ELCOTEQ

@/ Quality Tool

Statistical Service Software

Measurement System Analysis
Validation, Qualification and Reporting
Test Station Data

Elcoteq Presentation / author Friday, March 14, 2008



ELCOTEQ

Introduction

« The purpose of this application is to give a statistical MSA
tool for the practising test engineers in idustrial mass
production environment, who needed to make GR&R and
SPC studies for complex test system, which are built from
many test stations and their testing process contains
numerous measurement sequence steps.

« The program allows users to perform fast, easy and
practical test data analysis with customizable add-in input
logfile converters, filtering options and extensive mathe-
mathical functions, furthermore it stores the measure-
ments in XML files as well as makes convenient and
userfriendly graphical reporting in Excel worksheets.

www.elcoteq.com
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Applications

* General Test Measurement System Qualification

« Gage Repeatability and Reproducibility Studies (ANOVA
Analysis of Variance methods are used)

« Statistical Process Control (Capability and Performance
Investigations)

 Attribute Agreement Analysis (Accuracy and Consistency,
Fleiss’ kappa statistic)

« Standard Six Sigma (6c) Methods
* Automotive Industry

« On-the-spot Validation of Tester Setups and Testing
Procedures

Elcoteq Presentation / author
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RIM CFT & BLT Test Stations

Combined Functional and Board Level Measurement Systems at the
Elcoteq’s Product Line PL12 for Testing of BlackBerry Mobile Phones

www.elcoteq.com
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Radio Frequency Test

Audio Test
GSM (850/900/1800/1900) Measurements

GPS Test

WLAN Test

Bluetooth Test

Visual Testing by Image Processing
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Measurement System Analysis

Observed Total Variability

T

Product Variability = Measurement System Variability
Repeatability Reproducibility

Tester Tester-Product Interaction

Reproducibility

2 2 2 2 2
- O- =0 +O =0 +0O
_— Total Product Measurement System Product GageR&R
roduct Variation y g

2 2 2 2 2
Repeatability GTotaI - GProduct + O-Repeatability + O-Tester + O-Tester—Product Interaction
Input Activity Qutput
* Custorer specifications
“Measurenent equipment - <Information about the
« Measurement methods " Gage R&R > measurement system
oTesters Info about variation
o — —
www.elcoteq.com Acceptance criterias sources
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Statistical Process Control
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Features

www.elcoteq.com

File handling

Quality Tool rapidly and directly parses the tester log files as input data
by using special built-in file format converters. External converter can
also to be added to the application with the help of a Quality Manager
dialog box in DLL code.

Selecting

All those test steps can be selected for what analysis will be carried out.

Filtering

Test data files are often ,not perfect”. The program provides powerful
filtering options that help you easily identify and eliminate unwanted data
(e.g. Pass/Fail, Parts, Test Steps, Stations, Outliers).

The comprehensive Station, Product and Test Data moduls even allow

you to ignore the most common mismatches among datasets (e.g. Part
Count, Test Count, Test Numbers, Test Limits).

Elcoteq Presentation / author
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Features

« Capacity

Supports up to 128 Test Stations (Operators), 64 Products
(Parts) and 32 Replicates (Trials) for GR&R as well as
4096 Samples for SPC calculations, respectively.

Processes measured data up to 1500 Numeric Limit Test
Steps per Sequence and stores these in well defined and
structured XML output file.

Table and Graphical Reports

The numerical and graphical results of the analysis for all
selected test steps are displayed in separated and high
quality Excel tables or color charts. The graphs (control
charts and histograms) give useful and quick visual
informations about the characteristic of measurement
process.

Elcoteq Presentation / author
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Features

Flexibility

There is possibility of many level preference settings which are
belonging to the application environment variables and the
parameters of statistical methods. The user defined attributes are
saved to registry or settings.ini file, so those will be available next
time.

Reference

On-line help and documentation (User Guide, Analysis Theory).
Since, for efficient data analysis you need not only a good tool,
but also a clear understanding how to use the tool. The reference
documentation explains the all important items.

Quality Tool is developed from the engineering point of view
instead of a theoretical software package.

Elcoteq Presentation / author
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Steps to Perform GR&R Study

* Load the testers’ log files from the File menu (multiple files or a group of
subdirectories can be selected) choosing the correct log type in the appearing
dialog box. Wait for the end of converting and parsering processes.

+ Select the test stations that will be included in the analysis by clicking to the
suitable checkboxes.

+ Select the products in a similar way that are distinguished by their PSNs and
will be used for the calculations.

+ Specify the number of replicates by using the updown counter.
+ Select the name of the test steps for which the study will be made.
+ Select the Gage R&R radio button from the radio-group list of methods.

* Click to the Calculate button to starting calculating and reporting processes.
An information message will appeare after these are successfully completed.

