
Ongoing Quality Control Program Ongoing Quality Control Program 
f NIRSf NIRS b d S i db d S i dfor NIRSfor NIRS--based Service and based Service and 
Research LaboratoryResearch Laboratoryyy

Maureen Suryaatmadja and Dr Charles R. Hurburgh, JrMaureen Suryaatmadja and Dr Charles R. Hurburgh, Jr

Presenter: Presenter: Maureen SuryaatmadjaMaureen Suryaatmadja

Grain Quality LaboratoryGrain Quality Laboratory
Department of Agricultural and Biosystems EngineeringDepartment of Agricultural and Biosystems Engineering

I St t U i it A IAI St t U i it A IAIowa State University, Ames, IAIowa State University, Ames, IA

w w w. g r a i n l a b. o r g

IOWA STATE UNIVERSITY



ISU Grain Quality LaboratoryISU Grain Quality LaboratoryISU Grain Quality LaboratoryISU Grain Quality Laboratory

ISUISU--GQL performs Near Infrared (NIRS)GQL performs Near Infrared (NIRS)ISUISU GQL performs Near Infrared (NIRS) GQL performs Near Infrared (NIRS) 
instrument calibration.instrument calibration.
ISUISU-- GQL provides services of measuring the GQL provides services of measuring the p gp g
chemical composition and biological properties chemical composition and biological properties 
of agricultural products using NIRS instrumentsof agricultural products using NIRS instruments. . 
(e.g. corn and soybean, N (e.g. corn and soybean, N ~ 20,000 samples/year)~ 20,000 samples/year)
ISUISU--GQL has many brands of NIRS instruments: GQL has many brands of NIRS instruments: 

Infratec, Bruins Omega, Perten DA7200, Zeiss Infratec, Bruins Omega, Perten DA7200, Zeiss 
Corona NIRS6500Corona NIRS6500Corona, NIRS6500Corona, NIRS6500..



Why a Quality Control Program?Why a Quality Control Program?

ISUISU--GQL wants to meet quality standard based GQL wants to meet quality standard based 
ISO 17025ISO 17025on ISO 17025.on ISO 17025.

Quality Control is specifically stated in ISO Quality Control is specifically stated in ISO 
17025 section 5 917025 section 5 917025 section 5.9.17025 section 5.9.
Other sections of ISO 17025 that may support Other sections of ISO 17025 that may support 
Quality Control:Quality Control:yy

Section 4.12 Section 4.12 -- documentationdocumentation
Section 5.2 Section 5.2 -- trainingtraininggg
Section 5.3 Section 5.3 -- laboratory facilities laboratory facilities 
Section 5.5 Section 5.5 -- equipmentequipment



Project ObjectiveProject Objective

To develop an auditable quality controlTo develop an auditable quality controlTo develop an auditable quality control To develop an auditable quality control 
program for NIRS analyzers, supporting program for NIRS analyzers, supporting 
equipment and laboratory roomequipment and laboratory roomequipment and laboratory room equipment and laboratory room 
conditions.conditions.



NIRS Q lit C t l PNIRS Q lit C t l PNIRS Quality Control ProgramNIRS Quality Control Program



NIRS CalibrationNIRS Calibration
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M lti l Li R i (MLR)Multiple Linear Regression (MLR)
Principal Component Regression 
(PCR)
Partial Least Squares (PLS)
Artificial Neural Networks (ANN)( )
Locally Weighted Regression (LWR)
Support Vector Machines (SVM)



AACC Method 39AACC Method 39--00 Validation00 ValidationAACC Method 39AACC Method 39 00 Validation00 Validation
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ISUISU--GQL NIRS Quality ControlGQL NIRS Quality Control



Control ChartsControl Charts
NIRS Daily Check (95% NIRS Daily Check (95% 
confidence level):confidence level):

Method 1: Shewhart Method 1: Shewhart 
control chartcontrol chart
UCL/LCL = averageUCL/LCL = average ±± 22UCL/LCL = average UCL/LCL = average ±± 2 2 
standard deviationstandard deviation
Method 2: AACC Method Method 2: AACC Method 
3939 00003939--0000
UCL/LCL = 10UCL/LCL = 10--point point 
moving averagemoving average ±± 2 (0 332 (0 33moving average moving average ±± 2 (0.33 2 (0.33 
SEP)SEP)



Control ChartsControl Charts
NIR Duplicate Differences (95% confidence NIR Duplicate Differences (95% confidence 
level):level):))

Method 1: Shewhart control chartMethod 1: Shewhart control chart
UCL/LCL = average of differences UCL/LCL = average of differences ±± 2 2 gg
standard deviation of differences.standard deviation of differences.
Method 2: AACC Method 39Method 2: AACC Method 39--0000
UCL/LCL = UCL/LCL = ±± 2 (√2 *0.33 SEP).2 (√2 *0.33 SEP).

