
5.10.2 Calculation of total measurement uncertainty

Error sources contributing to the total measurement uncertainty depend

on the type of measurement. In the following sections, error sources en-

countered in frequency measurement applications are described.

Measurement of absolute level

If the absolute level of a sinusoidal signal is to be measured, the following

factors usually contribute to the total measurement uncertainty:

• Absolute level error

• Frequency response

(only if the signal frequency distinctly differs from the frequency of the

internal calibration source)

• Attenuator error

(only if the attenuator setting differs from that specified in the data sheet

for the absolute error)

• IF gain error

(only if the set reference level differs from that specified in the data sheet

for the absolute error)

• Linearity error

The linearity error to be taken into account depends on the spacing of the

input signal from the reference level.

• Bandwidth switching error

(only if the set bandwidth differs from that specified in the data sheet for

the absolute error)

An additional bandwidth error has to be taken into account in noise or

channel power measurements.

Relative level measurement

The following error contributions have to be taken into account when

measuring the level difference between two sinusoidal signals.
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• Frequency response

(only if the signal frequency strongly varies between the individual mea-

surements)

• Attenuator error

If the attenuator setting is not varied during measurement, this error can

be ignored.

• IF gain error

If the reference level is not varied during measurement, this error can be

ignored.

• Linearity error

• Bandwidth switching error

If the bandwidth is not varied during measurement, this error can be

ignored.

An additional bandwidth error has to be taken into account in noise or

channel power measurements if the resolution bandwidth is varied be-

tween the measurements.

Resolution bandwidth, attenuator setting (RF attenuation) and refer-

ence level should not be varied during the measurement in order to mini-

mize the error of relative level measurement. Only the linearity error and

frequency response, if applicable, will then contribute to the total mea-

surement uncertainty.

Table 5-2 shows the error contributions that have to be considered in a

number of typical measurements. The maximum error (worst case error)

can be calculated from the individual contributions simply by adding the

relevant parameters. The calculated maximum error has a confidence lev-

el of 100% so that the actual error of a measurement never exceeds the cal-

culated error limits.

In practice, however, the maximum error seldom occurs. If the total

uncertainty is the sum of many individual errors stemming from com-

pletely independent sources, it is statistically a very rare event that all in-

dividual errors occur in a measurement simultaniously at their maximum

value and same sign.

Performance Features of Spectrum Analyzers
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It is more realistic to calculate the total uncertainty with a certain confi-

dence level, which is typically 95% or 99%. Such calculation is permissible

if the total uncertainty is composed of several error contributions of equal

magnitude.

The distribution of the individual error contributions depends on the

type of error. The following discussions are based on [5-5].

For random errors, that is for all errors listed above with the exception of

mismatch errors, a rectangular distribution is assumed. The variance σ 2 of

the individual errors is given by:

(Equation 5-49)

where σ 2 = variance

a = max. systematic error, in dB

If the data sheet specification of the level error is not given as worst case

but with a certain confidence level, the variance has to be calculated from

this value first. The following applies:

(Equation 5-50)

where σ 2 = variance

aCL = specified error with certain confidence level or

standard uncertainty, in dB

The value of k depends on the confidence level of the value specified in the

data sheet. The following applies:

k = 2 · erfinv (Equation 5-51)

where erfinv = inverse error function

CL = confidence level, in %

Fig. 5-27 shows k as a function of the confidence level. For a confidence

level of 95%, k assumes a value of 1.96, and for 99%, a value of 2.58.
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Fig. 5-27 Coverage factor k as a function of confidence level
a) confidence level 0% to 100%, b) confidence level 90% to 100% (zoomed)

In some cases the standard uncertainty s is specified in addition to the lev-

el error. This makes the calculation according to equation 5-50 unneces-

sary. The variance can be calculated from the specified standard uncer-

tainty simply by squaring it.