Elcoteq Presentation / author
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Example for GR&R Study

E Hihetetlen

Quality Tool v2.96

File Options Help

0| =IE 0 s &

=

& Gage R&R o Exralfile ¥ Create chars | | XK Atbute Gage RER |
I Only Pass  Repeafibility , -
Mum of replicates: ,S_ﬂ £ Calpabilityl " Textfile sgalculate | ‘ BH Open Result File | ? Help ‘
DrsTaTioNzses  |EF sTaTionzess  |EF sTATIONS111 | EF STATIONS112 A | ltem No | PSN | Station | Status_|
O 1404259195 3 2 3 3 [Fe3 1404380787 STATIONS112 P
[Fa0 104280787 STATIONS112 P
Bolom 3 2 L 3 F31 1404380787 STATIONS112 P
O 1404336513 3 3 3 2z Es2 1404300787 STATIONST1T P
O 1404365311 [ 0 0 0 [F93 1404380787 STATIONS111 P
O 1404363763 3 3 0 4 34 1404330787 STATIONS1T F
e 3 3 2 3 [F35 1404380787 STATIONZB®Y P
[F9 1404380787 STATION3BEY P
D1 1404366123 1 i 1 3 Eo7 1404380787 STATIONZGES P
O 1404377618 2 0 3 i v |09 1404380787 STATION3BE9 P
< » 099 1404380787 STATION38RY P
— — — - — [F100 1404380787 STATION3BEZ P
Step ID | D escription | Lowa limit | High lirnit | Result | Uik | State i UzeLimit # B0 1404380787 STATIONZEE2 P
(g LCD_DRIVER_CODE 0 g 4 DRIVE.. Pass Bath B0z 1404380787 STATIONZGES P
Oz BATT_TEMP_TEST 0 30 24 BATT_ID Pass  Bath
Oz Lv_CHARGER_TEST_BATTE.. -0.22 01 01789664 AMP Pasz  Both
O+ Lv_CHARGER_TEST_USB_C.. 0OM 028 0.222189 AP Pasz  Both
Os VBATT_TEST_MEASUREMENT 2000 4400 379951124, MY Pass  Both
Os LCO_OMDFF_CURRENT 0.01 008 002959705  AMP Pasz  Both
ar LIGHT_SENSOR_TEST_LIGH.. 5 500 28 ADC Pasz  Both
Os= LIGHT_SENSOR_TEST_LIGH.. 0 4 0 ADC Pasz  Both
O3 IDLE_CURRENT_TEST 0.026 0.07 003451912 AMP Pasz  Both
O A_VIERATOR_OMOFF_CUR..  0.02 009 00567904 AMP Pasz  Both
O USB_CHARGER_TEST_OM_B.. -0.51 025 -0.412915 AMP Pasz  Both
01z USB_CHARGER_TEST_ON_L.. 041 047 1.451508 AP Pasz  Both
[ ] USB_CHARGER_TEST_OFF_B.. 0.024 007 00336299 AMP Pass  Both
O USB_CHARGER_TEST_DFF_..  -0.004 0,005 0000281032 AMP Pasz  Both
O1s Wil CHARGER_TEST_BAT.. -0.87 0.1 -0.858322 AP Pasz  Both
Ois Wit CHARGER_TEST_USE.. 083 045 0.895765 AMP Pasz  Both
a1z AC_CHARGER_TEST_BATTE.. 1.4 a7 -1.01092 AMP Pasz  Both
‘I_I-m AT CHARGER TEST ISR © na 11 N 9997337 AbE Pars  Fnth . 2.

Log fiies loaded
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GR&R Summary Report

On the output Excel Summary Worksheet the following

data can be found ordering by line in test steps:
 Name of Test Step

 Total GR&R %Tolerance
 Total GR&R %Contribution

« Repeatability %Tolerance
* Repeatability %Contribution

« Reproducibility %Tolerance
« Reproducibility %Contribution

Elcoteq Presentation / author
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GR&R Summary Report

E3 Microsoft Excel - CFTGageRR_3863 388% 5112 12.3.2007_10.36.10AM_11.xls
: : Window  Help

Twvpeaquestionforhelp = - & X

- A

Bt

m

3]

Name Of Test Step. | Total GRR %Talerance

1391190866

21.01140612
16.66795455

10.69365559

12 56640859

2232120749
2415474532
15.23265695

L) LI LD [ RIIBI TBI BB DI R PO R [ it f o | o | o | o | i | o | o | o | S,

26.00756614

i | D | E
Summary
Total GRR %Contrlbutmn Repeatahility %Tolerance | Repeatahility %Contnbutmn
1101318275 2
20 49479352 93.05942343

B. 9?’1 298498 10. 28790237

716294955

|< 4 3 Mi\ GRR Tables £ Graph Results Summatr’
Ready

| Relroducb
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GR&R Graphical Report

The results of the advanced charts analysis are shown in
the Excel Graph Results Worksheet for each test steps:

e Contribution Chart
« Avarage R-Chart
« Avarage Xbar-Chart

* Interaction Plot: Scatter plot by Opeartor-by-Part
* Run Chart: Measurement by Operator
* Run Chart: Measurement by Part

Elcoteq Presentation / author
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GR&R Graphical Report
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GR&R Table Report

The Excel GRR Tables Worksheet contains the calculated
values of the elements of ANOVA and GR&R tables for all
selected test steps:

 ANOVA Table

Includes the main effects of Parts and Operators, plus the
Part by Operators interaction terms.

