved product quality. It also lays the groundwork for future traceability and automation enhancements on the line.



[bookmark: _Toc196679593]Define Phase
[bookmark: _Toc196679594]Project Charter
	Project Details

	Project Description
	This Six Sigma Green Belt project focuses on reducing communication faults on the auto line, which currently account for a significant portion of failures. The existing fault detection system lacks traceability and provides a generic error message that encompasses multiple failure modes, making root cause analysis difficult. By implementing a structured DMAIC approach, the project aims to identify specific failure causes, improve traceability, and implement corrective actions to reduce the frequency of communication faults, ultimately improving overall line performance.

	Business Case
	Communication faults on the auto line contributed to 6,776 defects from 01/10/24 - 31/12/24, leading to a 3.99% reject rate out of 169,757 opportunities and making up 37.85% of 17,901 total failures. This equates to a lost opportunity cost of approximately £142,000.
Reducing communication faults will improve first-pass yield, enhance productivity, and lower costs associated with scrap and rework, however, effective problem resolution of communication failures is hindered by a lack of device traceability. By reducing communication failures to under 2%, we could eliminate 3,381 defects, leading to an estimated cost saving of £70,840.

	Problem Statement
	The auto line is experiencing a high number of communication faults, with 6,776 failures recorded from 01/10/24 - 31/12/24, resulting in a 3.99% reject rate and accounting for 37.85% of all failures. Currently, failed devices lack traceability due to a generic fault message that covers multiple failure modes, making root cause analysis difficult. This leads to missed first-time fix opportunities, recurring failures, and reduced overall yield. Addressing this issue is critical to improving line performance, first-pass yield and reducing cost.


	Process & Owner
	Test Process - Engineering / Overall Production Process - Production

	Scope
	Where does it Start?
	Stage 1 Assembly

	
	Where does it Stop?
	Pallet exits from machine

	
	What is excluded?
	All other test machines outside of the auto line

	
	What is Included?
	Autoline test equipment, the product, autoline test code, build process, all associated hardware

	Project Goals
	Measure
	Current
	Goal

	Further understanding and reduction of comms failures
	Comms failure rate
	3.99%
	<2%

	 

	Expected Business Results
	Cost saving

	Expected Customer Benefits
	Improved capacity, quality improvement, improved FTY

	Team Members
	Joe Carpanini, Royston Whitney, Production Team Leader, Repair Operators, Dean Davies, Louis Davies, Barry Jenkins

	Support Required
	Resource from Eng, Prod, QC & Dev, Line availability

	Risks/Constraints
	Altering test code, line availability, resource, lead time on critical parts









[bookmark: _Toc196679595]Voice of the Customer (VoC) & Critical to Quality (CTQ)
[bookmark: _Toc196679596]Voice of the Customer (VoC)
Production: (Done Quickly)
· Increased FTY / Increased output
· Minimize rework and downtime due to communication faults.
· Clear and specific fault messages for faster troubleshooting.
· Standardized process for handling failures.
Maintenance & Engineering Team: (Quality)
· More capacity for TPM
· Improved traceability of fault occurrences and causes.
· Ability to diagnose and address issues effectively.
· Data-driven insights for reducing recurring faults.
Quality Team: (High Quality)
· Improved first-pass yield / Reduce CoQ
· Proper categorization of communication faults to analyse trends.
Finance: (Low Cost)
· Improved FTY / Reduce labour cost per unit
Planning: (Done Quickly)
· Improve FTY / Increase capacity.
[bookmark: _Toc196679597]Critical to Quality
Fault Classification & Traceability:
Each communication fault must be categorized (e.g., hardware failure, software timeout, sensor misread, etc.).
Fault data should be logged for trend analysis.
Fault Detection & Messaging:
Fault messages must be clear, specific, and actionable instead of generic errors.
There must be a clear process to enable quality repairs and relevant people are trained in that
Fault Resolution Time:
Reduce the average time required to diagnose and resolve communication failures.
Reject Rate Reduction:
Reduce the communication fault reject rate from 3.99% to a lower target (e.g., below 2%).
First-Pass Yield Improvement:
Increase the percentage of devices passing without rework due to communication failures.
Process Standardization & Training:
Implement clear work instructions for handling communication faults.
Ensure there is a clear troubleshooting and resolution process in place, and relevant people are trained in that.
Clear TPM schedule for autoline test machines
[image: Understanding the Project Management Triple Constraint]
[bookmark: _Toc196679987]Figure 1 - Golden triangle
The Voice of the Customer (VoC) identified a clear need for high first-time yield, minimal downtime, and accurate fault classification to support efficient production. These needs align directly with the Golden Triangle of manufacturing performance: improved Quality through accurate root cause analysis, reduced Cost by minimizing rework and wasted labour, and enhanced Delivery through more consistent throughput. By translating customer expectations into Critical to Quality (CTQ) metrics, this project ensures that improvement efforts support balanced gains across all three pillars of operational excellence.




