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ABSTRACT

METHODOLOGY RESULTS AND DISCUSSION CONCLUSIONS

defects, but their effectiveness can negatively impact the business financials. Previous research Literature Review IDENTIFY KEY BENEFITS

shows that the inspection method can yield different results, and these inspection system designs

can be optimized. For systems design development, methodologies like Design for Six Sigma have What do we know of the current control system? In the Identify p_hase, the problem statement and all bgckgrognd_informat_ion was clarified. As a Completion of the projgc_:t rgsulted in key benefits s.uch as higher defect.detection in re-designed
- L result, the project team was put together, the project objectives defined, and the project system, a defined qualification and control plan to implement and sustain changes, as well as a
been proven adequate to ensure process design meets its intended purpose. : : : _ _ _ ' _ _ _ _
* The CU”ecrj\t_ inspection system is composed of three chartered. This process ensured that project team and stakeholders were aligned and had a product waste cost reduction due to increased inspection effectiveness.
automated inspections. it : 1At
Utilizing a design-for-six sigma approach, the inspection systems for an automated packaging _ _ P _ _ _ clear definition of the problem under investigation.
process are re-designed. Through the IDDOV methodology, design elements were identified and * Paper inspection is done with a Keyence LJ-V7000 Series
confirmed, including a control plan to ensure optimized results are maintained. Design concepts _Profllometer_per [1] and [2]. qnd also |5Ing an automated image DEF'N E
’ . : : : : ' inspection with a Cognex Insight 7000 Series Camera [3].
were tested and optimized until defined design requirements were met. _ o _ _
* Product inspection is done with a Cognex Dataman 260 Series [4] In the define phase, based on the process data and voice of the customer, CTQ requirements X
Expected results from re-design reduce material waste at the inspection points by 90%, and for a 2D Barcode (Datamatrix) Reading. were developed. Furthermore, these requirements were then reviewed through the use of %

Quality Function Deployment and Kano Analysis to translate into prioritize technical design

improve vision systems effectiveness, reducing both customer and business risk. Therefore,