* GR&R Tables

Show, how the total variability is divided among the
following sources: Total GR&R (broken into Repeatability
and Reproducibility) as well as Part-to-Part variabilities.

www.elcoteq.com
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GR&R Table Report

Microsoft Excel - CFTGageRR_3863_3889_5112_12.3.2007_10.36.104M_11.xls =X
(] Fils  Edt  View Insert Format  Tocls  Data Window  Help Type aguestionforhelp [+ o & X
NEHRAGE R VE KB S8 SRS - @B ] S Bid.ol — .;!
A7 AR - b
i B | ¢ | o [ =B | B I & O ] 0w e o s N s
715 Two way ANOVA Table With Interaction for AU_HEADSETRIGHTCH_RMS_FREQUENCY measurement i
716
717 Source | oF | ss | mMs | F [ P
718
719 |PartiD 4 0603151 0150733 516.31 1.11E-09
[720|Operatorame 2 0046815 0.023408 8014937 5.1M1E06
721 |Operatoriame™PartiD 6 0.002336) 0.000252 2183561 0.058076
722|Repeatability 30 0004012 0.000134
723 | Tatal 44 0656315
724|
725 Gage R&R
726
727 | Source WarComp % Contribution of YarComp
726
729|Total Gage R&R | 0.001723) ' | 5363759
730 |Repeatahility 0.000134 0.724945
731 |Reproducibility 0.001594 8.638811
[732|Operatoriame 0.001541 8.3528
733|OperatorMame*PartlD | 5.28E-05 | | 0.286011
734|Pant-To-Part 0.016722 580 63624
735| Total Yariation 0.016449 100
73| | _ _ |
737 | Source StdDev Study Var % Study “ar
738
739 |Total Gage R&R 0.041564 0.249333 30 60026
740|Repeatability 0.011565 0.06939 8514385
741 |Reproducibility | 0.039322 | 0.239535 | 29.39185
742|Operatorame 0.039256 0.235536 289011
743 |Operatoriame™PartlD | 0.007264 0.043585 5.348003
744 |Part-To-Part | 0,129313 | 0.,775876 | 95,20307|
745 | Tatal Yariation 0.135828 0.514559 100
74b |
747
745 3
H 4 v WNGRR Tables | Graph Results  Summary / ¢ | |
Ready

Elcoteq Presentation / author
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Steps to Perform SPC Study

* Load the testers’ log files from the File menu (multiple files or a group of
subdirectories can be selected) choosing the correct log type in the appearing
dialog box. Wait for the end of converting and parsering processes.

+ Select one test station that will be included in the analysis by clicking to the
suitable checkboxes. (This station name may be a logical identifier of more
investigated testers)

» Select the products in a similar way that are distinguished by their PSNs and
and will be used for the calculation.

* The number of replicates should be one.
+ Select the name of the test steps for which the study will be made.
+ Select the Capability radio button from the radio-group list of methods.

» Click to the Calculate button to starting calculating and reporting processes.
An information message will appeare after these are successfully completed.

Elcoteq Presentation / author
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Example for SPC Study

ihetetlen Quality Tool v2.96

File Options  Help
E@’E&Qﬁjﬁ" - I ‘ [T Skipoddyalues Lt * I ‘ A
Gage &R & Excelfle W Create chars ol i SR | LK Atibute Gage F‘&F‘_I
W Only Pass " Repeatibility - ,
Murn of replicates: I‘. :Ij & Capahility Textfile e Calculate | 2% Carjoe| | @ Open Fesult File | ? Help |
|
&7 STATION | A [tem Mo [ PN | station [Staus &
O 1404351888 1 B9 1404344407 STATION P
0 1404344477 STATION P
1404365030
L . 1 1404345470 STATION p
£F 1404357713 i 72 1404346318 STATION P
£ 1404204759 1 73 1404346592 STATION P
3 1404366033 1 74 1404348843 STATION P
3 7404370475 ] 5 1404349275 STATION P
76 1404343451 STATION P
7 1404349451 1 77 1404349688 STATION P
£ 1404379751 1 78 1404350365 STATION P | ‘
<] 5] 79 1404351470 STATION P 2 |
50 1404351563 STATION P .
SteplD |_Description | Low it | Highlimit__| Resul [uni [ State | Uselimt &) | = 0 4 40use1600 e = g |
1 LCD_DRIVER CODE 0 8 1 DRIVE., Pass Both | Aol oy P
2 BATT_TEMP_TEST 0 0 25 BATTID Past  Both | |Bles  14;4353724 Tops 5
3 BLT_FLOW_CHECK 1 1 1 STATUS | Pass  Both A —— STATION P
4 ASSEMBLY_FLOW CHECK 1 1 1 STATUS  Pass  Both 05 1404354419 STATION n
5 L% CHARGER_TEST_BATTE..  0.22 01 O1EETSEZ  AMP Pasz  Both A e Eihrian it
5 L CHARGER_TEST USB_C.. 011 0.28 0211985 AMP Pass  Both 2o D R <
7 WBATT_TEST_MEASUREMENT 2000 4400 751124, MY Pass  Both g et o
5 LCD_ONOFF_CURRENT 0.01 0.08 00293384  AMP Pasz  Both EE e e s =
g LIGHT_SENSOR_TEST_LIGH.. & 500 Ty ADC Pasz  Baoth A mmiaEs oy P
10 LIGHT_SENSOR_TEST LIGH.. 0 4 0 ADC Pass  Both Y e e i
11 IDLE_CURRENT _TEST 0.026 0.07 003746412 AMP Pazz  Both Sl STATION E
12 AU_VIBRATOR_ONOFF_CUR..  0.02 0.09 00E00S71 AP Pass  Both R S 2
13 USE_CHARGER_TEST_OM_B.. 051 0.25 0397872 AMP Pass  Both I Srhrion 5
14 USE_CHARGER_TEST_OM_U..  0.41 0.47 04392265  AMP Pasz  Both G Emenags S 5
15 USE_CHARGER_TEST_OFF_B.. 0.024 0.07 0036417 AMP Pasz  Both e Tk G
16 USE_CHARGER_TEST_OFF_..  -0.004 0,005 0000419659 AMP Pasz | Both B e i -
17 WALl CHARGER_TEST BAT.. 087 081 0848193 AMP Pasz  Both L GEsase e P
m‘lo MidALL rUADRZCD TCCT LICD noJ nar noooan AkAD [= N O~ :I T e kel TR ) :i
Bl ALK | ,_’.—i _<_i 11 | 2