[bookmark: _Toc196679598]Process Map

Process Overview
The flowchart illustrates the end-to-end process flow of the autoline, which consists of four main stages: Manual Assembly, Manual Solder, Automatic Testing and Calibration, and Repair/Rework or Scrap. The process begins with Stage 1 Assembly, proceeding sequentially through Stage 2 Assembly (manual soldering), Stage 3 Assembly, and Stage 4 Load, where the device is prepared for automatic testing. Each assembly step in the process is manual excluding the automatic test stage.

Testing and Fault Routing
After the assembly stages, the device enters an automated Test and Calibration process. Based on the results, the unit either passes, moving directly to the end of the process, or fails, diverting to a Repair Station. The calibration result is captured in a database which can be used to analyse the data and conduct RCA.

Repair, Rework, or Scrap Decisions
Devices that fail the test undergo evaluation at the Repair Station to determine if they are repairable. If repair is possible, the device gets reworked and put back into the test process. If the failed device is not repairable, the unit is scrapped. All repair data in logged This branch introduces a natural decision gate based on fault severity and repair feasibility, making it a key focus area for waste and cost reduction.

[image: A diagram of a process
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[bookmark: _Toc196679988]Figure 2 - Process Flow






[bookmark: _Toc196679599]SIPOC
This SIPOC diagram outlines the key components of the Auto Line from suppliers to end customers.
	Suppliers
	Inputs
	Process
	Outputs
	Customers

	Decanting
	PCBs
	See process map
	Pass Device
	Warehouse

	
	Plastic Housings
	
	Fail Device
	Repair Operator

	
	Capacitors, PSU
	
	Device History Records
	Engineering

	
	Airduct Assemblies
	
	Scrapped Device
	 

	 
	Operators
	
	Repair / Scrap Logs
	Quality



This SIPOC diagram outlines the high-level view of the device manufacturing and testing process. The suppliers provide key components such as PCBs, plastic housings, power supplies, air duct assemblies. These Inputs feed into the production line, which includes multiple assembly stages and a test/calibration process, as detailed in the associated process map. The Outputs of this process range from successfully built and tested units (pass devices) to failed or scrapped devices, along with critical documentation such as device history and repair/scrap logs. Each output serves a specific customer within the organization — for example, the warehouse receives pass devices, while the engineering and quality teams rely on logs and failure data to support continuous improvement and trend analysis.







[bookmark: _Toc196679600]Measure Phase
[bookmark: _Toc196679601]Data Collection Plan
A data collection plan was developed to ensure that all relevant information was captured to assess the magnitude and characteristics of communication faults on the autoline. The key elements of the plan are as follows:
	Key Metrics to Collect
	
	
	

	
	
	
	

	Metric
	Description
	Data Type
	Source

	Total Number of Communication Faults
	Count of faults per unit/time period
	Count
	Test logs, repair logs

	Fault Code Distribution
	Breakdown of different failure modes
	Categorical
	Test logs, defect reports

