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1. Introduction (1) 
� This paper presents an optical distance evaluation with the
help of Six Sigma. With the help of statistical tools it can be
evaluated any measurement systems and can be easily made
an MSA (Measurement SystemAnalysis).

� Like every measurement system optical distance measuring
can have errors, apparently bigger than traditional systems.
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can have errors, apparently bigger than traditional systems.
Six Sigma tools can evaluate the measurement system and can
give useful data about its accuracy. Sometimes measurement
system evaluation is done twice.

� First there are done initial tests, after there is made some fine
tuning and error correction and finally a repeated test, to
show that the measurement errors were corrected.



1. Introduction (2)
� Optical distance measurement is often used in robotics ore
other high tech equipments where precision is a key
function.

� All the data is stored online in an SQL database.

� This can help to getter better access to the data and can
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� This can help to getter better access to the data and can
improve to have a better data evaluation with graphs both
online and offline.

� Webpage:tess.upt.ro



2. Webpage and Database
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Fig. 1.Webpage and database with measurement data – tess.upt.ro



3. Measurements Table

Real Distance 
[mm]

Computed 
Distance [mm]

Delta [mm]

100 99 1

200 202 -2

300 303 -3

400 395 5

500 502 -2

600 598 2

700 699 1

800 797 3

Table I. Distance measurement using cameras at different distances [mm] highlighting 
measurement error [mm]
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800 797 3

900 904 -4

1000 1005 -5

1100 1101 -1

1200 1204 -4

1300 1298 2

1400 1402 -2

1500 1494 6

1600 1599 1

1700 1701 -1

1800 1802 -2

1900 1905 -5

2000 2005 -5

2100 2105 -5

2200 2202 -2

2300 2302 -2

2400 2404 -4

2500 2496 4

2600 2598 2

2700 2697 3

2800 2796 4

2900 2902 -2

3000 3006 -6



4. Histogram
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Fig. 2. Histogram of actual real distance and the 
distance computed by the system using cameras



5. Probability Plot of Distances
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Fig. 3. The normal probability plot the actual real distance and the 
distance computed by the system using cameras



6. Probability Plot of Delta
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Fig. 4. The normal probability plot for the error (delta)



7. Probability Plot of Absolute Delta
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Fig. 5. The normal probability plot for the absolute error 
(absolute delta)



8. Fitted Line Plot
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Fig. 6. Regression analysis for actual real distance and 
the distance computed by the system using cameras



9. Equation
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or (1)



10. Residual Plots
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Fig. 7.Analysis of the residual values for the distance 
computed by the system using cameras



11. Regression Diagnostic Report

15

Fig. 8.The graph of residuals versus fitted values for the actual real 
distance and the distance computed by the system using cameras



12. Regression Prediction Report
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Fig. 9.The prediction plot for the actual real distance and the distance 
computed by the system using cameras



13. Regression for Model Selection
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Fig. 10. The fitted line plot for linear model for the actual real distance and 
the distance computed by the system using cameras



14. Regression Summary Report
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Fig. 11. Summary report of the regression analysis for the actual real 
distance and the distance computed by the system using cameras



15. Process Capability Report
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16. Capability Performance
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     Cp    1,46
     Cpk    1,38
     Z.Bench    4,11

     % Out of spec (expected)    0,00
     PPM (DPMO) (expected)      20
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Actual (overall) capability is what the customer experiences.

process shifts and drifts were eliminated.
Potential (within) capability is what could be achieved if

Fig. 13. The capability histogram for the error (delta)



17. Capability Diagnostic
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18. Capability Summary Report
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Fig. 15. Summary report of capability analysis for the error (delta)



19. Real Distance and Delta
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20. Conclusion (1)
� As it was seen the optical distance measurement system for
robotic arms was evaluated using Six Sigma tools.

� The six Sigma tools materialized by the graphs in Minitab
showed that the optical distance measurement with video
cameras is accurate enough and there is no need for fine
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cameras is accurate enough and there is no need for fine
tuning or replacing with other distance measurement
method.

� This means that the MSA (Measurement System Analysis) has
good results, 4σ accuracy which for real process is very good
(6σ is the theoretical ideal process, not existent in real life).



20. Conclusion (2)
� Knowing that the MSA had good results it can be said that the
industrial robots can precisely detect is position in space and
the distance to the manipulated object just by using optical
distance measurement using video cameras.
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