lLag files lnaded

R

Elcoteq Presentation / author
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SPC Summary Report

On the output Excel Summary Worksheet the following
data can be found ordering by line in test steps:

« Name of Test Step

« Tester(s) ldentification

« Cpk

* Ppk

* Process Mean

* Process Standard Deviation
« PPM

www.elcoteq.com
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Famst Lok Dats

Sinclow

o ;’|.:].p.]%.}: .AE Z! @ﬁ 100%,

Help

'm HELR Y

; (L G

Tvpe aquestion forbelp = &

LI

¥ ¥ PCA Tables / Graph Results }\Summary

Ready

( | il

A B | c ! D B
1 Summary
2
=5 MName Of Test Step | Tester Mean
iBA‘I’I’ TEMF‘ TEST _STATION_ 24 01515152
5 LY CHARGER TEST_BATTERY_CURRENT | STATION -0.169663129
B Ly CHARGER TEST USB CURRENT | STATION 0221222841 =
LVBA‘I‘I’ TEST MEASUREMENT |STATION 3?9_9_ 511241
8 JLeD | ONOFF CURRENT | STATION 0029?04919
8 |UGHT SENSOR TEST LIGHT _OM |STATION &0, 43181818
|10 |IDLE_CURRENT_ TEST |STATION 0.036318474
11 Al VIEIRATOR ONOFF CURRENT | STATION 0. 05608432?_
12 |USE CHARGER TEST ON BATTERY_CURREMT | STATION 0402490845
13 JUEE CHARGER TEST ON USB CURRENT ~ STATION 0443054242
14 [USE CHARGER TEST OFF EIA'I'I'ERY _CURRENMT  |STATION 0035755765
15 |USE CHARGER TEST OFF USB CURRENT (STATION 0000382816
1B WA L CHARGER TEST EIA'I'I'ERY CUR |STATION 0. 849119152
iWALL CHARGER TEST USEI CURRENT | STATION 3.BE: E 1 558909123 0888399212
18 |AC_ CHARGER TEST EIA'I'I'ERY CURRENT |STATION 1.440400342 1 438326332 —D 952!35828
| 19 |AC_CHARGER TEST USB_CURRENT | STATION : | s 0.999476629
20 AU HEADSETLEFTCH RMS FREC!UENCY |STATION DD?QEBBSBB
| 21 |AU_HEADSETLEFTCH_RMS FREQUENCY _RIGHT  |STATION 0.00186128
22 |AU HEADSETRIGHTCH RMS FREG!L.JENC‘.‘r | STATION DD??455253
EAU HEADSETRIGHTCH RMS FREQUENCY LEFT  |STATION EIEID1205511
24 AU LOUDSF‘EAKER RMS FREQUENCW | STATION <l 23518?645
25 AU LOUDSF‘EAKER RMS FREGUENCYE _STATION 0 31?955532
26 (AU LOUDSF‘EAKER RMS FREQUENCY3 |STATION -1.11891695
27 AU LOUDSF‘EAKER DISTORTION FREQUENCY‘I_ | STATION 3 182484015
|28 (AU LOUDSF‘EAKER DISTORTIOM_FREQUENCYZ  |STATION 1.046544302
|29 AU LOUDSF’EAKER DISTORTION_FREQUENCYS | STATION 302095325
30 AU LOUDSF‘EAKER _TOME | STATION ) 0411410?1
iAU RECEIVER RMS FREQUENC‘N. (STATION o 191518161
32 AU RECEIVER RMS FREQUENCYZ | STATION —EI 15632555?
| 33| AU RECEIVER RMS _FREQUENCY3 | STATION -1.110891576
34 AU RECEIVER RMS FREQUENCY4 | STATION - 156993325