Original NIR values vs. References (95% Original NIR values vs. References (95% g (g (
confidence level)confidence level)

Y= X  as center lineY= X  as center line
Y = x Y = x ±± 2 SEP as UCL and LCL2 SEP as UCL and LCL



NIR Daily Check Control ChartNIR Daily Check Control Chart

Soybeans Protein Daily Check, IT 1241 12410350, Sample 
2001046120010461

38.6

38.8

38.0

38.2

38.4

n 
(%

)

Method 1 Method 2

37.4

37.6

37.8

Pr
ot

ei

37.0

37.2

12/19/04 02/17/05 04/18/05 06/17/05 08/16/05 10/15/05 12/14/05 02/12/06 04/13/06
DateDate

Data 10 MA UCL MA LCL MA UCL Mean LCL 10 per. Mov. Avg. (Data)



NIR Duplicates Differences Control NIR Duplicates Differences Control 
ChChChartChart

S b P t i D li t Diff IT 1229Soybeans Protein Duplicate Differences, IT 1229 
553075, 2005
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Original NIR values vs. References Original NIR values vs. References 
C t l Ch tC t l Ch tControl ChartControl Chart

Corn Protein,Original NIR vs. References, 2005

11.0

12.0

y = 0.91x + 0.608.0

9.0

10.0

e 
Pr

ot
ei

n 
(%

)

y  0.91x  0.60
R2 = 0.98

5.0

6.0

7.0

R
ef

er
en

ce

4.0
4.0 5.0 6.0 7.0 8.0 9.0 10.0 11.0 12.0

Original NIR Protein (%)

IT 1229 553075 UCL CCL LCL
Linear (IT 1229 553075) Linear (UCL) Linear (CCL) Linear (LCL)



Online ControlOnline Control



Tolerance Setting for Method 2Tolerance Setting for Method 2Tolerance Setting for Method 2Tolerance Setting for Method 2

ItemItem SEPSEP TypeType
Cum. Cum. 
AveAve

95%95%
CICI

0.33* 0.33* 
SEPSEP

95% 95% 
CICI SEDSED

95% 95% 
CICI

Base calibrationBase calibration 0.570.57 SECVSECV

Base Calibration  Temp + Base Calibration  Temp + 
StabilizationStabilization 0.550.55 SECVSECV

Original Calibration 2004Original Calibration 2004 0.470.47 SECVSECVgg

Base Calibration Temp + Base Calibration Temp + 
Stabilization (Val 2004)Stabilization (Val 2004) 0.320.32 SECVSECV

Validation 553075 (Crop Validation 553075 (Crop 
2004)2004) 0.380.38 SEPSEP

Validation 1241350 (Crop Validation 1241350 (Crop 
0 460 46 0 920 92 0 150 15 0 300 30 0 210 21 0 430 432004)2004) 0.480.48 SEPSEP 0.460.46 0.920.92 0.150.15 0.300.30 0.210.21 0.430.43



Supporting Equipment QualitySupporting Equipment QualitySupporting Equipment Quality Supporting Equipment Quality 
Control ProgramControl Program



Equipment Quality ControlEquipment Quality Control



Equipment ChartsEquipment Charts
Balances Q/C
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Equipment ChartsEquipment Charts
Quart/Pint Test Weight Q/C - Corn, Sample 20040049 
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Laboratory ClimateLaboratory ClimateLaboratory ClimateLaboratory Climate



ClimateClimate
Climate:Climate:

TemperatureTemperaturepp
HumidityHumidity
PressurePressure

Climate software capture data hourly.Climate software capture data hourly.
Data are download monthly.Data are download monthly.
Documentation: spreadsheetDocumentation: spreadsheetDocumentation: spreadsheet.Documentation: spreadsheet.
Chart:Chart:

Chart of time vs temperatureChart of time vs temperatureChart of time vs. temperature.Chart of time vs. temperature.
Chart of time vs. humidity.Chart of time vs. humidity.
Chart of time vs. pressure.Chart of time vs. pressure.



Monthly ClimateMonthly Climateyy
Humidity, July 2006
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Laboratory ProceduresLaboratory Procedures
Header:Header:

File pathFile path
O i i l i bO i i l i bOriginal version, byOriginal version, by
Last revision, byLast revision, by
Next scheduled revisionNext scheduled revision
ISO 17025 Reference SectionISO 17025 Reference SectionISO 17025 Reference SectionISO 17025 Reference Section

Procedure titleProcedure title
BackgroundBackground
ObjectivesObjectivesObjectivesObjectives
Operation and data collectionOperation and data collection
Quality control and data handlingQuality control and data handling
The use of dataThe use of data
Control chart guidelinesControl chart guidelines
Evaluation and monitoringEvaluation and monitoring
Corrective ActionsCorrective Actions



ConclusionConclusion
Control charts using fixed tolerances that Control charts using fixed tolerances that 
d i d f SEP d ib d i AACC M th dd i d f SEP d ib d i AACC M th dderived from SEP as described in AACC Method derived from SEP as described in AACC Method 
3939--00 are more appropriate than Shewhart 00 are more appropriate than Shewhart 
control charts: Fixed tolerances come from thecontrol charts: Fixed tolerances come from thecontrol charts: Fixed tolerances come from the control charts: Fixed tolerances come from the 
expected performance of NIRS instruments. expected performance of NIRS instruments. 
Equipment quality control can improveEquipment quality control can improveEquipment quality control can improve Equipment quality control can improve 
consistency of data generated by lab.consistency of data generated by lab.
Climate data provides basis to look at errorClimate data provides basis to look at errorClimate data provides basis to look at error Climate data provides basis to look at error 
patterns.patterns.



ConclusionConclusion

ISUISU--GQL satisfies some requirements stated in GQL satisfies some requirements stated in 
ISO 17025 : quality control, documentation, ISO 17025 : quality control, documentation, 
laboratory facilities, and equipment.laboratory facilities, and equipment.
Lab data generated by ISULab data generated by ISU--GQL is prepared for GQL is prepared for 
third party audit.third party audit.



QUESTIONS ?QUESTIONS ?QUESTIONS ?QUESTIONS ?


