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Top-Down Validation Data

Sample Data

	 
	DAY-1
	DAY-2
	DAY-3

	Replicate 1
	34644,38
	34324,02
	35447,87

	Replicate 2
	35909,45
	37027,40
	35285,81

	Replicate 3
	33255,74
	31319,64
	34387,56

	Replicate 4
	33498,69
	34590,12
	35724,35

	Replicate 5
	33632,45
	34521,42
	36236,50
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> ### 1. Data

> day1 <- c(34644.38, 35909.45, 33255.74, 33498.69, 33632.45)

> day2 <- c(34324.02, 37027.40, 31319.64, 34590.12, 34521.42)

> day3 <- c(35447.87, 35285.81, 34387.56, 35724.35, 36236.50)

> 
> values <- c(day1, day2, day3)

> group <- factor(rep(c("DAY1", "DAY2", "DAY3"), each = 5))

> data <- data.frame(Group = group, Value = values)

> 
> 
> ### 2. One-way ANOVA

> anova_result <- aov(Value ~ Group, data = data)

> summary(anova_result)

            Df   Sum Sq Mean Sq F value Pr(>F)

Group        2  4433995 2216997   1.151  0.349

Residuals   12 23107576 1925631               

> 
> anova_table <- summary(anova_result)[[1]]

> SS_between <- anova_table["Group", "Sum Sq"]

> SS_within  <- anova_table["Residuals", "Sum Sq"]

> df_between <- anova_table["Group", "Df"]

> df_within  <- anova_table["Residuals", "Df"]

> 
> MS_between <- SS_between / df_between

> MS_within  <- SS_within  / df_within

> 
> 
> ### 3. Precision components

> # Repeatability (within-day)

> repeatability <- sqrt(MS_within)

> 
> # Intermediate precision (between-day component)

> intermediate_precision <- sqrt((MS_between - MS_within) / 5)   

> 
> ### 4. Mean

> mean_value <- mean(values)

> 
> 
> ### 5. Combined uncertainty (repeatability + intermediate precision)

> u_combined_abs <- sqrt(repeatability^2 + intermediate_precision^2)

> 
> # Relative combined

> rel_combined <- u_combined_abs / mean_value

> 
> 
> ### 6. Additional uncertainty component (%3)

> u_extra_rel <- 0.03    # %3 additional uncertainty

> 
> # Combined + extra (relative)

> rel_combined_with_extra <- sqrt(rel_combined^2 + u_extra_rel^2)

> 
> 
> ### 7. Expanded uncertainty (k = 2)

> u_combined_with_extra_abs <- rel_combined_with_extra * mean_value

> k <- 2

> U <- k * u_combined_with_extra_abs

> 
> 
> ### 8. Results

> cat("===== ANOVA =====\n")

===== ANOVA =====

> print(anova_table)

            Df   Sum Sq Mean Sq F value Pr(>F)

Group        2  4433995 2216997  1.1513 0.3488

Residuals   12 23107576 1925631               

> 
> cat("\n===== Precision Components =====\n")

===== Precision Components =====

> cat("Repeatability (absolute):", repeatability, "\n")

Repeatability (absolute): 1387.671 

> cat("Intermediate Precision (absolute):", intermediate_precision, "\n")

Intermediate Precision (absolute): 241.3984 

> 
> cat("\n===== Mean Value =====\n")

===== Mean Value =====

> cat("Mean:", mean_value, "\n")

Mean: 34653.69 

> 
> cat("\n===== Uncertainty Results =====\n")

===== Uncertainty Results =====

> cat("Combined absolute (without extra):", u_combined_abs, "\n")

Combined absolute (without extra): 1408.511 

> cat("Combined relative (without extra):", rel_combined, "\n")

Combined relative (without extra): 0.04064535 

> 
> cat("\nExtra Uncertainty (relative):", u_extra_rel, "\n")

Extra Uncertainty (relative): 0.03 

> cat("Combined relative with extra:", rel_combined_with_extra, "\n")

Combined relative with extra: 0.05051776 

> 
> cat("\nExpanded Uncertainty (k=2):", U, "\n")

Expanded Uncertainty (k=2): 3501.254 

> cat("Relative Expanded Uncertainty (%):", (U / mean_value) * 100, "\n")

Relative Expanded Uncertainty (%): 10.10355 

> 
Excel Calculation Result (2025-06-13 ) 

Microsoft® Excel® 2016 MSO (16.0.4266.1001)

	DAY-1
	DAY-2
	DAY-3
	 
	 
	 
	 

	34644,38
	34324,02
	35447,87
	 
	 
	 
	 

	35909,45
	37027,40
	35285,81
	 
	 
	 
	 

	33255,74
	31319,64
	34387,56
	 
	 
	 
	 

	33498,69
	34590,12
	35724,35
	 
	 
	 
	 

	33632,45
	34521,42
	36236,50
	 
	 
	 
	 

	ANOVA: One-Way
	
	
	
	
	
	

	
	
	
	
	
	
	

	SUMMARY
	
	
	
	
	
	

	Groups
	Count
	Sum
	Average
	Variance
	
	

	Column 1
	5
	170940,6943
	34188,13886
	1206140,141
	
	

	Column 2
	5
	171782,5953
	34356,51905
	4109771,34
	
	

	Column 3
	5
	177082,0817
	35416,41633
	460988,7491
	
	

	
	
