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• What is measurement decision risk?

Accuracy Matters 2018
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What do you do with the result

after you take a measurement?

Do you compare your result to a [customer] 

specification and make a “Pass” or “Fail” decision to 

ship or reject the item under test?
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• When performing a measurement and subsequently making a Pass/Fail statement such as in or 

out-of-tolerance to manufacturer’s specifications there are two possible outcomes

• You are right

• You are wrong 

• Each measurement has an associated uncertainty, and it is that uncertainty that can affect your 

chance of being right or wrong

Accuracy Matters 2018

Source: Jeff Gust, Chief Corporate Metrologist, Fluke  

There are no 

perfect measurements 
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• If your uncertainty is large compared to the specified requirement, how confident are you in your 

declaration of In-Tolerance or Out-of-Tolerance?

Lower Limit                                  Nominal                                Upper Limit                              

B

A

Source: Jeff Gust, Chief Corporate Metrologist, Fluke  

“What % risk is this?”

Accuracy Matters 2018
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Lower Nominal Upper

B

A “What % risk is this?”

Drawing courtesy of Steve Marschke, Raytheon
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What actions will 

you take each day?

Accuracy Matters 2018
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• What is measurement decision risk?

• Errors due to measurement decision risk

Accuracy Matters 2018
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Pass

Good

Fail

Bad

False

Failure

False

Accept

Increases 

rework & 

scrap costs

Increases 

return rate & 

warranty costs

True State

of Product

Test

Outcome
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• What is measurement decision risk?

• Errors due to measurement decision risk

• Measurement Uncertainty (a.k.a. “test system accuracy”)

Accuracy Matters 2018
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Application Notes 1449 series   http://cp.literature.keysight.com/litweb/pdf/5988-9215EN.pdf

u(Mu) Mismatch uncertainty, sensor & sig-gen

u(Muc) Mismatch unc., sensor & cal output

u(Kb) Sensor calibration factor uncertainty u(Pl) Sensor linearity uncertainty

u(N) Sensor and meter noise uncertainty

U(Pcal) Calibrator output level 

uncertainty

U(Zs) Power meter zero set uncertainty

U(Zs) Power meter instrumentation 

uncertainty

U(D) Power meter drift uncertainty

http://cp.literature.keysight.com/litweb/pdf/5988-9215EN.pdf
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Nominal

Upper specification

Lower specification

2U

Span of the tolerance

TUR = Test Uncertainty Ratio, paragraph 3.11 ANSI Z540.3

Span of the tolerance

2U
TUR=
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Gage block comparator

1. TAR = “Test Accuracy Ratio”, compares Tolerance to a single error type.
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• What is measurement decision risk?

• Errors due to measurement decision risk

• Measurement Uncertainty (a.k.a system accuracy)

• Specific risk

Accuracy Matters 2018
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Nominal

Upper specification

B A
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B A

Accuracy Matters 2018

Nominal

Upper specification
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Source:

OIML G 19  Annex B; an adaptation from the 

NIST/SEMATECH e-Handbook of Statistical Methods 

http://www.itl.nist.gov/div898/handbook/eda/section3/eda3671.htm

Accuracy Matters 2018

http://www.itl.nist.gov/div898/handbook/eda/section3/eda3671.htm


22

I S  A F U N C T I O N  O F  T O L E R A N C E ,  U N C E R TA I N T Y,  A N D  M E A S U R E D  VA L U E

Source: Harben & Stern, NCSLI paper 2017

Max Risk 50%

Source: Harben & Stern, NCSLI paper 2017

Accuracy Matters 2018

5%

23%
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If the Doppler radar gun uncertainty = 2%, 

what speed must he measure to ensure a car is 

travelling > 100 km/hr (60 mph) with 99.9% 

probability?

One-sided specific risk

Source: Clause 8.3.3, ISO/IEC Guide 98-4

Accuracy Matters 2018

Meas. 85.3 mph to 

prove 80 mph @ 99.9%
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• What is measurement decision risk?

