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(57) ABSTRACT

A microscope (10) for obtaining a high dynamic range
synthesized image (21) of an object (12) from a plurality of
low dynamic range input images (19) comprises a controller
(14), an incoherent light source (16) for illuminating the
object (12) at different light intensity levels, and a recording
device (18) for recording the plurality of low dynamic range
input images (19), wherein each of the low dynamic range
input images (19) is recorded at a different light intensity
level. The controller (14) is configured to control the record-
ing device (18) such that during recording of the series of the
low dynamic range images the recording parameters for
obtaining the plurality of low dynamic range input images
(19) are kept constant.
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MICROSCOPE AND METHOD FOR
OBTAINING A HIGH DYNAMIC RANGE
SYNTHESIZED IMAGE OF AN OBJECT

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] The present application is the U.S. national phase
of International Application No. PCT/EP2014/071353 filed
Oct. 6, 2014, the entire contents of which are incorporated
herein by reference.

FIELD OF THE INVENTION

[0002] The invention relates to a microscope for obtaining
a high dynamic range synthesized image of an object from
a plurality of low dynamic range digital input images.
Further, the invention relates to a method for obtaining a
high dynamic range synthesized image of an object from a
plurality of low dynamic range digital input images.

BACKGROUND OF THE INVENTION

[0003] Nowadays, many consumer and mobile phone
cameras offer some sort of high dynamic range (HDR) mode
to deal with a high contrast in the subject. HDR, as its name
implies, is a method that aims to add more dynamic range to
digital images, where dynamic range is the ratio of bright to
dark in an image. To achieve HDR with limited hardware
capability, instead of just taking one picture, HDR uses
several images, usually taken at different exposure times, or
at different apertures, or different sensitivities (i.e. gains) and
combines them into a single image.

[0004] However, the known methods of varying the expo-
sure time introduce some limitations for controlling the
image brightness. In particular, increasing the exposure time
to obtain an HDR image can cause a drop in the frame rate.
Further, if the known method of controlling the aperture is
used, the image resolution will drop accordingly when the
aperture size is reduced. Furthermore if the known method
of increasing the sensitivity is used, chip noise can occur
which results in brightness fluctuations on dark images.
[0005] From Document U.S. Pat. No. 6,753,876 B2, a
method to increase the image dynamic range by using a laser
for illumination and fusing multiple illumination levels of
each pixel is known. It provides a floating-point illumination
to achieve a high dynamic range image. This known method,
however, has certain limitations. In particular, using a laser
for the illumination measurement makes illumination sys-
tems much more complicated. Further, such systems are
difficult to use for color imaging systems. Further, such
systems are more sensitive to the surface finishing and
surface facet angle which will limit the application dramati-
cally. Further, the illumination of this known method uses a
stripe pattern which will increase the difficulty of pixel
fusion.

[0006] From Document U.S. Pat. No. 7,460,168 B2, an
image processing apparatus for generating a wide dynamic
range image is known. According to this known concept, a
wide dynamic range image is generated in that a plurality of
images is recorded under different exposure conditions.
First, properly exposed areas and insufficiently exposed
areas are divided (segmenting). In addition, a gradation of
each image is performed. Then, a correction is performed to
obtain corrected images. Finally, a single wide dynamic
range picture is composed.
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[0007] From Document US 2012/0257077 Al, an HDR
image forming apparatus is known which also uses a similar
technique in that the exposure time is controlled.

[0008] The above-mentioned prior art methods are typical
examples of using exposure time control methods to obtain
different intensity images and to fuse them into one wide
dynamic range image. Indeed, the known methods of con-
trolling the exposure time are technically simple and easy to
use. However, the prior art techniques will introduce the
above-mentioned limitations for controlling the image
brightness. In particular, increasing the exposure time to
obtain HDR images can cause a change or drop in the frame
rate.

SUMMARY OF THE INVENTION

[0009] Therefore, it is an object of the invention to specify
a microscope for obtaining a high dynamic range synthe-
sized image of an object from a plurality of low dynamic
range input images, which has a simple structure and allows
avoiding high requirements on the image generation.
[0010] This object is solved by a microscope having the
features described herein and by a method having the
features described herein. Advantageous developments of
the invention are described in the present specification.
[0011] According to an embodiment of the invention, the
simple structure and the possibility of avoiding high require-
ments on the image generation can be achieved since the
object is illuminated at different light intensity levels using
an incoherent light source of a microscope, and the plurality
of'low dynamic range (LDR) input images is recorded using
a recording device comprising an optical imaging system
having an optical aperture and an image sensor of the
microscope. Further, control signals are provided to control
the recording device and the incoherent light source of the
microscope such that a plurality of low dynamic range input
images at different light intensity levels is captured while at
least one of a plurality of recording parameters is kept
constant. Therefore, it is not required to change the record-
ing characteristic of the recording device during the image
generation. This allows the simple structure of the micro-
scope, and in particular, high requirements on the image
generation can be avoided.

