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MODULATION TRANSFER FUNCTION (MTF)
The Modulation Transfer Function (MTF) curve is an information-
dense metric that reflects how a lens reproduces contrast as spatial 
frequency (resolution) varies. MTF curves can be used to compare 
the performance of  multiple lenses and can help determine if  an 
application is actually feasible with the respective lens. They offer 
a composite view of  how optical aberrations affect performance at 
a particular set of  fundamental parameters dictated by the applica-
tion’s need. It is important to understand that changing almost any 
setting on a vision system, including the fundamental parameters, 
will change the performance characteristics of  the curve.

Figure 1 shows a common type of  MTF curve, which describes the 
contrast vs. frequency (resolution). Typically the curve is given for 
the image plane of  the lens and provides a broad overview of  a lens’s 
performance at a specific working distance, f/#, sensor size, and 
wavelength range. The frequency (noted on the x-axis) is given in 
cycles per millimetre or line pairs per millimetre. A cycle or a line 
pair is a black and a white line next to each other. The number of  
line pairs per millimetre can be converted to the size of  a line pair or 
the size of  a line. It stands for the size of  a structure that an imaging 
lens can or cannot resolve (100 line pairs per millimetre => line pair 
size is 10 µm => line (or structure) size is 5 µm). The contrast (noted 
on the y-axis) describes how well the black and white lines can be 
distinguished. 100% contrast means one line is black and one line 
is white, the contrast is very high. 0% contrast means both lines are 
the same grey and cannot be distinguished from one another. For 
imaging systems 15-20% contrast is typically the minimum contrast 
needed for acceptable image quality. 

Multiple coloured curves (black, blue, green, and red) are displayed. 
The solid black line at the top is the diffraction limit of  the lens, and 
represents the absolute upper limit of  the lens performance. No mat-
ter how advanced the lens design becomes, it will never rise above 
this line. The additional coloured lines on the curve that are below 
the diffraction limit represent the MTF performance of  the lens. They 
correspond to different field heights (positions across the sensor) that 
are to be used. In this case, there are three different field heights 
represented: on-axis (blue), which represents the centre of  the image 
circle; 70% of  the diameter of  the image circle (green), which repre-
sents about half  the image area; and the full image circle (red), which 
is the corner of  the image sensor that is in use.
The other noteworthy feature within the curves is the difference be-
tween solid and dashed lines, represented on the curve by the letters 
T and S, which represent the tangential (T: yz) and sagittal, or “radial” 

(S: xz) planes of  focus, respectively. These fields are different due 
to aberrations that are caused by asymmetry, such as astigmatism, 
which is why there is not a separate curve for tangential and sagittal 
on-axis. If  element tilts or decentres existed, the asymmetry would 
cause there to be different T and S curves on-axis, as well.
In the following sections imaging lenses are compared to each other 
using MTF curves. In order to show what influence the different lens 
parameters have on the system performance, there is always one pa-
rameter that differs for each comparison: lens design, focal length, 
f/# or working distance.

Comparison of  two different lens designs with the same focal 
length, 12 mm at f/2,8
Figure 2 shows two real life examples of  MTF curves for two different 
12 mm lens designs. The lenses have the same focal length, the same 
FOV, sensor, and f/#. They will produce systems that are the same 
size, but differ in performance. White light is used for the simulated 
light source.

In analysis, the horizontal light blue line at 30% contrast on Figure 
2a demonstrates that at least 30% contrast is achievable essentially 
everywhere within the FOV, which will allow for the entire capability 
of  the sensor to be well-utilized. For Figure 2b, nearly all of  the field 
is below 30% contrast. This means that better image quality will only 
be achievable over a small portion of  the sensor. Also to note, the 
orange box on both curves represents the intercept frequency of  the 
lower performance lens in Figure 2b with 70% contrast. When that 
same box is placed on Figure 2a, tremendous performance difference 
can be seen even at lower frequencies between the two lenses.