	First Pass Yield (FPY)
	% of devices passing first test attempt
	Percentage
	Test station logs

	Rework Rate
	% of failed units requiring rework
	Percentage
	Repair logs

	Scrap Rate
	% of failed units scrapped after rework
	Percentage
	Scrap reports

	Test Station ID
	Identifies which test station triggered the fault
	Categorical
	Test logs

	Pallet ID
	Identifies which pallet triggered the fault
	Categorical
	Test logs

	
	
	
	

	Data Collection Methods
	
	
	

	
	
	
	

	Data Source
	Collection Method
	Frequency
	Responsible Person

	Test Station Logs
	Automated data extraction
	Real-time
	Test engineers

	Repair Logs
	Manual entry in database
	Per fault
	Repair technicians

	Operator Reports
	Manual log entry
	End of shift
	Team Leader









[bookmark: _Toc196679602]Measurement Results
Reject rates were compiled for both the entire production operation (including manual and auto lines) and for the auto line specifically. This allowed for a comparative analysis to highlight whether the auto line presented a disproportionate number of failures relative to overall production.

[image: ]
[bookmark: _Toc196679989]Figure 3 - Reject Rates Across All Lines
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[bookmark: _Toc196679990]Figure 4 - reject rate Autoline
To identify the most common reasons for product failure, a Pareto chart was generated based on test failure messages. The chart shows that communications faults are the leading contributor to failures, followed by misfire limit exceedances and incorrect error modes.
[image: ]
[bookmark: _Toc196679991]Figure 5 - Autoline Failure Pareto

This analysis supports the prioritisation of communications faults as a primary root cause to address, in line with the Pareto principle (80/20 rule), where a small number of causes account for a large proportion of the issues. 
[image: A colorful pie chart with text
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[bookmark: _Toc196679992]Figure 6 - Comms failures Across Stations
A breakdown of communications failures by test station was performed to determine if the issue is widespread or isolated to certain stations. The pie chart below presents the volume of failures across the 12 test stations on the autoline:
Station 11 alone accounts for 15% of all communication faults, with the next largest contributors being Station 13 (10%), Station 7 (9%), and Station 15 (9%). This distribution indicates that the problem is not isolated but systemic, although some stations are disproportionately affected.
During the data collection period, a total of 2,401 retests were recorded for communication failures on the autoline. This accounts for approximately 35% of all communication faults, with some individual devices undergoing up to 12 retests consecutively. These repeated attempts reflect a significant impact on cycle time and tester availability.
It was only possible to estimate the retest volume by using a combination of pallet numbers and test timestamps stored in the production database. While this method allowed for a general understanding of retesting frequency, it does not provide the precision or reliability needed for calculating First Time Yield (FTY). Without capturing a serial number or unique identifier at the point of failure, there is no accurate way to determine whether a unit passed or failed on its first attempt, nor how many times an individual unit cycled through the process. This lack of traceability significantly limits visibility into process performance and masks repeat defect behaviour.

[bookmark: _Toc196679603]Summary of Measurement Phase Results
A structured data collection plan was implemented to capture key performance metrics related to communication faults on the autoline. This included total fault counts, fault type distribution, first pass yield (FPY), rework and scrap rates, and test station identifiers. Data was gathered from test logs, repair records, and operator reports, using both automated and manual methods.
The measurement results revealed that communication faults are the most frequent cause of test failures, confirmed by a Pareto analysis that supports their prioritisation for root cause investigation. A comparative analysis of reject rates across all production lines showed that the autoline, while not the worst-performing in terms of percentage reject rate, produces significantly higher output than the manual lines. As a result, even small defect percentages translate to a large number of failures, making the autoline a logical focal point for improvement efforts.
Further analysis of fault occurrence by test station showed that Stations 11, 13, 7, and 15 account for a disproportionate share of communication faults, suggesting systemic issues with some localized contributors. Additionally, the analysis highlighted a high volume of retests, which could only be inferred through indirect tracking methods using pallet IDs and timestamps. This indicates a traceability gap in the current system, limiting the ability to accurately calculate First Time Yield (FTY) and assess individual unit performance.