[0012] In other words, it can be sufficient to only vary the
control signal for the incoherent light source while keeping
the recording parameters of the image acquisition constant.
[0013] Preferably, the controller is configured to control
the recording device while a frame rate during capturing the
plurality of low dynamic range input images is kept con-
stant. Therefore, a change or drop in the frame rate can be
avoided during the image generation.

[0014] It is advantageous when the recording parameters
are one or a group of an exposure time and an aperture of the
optical imaging system and a sensitivity (i.e. gain) of the
image sensor for obtaining the plurality of low dynamic
range input images, and if one or a group of these are kept
constant. Therefore, there is no effort for adjusting the
exposure time and/or the aperture during the image genera-
tion.

[0015] Further, it is advantageous when the controller is
configured to control the recording device such that a
desired brightness level of a key frame of the plurality of low
dynamic range input images is obtained. Preferably, the
controller is configured to obtain the desired brightness level
of the key frame by performing a comparison of an actual
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brightness level of the key frame with a predefined bright-
ness level input by a user. Therefore, it is possible to easily
achieve a desired brightness level of a key frame of a
recorded set of images.

[0016] Further, it is advantageous when the controller is
configured to determine a key frame from the plurality of
low dynamic range input images, wherein an index m of the
key frame is determined based on the number n of the low
dynamic range input images. Preferably, the controller is
configured to determine the key frame by using

if n is an odd number, or

ST

if n is an even number, wherein m is the index of the key
frame, and n is the number of the plurality of the low
dynamic range input images. Therefore, it is possible to
easily determine the key frame of a recorded set of images.
[0017] Further, it is advantageous when the microscope is
configured such that the plurality of low dynamic range
input images have different brightness levels corresponding
to the different light intensity levels. Therefore, a suitable set
of images for the generation of the high dynamic range
(HDR) synthesized image of the object can be obtained.

[0018] Further, it is advantageous when the microscope is
configured such that the different light intensity levels of the
illumination of the object are characterized by a light
intensity offset, wherein the light intensity offset is given by

L=L, %Ryl 11

wherein [, is the light intensity level for a recording of an
individual low dynamic range input image, I, is the light
intensity level for a recording of a key frame, i is an index
of the individual low dynamic range input image, m is an
index of the key frame, R, is a predefined dynamic range
coefficient, and n is the number of the low dynamic range
input images. Therefore, it is possible to appropriately adjust
a light intensity offset for a recorded set of low dynamic
range input images to be used for the generation of the high
dynamic range synthesized image of the object.

[0019] Further, it is advantageous when the microscope
further comprises a combiner for combining the plurality of
low dynamic range input images recorded at the different
light intensity levels to obtain the high dynamic range
synthesized image. Preferably, the combiner is configured to
add the intensity information of each of the low dynamic
range input images to obtain the high dynamic range syn-
thesized image. Therefore, there exists a first possibility of
generating the high dynamic range synthesized image in an
efficient way.

[0020] Alternatively, the combiner is configured to add the
intensity information of a first pair of consecutive low
dynamic range input images to obtain a first high dynamic
range synthesized image and to add the intensity information
of a second pair of consecutive low dynamic range input
images to obtain a second high dynamic range synthesized
image, wherein the first pair of consecutive low dynamic
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range input images and the second pair of consecutive low
dynamic range input images comprise a common low
dynamic range input image of the plurality of low dynamic
range input images. Therefore, there exists a second possi-
bility of generating the high dynamic range synthesized
image in an efficient way.

[0021] Further, it is advantageous when the microscope
further comprises a tone mapper for applying a tone map-
ping algorithm to the high dynamic range synthesized image
to obtain tone mapped image data, the tone mapped image
data representing a reduced dynamic range compared to the
dynamic range of the high dynamic range synthesized
image. Therefore, it is possible to generate tone mapped
image data representing a reduced dynamic range to be
displayed by a monitor which still sustains details in very
dark and very bright areas of the image.

[0022] Preferably, the microscope further comprises a live
streaming image output module configured to generate a live
image on the basis of the high dynamic range synthesized
image.

[0023] Preferably, each of the plurality of low dynamic
range input images is a digital image.