	
	
	
	
	

	
	
	
	
	
	
	

	ANOVA
	
	
	
	
	
	

	Source of Variation
	SS
	df
	MS
	F
	P-value
	F statistic

	Between Groups
	4433999,457
	2
	2216999,729
	1,151309339
	0,348814167
	3,885293835

	Within Groups
	23107600,92
	12
	1925633,41
	
	
	

	
	
	
	
	
	
	

	Total
	27541600,38
	14
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	Repeatability
	1387,672
	 
	 
	 
	 
	 

	Intermediate Precision
	241,399
	 
	 
	 
	 
	 

	 
	 
	 
	 
	 
	 
	 

	Uncertainty Budget sheet
	 
	 
	 
	 
	 
	 

	Uncertainty components
	Value
x
	Unit
	Standart Uncertainty
u(x)
	Unit
	Relative Uncertainty
u(x)/x
	Type of Uncertainty

	Repeatability uncertainty, ur
	34653,69
	%
	1387,67
	%
	0,04
	A

	Intermediate Presicion uncertainty, uip
	34653,69
	%
	241,40
	%
	0,01
	A

	Pipet uncertainty
	100
	%
	3,00
	%
	0,03
	B

	Combined relative uncertainty
	
	
	
	
	0,05
	

	 
	 
	 
	 
	 
	 
	 

	Mean
	34653,69
	 
	 
	 
	 
	 

	Expanded uncertainty, U, (%, k=2)
	3501,26
	 
	 
	 
	 
	 

	Relative Expanded uncertainty (%)
	10,1
	 
	 
	 
	 
	 


Bottom-Up Validation Data

Sample Data

	Component
	Measured Value
	Uncertainty Type
	Uncertainty Value

	Device
	10
	Percent
	1,2

	Calibration
	12,5
	Absolute
	0,05

	Repeatability
	9,8
	Percent
	0,8

	Reference Value (nominal measurement value)


	10
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	# ----------------------------

> # Bottom-Up Uncertainty Script (adapted for separate measurement values)

> # ----------------------------

> 
> calculate_bottomup <- function(components, types, measured_values, uncertainties, ref_value, k = 2) {

+     

+     # components:      vector of component names

+     # types:           "absolute" or "percent"

+     # measured_values: numeric vector of measured values for each component

+     # uncertainties:   numeric vector of uncertainty values for each component

+     # ref_value:       reference (nominal) measurement value

+     # k:               coverage factor for expanded uncertainty

+     

+     n <- length(components)

+     rel_uncert <- numeric(n)

+     

+     for (i in 1:n) {

+         if (types[i] == "absolute") {

+             # relative uncertainty based on component's own measured value

+             rel_uncert[i] <- ifelse(measured_values[i] != 0, uncertainties[i] / measured_values[i], 0)

+         } else if (types[i] == "percent") {

+             rel_uncert[i] <- uncertainties[i] / 100

+         } else {

+             stop("Type must be either 'absolute' or 'percent'.")

+         }

+     }

+     

+     # Combined relative uncertainty

+     u_c_rel <- sqrt(sum(rel_uncert^2))

+     

+     # Combined uncertainty in same units as reference

+     u_c <- u_c_rel * ref_value

+     

+     # Expanded uncertainty

+     U <- k * u_c

+     

+     # Expanded uncertainty as percent of reference

+     U_percent <- (U / ref_value) * 100

+     

+     result <- list(

+         components = components,

+         measured_values = measured_values,

+         uncertainties = uncertainties,

+         types = types,

+         relative_uncertainties = rel_uncert,

+         combined_relative = u_c_rel,

+         combined_uncertainty = u_c,

+         expanded_uncertainty = U,

+         expanded_percent = U_percent

+     )

+     

+     return(result)

+ }

> 
> # ----------------------------

> # EXAMPLE USAGE

> # ----------------------------

> 
> components <- c("Instrument", "Calibration", "Repeatability")

> types <- c("percent", "absolute", "percent")

> measured_values <- c(10.0, 12.5, 9.8)   # Each component's measured value

> uncertainties <- c(1.2, 0.05, 0.8)      # Corresponding uncertainties

> ref_value <- 10                           # Reference nominal value

> 
> res <- calculate_bottomup(components, types, measured_values, uncertainties, ref_value, k = 2)

> 
> print(res)

$components

[1] "Instrument"    "Calibration"   "Repeatability"

$measured_values

[1] 10.0 12.5  9.8

$uncertainties

[1] 1.20 0.05 0.80

$types

[1] "percent"  "absolute" "percent" 

$relative_uncertainties

[1] 0.012 0.004 0.008

$combined_relative

[1] 0.01496663

$combined_uncertainty

[1] 0.1496663

$expanded_uncertainty

[1] 0.2993326

$expanded_percent

[1] 2.993326


Excel Calculation Result (2025-06-13 ) 
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	Component
	Measured Value
	Uncertainty Type
	Uncertainty Value
	Relative Uncertainty

	Device
	10
	Percent
	1,2
	0,012

	Calibration
	12,5
	Absolute
	0,05
	0,004

	Repeatability
	9,8
	Percent
	0,8
	0,008

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	Reference Value 
	10
	
	
	

	k (Expanded Uncertainty factor) 
	2
	
	
	

	Combined Uncertainty
	0,014967
	
	
	

	Expanded Uncertainty
	0,299333
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