Figure 1: An MTF performance curve illustrates contrast vs. frequency 
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Comparing Lens Designs and Configurations

u		Example 1: Comparison of two different lens designs  
  with the same focal length (FL), 12 mm, at f/2.8 
Figure 3.2 examines two different lenses of  the same focal length that 
have the same FOV, sensor, and f/#. These lenses will produce systems 
that are the same size but differ in performance. In analysis, the hori-
zontal light blue line at 30% contrast on Figure 3.2a demonstrates that at 
least 30% contrast is achievable essentially everywhere within the FOV, 
which will allow for the entire capability of  the sensor to be well-utilized. 
For Figure 3.2b, nearly all of  the field is below 30% contrast. This means 
that better image quality will only be achievable over a small portion of  
the sensor. Also to note, the orange box on both curves represents the in-
tercept frequency of  the lower performance lens in Figure 3.2b with 70% 
contrast. When that same box is placed on Figure 3.2a, a tremendous 
performance difference can be seen even at lower frequencies between 
the two lenses. 
 The difference between these lenses is the cost associated with over-
coming both design constraints and fabrication variations; Figure 3.2a is 
associated with a much more complex design and tighter manufacturing 
tolerances. Figure 3.2a will excel in both lower resolution and demand-
ing resolution applications where relatively short working distances for 
larger field of  view are required. Figure 3.2b will work best where more 
pixels are needed to enhance the fidelity of  image processing algorithms 
and where lower cost is required. Both lenses have situations where they 
are the correct choice, depending on the application.

u		Example 2: Two different high resolution lens designs  
  with different focal lengths: 12 mm and 16 mm at f/2,8 
Figure 3.3 examines two different high resolution lenses with focal lengths 
of  12 mm and 16 mm that have the same FOV, sensor, and f/#. By looking 
at the lens’s contrast at the Nyquist limit of  Figure 3.3b (light blue line), 
a distinct performance increase can be seen when compared to Figure 
3.3a. While the absolute difference is only about 10 - 12% contrast, the 
relative difference is closer to 33% considering the change from approxi-
mately 30% contrast to 42%. Another orange box has been placed on 
this graph, this time where Figure 3.3a hits 70% contrast. Note that the 
difference at this level is not as extreme as in the previous example. The 
tradeoff  between these lenses is that the working distance for the lens 
in Figure 3.3b has an increase of  about 33% but with a decent increase 
in performance. This follows the general guidelines outlined in the Best 
Practices Section 1.1.

u	Example 3: Comparison of MTF for different f/#s of  
 the same 35 mm lens design
Figure 3.4 features the MTF for a 35 mm lens design using white light at 
f/4 (a) and f/2 (b). The yellow line shows the diffraction-limited contrast 
at the Nyquist limit for Figure 3.4a on both graphs while the blue line 
denotes the lowest actual performance at the Nyquist limit of  the same 
lens at f/4 in Figure 3.4a. While the theoretical limit of  Figure 3.4b is far 
higher, the performance is much lower. This is an example of  how a 
higher f/# can reduce the aberrational effects, greatly increasing perfor-
mance of  a lens, even though the theoretical performance limit is greatly 
reduced. The primary tradeoff  besides resoultion is less light throughput 
at the higher f/#.

(Continued on page 16)

Figure 3.2: MTF curves for two lens designs (a and b) with the same 
focal length, f/#, and system parameters. 
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Figure 3.3: Two different high resolution lens designs with different focal 
lengths at the same f/# and system parameters. 
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Figure 3.4: MTF curves for a 35 mm lens at the same WD and different 
f/#s: f/4 (a) and f/2 (b). 
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Figure 2: MTF Curves for Two Lens Designs a (top) and b (bottom) with the same focal length, f/#, and system parameters

INTRODUCTION TO MODULATION TRANSFER FUNCTION

Figure 2
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Section 2.6: Lens Performance Curves
Understanding and calculating a lens's performance can be a difficult 
task. There are many variables that will affect a lens's performance, in-
cluding the laws of  physics, design criteria and philosophy, and man-
ufacturing tolerances and errors. In order to obtain optimal system 
performance, both optical designers and the end users have access to 
several metrics that can be used to measure a lens’s performance. These 
curves are often provided to help specify the correct lens. 

Figure 2.6: An MTF performance curve illustrates contrast vs. frequency. 