• Errors due to measurement decision risk

• Measurement Uncertainty (a.k.a system accuracy)

• Specific risk

• Average risk

Accuracy Matters 2018
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Same as ISO/IEC Guide 98-4

Accuracy Matters 2018
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By: Michael Dobbert

2007 NCSL International Workshop and Symposium

http://literature.cdn.keysight.com/litweb/pdf/5991-1265EN.pdf?id=2254266

Accuracy Matters 2018

http://literature.cdn.keysight.com/litweb/pdf/5991-1265EN.pdf?id=2254266
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Device Population Error Measurement Process Uncertainty

Global risk per clause 9.5,

JCGM 106:2012
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Error = Measured Value - True Value 

Accuracy Matters 2018
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True value

Passed

Accuracy Matters 2018
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True value

M
e

a
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d
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e

Monte Carlo simulation : https://en.wikipedia.org/wiki/Monte_Carlo_method

Accuracy Matters 2018
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True value
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Accuracy Matters 2018
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True value
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Failed

Failed

Accuracy Matters 2018



34

True value

M
e
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u
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False

Accept

False

Accept1.8 to 5.3%

1.8 to 5.3%

for TUR 5:1 to 1.5:1

Source: Jon Harben, Senior Metrologist, Keysight Technologies

Accuracy Matters 2018
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True value

M
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False

reject

False

reject
2 to 8%

2 to 8%

for TUR 5:1 to 1.5:1

Source: Jon Harben, Senior Metrologist, Keysight Technologies

Accuracy Matters 2018
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True value

M
e
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e

Guardband

False

accept

False

accept

↓
MU
↑

Specification

Test Limit

False

reject

False

reject

15 to 40%

15 to 40%

< 0.15%

< 0.15%

for TUR 5:1 to 1.5:1

Source: Jon Harben, Senior Metrologist, Keysight Technologies

Accuracy Matters 2018
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< 0.15% PFA 2 to 5.3% PFA 2 to 8% PFR < 0.15% PFR

Accuracy Matters 2018
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True value

M
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↓
MU
↑

Specification

Test Limit

Passed
< 0.15%

< 0.15%

Accuracy Matters 2018
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True value

M
e
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s
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re
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e

↓
MU
↑

Specification
Passed ǂ 2 to 5.3%

2 to 5.3%

Source: Jon Harben, Senior Metrologist, Keysight Technologies

for TUR 5:1 to 1.5:1

Accuracy Matters 2018
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True value

M
e
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e

↓
MU
↑

Specification
Failed ǂ 2 to 8%

2 to 8%

Source: Jon Harben, Senior Metrologist, Keysight Technologies

for TUR 5:1 to 1.5:1

Accuracy Matters 2018
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True value

M
e
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e

↓
MU
↑

Specification

Test Limit

Failed < 0.15%

< 0.15%

Source: Jon Harben, Senior Metrologist, Keysight Technologies

for TUR 5:1 to 1.5:1

Accuracy Matters 2018
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Source: Stern & Harben, NCSLI paper 2017

TUR
1

Passed ǂ  

PFA

Failed ǂ  

PFR

1 7.50% 13.80%

1.25 6.10% 10.30%

1.5 5.30% 8.10%

1.75 4.60% 6.70%

2 4.10% 5.70%

2.25 3.70% 5.00%

2.5 3.40% 4.40%

2.75 3.10% 4.00%

3 2.90% 3.60%

3.25 2.70% 3.30%

3.5 2.50% 3.00%

3.75 2.40% 2.80%

4 2.20% 2.60%

4.25 2.10% 2.40%

4.5 2.00% 2.30%

4.75 1.90% 2.20%

5 1.80% 2.10%

1. TUR is Tolerance (specification) divided by measurement uncertainty.

Maximum  Global Risk
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• What is measurement decision risk?

• Errors due to measurement decision risk

• Measurement Uncertainty (a.k.a system accuracy)

• Specific risk

• Average risk

• Optimizing challenge: false accept vs. false reject risk.

Accuracy Matters 2018
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Guard Band Drives Both False Accept & False Rejects.

Nominal

Upper specification

Lower specification
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Simple rule                  ≤ 2% PFA rule              k=1 rule k=2 rule

34%
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• What is measurement decision risk?

• Errors due to measurement decision risk

• Measurement Uncertainty (a.k.a system accuracy)

• Specific risk

• Average risk

• Optimizing challenge: false accept vs. false reject risk

• “Is there any way to improve both false accept & false reject

at the same time?”