recommendations within this study lay-out the framework for implementation and qualification of What have others learned on similar problems? requirements.
Improvements in automated inspection. - A previous study on automated steel surface inspections [5] was
evaluated.
I N T RO D U C TI O N - Study shows that multiple methods for inspection systems can s
yield different results across different design criteria. . ® ® ® AT HIGHER DEFECT QUALIFICATION & PRODUCT WASTE
L : . L L . « Automated inspection systems require “tunning” and user 5 & gl a 2 2 DETECTION CONTROL PLAN COST REDUCTION
Application of quality concepts during design is one of the many ways to significantly improve interaction for optimized results. 2El % |, || 513 2 gl 8 : _ _
processes. When issues are identified as inherent to the process design, how the process is <o | tood that th o ed S5 5 |2 125 4% |53 lad |s% B.BE. = Re_commendatlons [_)ata collection plan & Recommendations
designed and what it is intended to do are key considerations to ensure process effectiveness. In 0, it was contirmed that the process can be optimized. o 3§ |3 gfi SE|E> EEH gég gy BicEs Improve non- pilot set the framework are expected to
this project, we evaluate a case of an automated inspection and how its design can be improved to : . Customer Priority c 58222 58 |es eodcoteitect i TP : : :
increpasé oL e evauare p g p With what philosophy can the problem be approached? =tow,10=High | § |E¢ EE3 B0 B ERBRiiERIEs Relationships: conform_lng product for qualification of ylelq financial
' . . . v v irlrlolelrln . S - 10 detection by the changes as well as benefits over the
* Quality-centered philosophies were evaluated. T e T Fl e o el g o trongest= inspections thei trol ol act t ¢
. . . . [ [ X J [ J - —
 Two of the most well-known philosophies for quality improvement o _ _ o 5 ° Strong= 7 P €ir control pian project targe
B AC KG RO U N D are Six Sigma and Design For Six Sigma (DFSS). 2 :; zmduc““spjv“'“ E;f:j“ve”esszgg’-g" Z O | o ° é 5 "~ 5 | ©Fair=4
. . .. v - . omponent Waste >95% ( X ) [ X ) ° ( X ) ( X ) (] - et —
T O e el ey Process mputs S " s o ool 0. | LO¥WeaE] RESULTS ON PROJECT OBJECTIVES
. . . . O #5 Set-Up Extremes Tested 2 3 oo | O ° (Y - n .
- focuses in developing and testing multiple concepts that meet the o —— " s oo oo = | Correlations: ( )
The BUSIHGSS ContEXt design criteria and optimizing them based on the results. a ::Emjuczz:a“tyLezeltzzuzrrentLevel : ?. o " + % ® Strong Positive OBJECTIVE TO ENABLE.... i
This project was developed in a medical devices manufacturing company. The process in question * Study in [7] shows that combining six sigma concepts during the #8 Waste Control Plan In Place & 2 o @ | col - © + Positive \Na/Z
IS an automated packaging process, which currently has a process waste opportunity of $199k per design process can ensure the design meets its intended L";F;'fo“:gfet:fooﬁng a— . © Strong Negative X — - -
year_ performance Ie-VEIS. . . . Ic;r;zfnn:nrlteznd product waste In Place & @ O @ e | o0 | - - Negative x __ , \
 Study in [8] point out that whether to use six sigma or design for w | 136 JE00 1w RN 5 a6 | e
six sigma should be centered on whether the intent is to develop a ;Tprzlgiffn;ieﬁ?a?mhf T e e N A 4 | S
new process and/or method or improve the current process. 1= Lo, Vi = High) Technical Assessment MET: EXCEEDED: MET EXCEEDED:
» Therefore, based on literature reviewed, it was considered : : '- ' '
’ - - ’ - - Devise detailed Reduce material Improve Improve Product
that problem requires developing a new solution and Design design and : C Yield Vield f
For Six Sigma was selected. DEVELOP - : BIEISHE LT OEOTIE Ve I€ld Trom
implementation $199K to $53k from 85% to 95% 99.7% to 99.9%
_ In the develop phase, the design concepts were refined and through the use of Failure Modes plan L )
With what methodology can the problem be approached? and Effects Analysis, specific design elements to address design risks were developed. Utilizing
+ Study in [9] explains the two different methodologies for design for the !‘ISk assessmentg,_ _deS|gn requwementg were defined, tlled up to_ C_)TQS and technical
six sigma: DMADV (Six Sigma Approach) and IDDOV (Taguchi's v requirements. Also, utilizing risk ratings, requirements were assigned a priority score F U T U R E WO R K
Approach). _ _ _ ; ; ;
« As concluded in [9], Taguchi’s approach is the most efficient and % FMEA Integration for Risk-Based Design Risks Integrated in Design Design project was able to implement 100% of the design & planning activities defined.
T B o PR CESS  THE  Y Traciorern dshne e progr, wamsime o cesar T e o B eaedinDesan s eamenork e 1o devacn ot o
The company foc_uses on Its approach uses A cost of .$]..99K In yearly requirements and optimize process performance, the IDDOV Risks with Design Complexity recommendations is utilized during qualification process to ensure final results are aligned to the