Spatial Frequency in Cycles Per mm

Pixel Size:

Contrast (%)

100

90

80

70

60

50

40

30

20

10

0
0.0 75.0

10µm 5µm 

150.0

MTF: f/2,8 - 218 mm WD - #63-777

TS 5.50mm

TS 4.00mm

TS 0.00mm

Diff. Limit

Modulation Transfer Function (MTF)

The Modulation Transfer Function (MTF) curve is an information-dense 
metric that reflects how a lens reproduces contrast as spatial frequency 
(resolution) varies. These curves offer a composite view of  how opti-
cal aberrations affect performance at a particular set of  fundamental 
parameters dictated by the application’s need. It is important to under-
stand that changing almost any setting on a vision system, including the 
fundamental parameters, will change the performance characteristics of  
the curve. How MTF is calculated and the limits of  MTF are detailed in 
Section 3.2; Fundamental parameters are defined in Section 1.2. 
 Figure 2.6 shows a common type of  MTF curve, which describes the 
modulus of  the optical transfer function (contrast) vs. frequency (resolu-
tion). How frequency is determined is covered in Section 2.1. This curve 
provides a broad overview of  a lens's performance at a specific working 
distance, f/#, sensor size, and wavelength range.
 In regards to our presentation, there are multiple colored curves 
(black, blue, green, and red) that are displayed. The solid black line 
at the top is the diffraction limit of  the lens, and represents the abso-
lute limit of  the lens performance. No matter how advanced the lens 
performance becomes, it will never rise above this line. The additional 

colored lines on the curve that are below the diffraction limit repre-
sent the MTF performance of  the lens. They correspond to different 
field heights (positions across the sensor) that are to be used. In this 
case, there are three different field heights represented: on-axis (blue), 
which represents the center of  the image circle; 70% of  the diameter 
of  the image circle (green), which represents about half  the image 
area; and the full image circle (red), which is the corner of  the image 
sensor that is in use. Note that some curves will contain more field 
points for analysis. 
 The other noteworthy feature within the curves is the difference 
between solid and dashed lines, represented on the curve by the let-
ters T and S, which represent the tangential (T: yz) and sagittal, or 
“radial” (S: xz) planes of  focus, respectively. These fields are different 
due to aberrations that are caused by asymmetry, such as astigma-
tism, which is why there is not a separate curve for tangential and 
sagittal on-axis. If  element tilts or decenters existed, the asymmetry 
would cause there to be different T and S curves on-axis, as well. 
 The MTF curve is a map of  contrast vs. frequency. Interpretation of  
an MTF curve is highly application dependant.

Depth of Field (DOF)

The Depth of  Field (DOF) plot displays how the MTF changes as details 
of  a specific size (resolution, given as a frequency) move closer to, or far-
ther away from, the lens without refocusing. In other words, how the con-
trast changes above and below the specified working distance. Figure 2.7 
shows the type of  DOF curve provided in TECHSPEC® lens datasheets.
 The depth of  field plot shows the differences in MTF based on con-
stant field heights (the different colors of  the individual curves) for a  

fixed spacial frequency on the image side, with the diffraction limit left 
out. As the MTF is sampled at different positions along the optical axis, 
defocus is introduced into the system. In general, as defocus is intro-
duced, the contrast will decrease. The horizontal line toward the bottom 
of  the curve represents the depth of  field at a specific contrast level (in 
this case, 20%). The generally accepted minimum contrast for a machine 
vision system to maintain accurate results is 20%.

Dashed Color Lines:  Tangential plane MTF

Solid Color Lines:  Sagittal plane MTF

MTF On-Axis

Diffraction Limit

f/# and working distance parameters for this MTF curve

pixel limited resolution by pixel size
(Nyquist Freq.)

15 - 20% contrast is typically the minimum 
contrast for acceptable image quality

field height (multiply by 2
for image circle diameter)

Visit WWW.EDMUNDOPTICS.EU/IMAGING
to download comprehensive datasheets

for all TECHSPEC® imaging lenses which

feature these performance curves. 

Lens Stock Number

Figure 1

MTF: f/2,8 - 150 mm WD, 12 mm FL

MTF: f/2,8 -150 mm WD, 12 mm FL
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The difference between these lenses is the cost associated with over-
coming both design constraints and fabrication variations; Figure 2a 
is associated with a much more complex design and tighter manu-
facturing tolerances. Figure 2a will excel in both lower resolution and 
demanding resolution applications where relatively short working 
distances for larger field of  view are required. Figure 2b will work 
best where more pixels are needed to enhance the fidelity of  image 
processing algorithms and where lower cost is required. Both lenses 
have situations where they are the correct choice, depending on the 
application.