>j_

Elcoteq Presentation / author
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SPC Graphical Report

The results of the charts analysis are shown in the Excel
Graph Results Worksheet for each test steps:

« Histogram of the empirical relative frequency density
« Qverall Gaussian distribution curve

* Within Gaussian distribution curve

Elcoteq Presentation / author
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SPC Graphical Report

Histogram of Distribution

120
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= ] S
(19 |

40 + f i — USL

20 +

D T T T
0.4 042 0.44 046 0.48
Bins

Histograms provide a display of data set and show where the values fall.
This helps in understanding of the data in terms of shape, spread and
location.

www.elcoteq.com
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SPC Table Report

The Excel SPC Tables Worksheet contains the calculated

values of the elements of PCA and PPA tables for all
selected test steps:

PCA Table
Includes the process data and process capability indexes.

PPA Table

Shows the process performance indexes and the
predicted DPMO values.

Elcoteq Presentation / author
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SPC Table Report

Microsoft Excel - PCA_Comet CFT_11.26.2007_3.31.22PM_42.xls

$ 2B 19

Help

Type a question Far help

8 = al kg o @i - -

E | F | & | H [ 1 [ U

Process Capability and Performance Analysis of USB_CHARGER_TEST_ON_USB_CURRENT Measurement

@_] File Edit ¥iew Insert Format  Tools  Daka  Window
TRRET - NERE T IEVEA o)

A352 - b

& ) |

352
1353 |
354 |Process Data
1355 |
1356 |LSL 0.41
1357 | Target 0.44
358 |USL | 0.47
1355 | Sample Mean 0.443054
360 |Sample Mumber 132
1367 | StDev(Wyithin) | 0004177
1362 | StDew(Cverall) 0.004457
1363 | StDeviHistarical) 0.004449
364 .
\365| Potential Capability Statistic (Normal)
366 |
367 |Cp 2.354
13658 |CPU 2180272
1365 |CPL | 2B37729
\370(Cpm 1.850904
371 |CCpk 2.3594
372 |Cpk 2150272
1373
1374 |Overall Capability Statistic (Normalj
1375
\376|Pp 2.2436
377 |PPU | 2015183
\378|PPL 2472017
1379 |Ppk 2015183
1380 |
381|DPMO Data
352 |
1363 |
1364 |
385|PPM = L5L | | 0
b T Tt e A B ) = L O
W 4 » »}\PCA Tables / Graph Results # Surnmary /
Ready

Obsenved Empirical Perfarmance | Expecied Within Performance

| Expected Overall Performance

125E-08 | B.O3E-0R

U ot el 1 COnmT A

|<

5|

i€
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Steps to Perform Attribute Agreement Analysis

» Click on the button labeled as Attribute Gage R&R
A dialog box will be appeared on the screen, which has the following items:

* Number of Parts: Type the number of samples.
* Number of Ops: Type the number of appraisers.
* Number of Trials: Type the number of trails.

» Click on the button labeled as Update

Corresponding to the above parameters a new table will be shown and you
can use it to enter the standards and the responses of each appraisers:

» Attribute Column: Enter a column containing the attribute or known standards
for each samples.

* Multiple columns : Enter the columns containing the responses of appraisers
for all trials together. Keep the trials for each appraisers in adjoining columns.

* Click to the OK button to starting calculating and reporting processes. An
information message will appeare after these are successfully completed.
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Example for Attribute Agreement Analysis

oleisiolslel

. * Gage RaR & Excelfle | Createchans | | E Lirit * I | | X Awibute Gage F‘&F‘I
¥ Only Pass © Repetibility , _
Mum of replicates: 13 ﬁ : - Capability_ [ | £ Textfile | cgalculate | 8 Canesl | gj Open Result File | ? Help |
|
|
ol I Item NDI P5H I Station | Status I
Attribute Gage RER
Standard| Oper|atorA Oper|atorB Oper|atorC ! o OK |
Part # | Attribute | Triall |Trial?2 [Triall |Trial2 [Triall |Trial2 =
1 1 1 1 1 1 0 ml
1_ _1 _1 _1 1 _1 0 Load from Excel |
. 1 1 1 1 1 1 1
5100 1 1 B 1 1 1 1 X Cear |
Step 1D I Descrips 1 ] -| -| -| ] ]
1 1 1 1 1 1 1
1 1 1 1 1 1 0
1 1 1 1 1 1 1 Mumber of Farts :
1 1 1 1 1 1 1 [0
1 1 1 1 | 1 1 Murmber of Ops ;
1 .1 .'I .'I _'I _1 .1 |3—
1 .1 :1 .1 .1 .1 .1 MNumbet of Trials :
1 1 1 1 1 0 1 E_
1 1 1 1 1 1 1
1 1 1 1 1 1 1 £ Update
1 1 n 1 | 'n 11 |
www.elcoteq.com , |

| £
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Attribute Agreement Summary Report

On the output Excel Summary Worksheet the report
includes the below-mentoinded calculated results ordering
by line in appraisers:

