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2 Technical data: ��������	
���
���
�  
Manufacturer: Canon 

Type: EOS 450D 

Main principle: DSC 

Lens: Sigma 18-50mm 
F2.8 EX DC Macro 

 
Sensor CMOS Canon APS-C 

Resolution 4272(H) x 2848(V) 

Read out regime progressive scan 

File format 14 Bit raw data with Bayer structure uncompressed 

PC interface USB 2.0 

Luminance resolution 2136(H) x 1424(V) 

Electronics 

Dynamic resolution ·  Single measurement: 1:4000 

·  HighDyn measurement: 1:32000  

(1/1250 sec. �  ti �  8 sec.) 

Lens Sigma 18-50mm F2.8 EX DC Macro 
(calibrated for luminance measurements) 

Aperture values F4 – F11 (calibrated for luminance measurements) in 1/3 
steps 

Shutter mechanical/electrical 

Focus automatic focus/manual focus 

Focal length 18mm - 50mm stepless 

Viewing angle focal length 18mm: 65°(H) x 45°(V) 

focal length 50mm: 28°(H) x 19°(V)  

Measuring distance > ca. 130mm 

Light sensitivity (typical 
accuracy rating) 

Aperture 4 4 11 

ISO 100 1600 100 

t i= 0.001 s 20 kcd/m² 1200 cd/m²  140 kcd/m²  

t i= 3.0 s 6 cd/m² 0.36 cd/m² 50 cd/m² 
 

Exposure time 30 sec. – 1/4000 sec. 

Configuration 

Manual exposure 
correction 

+/- 2 EV in 1/3 steps 

Selection of measuring 
range 

manually in M-Mode via selecting aperture value, 
exposure time and ISO speed 

V(� )-matching numerical transformation from R,G,B – sensor data 

Measurement 
parameter 

Calibration uncertainty 
� L in % 

� L �  2.5% 
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Repeatability � L in % Ti\Av 4 5.6 8 11 

0.25ms 3.1 3.5 3.7 4.3 

2.5ms 1.5 1.8 2.0 2.7 

25ms 1.3 1.7 1.9 2.5 

0.25s 1.3 1.7 1.9 2.5 

2.5s 1.3 1.7 1.9 2.5 
 

Uniformity � L in % � L �  2% 

Measurement 
parameter 

Measuring uncertainty  

� L in % 

(for standard illuminant A) 

Ti\Av 4 5.6 8 11 

0.25ms 7.6 8.0 8.2 8.8 

2.5ms 6.0 6.3 6.5 7.2 

25ms 5.8 6.2 6.4 7.0 

0.25s 5.8 6.2 6.4 7.0 

2.5s 5.8 6.2 6.4 7.0 
 

Memory SDHC - card memory chip 

Memory per image appr. 12.5 MB 

Operating system Windows 2000/XP/Vista 

Operating data 

Software LMK 2000 
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3 List of components: ��������	
���
���
�  
Number Quantity Name 

1 1 Digital SLR camera Canon EOS 450D 

2 1 Lens SIGMA 18-50mm F2.8 EX DC Macro + lens hood & dust cover 

3 1 Mobility case Samsonite + carrying strap 

4 1 Transport case Techno Team ��������	
���
���
�  

5 1 Wide strap EW-100DBIII 

6 2 Battery pack LP-E5 

7 1 Battery charger LC-E5 oder E5E + power plug 

1 

 
AC adapter kit ACK 700 

·  Compact mains adapter CA-PS700 + power cord 

·  DC coupler DR-E5 

1 Video cable VC-100 

8 

1 USB Interface cable IFC-200U 

9 1 SDHC-card storage media 4GB 

2 CD-ROM 

·  EOS Digital Solution Disk 

·  Software manual (PDF) 

10 

1 Manual Canon EOS 450D 

1 User manual LMK 2000 Software 

1 CD ROM with LMK2000 measuring software 

11 

1 Calibration certification 

12 1 User manual LMK mobile advanced 

1 2nd SDHC-card 

1 Remote control RC-5 

optional 

1 Tripod 
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4 How to handle the LMK mobile advanced 
This chapter summarizes important rules and empirical values to help the user to handle the 
camera and the LMK software properly. 
The non-observance of some advice could result in a considerably higher expenditure of time. 

4.1 Overview of the control elements 
In this paragraph, those control elements which are necessary for employing the camera to 
acquire luminance measuring data are described. All other elements can be found in the 
Canon Manual on pages 12 ff. 
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4.2 Useful information about the camera 
Aperture: 

The camera is calibrated for luminance measurements with adjusted apertures between 
F4 �  Fx �  F11. For these aperture values a compensation for the vignetting effect 
inside the lenses was carried out (shading compensation). 

Focal length: 
The camera can be used with all focal lengths (18 – 50 mm) offered by the Sigma lens. 

Capture mode: 
For making a measurement, the mode dial will have to be set to the Manual capture 
mode ’M’ . In this mode, the aperture value can be set manually between number F4 
and F11. After that you must select an exposure time which is suitable for the 
brightness of the object to be captured (see Canon Manual, p. 84).  

Image compression: 
If luminance images shall be captured, 
the function Compression method 
‘RAW’ or ‘RAW+L’ (capture of un-
compressed images) must explicitly be 
adjusted on the camera.  
Compressed images (JPG images) 
cannot be evaluated for luminance 
measurements (see Canon Manual, p. 
64). 