[0024] According to an embodiment of the invention, a
method for obtaining a high dynamic range synthesized
image of an object from a plurality of low dynamic range
input images is provided. The method comprises illuminat-
ing the object at different light intensity levels using an
incoherent light source of a microscope, recording the
plurality of low dynamic range input images using a record-
ing device comprising an optical imaging system having an
optical aperture and an image sensor of the microscope, and
providing control signals to control the recording device and
the incoherent light source of the microscope such that a
plurality of low dynamic range input images at different light
intensity levels is captured while at least one of a plurality
of recording parameters is kept constant.

[0025] In this context, it is explicitly pointed out that the
synthesis of the HDR image is based on a calculation
operation. This is actually not the same as performing the
synthesis based on a pure extraction operation, where the
intensity information is not used for a further calculation.
[0026] It is also explicitly pointed out here that the inten-
sity values of all pixels of the full area of the image sensor
or pixels of corresponding ROI (region of interest) areas of
the image sensor having the same size and the same location
in the different input images are used for the calculation
operation of the HDR synthesis.

BRIEF DESCRIPTION OF THE DRAWING
VIEWS

[0027] Further features and advantages of the invention
result from the following description which explains the
invention in more detail on the basis of embodiments in
connection with the enclosed Figures.

[0028] FIG. 1 shows a schematic illustration of a micro-
scope comprising a controller, an incoherent light source and
a recording device;

[0029] FIG. 2 shows a schematic illustration of the micro-
scope according to FIG. 1 further comprising a combiner, a
tone mapper and a live streaming image output module;
[0030] FIG. 3 shows the combiner of the microscope
according to FIG. 1 for obtaining a high dynamic range
synthesized image from recorded low dynamic range input
images;
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[0031] FIG. 4 shows the combiner of the microscope
according to FIG. 1 for obtaining a first high dynamic range
synthesized image and a second high dynamic range syn-
thesized image from recorded low dynamic range input
images;

[0032] FIG. 5 shows a block diagram of an implementa-
tion for a brightness control; and

[0033] FIG. 6 shows a schematic illustration of an over-
view of a high dynamic range imaging system.

DETAILED DESCRIPTION OF THE
INVENTION

[0034] FIG. 1 shows a schematic illustration of a micro-
scope 10 comprising a controller 14, an incoherent light
source 16 and a recording device 18. As shown in FIG. 1, the
recording device 18 comprises an image sensor 26 and an
optical imaging system 28. The optical imaging system 28 is
configured to image an object 12 onto the image sensor 26.
The optical path is indicated by reference numeral 32.
Further, the optical axis of the optical imaging system 28 is
indicated by dashed line 33.

[0035] Referring to FIG. 1, the incoherent light source 16
is configured for illuminating the object 12 at different light
intensity levels. The light emitted by the incoherent light
source 16 is indicated by the arrows with reference numeral
30. The recording device 18 is configured for recording a
plurality of low dynamic range input images of the object
12. In particular, each of the low dynamic range input
images is recorded at a different light intensity level. Further
referring to FIG. 1, the controller 14 is operatively coupled
to the recording device 18 comprising the image sensor 26.
The controller 14 is configured to control the recording
device 18 such that a recording characteristic for obtaining
the plurality of low dynamic range input images is kept
constant. For example, the recording characteristic is a
frame rate, an exposure time and/or an aperture.

[0036] The microscope 10 of FIG. 1 is configured for
generating, based on the recorded low dynamic range input
images, a high dynamic range synthesized image of the
object 12. In particular, the dynamic range of the high
dynamic range synthesized image is higher than the dynamic
range of the recorded low dynamic range input images. The
dynamic range is defined as the ratio of the highest intensity
value to the lowest intensity value in the respective image.
For example, the high dynamic range synthesized image has
a dynamic range of 16 bit, while the recorded low dynamic
range input images have a dynamic range of 8 bit. The
plurality of low dynamic range input images has different
brightness levels corresponding to the different light inten-
sity levels. Further, the recorded low dynamic range input
images represent different images of the same object 12.
[0037] As shown in FIG. 1, the microscope 10 further
comprises components 34, 36, 38 of a control loop. In
particular, the control loop comprises an image acquire
module 34, an image brightness calculation module 36 and
a light intensity adjustment module 38. The image acquire
module 34 is configured for providing an image recorded by
the image sensor 26. The image brightness calculation
module 36 is configured for calculating a brightness infor-
mation of the image provided by the image acquire module
34. The light intensity adjustment module 38 is configured
for adjusting the light intensity level of the light generated
by the incoherent light source 16 based on the brightness
information calculated by the image brightness calculation
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module 36. Therefore, the control loop comprising the
components 34, 36, 38 allows to control the incoherent light
source 16 in dependence on the image recorded by the image
sensor 26.

