
Influence of ambient temperature changes on the focus point for
measurements of the modulation transfer function MTF
Hanno Dierke* and Markus Schake

Physikalisch-Technische Bundesanstalt PTB, Bundesallee 100, 38116 Braunschweig, Germany

Received 24 January 2025 / Accepted 19 March 2025

Abstract. At Physikalisch-Technische Bundesanstalt (PTB), a multi camera measurement setup is developed
for the traceable determination of the modulation transfer function (MTF) of objectives. In recent works the
MTF of a reference objective is determined within the image field in an angular range of up to ±20� to the
optical axis. For the investigation of angular dependence of the transfer function, the MTF for a given spatial
frequency is evaluated at a datum point. A common choice of the datum point is the focus point Pf. There are
different methods to obtain the focus point from the measurement data. In this contribution several approaches
for the determination of the focus point are investigated and compared. In addition, owing to the temperature
dependent extension of the measurement setup the position of the focus point strongly depends on the ambient
temperature. We also present some results of investigations on the influence of temperature changes on the
position of the focus point.
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1 Introduction

The modulation transfer function (MTF) is a parameter
commonly used to characterize the imaging properties of
optical elements [1, 2]. The MTF contains information
about the resolution as well as the ability of the optical
element to transfer the object contrast into the image space.
In addition, the MTF can be calculated on the basis of the
design parameters, so that deviations from the calculated
MTF provide an indication of existing imaging errors.
At the Physikalisch-Technische Bundesanstalt (PTB), a
measuring device for the traceable determination of the
MTF in the image field (field angle currently h = ±20�)
is being set up based on a method proposed in ISO9335
[3–5] (Fig. 1). The following measurement modes can be
used:

� Measurement of the MTF in a fixed position for a
range of spatial frequencies.

� Measurement of the MTF for a selected spatial fre-
quency in a range of positions along the optical axis z.

This mode will be referred to as “(through) focus
scan”, as the measurement range usually includes the

so called focus point Pf, which characterizes the posi-
tion at which the MTF reaches its maximum value for
a certain spatial frequency and when measuring along
the optical axis (field angle hR = 0�).

� Measurement of the MTF in a range of positions
along a rotated axis z0 leading to several focus scans
in the image field of the sample under test (“field
scan”).

A reference position is required in particular to determine
the angular dependence of the MTF and to compare mea-
surements. Usually, the focus point Pf mentioned above is
used. After assessing different approaches on the reliable
determination of the focus point from the measurement
data [6, 7] and the influence of the employed camera [5, 8]
this contribution is about the influence of changes in the
ambient temperature on the measured position of the focus
point Pf owing to the thermal expansion of the measure-
ment setup components.

2 Determination of the focus point Pf

Previously, the focus point was determined by simply using
the z coordinate of the data point with the highest MTF
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value as the focus point position z(Pf). This was quite
robust as it is present in almost every data set. But the
maximum value is strongly influenced, for example,
by noise and thus prone to focus point deviations that
directly correlate with the focus scan step width
Dz ðcPf ;data max ¼ � 1

2�zÞ.
This is clearly visible in Figure 2 where the results

obtained from repeated focus scans at the same position
are shown. The focus point position determined using the
maximum MTF data value results in basically two different
locations that are approximately 5 lm apart (i.e. the
applied focus scan step width). However, this also means
that minor changes in the measurement conditions like
the ambient temperature or camera temperature (cf. [5])
are not recognised as long as they do not result in the
data maximum being reached at a different measurement
value.

In measurements presented in [6] on obtaining the focus
point more precisely polynomial fits were used and a 4th
degree polynomial was proposed to be used for the determi-
nation of the focus point location z(Pf) (cf. Fig. 3). In that
contribution the use of higher order fits appeared to be less
robust and did not result in a significant reduction of the fit
residuals.

Recent investigations though show that using a 6th
degree polynomial for the focus point fit is preferable, as
the residuals could be further reduced and the robustness
of the polynomial fit could be significantly improved by
more suitable boundary conditions for the fit maximum.
The focus point position z(Pf) is obtained using the roots
of the fit polynomials first derivative, if one of the roots is
within the measurement range, is non-complex, and the
second derivative of the fit polynomial at that position is
negative.

3 Temperature dependence of the focus
point Pf

Another question regarding the focus point is how it is
affected by temperature variations and how the tempera-
ture dependence of the focus point position influences the
determined MTF value of the test object. To investigate
the influence of temperature changes repeated focus scans
have been performed. The orientation of a slit target
imaged by the measurement system was changed from
tangential to sagittal and vice versa between consecutive
focus scans. Since the line spread function (LSF) of the
sample under test is determined from the camera image
(cf. Fig. 4), the image coordinate of the LSF maximum
represents the position of the target image on the camera
sensor. Deviations in the maximum position hint towards
a motion of the measurement setup perpendicular to the
optical axis, either in horizontal (obtained from the mea-
surements with tangential/vertical target orientation) or
vertical direction (from measurements with sagittal/
horizontal target orientation).