[bookmark: _Toc196679604]Analysis Phase
[bookmark: _Toc196679605]Station Level Communication Fault Analysis
To identify which stations are contributing most heavily to communication failures, a Pareto analysis was conducted across all Glow2 Handset Tester stations on the autoline. The results are visualized in the chart below.
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[bookmark: _Toc196679993]Figure 7 - Station Reject Pareto
Station 11 emerged as the most problematic, accounting for over 1,000 communication fault messages—significantly more than any other station. Stations 13, 7, and 15 followed, each with over 600 faults. This distribution reinforces that while communication issues are systemic, some stations are disproportionately responsible for the failures. Given the wide spread of faults across all testers, it’s evident that the issue is not isolated, though targeted action on the worst-performing stations could yield quick improvements.
Some of the stations have had their comms fixtures replaced due to wear and tear which has been noted so the hardware isn’t standard across all 12 test stations. To explore whether hardware differences may be contributing to communication fault rates, each test station was classified by communication fixture type—either Old or New. The data shows a notable trend: stations equipped with old fixture types account for a disproportionately high share of communication failures, particularly Station 11 (15.16%), Station 13 (9.93%), and Station 7 (9.05%). These three alone contribute nearly 35% of all comms faults and all utilize older comms hardware.
[image: ]
[bookmark: _Toc196679994]Figure 8 - Station reject Rates
When linked with the earlier Pareto analysis, this reinforces the likelihood that legacy fixture design is a root cause of elevated failure rates. On the contrary, some stations with new fixtures (e.g., Stations 15, 16, and 12) also show moderate fault levels, suggesting that while fixture age plays a significant role, it may be compounded by additional factors like calibration drift or mechanical wear and tear.
This evidence supports targeted upgrades of comms fixtures starting with Station 11 and other top contributors using old hardware, as well as improved diagnostic logging to validate whether newer fixture types consistently reduce fault rates over time.
Following the identification of Station 11 as the worst performer, a deeper analysis was conducted to see if specific pallets were disproportionately contributing to its fault volume.
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[bookmark: _Toc196679995]Figure 9 - Station 11 Pallet Pareto
The chart shows that Pallet 24 alone is responsible for 171 communication faults at Station 11—nearly triple that of the next highest contributor. Pallets 20, 31, 29, and 10 also exhibit relatively high fault counts at this station, with 47–63 faults each.
This strongly suggests that certain pallets may be experiencing mechanical wear or alignment issues that interfere with test connections specifically at Station 11. Pallet 24, in particular, should be immediately inspected, serviced, or removed from circulation as a corrective action.
[bookmark: _Toc196679606]Failure Distribution Across Stations
Two tables were generated to identify where failures are occurring within the Autoline process. The first table presents the total number of failures recorded per pallet at each test station, while the second table shows the same data as a percentage of overall failures. This approach enables both absolute failure counts and relative station performance to be assessed.
[image: ]
[bookmark: _Toc196679996]Figure 10 - Station and Pallet Reject %
[image: ]
[bookmark: _Toc196679997]Figure 11 - Station and Pallet Reject Count
Station 11 recorded the highest total number of failures, with 1,027 counts, significantly exceeding all other stations. At face value, this would suggest that Station 11 is a major contributor to process defects. However, when considering throughput, it becomes apparent that Station 11 processes a significantly higher volume of units compared to other stations, naturally leading to a higher absolute failure count.
The percentage-based analysis confirms this observation. Although Station 11 still shows a notable failure rate, it is not the worst-performing station relative to its output. Stations such as Station 13 and Station 24 exhibit higher failure rates when adjusted for volume, indicating proportionally greater quality issues despite handling fewer units. This highlights the importance of normalising data by output when prioritising stations for improvement activities.
[bookmark: _Toc196679607]Summary of Station and Pallet Level Analysis
The analysis of station-level and pallet-level data has provided a clearer understanding of failure distribution within the autoline. While Station 11 recorded the highest absolute number of failures, percentage-based analysis confirmed that other stations exhibit proportionally higher reject rates relative to their throughput. Similarly, the histogram of pallet reject rates indicated that most pallets operate within a relatively narrow performance band, although a small number of pallets displayed significantly elevated reject rates. These findings highlight the need to investigate both localised station issues and isolated pallet anomalies to drive overall process improvement.
[bookmark: _Toc196679608]Fishbone Diagram Analysis
A Cause and Effect (Fishbone) Diagram was developed to systematically explore potential reasons for communication failures on the autoline. The diagram categorises causes across six areas: Measurement, Materials, People, Environment, Methods, and Machines. While a wide range of potential contributors was identified, specific high-impact issues were highlighted as the primary drivers behind the communication failures observed. These highlighted causes form the main focus for targeted improvement actions.
[bookmark: _Toc196679609]Key Root Causes Identified
Lack of Visibility of Retest Attempts (Measurement)
There is currently no clear system for tracking retest attempts at the device level. This limits the ability to monitor first-pass yield accurately, hides recurring failures, and complicates root cause analysis. Without traceability, repeated faults are not easily detected, resulting in longer troubleshooting times and reduced process control.
Failure Messages Make it Difficult to Accurately Identify Failure Modes (Measurement)
Failure messages generated during testing are often vague or non-specific, making it difficult to determine the underlying cause of a communication fault. This leads to misdiagnosis, ineffective repairs, and increased retesting cycles, directly impacting production efficiency and quality.
Test Machine Code (Methods)
Issues with the test machine code were identified as a key contributor. Inconsistent or poorly structured test logic can lead to unreliable fault detection and communication errors, especially when combined with hardware variability. Software improvements are required to strengthen fault isolation and detection reliability.
Faulty UIB Board (Machines)
Hardware failures, particularly linked to faulty UIB (Universal Interface Boards), were highlighted as a major contributor. A defective UIB board can cause unstable test communication, false failures, and excessive retests. Replacement or redesign of the UIB boards represents a clear opportunity to stabilise the testing process.