[0038] In other words, the present invention provides a
brightness control system as shown in FIG. 1. This system
comprises an image sensor 26 for converting an image of the
object into electronic signals. The optical system 28 forms
an object image on the sensor 26. Reference numeral 12
points to the object to be detected. The reflected light from
the object is collected by the optical system. The lighting
device 16 is used to illuminate the object 12. The image
acquire module 34 is used to receive the image from the
sensor and perform necessary image pre-processing. The
image brightness calculation module 36 is used to analyze
the image and calculate the brightness of the current image.
The light intensity adjustment module 38 is used to control
the lighting device 16 according to the target brightness
obtained in the image brightness calculation module 36.

[0039] FIG. 2 shows a schematic illustration of the micro-
scope 10 according to FIG. 1 further comprising a combiner
20, a tone mapper 22 and a live streaming image output
module 24. In FIG. 2, the plurality of low dynamic range
input images obtained with the microscope 10 according to
FIG. 1 is denoted by reference numeral 19. The combiner 20
is configured for combining the plurality of low dynamic
range (LDR) input images 19 recorded at the different light
intensity levels to obtain the high dynamic range (HDR)
synthesized image 21. The tone mapper 22 is configured for
applying a tone mapping algorithm to the high dynamic
range synthesized image 21 to obtain tone mapped image
data 23. In particular, the tone mapped image data 23
represents a reduced dynamic range compared to the
dynamic range of the high dynamic range synthesized image
21. The live streaming image output module 24 is configured
to generate a live image 25 based on the tone mapped image
data 23 provided by the tone mapper 22. The live image 25
output by the live streaming image output module 24 is
displayed by a monitor. Therefore, the dynamic range of the
high dynamic range synthesized image 21 is reduced such
that the live image 25 can readily be displayed by the
monitor and still display details in very dark and very bright
areas of the image.

[0040] FIG. 3 shows the combiner 20 of the microscope 10
according to FIG. 1 for obtaining a high dynamic range
synthesized image 21 from recorded low dynamic range
input images 19. The recorded low dynamic range input
images 19 correspond to the plurality of low dynamic range
input images obtained with the recording device 18 of the
microscope 10 shown in FIG. 1. In the example of FIG. 3,
the recorded low dynamic range input images 19 comprise
six low dynamic range input images 19a to 19f. These six
low dynamic range input images 19a to 19f have different
brightness levels corresponding to the different light inten-
sity levels adjusted by the incoherent light source 16 of the
microscope 10 shown in FIG. 1. In particular, the input
images 194 to 19/ shown in FIG. 3 have increasing bright-
ness levels, wherein the first input image 19a has the lowest
brightness level and the last input image 19f'has the highest
brightness level. Further, the brightness level is increased by
a predefined amount between consecutive images of the set
of input images 194 to 19f. The combiner 20 is configured
to add the intensity information of each of the low dynamic
range input images 19a to 19f'to obtain the high dynamic
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range synthesized image 21. The intensity information cor-
responds to the intensity values of the pixels in the respec-
tive input image 19« to 197 The synthesized image 21 output
by the combiner 20 is characterized by the added intensity
information and has a high dynamic range compared to the
input images 19a to 19f. Therefore, the example of FIG. 3
represents a synthesis of an HDR image.

[0041] In other words, a series of images input or gener-
ated from an image synthesis module is shown in FIG. 3. A
set of images 19a to 19f'is captured with the object being
illuminated under different light intensities of the lighting
device. The high dynamic range image 21 is then synthe-
sized from the set of images 19a to 19/ through a special
image synthesis algorithm.

[0042] FIG. 4 shows the combiner 20 of the microscope 10
according to FIG. 1 for obtaining a first high dynamic range
synthesized image 21a and a second high dynamic range
synthesized image 216 from recorded low dynamic range
input images 197, 19/; 195, 19%; . . . ; 19¢, 197. The recorded
low dynamic range input images 197, 195; 195, 19%; . . . ; 19¢,
197 correspond to the plurality of low dynamic range input
images obtained with the recording device 18 of the micro-
scope 10 shown in FIG. 1. In the example of FIG. 4, there
are two consecutive low dynamic range input images 197

and 197, 19/ and 19%, . . . , 19¢ and 197, respectively. In
particular, the respective two consecutive input images 197
and 197, 19/ and 19%, . . ., 19¢ and 197 have different

brightness levels corresponding to the different light inten-
sity levels adjusted by the incoherent light source 16 of the
microscope 10 shown in FIG. 1. In the example of FIG. 4,
there are a first pair 19¢ of consecutive low dynamic range
input images 19/ and 195 and a second pair 19/ of consecu-
tive low dynamic range input images 197 and 19%. The first
input image 19; of the first pair 19¢ has a comparatively high
brightness level, while the second input image 19; of the first
pair 19g has a comparatively low brightness level. Further,
the first input image 19/ of the second pair 19/ has the
comparatively low brightness level, while the second input
image 19% of the second pair 19/ has a comparatively high
brightness level. In particular, the first pair 19g and the
second pair 194 comprise a common low dynamic range
input image 197 having the comparatively low brightness
level.