Comparison of  two high resolution lenses with different focal 
lengths, 12 mm and 16 mm at f/2,8
Figure 3 shows the MTF curves of  two different high resolution 
lens designs with different focal lengths (12 mm and 16 mm, both at 
f/2,8). The working distance is different in order to achieve the same 
field of  view. The lens with the longer focal length shows a slightly 
better performance than the lens with the shorter focal length, al-
though the difference is not as extreme as in the previous example. 
Again the blue line shows the minimum achievable contrast of  the 
lens with the better performance and the orange box represents the 
intercept frequency of  the lower performance lens.

Comparison of  the same lens at different f/#s, f/4 and f/2
Figure 4 shows MTF curves of  the same lens with different f/#s (f/4 
and f/2). The working distance is the same as is the focal length. 
While the theoretical limit of  Figure 4b is far higher, the performance 
is much lower. This is an example of  how a higher f/# can reduce the 
aberrational effects, greatly increasing performance of  a lens, even 
though the theoretical performance limit is greatly reduced. The 
primary trade-off  besides resolution is less light throughput at the 
higher f/#. The yellow line shows the diffraction limited contrast at 
the Nyquist limit for the lens with f/4. The blue line denotes the low-
est actual performance at the Nyquist limit at the same f/#.

Comparison of  a lens with 35 mm focal length at two working 
distances and the same f/#
For Figure 5, working distances of  200 mm (a) and 450 mm (b) are 
examined for the same 35 mm lens design at f/2. A large perfor-
mance difference can be seen, which is directly related to the ability 
to balance aberrational content in lens design over a range of  work-
ing distances. Changing working distance, even with refocusing, will 
lead to variations or reductions in performance as the lens moves 
away from its designed range. These effects are most profound at 
lower f/#s.

Conclusion
If  one knows the basic principles of  how to read an MTF curve, these 
curves are highly beneficial to quickly get an impression of  the lens 
performance or compare different lenses before making the decision 
which imaging lens fits best to the given application. As shown in the 
comparison examples, different lens parameters can influence the 
performance of  the imaging lens significantly and knowing which 
parameter changes lead to which performance changes can greatly 
help to improve the imaging system and produce images which can 
easily be analysed. 

Figure 3: Two different high resolution lens designs a (top) and b (bottom) with different focal lengths at the same f/# 
and system parameters 

MODULATION TRANSFER FUNCTION (MTF)

Figure 4: MTF curves for a 35 mm lens at the same WD and different f/#s: f/4 a (top) and f/2 b (bottom) 

Figure 5: MTF curves for a 35 mm lens at the same WD and different f/#s: f/4 a (top) and f/2 b (bottom) 

Figure 5

MODULATION TRANSFER FUNCTION (MTF)
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u		Example 1: Comparison of two different lens designs  
  with the same focal length (FL), 12 mm, at f/2.8 
Figure 3.2 examines two different lenses of  the same focal length that 
have the same FOV, sensor, and f/#. These lenses will produce systems 
that are the same size but differ in performance. In analysis, the hori-
zontal light blue line at 30% contrast on Figure 3.2a demonstrates that at 
least 30% contrast is achievable essentially everywhere within the FOV, 
which will allow for the entire capability of  the sensor to be well-utilized. 
For Figure 3.2b, nearly all of  the field is below 30% contrast. This means 
that better image quality will only be achievable over a small portion of  
the sensor. Also to note, the orange box on both curves represents the in-
tercept frequency of  the lower performance lens in Figure 3.2b with 70% 
contrast. When that same box is placed on Figure 3.2a, a tremendous 
performance difference can be seen even at lower frequencies between 
the two lenses. 
 The difference between these lenses is the cost associated with over-
coming both design constraints and fabrication variations; Figure 3.2a is 
associated with a much more complex design and tighter manufacturing 
tolerances. Figure 3.2a will excel in both lower resolution and demand-
ing resolution applications where relatively short working distances for 
larger field of  view are required. Figure 3.2b will work best where more 
pixels are needed to enhance the fidelity of  image processing algorithms 
and where lower cost is required. Both lenses have situations where they 
are the correct choice, depending on the application.