[bookmark: _Toc196679610]5 Whys Analysis on Key Root Causes
To deepen the root cause investigation for the key issues highlighted in the fishbone diagram, a 5 Whys analysis was conducted on the two most critical problem areas: High Retest Rates and Difficulty Identifying Failure Modes.
[bookmark: _Toc196679611]High Retest Rates
	Why are there so many retests?

	Because the team leader is not aware of how many retests have occurred

	

	Why isn't leader aware of the number of retests?

	Because the IPad does not show how many times a device has been retested

	

	Why doesn’t the IPad show how many retests have occurred?

	Because this function is not part of the software

	

	Why isn't it part of the software?

	Because when the Autoline was comissioned, it wasn’t included

	

	Why wasn't the software included?

	The ability to see retests on the IPad wasn't deemed necessary at that time


The primary reason for high retest volumes is the lack of visibility at the operator and team leader level. The current iPad system does not display the number of times a unit has been retested, as this functionality was not included in the original software specification. At the time of commissioning, visibility of retest volume was not deemed necessary. This gap prevents effective tracking of first-pass yield and recurring defects.
[bookmark: _Toc196679612]Difficulty Identifying Communication Failure Modes
	Why is it difficult to identify commonuication fault failure modes?

	Because the failure message is too generic

	

	Why is the failure message too generic?

	Because the same failure message is linked to multiple failure modes

	

	Why is the same message linked to multiple failure modes?

	Because the code in the test machines does not split out comms failure modes

	

	Why does the code not split out failure modes?

	Because when the code was written, this function was not included

	

	Why wasn’t this function included?