[0043] As shown in FIG. 4, the combiner 20 comprises a
first combining unit 20a and a second combining unit 205.
The first combining unit 20a is configured to add the
intensity information of the first pair 19¢ of consecutive low
dynamic range input images 197 and 19/ to obtain the first
high dynamic range synthesized image 21qa, while the sec-
ond combining unit 205 is configured to add the intensity
information of the second pair 192 of consecutive low
dynamic range input images 197 and 194 to obtain the second
high dynamic range synthesized image 215. This procedure
can also be perpetuated accordingly for the complete set of
input images 19i to 197. In particular, the combining units
20a to 20i can be used to obtain the corresponding set of
high dynamic range synthesized images 21a to 21i. There-
fore, the example of FIG. 4 represents an alternating stream
of bright and dark images to be used for the synthesis of a
stream of HDR images.

[0044] In other words, a concept of generating a live
image streaming synthesized from alternating bright plus
dark and dark plus bright images is shown in FIG. 4. First,
a bright image 19/ is combined with a dark image 19; to
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generate the first HDR image 21a. Next, dark image 19/ is
combined with bright image 19% to generate the second
HDR image 215. The process is repeated as required. By
repeating this synthesis process alternately, a series of HDR
images is generated. Using this method, one can create a
HDR live image stream as fast as the speed of a standard live
image.

[0045] FIG. 5 shows an implementation 100 for a bright-
ness control. The implementation 100 of FIG. 5 comprises
the components 40 to 64. The components 40 to 64 represent
method steps of the brightness control implementation 100.
The brightness control implementation 100 is performed
with the microscope 10 shown in FIG. 1.

[0046] In a step 40, a setting of the exposure time, the
aperture and the sensitivity of the recording device, includ-
ing the image sensor 26 and optical imaging system 28, is
performed. In a step 41 a default value of the light control
parameters is set which is used as the starting value for the
subsequently described routine. In a step 42, a cyclic image
counter is used for counting the input images from 1 to n
whereby n is the maximum number of LDR images which
are used for calculating a single resulting HDR image. The
counter is reset when the maximum number n corresponding
to the number of LDR input images is reached. In a step 44,
it is checked whether the input image is a key frame. In a
step 46, a setting of lighting control parameters for the
incoherent light source is performed. In a step 50, an image
acquisition is performed. In a step 52, it is checked whether
the acquired image is a key frame. The steps 42 to 62
represent an endless loop for obtaining the input images. In
particular, these steps represent an endless loop as long as an
HDR-live image function is active. The steps starting from
step 46 are only performed if the condition checked in step
44 is fulfilled. Otherwise, a step 48 is performed. In step 48,
offset light control parameters are set. If the condition
checked in step 52 is fulfilled, the following steps starting
from a step 54 are performed. In step 54, a key frame image
brightness calculation is performed. In a step 56, a user input
is performed. In a step 58, an input of a preset image
brightness is performed. In a step 60, a comparison of a
current key frame and the preset brightness is performed. In
a step 62, it is checked whether a condition of meeting the
preset brightness is fulfilled. If this condition is not fulfilled,
a calculation of new lighting control parameters is per-
formed in a step 64.

[0047] The key frame is defined as an individual frame
which should have the desired brightness level set by the
user. The index m of the key frame is determined based on
the number n of the recorded input images.

[0048] In the brightness control implementation 100 of
FIG. 5, step 40 is performed to set a suitable exposure time
and sensitivity of the imaging system so that the system can
run with optimal performance such as high frame rate and
low signal-to-noise ratio etc. Then, step 42 is performed to
scan the image index from 1 to n cyclically. The index
increases by one for every entry and returns to one once
exceeding the maximum value n. If the current image is a
key frame (m) as checked in step 44, it is proceeded to step
46 to set lighting control parameters according to a previous
brightness calculation result of key frame (m, m<n). Other-
wise, step 48 is performed to set lighting control parameters
according to the offset brightness required for overexposure
or underexposure image capturing. Step 50 is performed to
acquire an image after the new light intensity is set. If the
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current image is not a key frame (m), the sequence is
repeated from step 42. Otherwise, it is continued to step 54
for the key frame brightness calculation. Then, step 60 is
performed to make a comparison between the current image
brightness result and target values set by steps 56 and 58. If
the brightness does not reach target brightness level, step 64
will be performed to calculate and update the new lighting
device brightness control parameters and then repeat the
sequence from step 42 and so on.