u		Example 2: Two different high resolution lens designs  
  with different focal lengths: 12 mm and 16 mm at f/2,8 
Figure 3.3 examines two different high resolution lenses with focal lengths 
of  12 mm and 16 mm that have the same FOV, sensor, and f/#. By looking 
at the lens’s contrast at the Nyquist limit of  Figure 3.3b (light blue line), 
a distinct performance increase can be seen when compared to Figure 
3.3a. While the absolute difference is only about 10 - 12% contrast, the 
relative difference is closer to 33% considering the change from approxi-
mately 30% contrast to 42%. Another orange box has been placed on 
this graph, this time where Figure 3.3a hits 70% contrast. Note that the 
difference at this level is not as extreme as in the previous example. The 
tradeoff  between these lenses is that the working distance for the lens 
in Figure 3.3b has an increase of  about 33% but with a decent increase 
in performance. This follows the general guidelines outlined in the Best 
Practices Section 1.1.

u	Example 3: Comparison of MTF for different f/#s of  
 the same 35 mm lens design
Figure 3.4 features the MTF for a 35 mm lens design using white light at 
f/4 (a) and f/2 (b). The yellow line shows the diffraction-limited contrast 
at the Nyquist limit for Figure 3.4a on both graphs while the blue line 
denotes the lowest actual performance at the Nyquist limit of  the same 
lens at f/4 in Figure 3.4a. While the theoretical limit of  Figure 3.4b is far 
higher, the performance is much lower. This is an example of  how a 
higher f/# can reduce the aberrational effects, greatly increasing perfor-
mance of  a lens, even though the theoretical performance limit is greatly 
reduced. The primary tradeoff  besides resoultion is less light throughput 
at the higher f/#.

(Continued on page 16)

Figure 3.2: MTF curves for two lens designs (a and b) with the same 
focal length, f/#, and system parameters. 
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Figure 3.2a

Figure 3.2b

Figure 3.3: Two different high resolution lens designs with different focal 
lengths at the same f/# and system parameters. 
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Figure 3.4: MTF curves for a 35 mm lens at the same WD and different 
f/#s: f/4 (a) and f/2 (b). 
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Section 3.3: Wavelength Effects
on Performance
Different wavelengths bend at different angles as light passes through 
a medium (glass, water, air, etc.). This is commonly observed when 
sunlight passes through a prism and creates a rainbow effect; shorter 
wavelengths are bent more than longer ones. This same effect creates 
problems when trying to resolve details and gain information in imag-
ing systems. To avoid this issue, imaging and machine vision systems 
commonly use monochromatic illumination, which involves only single 
wavelengths or narrow bands of  the spectrum. Monochromatic illumi-
nation, e.g. from a 660 nm LED, practically eliminates what are known as 
chromatic aberrations in an imaging system. 

Chromatic Aberrations
Chromatic aberrations exist in two fundamental forms: lateral color shift 
(Figure 3.6) and chromatic focal shift (Figure 3.7). 

Lateral color shift, Figure 3.6, can be seen as you move from the center 
of  the image towards the edge of  the image. In the center, the spots for 
different wavelengths of  light are concentric. Moving towards the cor-
ner of  the image, wavelengths tend to separate and produce a rainbow 
effect. As a result of  this color separation, a given point on the object 
is imaged over a larger area, resulting in reduced contrast. On sensors 
with smaller pixels, this result is even more pronounced, as the blurring 
spreads over more pixels. In depth details on lateral color can be found 
in Section 6.2 on aberrations.

Chromatic focal shift, Figure 3.7, relates to the ability of  a lens to fo-
cus all wavelengths at the same distance away from the lens. Different 
wavelengths will have different planes of  best focus. This shift in focus 
with respect to wavelength results in reduced contrast, since the differ-
ent wavelengths create different spot sizes at the image plane where the 
camera sensor is located. In the image plane of  Figure 3.7 a small spot 
size in the red wavelengths, a larger spot size in green, and the largest 
spot size in blue is shown. Not all colors will be in focus all at once. Ad-
vanced details can be found in Section 6.2 on Aberrations.

Choosing the Optimal Wavelength
Monochromatic illumination enhances contrast by eliminating both 
chromatic focal shift and lateral chromatic aberration. It is readily avail-
able in the form of  LED illumination, lasers, and through the use of  fil-
ters. However, different wavelengths can have different MTF effects in a 
system. The diffraction limit defines the smallest theoretical spot which 
can be created by a perfect lens, as defined by the Airy Disk diameter, 
which has a wavelength (λ) dependence. See Section 2.5 for more details 
on the Airy Disk and diffraction limit. Using the Equation 3.2, one can 
analyze the change in spot size for both different wavelengths and dif-
ferent f/#s.   