the ma_nUfaCtU_”ng of automated packaging \_’VaSte orlglnqtes from a methodology as explained in [9] was utilized. 2504 S m e estimates developed. From a process perspective, several aspects of the process were left out-of-
medical devices processes single packaging process ] G P scope, which would be recommended areas of further research if further improvement is desired.
Risks Solved with Benchmarking In addition, the utilization of design for six sigma demonstrated the current process did not meet
PROJ ECT METHODOLOGY AND TOOLS UTlLlZED 2 = g 2 c G o with the quality requirements for the process. Therefore, it is recommended that other equipment
X - S 0 S o & 8 0 . : quality req P , quip
PI'O cess Overview _ o _ _ T ;% fg% & %g 7 4%  Optimized with benchmarks and processes in the business also forego a similar process to improve automated inspections
The Design For S.'X Slgma phllosophy with IE.)DOV methodqlogy was selected. The_methodology ° o= & - g Dé S Risks Not Optimized (Just-Do-It) effectiveness. Similar frameworks can also be applied in other processes, companies, or
The process is composed of baner application into a label. which is later applied to a pre-ackaaed ensures the project is clearly defined while also ensuring the customer requirements are 8 = _ industries.
rodpct Com onerf)t Wasteparp:d Pfopd ot Waste orainate from the 'nsl?pect'on c?'ntsp Thgese defined, translated into design requirements, and optimized. Design requirements will be 3 - Easy to implement
F;]S el,-jct'.on o'r?ts are required to avoid lrJOd ot defects:gcll fing the rocesls pection points. iteratively refined and optimized, evaluating different design elements and optimizing based on
nspection pol qul vold produ uring P ' ability to meet design requirements. Once an optimum design is developed, methodology OPTIMIZE AC KNOWLEDG EM ENTS
) ensures a plan is put in place to measure and control its results will be put in place to ensure
f'[ PAPER APPLICATION | AUTOMATED LABEL INSPECTION g customer requirements are met as well as intended project objectives. In the optimize phase, the specifics of the design elements were refined through the use of Throughput the execution of this prqject, I haye recelyed a great deal of support and aSS|§tance. I
/ / oo a4 / // 3 S benchmarking, Pugh concept selection matrix, data collection planning, pilot testing, and final would first like to thank my advisor, Maria Garcia Sandoval, Ph.D., whose expertise was
OUBLE PAPER V/D/ Z asc ase s - urpose 20 design concept generation. Benchmarking and the Pugh Concept Selection Matrix, allowed to invaluable in utilizing an adequate methodology and accelerate project progress. Your insightful
N LABEL PAPER J 5 C Back d ianifi ' imizi ' ' ' feedback pushed me to sharpen my thinking and brought my work to a higher level. | would like to
LABEL WITH = ompany backgroun significantly reduce the complexity of optimizing design elements, while the data collection P P y g g y g :
> NOPAPER ONE PAPER m Problem Statement planning and pilot testing ensured that complex elements were optimized for best results. acknowledge my project team members from the company for their wonderful collaboration. In
=l Process Overview SELECTION & BENCHMARK addition, | would like to thank my husband, Kevin Villa Santos, for all the support during this
\ Clearlv define the problem to be Historical Data Review . Optimize Current Replace Scanner l-aser Baseline Pilot: project. You have always been there for me, making sure | was able to dedicate time in this
[{ AUTOMATED PRE-PACKAGE INSPECTION h /[LABELAPP”ED TO PRODUCT | ™ I dentif addreZs od ro'ectpsco o and Business & Customer Impact Analysis Criteria Product Inspection | INSPection toAchieve  with a Camera 61.% Lowest Effectiveness project while also focusing on other priorities, work, and ourselves. Finally, 1 could not have
T y i Fl)a r: P Project Objectives . . Sestiie=yIbKNoWIN EEG-PCCt o completed this dissertation without the support of my friends, Jonathan Olivencia, Emily Rivera,
V S 74 5 ; project pian. In-Scope / Out-of-Scope F"St'Pasz'e'd S Laser New Software: Fernando Arroyo, and Lillivette Colon, who provided stimulating discussions as well as happy
S Literature Review ozl it = 87% Lowest Effectiveness distractions to rest my mind outside of my research.
I 5 | Project Plan kg :
ACCEPTED REJECTED > FINISHED PRODUCT J History of Success : e UL R E F E R E N C E S
\_ v \_ J SIPOC Analysis e 95% Lowest Effectiveness
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To address the current material waste of $199k per year due to rejects from these inspection Establish and select design Prob?ibility Model VERIFY [3] %Zi”hﬁﬁé _'Vri‘sis(;ir_‘styz(t)eorgs?ﬁ]r_'szh:'7‘16'0[822;2 A[\Xigizdhitgsb/e /C ﬁﬁﬁﬁf’gg‘;ﬁﬁw products/machine-vision/2d
points, a process rg-de5|gn shall be developed. Expectgd res.ults from the process re-design D Develop concgpts to ad(_jress how Fhe Failure Modes & Effects Analysis _ _ | o _ [4] Cognex, "DataMan 260 Barcode Reader." Cognex, n.d.. [Online]. Available:
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