* |dentification of Appraiser

* % Accuracy value
* % Consistency value

« Fleiss’ kappa coefficinet for Appraiser vs Standard
* Fleiss’ kappa coefficient for Appraiser
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Attribute Agreement Summary Report

B3 Microsoft Bxcel - attrgrrtest.xls

%:l Eiln_a. Edit  Wiew  Insert Egrrnat Tools  Data  MWindow  Help Type a guestion for help

RN BRSNS MR s TR R ARl W0 & 231 1L I AL vg@!m | &~ Egm
Al - i3

A B | C | D | E a

Summary F

~ Appraisers % Accurac ' % Consistenc Kappa for Appraiser ws Standard Kappa for Appraiser
Operator 1 - = 0.6296:
Operator 2 0 52962
Operator 3 0430615013

o o oo fws | ra e [ ko o [ro [ ra ra o | = | = = o o o = = = =

|

www.elcoteq.com W4 » Wl Attr GRR Tables { Graph Resuits ) Summary / < el
Ready
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Attribute Agreement Graphical Report

On the Excel Graph Results Worksheet the percentage
plots of agreed responses can be seen:

« Within Appraiser (% Consistency): Graph of the matched
proportions for each appraisers.

* Appraiser vs Standard (% Accuracy): Graph of the
matched proportions between the ratings of each
appraisers and the attribute.

« The lower and upper confidence limits (Cl LCL, Cl UCL)
are also displayed as error bars.

www.elcoteq.com
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Attribute Agreement Graphical Report

120

100

Condgtency [%]
[ o= (=2 o0
[an] (o] (] o

]

Within Appraiser

# il UCL

B Consistency
ClLCL

Op 1

Op_2
Appraisers

Op 3

120

100

go

G0

Accuracy [%]

40

20

Appraiser vs Standard

] LCL

B Acoyracy
ClLCL

Op

Op_2 Op 3
Appraisers

Consistency: Operator agrees with himself/herself on both trials
Accuracy: Operator agrees on both trials with the known standard
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Attribute Agreement Table Report

On the Excel ATTR GRR Tables Worksheet the output
data of ,Cross Tab Method” can be found:

« Appraiser to appraiser cross tabulation
» Appraiser to reference cross tabulation

« Computed values of effectiveness of the measurement
system with given a confidence interval, results of miss
rate and false alarm rate analysis

« Fleiss’ kappa statistic for multiple raters using categorical
classifications
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Attribute Agreement Table Report

Microsoft Excel - attrgrrtest. xls

www.elcoteq.com

Ready

@_] File Edit Wiew Insett  Formak  Tools  Data Window  Help Tvpe aguestion forhelp = o & X%
NEHRGSR PGB 0 B s S o o o Bid o) A
Al - A Attribute GageRA&R Study (Attribute Agreement Analysis)

g B | ¢ | 0w B R e R e e i R E e
70 |Each Appraiser vs Standard I
|71 |Assessment Agreement
72
73 |Appraiser Inspected Matched CILCL (%) Percent (%) CIUGCL (%)

74

| 75 [Operator_1 30 2 7792648 93.33333 99.18218

| 7B [Operator_2 30 28 77.92646 93.33333 99.18218

|77 [Operator_3 30 23 a7.71635 76.66667 90.06621

78

| 78 [Matched: Appraiser's assesment across trials agrees with standard.

a0

81 |Assessment Disagreement

g2

|83 [Appraiser Falze/Positive Percent (%) False/Megative Percent (%) Mixed Percent (%)
a4

| 85 [Operator_1 0 0 0 0 2 6. GEEAG7
|86 |Operator_2 a 0 1] 0 2 6. 666EES
|87 [Operator_3 1] 1] 1 3.571429 B 20
a3

| 89 |False/Positive: Assessment across trials = 1/ Standard = 0.

|90 [False/Megative: Assessment acrogs trials = 0/ Standard = 1.

|91 [Mixed: Assessment across trials are not identical.

92

| 23 |Fleiss' Kappa Statistic i
94

| 95 |Appraiser Response Kappa SEKappa z Pivs = 0)

96

|97 |Operator_1

95 | 1] 0.814815 0.129029 £.311528 1.38E-10

| 99 | 1 0.814815 0.129093 £.311528 1.33E-10

100 Owerall 0.814815 0.129023 £.311528 1.38E-10

101 |Operator_2

1102 1] 0.814815 0.125023 £.311528 1.35E-10

13 11 Ma14515 L A2eN9s LR 311eYA 1 3R/F-10 et
M 4 » W]\ Attr GRR Tables / Graph Results 4 Summary / |< Sl
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Simplified Repeatability Study

The program allows the user to apply a more appropriate approach to
evaluating the level of measurement error between repeated values.

There are three accessible reporting modes:
Standard (S)

All measured data, specification limits and maximum differences for the
selected test steps will be stored on distinct worksheets for each stations .

Same Station (SS)

Measured values are belonging to a given station and different PSNs will be
compared by calculating the maximum differences for selected test steps.