Minimum spot size (Airy Disk diameter)  in µm  =  2,44 x λ (µm) x f/# 

Figure 3.6: Lateral Color Shift.

Figure 3.6

Figure 3.7: Chromatic Focal Shift.

Image Plane

Figure 3.7

(Continued from page 15)
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u		Example 4: The Effect of Changing Working
  Distance on MTF  
For Figure 3.5, working distances of  200 mm (a) and 450 mm (b) are exam-
ined for the same 35mm lens design at f/2. A large performance difference 
can be seen, which is directly related to the ability to balance aberrational 
content in lens design over a range of  working distances. Changing work-
ing distance, even with refocusing, will lead to variations or reductions 
in performance as the lens moves away from its designed range. These 
effects are most profound at lower f/#s. More details on these effects can 
be found in the section Designing to Balance Aberrations and the section 
on Aberrations in Section 6.1, page 36 and Section 6.2, page 37 respectively. 

Figure 3.5: MTF curves for a 35 mm focal length lens at f/2 with different 
working distances.  
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3.2

Visit WWW.EDMUNDOPTICS.EU/IMAGING
to download comprehensive datasheets
for all TECHSPEC® imaging lenses which

feature these MTF curves. 

Spatial Frequency in cycles per mm
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Comparing Lens Designs and Configurations

u		Example 1: Comparison of two different lens designs  
  with the same focal length (FL), 12 mm, at f/2.8 
Figure 3.2 examines two different lenses of  the same focal length that 
have the same FOV, sensor, and f/#. These lenses will produce systems 
that are the same size but differ in performance. In analysis, the hori-
zontal light blue line at 30% contrast on Figure 3.2a demonstrates that at 
least 30% contrast is achievable essentially everywhere within the FOV, 
which will allow for the entire capability of  the sensor to be well-utilized. 
For Figure 3.2b, nearly all of  the field is below 30% contrast. This means 
that better image quality will only be achievable over a small portion of  
the sensor. Also to note, the orange box on both curves represents the in-
tercept frequency of  the lower performance lens in Figure 3.2b with 70% 
contrast. When that same box is placed on Figure 3.2a, a tremendous 
performance difference can be seen even at lower frequencies between 
the two lenses. 
 The difference between these lenses is the cost associated with over-
coming both design constraints and fabrication variations; Figure 3.2a is 
associated with a much more complex design and tighter manufacturing 
tolerances. Figure 3.2a will excel in both lower resolution and demand-
ing resolution applications where relatively short working distances for 
larger field of  view are required. Figure 3.2b will work best where more 
pixels are needed to enhance the fidelity of  image processing algorithms 
and where lower cost is required. Both lenses have situations where they 
are the correct choice, depending on the application.

u		Example 2: Two different high resolution lens designs  
  with different focal lengths: 12 mm and 16 mm at f/2,8 
Figure 3.3 examines two different high resolution lenses with focal lengths 
of  12 mm and 16 mm that have the same FOV, sensor, and f/#. By looking 
at the lens’s contrast at the Nyquist limit of  Figure 3.3b (light blue line), 
a distinct performance increase can be seen when compared to Figure 
3.3a. While the absolute difference is only about 10 - 12% contrast, the 
relative difference is closer to 33% considering the change from approxi-
mately 30% contrast to 42%. Another orange box has been placed on 
this graph, this time where Figure 3.3a hits 70% contrast. Note that the 
difference at this level is not as extreme as in the previous example. The 
tradeoff  between these lenses is that the working distance for the lens 
in Figure 3.3b has an increase of  about 33% but with a decent increase 
in performance. This follows the general guidelines outlined in the Best 
Practices Section 1.1.

u	Example 3: Comparison of MTF for different f/#s of  
 the same 35 mm lens design
Figure 3.4 features the MTF for a 35 mm lens design using white light at 
f/4 (a) and f/2 (b). The yellow line shows the diffraction-limited contrast 
at the Nyquist limit for Figure 3.4a on both graphs while the blue line 
denotes the lowest actual performance at the Nyquist limit of  the same 
lens at f/4 in Figure 3.4a. While the theoretical limit of  Figure 3.4b is far 
higher, the performance is much lower. This is an example of  how a 
higher f/# can reduce the aberrational effects, greatly increasing perfor-
mance of  a lens, even though the theoretical performance limit is greatly 
reduced. The primary tradeoff  besides resoultion is less light throughput 
at the higher f/#.