[0049] Referring to FIG. 5, an image brightness control
method is used to ensure that the set of input images will be
captured in an optimal light intensity. In the following, the
control procedure is exemplarily described. First, a setting of
a preset brightness value for a camera is performed. In
particular, users may adjust image brightness to a preferred
value (i.e. 100, 240, . . . ). Then, the average brightness of
a full area or an ROI area of a key frame image is calculated.
Then, the brightness of the key frame is compared with the
preset value and the difference is obtained. Then, based on
brightness differences, a new lighting control parameter for
the key frame is calculated. Then, based on key frame
lighting control parameters, a subsequent image frame cor-
responding to the lighting parameters can be obtained with
a necessary underexposure or overexposure offset. Then, the
lighting control parameter for the subsequent frame is
applied to the lighting device 16 and the light intensity is
adjusted accordingly. Then, subsequent frames of images are
acquired under new lighting conditions. A repeat loop start-
ing from the second step of the above control procedure and
comprising all the steps of the same is established so that the
image brightness is kept consistent, and a series of lighting
environments is provided for the image captured, some of
which include overexposure lighting, key frame lighting and
underexposure lighting etc.

[0050] Further, a setting of the lighting control offset can
be determined according to the object lighting condition.
The following is an example process used to determine the
lighting control offset. In particular, n input images are
required for an HDR image synthesis where n=2. However,
the number of input images should not be so high as to
increase the computation effort proportionally. The higher
the value of n, the higher the light intensity provided for the
illumination. The key frame is the frame that is chosen for
the brightness calculation. This will reduce the computation
effort for the brightness calculation, improve the consistency
of the brightness and provide instant brightness control. As
the key frame is used to adjust the lighting parameter, it is
necessary to use a frame with less overexposure and yet with
a good signal-to-noise ratio. For example, the key frame
having the index m is chosen as follows:

n+1l | .
m= 5 (if n is an odd number)

no. .
m= 3 (if r is an even number)

[0051] A dynamic range coefficient Ry, is a preset
parameter. It is defined for the total range ratio of lighting
which is used for the image acquisition. The lighting offset
for each frame i is determined by:

L=L,*Rypp 1
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where I, is the lighting intensity parameter for the image
capturing of the 1’th frame, and I, is the lighting intensity
parameter for the key frame image capturing.

[0052] FIG. 6 shows a schematic illustration of an over-
view of a high dynamic range imaging system 200. In FIG.
6, an example of a fundamental construction of a digital
imaging system for the inventive microscope 10 is shown.
The high dynamic range imaging system 200 comprises
components 66 to 78. Component 66 represents a lighting
device for an object illumination. Component 72 represents
an object under test. Component 68 represents a brightness
value input for users to determine a comfortable image
brightness. Component 70 represents a brightness control
module for calculating the brightness of a current image and
lighting device controls to ensure that image brightness
meets the target value. This module is also used to control
the offset of the brightness of the lighting device 66 for
underexposure and overexposure image capture. In particu-
lar, component 70 is used for the brightness control process
of FIG. 5. Component 74 represents an image capture
module comprising an image forming optical system, an
image sensor, a camera, and camera electronics systems. The
key feature of the image capture module 74 is to deliver an
image for post-processing and viewing. Component 76
represents an image synthesis module used for synthesizing
a set of input images capture by the image capture module
74 into an image with a wider dynamic range. Component
78 represents an image output module used to display still or
live images received from the image synthesis module 76.
Specifically, component 76 is used for generating the high
dynamic range synthesized image of the object.

[0053] In summary, the digital image system of the inven-
tive microscope comprises a lighting device control module,
an image capture module, an image fusion module and a live
streaming image output module. The lighting device control
module is able to auto-control the light intensity to ensure to
reach target image brightness for different objects. The
image capture module is capable of obtaining a set of input
images with different light intensities by imaging the same
object. The image fusion module generates a synthesized
image from the set of input images of different light inten-
sity. The live streaming image output module produces an
HDR live image on the basis of the synthesized image
generated by a set of captured images with different light
intensity from the image capture module.

[0054] Specifically, the present invention provides a
modulation of the illumination intensity for a fast HDR
acquisition. Further, the present invention provides a method
for increasing the dynamic range of an image or a live image
by synthesizing multiple images captured at different levels
of light intensity.