While the influence of the camera temperature during
warm-up has been shown in [5], in the investigations pre-
sented here the ambient temperature was changed during
repeated through focus scans and the influence on the
LSF maximum and the focus point position representing
the x/y and z shift of the focus point was examined during
a change of the ambient temperature by about
DT � �0.5 K.

3.1 LSF maximum shift

In Figure 5, the LSF curves of 130 repeated focus scans are
shown “from above”. Each horizontal line represents the

Figure 1. MTF measurement setup.

Figure 2. Focus point position z(Pf) determined from the measurement data maximum, focus scan with dm = 5 lm pitch,
20 repetitions [6].
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LSF at the focus point position, the line color denotes
the intensity value, and the points marked in red indicate
the respective maximum of each LSF plot.

After the temperature change the position of the LSF
maximum shifts by 10 px (�1.35 lm) in the horizontal
direction perpendicular to the optical axis (y) and 6 px
(� 0.8 lm) in the vertical direction perpendicular to the
optical axis (x). It can be seen that the LSF maximum shift
in the vertical direction vanishes after about 10 h whereas
the horizontal offset remains. This denotes the different

expansion behavior of the components of the experimental
setup.

3.2 Focus point shift

Figure 6 shows the results of the 130 repeated focus scans.
Like in Figure 5 each line represents a single focus scan and
its color the MTF value. The points marked in red indicate
the respective MTF maximum of each focus scan plot.

Figure 3. Plot of a typical focus scan depicting the MTF value for a selected spatial frequency m0 vs. z-axis position relative to the
focus point position z(Pf) determined using a polynomial fit.
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Figure 4. Line spread function (LSF) depicting the intensity distribution in the camera image (inset top left).

Figure 5. Waterfall plot of the LSF curves of repeated focus scans displaying the shift of the LSF maximum after changing the
ambient temperature. Left: tangential slit object orientation, right: sagittal slit object orientation. Coordinates given refer to the
measurement setup coordinate system (cf. Fig. 1).
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Also in the z direction (i.e. along the optical axis), a shift
of the maximum position can be observed. It reaches a max-
imum deflection of about 3.5 lm approximately 2 h after
changing the ambient temperature. Owing to the vanishing
contribution of the x component shift, the MTF maximum
deflection decreases slightly and reaches equilibrium after
about 10 h.

3.3 Effect on the MTF value at the focus point

To assess the effect of the focus point shift on the MTF
value two different cases are taken into account: The abso-
lute MTF maximum value determined from the polynomial
fit of the measurement data does not change significantly
during the repeated focus scans (Fig. 7).

However, the repeated focus scans are started using the
previously determined focus point position as the scan cen-
ter. Thus, at the center position of the initial focus scan the
maximum MTF value is obtained only in the case the focus
point position does not change significantly. As the focus
point moves owing to the temperature change, so does
the MTF versus z curve. Thus, the MTF value detected
at the initially set center position regarded as focus point
decreases, as shown in Figure 8. In comparison to the
absolute MTF value for the evaluation frequency obtained
from polynomial fit, the changes due to the focal point shift
are an order of magnitude greater than the changes in the
absolute value due to the slightly altered beam path.
Although relatively small, this still requires the ambient
temperature to be kept stable for reliable measurement of
the MTF.

Figure 6. Waterfall plot of the MTF curves of repeated focus scans displaying the shift of the LSF maximum after changing the
ambient temperature. Left: tangential slit object orientation, right: sagittal slit object orientation. Coordinates given refer to the
measurement setup coordinate system (cf. Fig. 1).

Figure 7. Maximum MTF value of the repeated focus scans obtained from polynomial fit of the measurement data. Top: tangential
slit object orientation, bottom: sagittal slit object orientation. Coordinates given refer to the measurement setup coordinate system
(cf. Fig. 1).
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4 Conclusion

In this contribution, results of a change in the ambient tem-
perature have been presented. The temperature-dependent
shift of the focus point leads to a pronounced decrease of the
MTF value obtained at the position that is considered as
the focus point. This makes the stability of the ambient
temperature a crucial condition for the uncertainty of the
MTF measurement. It should be ensured that the ambient
temperature has been kept constant during a measurement
as well as for several hours before.
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position with the highest MTF value. Coordinates given refer to the measurement setup coordinate system (cf. Fig. 1).
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