(Continued on page 16)

Figure 3.2: MTF curves for two lens designs (a and b) with the same 
focal length, f/#, and system parameters. 
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Figure 3.3: Two different high resolution lens designs with different focal 
lengths at the same f/# and system parameters. 
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Figure 3.4: MTF curves for a 35 mm lens at the same WD and different 
f/#s: f/4 (a) and f/2 (b). 
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Comparing Lens Designs and Configurations

u		Example 1: Comparison of two different lens designs  
  with the same focal length (FL), 12 mm, at f/2.8 
Figure 3.2 examines two different lenses of  the same focal length that 
have the same FOV, sensor, and f/#. These lenses will produce systems 
that are the same size but differ in performance. In analysis, the hori-
zontal light blue line at 30% contrast on Figure 3.2a demonstrates that at 
least 30% contrast is achievable essentially everywhere within the FOV, 
which will allow for the entire capability of  the sensor to be well-utilized. 
For Figure 3.2b, nearly all of  the field is below 30% contrast. This means 
that better image quality will only be achievable over a small portion of  
the sensor. Also to note, the orange box on both curves represents the in-
tercept frequency of  the lower performance lens in Figure 3.2b with 70% 
contrast. When that same box is placed on Figure 3.2a, a tremendous 
performance difference can be seen even at lower frequencies between 
the two lenses. 
 The difference between these lenses is the cost associated with over-
coming both design constraints and fabrication variations; Figure 3.2a is 
associated with a much more complex design and tighter manufacturing 
tolerances. Figure 3.2a will excel in both lower resolution and demand-
ing resolution applications where relatively short working distances for 
larger field of  view are required. Figure 3.2b will work best where more 
pixels are needed to enhance the fidelity of  image processing algorithms 
and where lower cost is required. Both lenses have situations where they 
are the correct choice, depending on the application.

u		Example 2: Two different high resolution lens designs  
  with different focal lengths: 12 mm and 16 mm at f/2,8 
Figure 3.3 examines two different high resolution lenses with focal lengths 
of  12 mm and 16 mm that have the same FOV, sensor, and f/#. By looking 
at the lens’s contrast at the Nyquist limit of  Figure 3.3b (light blue line), 
a distinct performance increase can be seen when compared to Figure 
3.3a. While the absolute difference is only about 10 - 12% contrast, the 
relative difference is closer to 33% considering the change from approxi-
mately 30% contrast to 42%. Another orange box has been placed on 
this graph, this time where Figure 3.3a hits 70% contrast. Note that the 
difference at this level is not as extreme as in the previous example. The 
tradeoff  between these lenses is that the working distance for the lens 
in Figure 3.3b has an increase of  about 33% but with a decent increase 
in performance. This follows the general guidelines outlined in the Best 
Practices Section 1.1.

u	Example 3: Comparison of MTF for different f/#s of  
 the same 35 mm lens design
Figure 3.4 features the MTF for a 35 mm lens design using white light at 
f/4 (a) and f/2 (b). The yellow line shows the diffraction-limited contrast 
at the Nyquist limit for Figure 3.4a on both graphs while the blue line 
denotes the lowest actual performance at the Nyquist limit of  the same 
lens at f/4 in Figure 3.4a. While the theoretical limit of  Figure 3.4b is far 
higher, the performance is much lower. This is an example of  how a 
higher f/# can reduce the aberrational effects, greatly increasing perfor-
mance of  a lens, even though the theoretical performance limit is greatly 
reduced. The primary tradeoff  besides resoultion is less light throughput 
at the higher f/#.

(Continued on page 16)

Figure 3.2: MTF curves for two lens designs (a and b) with the same 
focal length, f/#, and system parameters. 