	Because differentiating between comms failures was not in the scope of the project



Communication failures are difficult to accurately diagnose because the failure messages generated by test machines are overly generic. This is due to the test machine code not separating out different types of communication faults. When the software was written, differentiation between failure modes was outside the scope of the project, resulting in a lack of actionable fault data today.
[bookmark: _Toc196679613]Summary of Root Cause Analysis
Both the Fishbone and 5 Whys analyses highlight that limited system functionality at the time of initial deployment is the root cause behind major issues. To significantly improve autoline performance, enhancements are needed in software traceability (retest visibility) and failure message specificity. These improvements will provide better process control, reduce retest rates, and enable faster, more accurate diagnosis of communication faults. 
[bookmark: _Toc196679614]Analysis Phase – Summary
Analysis showed that communication faults are mainly driven by older fixture hardware, specific pallets with mechanical wear, and limited software functionality. Station 11 and a few pallets like Pallet 24 were identified as major contributors. Root cause analysis confirmed that a lack of retest visibility and vague failure messages, due to initial software limitations, are key issues. Targeted hardware upgrades and software improvements are recommended to improve reliability.







[bookmark: _Toc196679615]Improve Phase
Several improvement opportunities have been identified based on the findings of the analysis phase. These improvements target both hardware and software aspects of the Autoline process to address the root causes of communication failures and high retest rates.
A new Universal Interface Board (UIB) design is currently under evaluation on a separate project. Pending successful validation, this new UIB will be introduced to the Autoline stations to improve communication reliability and reduce hardware-induced fault rates. This hardware upgrade is expected to address a significant proportion of failures linked to unstable communication interfaces.
On the software side, two key changes are proposed. Firstly, the test system software will be enhanced to split communication failure messages into more specific categories. This will enable clearer identification of underlying issues during root cause analysis and improve the effectiveness of repairs. Secondly, the software timings associated with communication commands will be reviewed and optimised. Extending timing windows where necessary may reduce failure rates by allowing more tolerance for communication variability during testing.
In addition to hardware and software improvements, process enhancements are also planned. A QR code will be added to the top side of the PCB assembly used in the device build. This will enable repair operators to quickly scan and track units during repairs, improving traceability, particularly for repeat failures and retest history.
Finally, actions will be taken at the station and pallet level, based on analysis findings. High-failure pallets, notably Pallet 24, and underperforming stations such as Station 11, will be prioritised for immediate inspection and corrective action. This localised approach aims to eliminate specific contributors to elevated fault rates and drive immediate improvements in process stability.








[bookmark: _Toc196679616]Control Phase
Following the implementation of the improvement actions, a structured control plan will be established to sustain gains and monitor ongoing performance. Key metrics such as communication fault rates, retest volumes, and repair cycle times will be tracked through updated dashboards and shift reports. Any deviations from expected performance will trigger an immediate investigation to ensure that root causes are quickly identified and addressed.
Additional controls will include routine audits of pallet and fixture condition, as well as periodic software reviews to confirm that communication failure modes remain properly separated and reported. Repair operations will be supported through the newly introduced QR code tracking system, enabling better traceability and faster feedback loops on recurring failure patterns. Lessons learned from these activities will be fed into continuous improvement cycles to ensure the Autoline process remains stable, capable, and progressively optimised over time.
















[bookmark: _Toc196679617]Summary
This Six Sigma Green Belt project successfully identified and analysed the root causes behind high communication fault rates on the Autoline. Through detailed data collection, station and pallet-level analysis, and structured root cause investigations, key issues were traced to hardware variability, software limitations, and poor traceability.
Targeted improvement actions, including the introduction of a new UIB board, software enhancements for fault categorisation and timing, improved traceability through QR codes, and focused station and pallet interventions, have been proposed to address these challenges. A robust control plan has also been developed to sustain improvements over time.
By implementing these changes, the project is expected to reduce communication faults, improve first-pass yield, increase throughput, and support long-term operational excellence within the manufacturing process.
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 Station 11 1027 15.16% Old
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Pallet ID  Station 7  Station 8  Station 9  Station 10  Station 11  Station 12  Station 13  Station 14  Station 15  Station 16  Station 17  Station 18 Grand Total