[0055] The present invention for generating an HDR
image in microscopy is based on controlling the light
intensity from the lighting device. According to the inven-
tion, the HDR sequence is faster than using a variation of
exposure times, because the camera or the recording device
does not need to set different exposure times. Therefore,
customers can concentrate on bright and shiny objects and
make sure that details can be seen in these areas. Details in
dark areas can easily be added using the inventive HDR-
LED method. In standard photography, the control of the
light intensity is usually impossible, because one cannot
change the sunshine or the overall brightness of a scene. The
present invention provides the advantage that in microscopy,
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however, it becomes possible or it is at least much easier to
control the LED light intensity to create a series of images
which have details both in dark areas as well as in bright or
shiny areas.

[0056] In the inventive microscope, the recording device
may comprise an image sensor having a two-dimensional
area of pixels for recording the low dynamic range input
images. Further, the recording device may comprise an
optical imaging system having a variable aperture. Further,
the incoherent light source may be a light emitting diode
(LED) for providing a uniform illumination of the object.
Further, the object to be detected may be an electronic
circuit.

[0057] By using the present invention, it is possible to
obtain a series of images captured under specific lighting
intensities, respectively. A local tone mapping algorithm can
be applied to synthesize the set of images into one image
with a widened dynamic range.

[0058] Further, the present invention provides a live HDR
image which is generated based on an alternative synthesis
method. The frame i for example, is generated from image
i, i+1, . . ., i+n-1. This alternative synthesis method can be
used to create a very fast HDR live image stream which
almost reaches the speed of a standard live image.

[0059] Although some aspects have been described in the
context of an apparatus, it is clear that these aspects also
represent a description of the corresponding method, where
a block or device corresponds to a method step or a feature
of a method step. Analogously, aspects described in the
context of a method step also represent a description of a
corresponding block or item or feature of a corresponding
apparatus.

LIST OF REFERENCE SIGNS

[0060] 10 microscope

[0061] 12 object

[0062] 14 controller

[0063] 16 incoherent light source

[0064] 18 recording device

[0065] 19, 194-19f, 19i-197 low dynamic range input
images

[0066] 19g, 19/ pair of low dynamic range input images

[0067] 20, 20a-20i combiner

[0068] 21, 21a-21i high dynamic range synthesized
image

[0069] 22 tone mapper

[0070] 23 tone mapped image data

[0071] 24 live streaming image output module

[0072] 25 high dynamic range live image

[0073] 26 image sensor

[0074] 28 optical imaging system

[0075] 30 light

[0076] 32 optical path

[0077] 33 optical axis

[0078] 34, 36, 38 control loop components

[0079] 40-64 components of a brightness control imple-
mentation

[0080] 66-78 components of a high dynamic range

imaging system
[0081]
[0082]

100 brightness control implementation
200 high dynamic range imaging system
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1. A microscope (10) for obtaining a high dynamic range
synthesized image (21) of an object (12) from a plurality of
low dynamic range input images (19), the microscope (10)
comprising

an incoherent light source (16) for illuminating the object
(12) at different light intensity levels,

a recording device (18) comprising an optical imaging
system (28) having an optical aperture and an image
sensor (26) for recording the plurality of low dynamic
range input images (19), wherein each of the low
dynamic range input images (19) is recorded at a
different light intensity level, and

a controller (14) which is configured to provide control
signals to control the recording device (18) and the
incoherent light source (16) such that the plurality of
low dynamic range input images (19) at different light
intensity levels is captured while at least one of a
plurality of recording parameters is kept constant.

2. The microscope (10) according to claim 1, character-
ized in that the controller (14) is configured to control the
recording device (18) while a frame rate during capturing
the plurality of low dynamic range input images (19) is kept
constant.

3. The microscope (10) according to claim 1, character-
ized in that the plurality of recording parameters includes an
exposure time and a setting of the optical aperture of the
optical imaging system (28) and a sensitivity of the image
sensor (26) for obtaining the plurality of low dynamic range
input images (19).

4. The microscope (10) according to claim 1, character-
ized in that the controller (14) is configured to control the
recording device (18) such that a desired brightness level of
a key frame (19¢, 19i) of the plurality of low dynamic range
input images (19) is obtained.

5. The microscope (10) according to claim 4, character-
ized in that the controller (14) is configured to obtain the
desired brightness level of the key frame (19¢, 19i) by
performing a comparison of an actual brightness level of the
key frame (19¢, 19i) with a predefined brightness level input
by a user.

6. The microscope (10) according to claim 1, character-
ized in that the controller (14) is configured to determine a
key frame (19¢, 197) from the plurality of low dynamic range
input images (19), wherein an index m of the key frame
(19¢, 19i) is determined based on the number n of the low
dynamic range input images (19).