Station to Station (S2S)

Measured values for a given PSN and various stations will be similarly
compared as well as graphical displaying of a selected group of measure-
ments be also possible.
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Simplified Repeatability Study

B3 Microsoft Excel - Standard.xls

(2] Fle Edit Visw Insert Format  Tools Dats  Window  Help Typeaguestion for help = o & X
B HRAGR PR B g e 8z a2 mpo @fin - o Bin-ol —— 2]
A3d - A GMSK_SwitSpec_GSM_1800_MID_Line 1.2

A [ B | C [ D | E [ E | Gz

L Test Max.Dev. Lower Limit Upper Limit Result Result Resull—
2 |GMSK_HiPower GSM_1800_MID i 0.28112 285 316 30.65367 30.63909 30.
3 |GMSk_PhaseEr_GSM_15800_MID_PhaseErorPeak 2 2.572583 1] 20 B.6531158 5.069134 7B
4 |GMS_PhaseErr_GEM_1800_MID_PhaseErarRM3 & 0.141077 ] 45 1.162024 1.2625872 1.3
5 |GMSK_FPhaseEn_GSM_1800_MID_FreqErrar £ 4.07929 -190 190 16.16207 18.42254 14
B |GMSK_ModSpec_GSM_1800_MID_Line -1.5 # 0.57688 £25 625 -79.43877 -79.16438 79
7| GMSk_ModSpec_GEM_1800_MID_Line -1.6 i 1.27984 £2.5 £2.5 -78.90226 -78.39889 74l
8 |GMSk_ModSpec_GEM_1800_MID _Line -1.4 i 0.62747 £2.5 £2.5 -F8.60225 -77.97473 R
| 9 |GMSK_ModSpec_GSM_1800_MID_Line -1.2 s 1.01109 625 625 -TB.67311 -77.6842 77
10 | GMSK_ModSpec_GSM_1800_MID_Line -1.0 £ 0.69475 £2.5 £2.5 7B 1238 -76.11343 7.
11| GMSk_ModSpec_GESM_1800_MID_Line 0.5 A 0.99473 H1.4 £1.5 -15.488745 -74.91431 -7h:
12 |GMSK_ModSpec_GSM_1800_MID_Line -0.6 i 0.36969 £1.5 £1.5 -72.3088 -72.67849 -T2
13 |GMSK_ModSpec_GSM_1800_MID_Line -0.4 i 0.32508 £1.5 61.5 -65.93047 -55.94857 661
14 | GMSk_ModSpec_GSM_1800_MID_Line -0.25 # 0.37976 -34.5 -34.5 -41.15537 -41.48153 -41.
15 | GMSK_ModSpec_GEM_1800_MID_Line 0.2 é 0.3271 -31 -31 -35.959536 -35.08149 peic
|16 |GMSK_ModSpec_GSM_1800_MID_Line -0.1 & 1.366729 2 2 -7.951631 -9.202454 -4
17 | GMSK_ModSpec_GSM_1800_MID_Line 0.1 i 1.473922 -2 -2 9.478729 -58.510414 .-
18 | GMSk_ModSpec_GSM_1800_MID_Line 0.2 i 0.53683 -31 -31 -35.62261 -35.9403 -Jai
19 | GMSK_ModSpec_GSM_1800_MID_Line 0.25 # 0.8993 -34.5 -34.5 -41.13971 -40.92041 -40.!
| 20 |GMSK_ModSpec_GSM_1800_MID_Line 0.4 & 0.94272 -61.5 -B1.5 -B5. 22669 -65.464 -BB.I
21 |GMSk_ModSpec_GSM_1800_MID_Line 0.6 £ 0.36725 £1.5 £1.5 7285629 7262119 2]
22 | GMSK_ModSpec_GEM_1800_MID_Line 0.8 # 0.35973 £1.4 £1.5 -7 4.90614 -756.03962 -4
| 23 |GMSK_ModSpec_GSM_1800_MID_Line 1.0 & 1.00587 -62.5 625 -76.63204 -76.15898 76!
24 |GMSK_ModSpec_GSM_1800_MID_Line 1.2 & 0.7321 £25 62.5 7791679 -77.90955 77
25 |GMSk_ModSpec_GSM_1800_MID_Line 1.4 i 0.88002 £2.5 £2.5 -77.85565 -78.40126 -7g.
|26 |GMS_ModSpec_GEM_1800_MID_Line 1.6 £ 0.7664 £2.5 £2.5 -79.40179 -/8.96191 gl
| 27 |GMSK_ModSpec_GSM_1800_MID_Line 1.8 A 0.70877 -62.5 625 -79.30228 -78.85924 79
28 |GMSK_SwitSpec_GSM_1800_MID_Line -1.8 i 1.97517 -31 -31 -45.1205258 -45.2111358 -45.94!
29 | GMSl_SwitSpec_GSM_1800_MID_Line -1.2 r 0.96373 -26 -28 -40. 4605255 -41.2405558 -40.55:
30 | GMSK_SwitSpec_GSM_1800_MID_Line -0.6 # 1.27028 -2 -27 -33.4402350 -34.0574359 -33.15
31 |GMSK_SwitSpec_GSM_1800_MID_Line -0.4 r 0.36289 24 -24 -30.7136555 -30.6002253 -30.35
32 |GMSk_SwitSpec_GEM_1800_MID_Line 0.4 & 1.15088 24 -24 257833450 -30.1206058 -25.38
33 [GMEK SwitSpec GSM 1500 MID Line 0.6 i 2.18672 27 -27 -37.3276950 -37.7007158 -35.51
34 |GMSK SwitSpec GSM 1800 MID Line 1.2 f 033299 -28 -28 -42.9159559 -43.5201259 -42.63