1 6.04% 4.04% 3.28% 1.36% 2.14% 1.17% 2.38% 4.66% 4.44% 4.65% 3.66% 3.94% 3.42%

3 2.45% 3.49% 2.58% 1.36% 0.78% 2.34% 2.38% 4.05% 1.97% 3.29% 1.37% 3.94% 2.38%

4 4.08% 5.88% 3.51% 4.07% 3.51% 3.12% 3.12% 3.44% 2.80% 5.23% 1.14% 6.64% 3.85%

5 2.61% 4.41% 1.17% 3.62% 2.04% 4.29% 2.23% 2.83% 2.63% 4.07% 3.89% 2.90% 2.97%

6 2.12% 3.49% 1.64% 5.88% 0.97% 2.34% 2.97% 1.01% 3.13% 2.33% 4.58% 2.28% 2.57%

7 3.10% 1.65% 1.17% 5.88% 3.89% 5.85% 4.90% 5.26% 3.29% 3.68% 1.83% 3.32% 3.70%

9 2.77% 5.15% 2.81% 2.49% 2.24% 3.51% 3.57% 1.82% 1.81% 3.10% 3.43% 2.70% 2.91%

10 6.69% 2.21% 6.79% 1.58% 4.58% 2.53% 1.49% 2.83% 2.47% 3.29% 4.58% 4.77% 3.66%

11 1.79% 2.39% 4.22% 1.81% 1.85% 2.92% 2.53% 2.83% 1.48% 2.91% 1.37% 6.02% 2.57%

12 0.49% 1.47% 2.81% 0.68% 0.97% 2.73% 2.53% 1.62% 0.99% 1.55% 0.46% 3.53% 1.59%

13 1.79% 4.23% 3.04% 2.04% 4.09% 3.31% 4.90% 5.87% 4.28% 5.81% 2.29% 3.94% 3.87%

14 2.45% 3.13% 2.34% 4.30% 2.73% 1.17% 3.27% 2.83% 5.43% 5.04% 2.29% 4.36% 3.26%

15 3.10% 2.76% 2.11% 2.26% 2.63% 1.36% 2.08% 0.61% 5.10% 2.52% 2.52% 0.21% 2.36%

16 1.96% 5.51% 1.41% 2.94% 2.34% 3.12% 3.71% 1.82% 2.47% 4.84% 2.29% 0.21% 2.74%

17 0.82% 3.49% 0.47% 1.81% 0.88% 0.19% 1.49% 1.21% 0.82% 0.19% 1.37% 2.70% 1.25%

18 3.75% 2.02% 3.51% 2.49% 2.04% 2.34% 2.23% 3.64% 4.61% 3.10% 4.12% 0.21% 2.79%

19 2.12% 2.02% 1.41% 2.49% 1.27% 5.26% 2.23% 1.42% 3.13% 4.26% 5.49% 1.87% 2.61%

20 3.10% 5.15% 5.39% 3.39% 6.13% 5.26% 2.67% 7.69% 3.62% 4.46% 3.43% 3.73% 4.56%

21 2.77% 1.65% 3.75% 4.75% 3.80% 6.63% 3.27% 1.82% 0.82% 3.10% 5.26% 3.73% 3.38%

22 2.45% 2.39% 7.49% 4.30% 2.04% 3.12% 1.63% 3.24% 4.44% 3.88% 3.43% 3.73% 3.29%

23 4.73% 3.86% 3.98% 1.81% 0.88% 3.90% 2.23% 3.85% 3.29% 2.91% 3.20% 0.83% 2.82%

24 3.10% 2.57% 1.64% 2.04% 16.65% 1.36% 1.93% 1.21% 2.14% 1.16% 3.43% 1.87% 4.27%