Spatial Frequency in Cycles per mm

Pixel Size:

Co
nt

ra
st 

(%
)

100

90

80

70

60

50

40

30

20

10

0
0.0 75.0

10µm 5µm 

150.0

MTF: f/2.8, 150mm WD, 12mm FL

Spatial Frequency in Cycles per mm

Pixel Size:

Co
nt

ra
st 

(%
)

100

90

80

70

60

50

40

30

20

10

0
0.0 75.0

10µm 5µm 

150.0

MTF: f/2.8, 150mm WD, 12mm FL

Figure 3.2a

Figure 3.2b

Figure 3.3: Two different high resolution lens designs with different focal 
lengths at the same f/# and system parameters. 
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Figure 3.4: MTF curves for a 35 mm lens at the same WD and different 
f/#s: f/4 (a) and f/2 (b). 
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Please contact us, if you need MTF performance curves for imaging lenses offered by Edmund Optics®. 
We are happy to produce curves according to your needs and application requirements. 
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least 30% contrast is achievable essentially everywhere within the FOV, 
which will allow for the entire capability of  the sensor to be well-utilized. 
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that better image quality will only be achievable over a small portion of  
the sensor. Also to note, the orange box on both curves represents the in-
tercept frequency of  the lower performance lens in Figure 3.2b with 70% 
contrast. When that same box is placed on Figure 3.2a, a tremendous 
performance difference can be seen even at lower frequencies between 
the two lenses. 
 The difference between these lenses is the cost associated with over-
coming both design constraints and fabrication variations; Figure 3.2a is 
associated with a much more complex design and tighter manufacturing 
tolerances. Figure 3.2a will excel in both lower resolution and demand-
ing resolution applications where relatively short working distances for 
larger field of  view are required. Figure 3.2b will work best where more 
pixels are needed to enhance the fidelity of  image processing algorithms 
and where lower cost is required. Both lenses have situations where they 
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of  12 mm and 16 mm that have the same FOV, sensor, and f/#. By looking 
at the lens’s contrast at the Nyquist limit of  Figure 3.3b (light blue line), 
a distinct performance increase can be seen when compared to Figure 
3.3a. While the absolute difference is only about 10 - 12% contrast, the 
relative difference is closer to 33% considering the change from approxi-
mately 30% contrast to 42%. Another orange box has been placed on 
this graph, this time where Figure 3.3a hits 70% contrast. Note that the 
difference at this level is not as extreme as in the previous example. The 
tradeoff  between these lenses is that the working distance for the lens 
in Figure 3.3b has an increase of  about 33% but with a decent increase 
in performance. This follows the general guidelines outlined in the Best 
Practices Section 1.1.
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 the same 35 mm lens design
Figure 3.4 features the MTF for a 35 mm lens design using white light at 
f/4 (a) and f/2 (b). The yellow line shows the diffraction-limited contrast 
at the Nyquist limit for Figure 3.4a on both graphs while the blue line 
denotes the lowest actual performance at the Nyquist limit of  the same 
lens at f/4 in Figure 3.4a. While the theoretical limit of  Figure 3.4b is far 
higher, the performance is much lower. This is an example of  how a 
higher f/# can reduce the aberrational effects, greatly increasing perfor-
mance of  a lens, even though the theoretical performance limit is greatly 
reduced. The primary tradeoff  besides resoultion is less light throughput 
at the higher f/#.
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Figure 3.2: MTF curves for two lens designs (a and b) with the same 
focal length, f/#, and system parameters. 
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Figure 3.3: Two different high resolution lens designs with different focal 
lengths at the same f/# and system parameters. 

Spatial Frequency in Cycles per mm

Pixel Size:

Co
nt

ra
st 

(%
)

100

90

80

70

60

50

40

30

20

10

0
0.0 75.0

10µm 5µm 

150.0

MTF: f/2.8, 150mm WD, 12mm FL

Spatial Frequency in Cycles per mm

Pixel Size:

Co
nt

ra
st 

(%
)

100

90

80

70

60

50

40

30

20

10

0
0.0 75.0

10µm 5µm 

150.0

MTF: f/2.8, 200mm WD, 16mm FL

Figure 3.3a
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Figure 3.4: MTF curves for a 35 mm lens at the same WD and different 
f/#s: f/4 (a) and f/2 (b). 

Spatial Frequency in Cycles per mm
0.0 75.0 150.0

MTF: f/4, 200mm WD, 35mm FL

Co
nt

ra
st 

(%
)

100
90
80
70
60
50
40
30
20
10

0

Pixel Size: 10µm 5µm 

Spatial Frequency in Cycles per mm
0.0 75.0 150.0

MTF: f/2, 200mm, 35mm FL

Co
nt

ra
st 

(%
)

100
90
80
70
60
50
40
30
20
10

0

Pixel Size: 10µm 

5µm 

Figure 3.4a

Figure 3.4b

MTF: f/2,8 - 200 mm WD, 16 mm FL