7. The microscope (10) according to claim 6, character-
ized in that the controller (14) is configured to determine the
key frame (19¢, 197) by using

if n is an odd number, or

ST

if n is an even number, wherein m is the index of the key
frame (19¢, 19i), and n is the number of the plurality of the
low dynamic range input images (19).
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8. The microscope (10) according to claim 1, configured
such that the plurality of low dynamic range input images
(19) have different brightness levels corresponding to the
different light intensity levels.

9. The microscope (10) according to claim 1, configured
such that the different light intensity levels of the illumina-
tion of the object (12) are characterized by a light intensity
offset, wherein the light intensity offset is given by

L=L,*Rypp 1

wherein [, is the light intensity level for a recording of an
individual low dynamic range input image, [, is the light
intensity level for a recording of a key frame (19¢, 19i), i is
an index of the individual low dynamic range input image,
m is an index of the key frame (19¢, 19i), R,z is a
predefined dynamic range coefficient, and n is the number of
the low dynamic range input images (19).

10. The microscope (10) according to claim 1, further
comprising a combiner (20) for combining the plurality of
low dynamic range input images (19) recorded at the dif-
ferent light intensity levels to obtain the high dynamic range
synthesized image (21).

11. The microscope (10) according to claim 10, charac-
terized in that the combiner (20) is configured to add the
intensity information of each of the low dynamic range input
images (19a-19f) to obtain the high dynamic range synthe-
sized image (21).

12. The microscope (10) according to claim 10, charac-
terized in that the combiner (20) is configured to add the
intensity information of a first pair (19g) of consecutive low
dynamic range input images (197, 19;) to obtain a first high
dynamic range synthesized image (21a) and to add the
intensity information of a second pair (19%) of consecutive
low dynamic range input images (197, 19%) to obtain a
second high dynamic range synthesized image (216),
wherein the first pair (19¢) of consecutive low dynamic
range input images (197, 19f) and the second pair (19%) of
consecutive low dynamic range input images (19j, 19%)
comprise a common low dynamic range input image (195) of
the plurality of low dynamic range input images (19).

13. The microscope (10) according to claim 1, further
comprising a tone mapper (22) for applying a tone mapping
algorithm to the high dynamic range synthesized image (21)
to obtain tone mapped image data (23), the tone mapped
image data (23) representing a reduced dynamic range
compared to the dynamic range of the high dynamic range
synthesized image (21).

14. The microscope (10) according to claim 1, further
comprising a live streaming image output module (24)
configured to generate a live image (25) on the basis of the
high dynamic range synthesized image (21).

Oct. 26, 2017

15. The microscope (10) according to claim 1, wherein
each of the plurality of low dynamic range input images (19)
is a digital image.
16. A method for obtaining a high dynamic range syn-
thesized image (21) of an object (12) from a plurality of low
dynamic range input images (19), the method comprising
illuminating the object (12) at different light intensity
levels using an incoherent light source (16) of a micro-
scope (10),

recording the plurality of low dynamic range input images
(19) using a recording device (18) comprising an
optical imaging system (28) having an optical aperture
and an image sensor (26) of the microscope (10),
wherein each of the low dynamic range input images
(19) is recorded at a different light intensity level, and

providing control signals to control the recording device
(18) and the incoherent light source (16) of the micro-
scope (10) such that the plurality of low dynamic range
input images (19) at different light intensity levels is
captured while at least one of a plurality of recording
parameters is kept constant.

17. The method according to claim 16, wherein providing
the control signals comprises providing control signals to
control the recording device (18) while a frame rate during
capturing the plurality of low dynamic range input images
(19) is kept constant.

18. The method according to claim 16, wherein the
plurality of recording parameters includes an exposure time
and a setting of the optical aperture of the optical imaging
system (28) and a sensitivity of the image sensor (26) for
obtaining the plurality of low dynamic range input images
19).

19. The method according to claim 16, further comprising
combining the plurality of low dynamic range input images
(19) recorded at the different light intensity levels to obtain
the high dynamic range synthesized image (21).

20. The method according to claim 16, further comprising
applying a tone mapping algorithm to the high dynamic
range synthesized image (21) to obtain tone mapped image
data (23), the tone mapped image data (23) representing a
reduced dynamic range compared to the dynamic range of
the high dynamic range synthesized image (21).

21. The method according to claim 16, further comprising
generating a live image (25) on the basis of the high dynamic
range synthesized image (21).

22. The method according to claim 16, wherein each of
the plurality of low dynamic range input images (19) is a
digital image.