3 [ShSE Switsnee Shd TAND KD Line 1A T n1454 21 -3 -AF 1451550 -AF RIGR7AT 7oL Y
www.elcoteg.com |1 ¢ » M\STATIONS124 [STATIONS123 [ STATIONS121 7 STATION512D / < >
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Simplified Repeatability Study

£ Microsoft Excel - REPS2S. xls

Ig_] File Edit View Format  Tools  Data Window  Help Type & question for help =
NG E G TE G A9 B s B ol o o Bidoo) A
A3 - f
A E [ B | D [ E | F | G =
] i
__2__ Station To Station Repeatability
=R BSM 1404465358 1404455358 14044655358
el heasurement Delta accross stations Average STATIONST24 STATIONS123 STATIONS121
L GMSK_HiPower_GSh_1500_MID 0.354395 30.81740917 30.64638 30.68554 31.000775
| B | GMEK_HiFowsr GSM_1800_LOWW 0.27554 30.95736 30.52492 30.85461 31.10045
E5al GMEK_HiFower GSh 1800 HIGH 0.40289 30.63232083 30.451235 30.492582 30.854125
[daE GhSk, HiPowsr GSW_200 MID 0.2203 33.24390417 33.26025 33.23214 33.270085
[ GMSK_HiPower_GSh_500_LOWY 0.20863 33.44087 33.453235 33.435145 33.4844
En3 GMSK_HiFower GSW 800 _HIGH 0.17254 33.03000833 33.021 33.05891 32.996185
513 GWSK_HiPowsr G5M_850 MID 0.33319 33.26185667 33.256595 33.20063 33.252965
L GMSK_HiPower G5M _B50_LOW 0.25193 33.3142775 33.3300595 33.232235 33.28447
Lk GMSK,_HiPowsr GSW_850 HIGH 0.33603 33.181985833 33.19126 33.08566 33.17066
|14 | GMSK_HiPower_ GSh_1500_MID 0.38215 30.44352667 30.25914 30.28318 30.64128
|15 | GMSK_HiFower GSM_1800_LOWW 0.438745 30.53515417 30.3542 30.32156 30.760305
16 GhEK HiFower GSh 1500 HIGH 0.437495 30.36075333 30245955 30.1089585 30.543085
17
15
EC3 525 1800, 1900 525 850, 900
E 3z s
A 31 F35
2 334
_Qi B . —— SHIK_HiFaure_SSH_1HI_HIC g TN e AT
A i ’\l el GHEK_HiFmure GSH_110_LOY . . GSH_ N Liwr
25 GHEK_HiFaurr_GSH_1IH_HIGH R 4 . GSH_1I_HIGH
B3 04 cnstu:p...._cs:_-ul::mn a e
A ——— GHIK_HiPaure GEH_1301_LOAW _GEH_LSI_Lt
_2:-"_ F0.2 —— GHEK_HiFaure_SSH_12ILHIGH 33 —4— SHIK_HiFaurr_GEH_IZHIGH
28 323
29 | 2 328
30| 258 321
1 296 JE6 +
2 1 2 3 4 5 ] 7 1 2 3 4 5 L] T
33
34 =
ac =
www.elcoteq.com ", ¥ % CFT_StationToStation / < 3]
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General Informations

* Minimum PC-platform requirements

Computer: IBM compatible PC

Operating System: MS Windows NT/2000/XP

Processor: 32-bit Intel Pentium 1lI/1IV 1GHz CPU or equivalent
System Memory: 512 MByte of RAM

Screen resolution: Super VGA 1024x768 pixels

Software environment: MS Office Excel 2000 or later

Hard disk: High Data Rate drive is recommended with

20 MByte of free space for installing

Technical Support

If you have any questions regarding to the software or need
technical support please write or call. Contact technical support
is available by telephone or e-mail during normal business hours.
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Typical Running Times

Test Computer: Fujitsu Siemens Laptop (1GB RAM, 1.7GHz CPU)

Number of Testers: 4

Number of Test Steps: 130

Number of PSNs: 10 (GRR), 130 (SPC)

Number of Replicates: 3 (GRR), 1 (SPC)

Number of Log Files: 120 (GRR), 130 (SPC) LogType: 450 kByte txt

+ Coverting & Parsering:

GRR(~15sec), SPC(~15sec)
* Filtering (manual):

Max ~1 min (in case of a beginner user)
« Calculating & Reporting:

GRR (~2 min), SPC(~45sec)
 Total Test Process Time:
GRR(~3min 15sec), SPC(~2 min)

If the log files are already loded and saved templates used for report
settings, the total time of further analysies can strongly be reduced (now
it is only ~2min).
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