Bandwidth errors are usually specified as a percentage. The following ap-

plies:

(Equation 5-52)

where σ 2 = variance

∆RBW = bandwidth error, in %

Errors due to mismatch have a U-shape distribution. The variance σ2 is

given by

σ 2 = = (Equation 5-53)

where σ 2 = variance

rs = magnitude of source reflection coefficient

rl = magnitude of spectrum analyzer reflection coefficient

ss = VSWR of source

sl = VSWR of spectrum analyzer

The reflection coefficient can be calculated from Equation 5-47.
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Table 5-3 Calculating the variance of specified error contributions

The combined standard uncertainty σtot can be calculated from the vari-

ances σi
2 of the individual contributions as follows:

σtot =  σ1
2 + σ2

2 + . . . + σn
2 (Equation 5-54)

It has a confidence level of 68% (Fig. 5-27a). To maintain the error at some

other confidence level, σtot tot has to be multiplied by a factor k which can

be derived from Fig. 5.27. For a confidence level of 95%, k = 1.96 and for

99%, k = 2.58.

Example:

For the absolute level measurement of a sinusoidal input signal of 1 GHz

(output VSWR of signal source 1.2:1), the total measurement uncertainty is

to be determined with a confidence level of 95%. The resolution bandwidth

set on the spectrum analyzer is 30 kHz, the RF attenuation is 20 dB and

the reference level 0 dBm. The signal level is about 20 dB below the refer-

ence level.

Performance Features of Spectrum Analyzers

Error Calculation of variance

Absolute level error

Frequency response

Attenuator error

IF gain error

Linearity error

Bandwidth switching error

Bandwidth error

Mismatch error
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Which errors contribute to the total measurement uncertainty?

• Absolute error

• Frequency response

• Attenuator error

• IF gain error

• Linearity error

• Bandwidth switching error

Since the input is a sinusoidal signal, the bandwidth error does not affect

the total measurement uncertainty.

The required data are taken from the spectrum analyzer data sheet:

The combined standard uncertainty can be calculated from the variances

σi
2 with the aid of Equation 5-54 to yield σtot = 0.39. The total measurement

error of 0.76 dB is obtained at a confidence level of 95% by multiplying the

standard uncertainty by a factor of 1.96.

To simplify such error calculations, a spreadsheet in MS Excel® 5.0 is avail-

able (file FSP_ERR.XLS, Fig. 5-28) which can be obtained via the R&S Web

site (www.rohde-schwarz.com).
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Specified error Variance σi
2

Absolute error 0.2 dB 13.3 · 10–3

Frequency response 0.5 dB 83.3 · 10–3

Attenuator error 0.2 dB 13.3 · 10–3

IF gain error 0.2 dB 13.3 · 10–3

Linearity error 0.2 dB 13.3 · 10–3

Bandwidth switching error 0.1 dB 13.3 · 10–3

Mismatch error

VSWR at spectrum analyzer input 1.5

VSWR at signal source output 1.2 12.7 · 10–3
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Fig. 5-28 Spreadsheet FSP_ERR.XLS

Legend for spreadsheet FSP_ERR.XLS

All input fields in the table are highlighted yellow. The fields for interme-

diate results and the resulting total level are highlighted in light and dark

blue.

1 You can choose whether the values entered in (2) are absolute error lim-

its (worst case) or a standard uncertainty.

2 Input fields for specified errors.

3 Output of the variances calculated from the input values.

4 You can choose whether the error entered under (2) is to be taken into

account in calculating the total error. Error contributions can thus very

easily be ignored without having to set the value entered under (2) to

zero.

5 Output of the calculated total error with a confidence level of 95% or

99%. Errors due to mismatch are not considered in this result.

6 You can choose whether the mismatch of the DUT or spectrum analyzer

is entered as VSWR (v) or as return loss (a).

7 Input field for specified maximum mismatch of the DUT or spectrum

analyzer.

8 Output of the calculated total error with a confidence level of 95% or

99%. All error sources are considered in the result.
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