Accuracy Matters 2018
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WA N T  T O  L O W E R  Y O U R  M E A S U R E M E N T  P R O C E S S  U N C E R TA I N T Y ?

Accuracy Matters 2018

Instrument Calibration

Let Keysight help you reduce your 

measurement uncertainty
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Yes

No

Final test

(EI)
Pass?

Done

adjustments Diagnose
Load bare

boards/solder

“bed of nails”

board test

Final

assembly

Every warranted spec 

vs. Test Line Limit

Now opt -AMG

Courtesy of Ed Dempsey, Santa Rosa.  “EI” is electronic inspection

Cal system

performance

Tests, -AMG
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Source: Setting and Using Specifications, Michael Dobbert, Sept 2010  issue, Measure Magazine

 

Production 
Margin 

Expanded 
Measurement 

Uncertainty 

Test Line 
Limit 

Specification 

Delta Environmental 
and Drift 

New instruments from the factory comply with ISO/IEC 17025, ILAC-G8,

and ANSI/NCSL Z540.3-2006
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Does it really matter to test phase 

noise during calibration every time?  

My TPM tells me that “phase noise

doesn’t drift; it is part of the design.”

Yes it matters!

“Like many instrument characteristics, it 

doesn’t change . . . until it does!”

Accuracy Matters 2018
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11 dB shift!!  → the microwave signal generator that changed was in a 

rack, was not moved, and not power cycled.

Source: Roseville, Keysight Cal Monitoring system

Sudden phase noise measurement shift on a Spectrum Analyzer test station

Accuracy Matters 2018
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H O W  P H A S E  N O I S E  I S  C H E C K E D  

Accuracy Matters 2018
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Note: The UXA (N9040B) also has great phase noise and requires a test during calibration.
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• What is measurement decision risk?

• Errors due to measurement decision risk

• Measurement Uncertainty (a.k.a system accuracy)

• Specific risk

• Average risk

• Optimizing challenge: false accept vs. false reject risk

• “Is there any way to improve both false accept and false reject?”

• Importance of verifying (Low level) Power Level Accuracy of signal generators

Accuracy Matters 2018
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How measured:

Find the minimum  RF signal level needed to produce minimum intelligible 

communication [target (S+N)/N or BER].  [Iterative process] 

Test Conditions:

- 107 dBm  (1.0 µV) Customer spec.

-

- >±1.5 dB MU Case 1: MXG calibrated w/8563E (3rd party)

- ±0.2 dB MU Case 2: MXG calibrated w/E4448A (Keysight)

Receiver under test

MXG Signal Generator

Accuracy Matters 2018
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Traditional analog IF 

Section, i.e. 8563E

Analog errors!

S I G N A L  G E N E R AT O R  L O W  L E V E L  P O W E R  A C C U R A C Y  T E S T

Accuracy Matters 2018

4

>± 1.5 db error at

-107 dBm

All-digital IF Section

E444xA

<± 0.2 db

error at -107 

dBm
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Decision Rule Examples

Accuracy Matters 2018
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Which Decision Rule/amount of guard band is most appropriate??

No population exists, so recommend guard band of U95   (Specific risk) 

Accuracy Matters 2018
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End customer wants a [binary] 

Pass or Fail statement of

conformance to specification.

Product specifications based on statistical analyses

and guard banded test line limits

Accuracy Matters 2018
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1. All measurements contain errors

2. Estimate your system accuracy (measurement uncertainty)

3. Determine the maximum % False pass/False reject risks

you can tolerate.

4. Select a decision rule with suitable guard band to 

achieve your % risk tolerance.

5. Minimize instrument [drift] error contributions with regular [accurate] calibration.
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https://www.youtube.com/playlist?list=PLvQ5Bzr3tM50No0sfwYr40jA50rsIQyD-

• What calibration is supposed to do

• What service deliverables you should receive

• How to get measurement uncertainties for your instrument’s current performance

Accuracy Matters 2018

https://www.youtube.com/playlist?list=PLvQ5Bzr3tM50No0sfwYr40jA50rsIQyD-

