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Overview

• Goal
– Estimate total uncertainty in calculated dose results 

based on assumed uncertainties in element response
– i.e.- propagate uncertainties through algorithm for a 

particular dose result
• Method

– Estimate element uncertainties
– Generate sample of “random” responses
– Process sample through PC algorithm
– Calculate statistics on resulting distribution of 

calculated doses
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Uncertainty in TL Dosimetry

• Identify sources
• Measure or estimate individual 

uncertainties
• Calculate combined uncertainty in element 

responses
• Calculate total propagated uncertainty in 

final dose result
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Sources of Uncertainty
- Example – Panasonic UD-802

Source A/B Source Distribution Method of est. Range Value

Random uncertainty 
in TLD reading

A data Normal Model u vs. reading N/A

Reader calibration B procedure Normal 3% sd ± 9% reading*.03

Reader linearity B Panasonic Rectangular [Max. range/2]/√3 ± 10% of reading reading*.058

TL Fade 
accuracy of 
correction

B test Rectangular [Max. range/2]/√3 -2% to +7% of 
reading 

reading*.026

Distribution type and estimate of standard uncertainty 
based on guidance in GUM (or NIST 1297)
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Calculate Combined Uncertainty
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Calculate Combined Uncertainty
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Total Propagated Uncertainty
What about the algorithm?

How do we determine the impact of element 
uncertainties on the final dose?
Option 1 - Law of propagation of uncertainty (GUM and NIST 

TN1287)

Pros – Real-time calculation. Results generated for all calculated doses.

Cons – Difficult with complicated algorithms, complications with co-
variance term. What about decision points?
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Total Propagated Uncertainty
What about the algorithm?

Option 2 - Generate sample of results and process 
through algorithm and analyze resultant 
distribution (GUM Supplement 1)

PC algorithm
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Pros – Result is as good as the input. Can be generated for any algorithm.

Cons – Must be run for each dose and field condition.
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Process Overview

Identify sources 
of uncertainty in element readings

Calculate
total combined uncertainty

in element readings

Generate file of 
input responses (GUM Suppl. 1)

PC algorithm

Analyze output 
distribution of doses
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GUM Supplement 1
Appendix C

Generate “random” samples from assumed 
distribution using Box-Muller Gaussian 
pseudo-random number generator.

1. Generate rectangular random variates
between 0 and 1. Excel function RAND()

2. Calculate two “draws”, Z1 and Z2, from 
Gaussian variable with mean=0, sd = 1

3. Apply to assumed distribution by:
X = µ + σ ·Z
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Generated Input Distributions
Simple example – Panasonic 802

100 mrem 137Cs 
+ 30 mrem bkgd (Cs)

Calculated statistics for net responses:

E1 E2 E3 E4
µ
σ

97 100 100 100
8.99 9.22 8.67 8.67
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Generated Input Distributions
Simple example - continued
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Generated Input Distributions
Simple example - continued Effect of sample size
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E 2 different sample sizes

Time to generate 100k sample: < 10 sec

E2 response for 
100 mrem 137Cs 
with 30 mrem 
background

Calculated 9.22
N=100 8.92
N=1000 9.38
N=10000 9.18
N=100000 9.20
N=1000000 9.22
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Output file

Time to process 100k output: < 20 min; 1M < 2 hrs
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Effect of n on output distribution
100 mrem 137Cs, 30 mrem bkgd
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Effect of n on output distribution
100 mrem 137Cs, 30 mrem bkgd
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Effect of n on output distribution
100 mrem 137Cs, 30 mrem bkgd
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Effect of n on output distribution
100 mrem 137Cs, 30 mrem bkgd
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Effect of n on output distribution
100 mrem 137Cs, 30 mrem bkgd
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Application

• Uncertainty vs dose
• Algorithm test points 
• Mixture performance
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Uncertainty vs. dose
137Cs with 10 mrem bkgd
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Uncertainty vs. dose
137Cs with 10 mrem bkgd - detail
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Algorithm Decision Points

Minimum reportable = 10 Minimum reportable = 0
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Mixture PerformanceMixture Performance 
30 mrem 137Cs + 100 mrem 204Tl (10 bkgd)

Expected responses:

Field SDE DDE E1 E2 E3 E4
204Tl 100 0

30

Total 130 30 99 30 30 30

70 0 0 0
137Cs 30 29 30 30 30

s.d. (est) 8.6 3.6 2.6 2.6
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Mixture Performance
30 mrem 137Cs + 100 mrem 204Tl (10 bkgd)

mean sd min max
140.0

45.1
41.5
41.5

185.1
41.9

129.3
29.9

E1 98.7 98.6 8.6 60.6

E2 30 30.0 3.6 14.8
E3 30 30.0 2.6 18.9
E4 30 30.2 2.6 18.1
SDE 130 111.3 39.4 14.8
DDE 30 29.8 3.1 15.3

Expected     Alg.      |----------------Observed---------------|
results
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Mixture Performance
30 mrem 137Cs + 100 mrem 204Tl (10 bkgd)
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Mixture Performance
30 mrem 137Cs + 30 mrem M30 (10 bkgd)
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Mixture Performance
30 mrem M30 + 150mrem 204Tl (30 bkgd)
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Mixture Performance
50mrem S60+ 100mrem 137Cs + 250mrem 90Sr/90Y  
(10mrem bkgd)
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Mixture Performance
100 mrem M150 60 deg horiz. (10 bkgd)

Expected results for
M150 at 60 degrees horizontal

E1: 80.1
E2: 80.9
E3: 638
E4: 281
SDE = 100
DDE = 109
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Mixture Performance
100 mrem M150 60 deg horiz. (10 bkgd)
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