25 2.12% 2.02% 3.28% 2.49% 0.78% 1.56% 3.71% 1.62% 2.47% 0.97% 2.97% 2.70% 2.13%

26 3.59% 1.65% 6.56% 3.85% 2.63% 4.48% 3.12% 2.02% 2.96% 4.65% 2.06% 4.77% 3.41%

28 3.10% 6.07% 1.41% 4.07% 3.21% 4.68% 7.13% 2.02% 5.26% 0.58% 5.26% 3.11% 3.90%

29 3.75% 3.49% 2.58% 7.47% 5.84% 4.87% 3.42% 3.04% 3.29% 2.91% 2.29% 2.49% 3.93%

30 3.75% 1.47% 2.11% 1.36% 2.82% 2.92% 2.53% 7.69% 4.28% 1.74% 5.72% 0.21% 3.04%

31 0.82% 1.47% 2.11% 3.85% 6.13% 2.92% 4.75% 5.26% 1.81% 2.71% 2.75% 2.49% 3.31%

32 1.47% 1.47% 0.47% 2.94% 1.27% 2.92% 3.86% 2.83% 3.29% 0.97% 2.06% 2.28% 2.14%

34 7.01% 2.02% 1.41% 1.58% 1.17% 2.73% 2.67% 1.01% 4.44% 4.46% 3.20% 1.66% 2.77%

35 1.96% 0.55% 3.75% 0.45% 1.36% 0.78% 1.63% 0.00% 0.33% 2.52% 0.92% 1.87% 1.33%

36 3.59% 2.94% 4.45% 4.98% 2.04% 1.56% 4.01% 4.05% 3.95% 0.58% 3.43% 6.43% 3.36%

37 4.57% 3.86% 5.39% 3.62% 4.28% 2.73% 3.42% 4.86% 2.80% 2.52% 3.89% 4.56% 3.87%


image12.emf
Pallet ID  Station 7  Station 8  Station 9  Station 10  Station 11  Station 12  Station 13  Station 14  Station 15  Station 16  Station 17  Station 18

1 37 22 14 6 22 6 16 23 27 24 16 19

3 15 19 11 6 8 12 16 20 12 17 6 19

4 25 32 15 18 36 16 21 17 17 27 5 32

5 16 24 5 16 21 22 15 14 16 21 17 14

6 13 19 7 26 10 12 20 5 19 12 20 11

7 19 9 5 26 40 30 33 26 20 19 8 16

9 17 28 12 11 23 18 24 9 11 16 15 13

10 41 12 29 7 47 13 10 14 15 17 20 23

11 11 13 18 8 19 15 17 14 9 15 6 29

12 3 8 12 3 10 14 17 8 6 8 2 17

13 11 23 13 9 42 17 33 29 26 30 10 19

14 15 17 10 19 28 6 22 14 33 26 10 21

15 19 15 9 10 27 7 14 3 31 13 11 1

16 12 30 6 13 24 16 25 9 15 25 10 1

17 5 19 2 8 9 1 10 6 5 1 6 13

18 23 11 15 11 21 12 15 18 28 16 18 1

19 13 11 6 11 13 27 15 7 19 22 24 9

20 19 28 23 15 63 27 18 38 22 23 15 18

21 17 9 16 21 39 34 22 9 5 16 23 18

22 15 13 32 19 21 16 11 16 27 20 15 18

23 29 21 17 8 9 20 15 19 20 15 14 4

24 19 14 7 9 171 7 13 6 13 6 15 9

25 13 11 14 11 8 8 25 8 15 5 13 13

26 22 9 28 17 27 23 21 10 18 24 9 23

28 19 33 6 18 33 24 48 10 32 3 23 15

29 23 19 11 33 60 25 23 15 20 15 10 12

30 23 8 9 6 29 15 17 38 26 9 25 1

31 5 8 9 17 63 15 32 26 11 14 12 12

32 9 8 2 13 13 15 26 14 20 5 9 11

34 43 11 6 7 12 14 18 5 27 23 14 8

35 12 3 16 2 14 4 11 2 13 4 9

36 22 16 19 22 21 8 27 20 24 3 15 31

37 28 21 23 16 44 14 23 24 17 13 17 22

Grand Total 613 544 427 442 1027 513 673 494 608 516 437 482
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