 
ISO-speed 

The sensitivity of the imaging sensor for incoming light can be controlled with the 
gain adjustment. Modifying the ISO value modifies the amplification of the image 
detector and its sensitivity. The available gain steps for the sensor are adapted to 
equivalent ISO speeds of photographic film. 
With increasing ISO speed the image 
noise of the detector will increase as 
well. For the utilisation as luminance 
meter all ISO steps are calibrated. 
Therefore the ISO speed can be set to 
‘AUTO’  (standard setting). For the 
adjustment press the ISO button and use 
the Main dial  for selection (see Canon 
Manual, p. 57 ff). 

  
HighDyn Measurements: 

The function ‘HighDyn’ of the LMK software enlarges the dynamic range by utilizing 
the AEB function of the camera. 
An exposure series of 3 captures is 
processed to form one image. The 
maximum dynamic range comprises ±2 
exposure values (EV). The starting 
exposure times of the exposure series 
should suitably be chosen between 
1/1250 sec. �  Ti �  8 sec. 
This AEB setting must be made each 
time the camera is started. 
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Live-View Shooting: 
It is possible to shoot while viewing a real-time image on the camera’s LCD monitor. 
This is called Live View shooting. 
For using the Live View function the 
Mode dial must be set to the Manual 
mode ’M’ . Additionally the automatic 
focus ’AF’  must be switched off, because 
it is not available with this function. 
By pressing the Enter button ’Set’ the 
Live view shooting mode is activated: 
The real time image with the current 
exposure settings is now shown on the 
LCD monitor. With the Main dial  you 
can change the exposure time by 
simultaneously pressing the 
Aperture/Exposure button. You change 
the aperture values as well. The result 
will be shown promptly on the LCD 
monitor. Exit the Live View shooting by 
pressing the Enter button ‘Set’  again 
with the Live View image displayed (see 
Canon Manual, p. 95 ff). 
 

 
 

 

Dust and dirt: 
Exact measuring results can only be obtained by using clear and clean lenses. 
Impurities such as dust, fluff, big dust particles or finger prints may quickly cause 
measuring errors of > 2% (see Fig. 1).  
Therefore, while exchanging the lens, attention will have to be paid to the fact that 
neither the sensor nor the rear of the lens becomes dirty. If necessary, the sensor 
cleaning function should be applied (see Canon Manual p. 39). 
 

Shading section: Apertures F4 and F11 

 
Fig. 1: Decrease in brightness due to fingerprint on the lens, to be seen on the basis of the decrease in 

brightness towards the edge (vignetting, left-hand side of the image) for various focal lengths 
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5 Instructions and useful information on a quick st art to 
luminance measurements 

Luminance captures should always be taken with the AEB function being activated (see 
paragraph 6.3). Then, the image series captured will be processed to HighDyn luminance or 
also color shots by means of the LMK2000 software. Furthermore, for taking exposure series, 
a tripod will always be necessary. To facilitate the capture of serial images, the camera can be 
set to sequential captures (see Canon Manual, p. 77). 
 
Switch on the camera and activate the 
manual mode (M-mode) with the mode 
dial 

 
 

 
Switching on evaluative metering: 
This menu item can be accessed using the 
menu key by selecting Menu 1| Measuring 
method or directly using the arrow key 
‘Exposure measurement” (see paragraph 
6.1.). 

 

 
 

 
Selecting the exposure time: 
Choose the exposure time with the main dial 
near the shutter button. After that or 
meanwhile check the result of the exposure 
measurement in the viewfinder or on the 
LCD display (see chapter 7 in this manual). 
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Selecting the aperture: 
Choose the aperture (please select only the 
calibrated F4 till F11) with the main dial and 
press the Av-button at the same time (see the 
image). After that or meanwhile check the 
result of the exposure measurement in the 
viewfinder or on the LCD display (see page 9 
in this manual). 
An aperture value selected once is stored, 
after that you only have to readjust the 
exposure time value if necessary. 
 

 

 
 

 
Setting the RAW capture mode: 
This menu item can be accessed using the 
menu key by selecting Menu 1 | Quality (see 
paragraph 4.2.). 
Please check these settings on the LCD-
display. 

 

 
 

 
Activating autofocus: 
The autofocus is activated using a switch 
positioned at the lens support. 

 
 
Setting  AEB to  ±2 exposure values (EV): 
This menu item can be accessed using the 
menu key by selecting Menu 2 | AEB. After 
pressing the set key ‘SET’, the arrow keys 
on the left-hand side and on the right-hand 
side can then be used to set the levels of 
exposure compensation (see paragraph 6.4.). 
Attention! This AEB setting must be 
repeated each time the camera is switched 
on again! 
 

 

 
 

 
Setting the camera to serial capture mode: 
This setting can be achieved using the picture frequency key, and checked in the LCD 
display. 
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Mounting the camera on a tripod: 

 

 
 

 
Releasing image capture: 
Pressing the shutter release for a longer time �  automatic capture of 3 photographs in the  
AEB mode.  
Alternatively also the Self-timer can be used. It can be set up via the Drive mode selection 
button and the LCD Monitor . If the Self-timer is activated it takes appr. 10s till image 
capture. This time range is indicated by a blinking light at the front side of the camera (for 
further information please refer to the Canon Manual p. 53). 
 
Releasing the image capture by means of 
remote shutter release: 
Pressing the shutter button at the remote 
shutter release and pointing towards the 
camera. 

 
 
After capturing/photographing the images, done without PC connectivity, the image files must 
be copied to the hard drive on the PC: 
 

·  Switch off the camera and connect the camera via USB cable connector to the PC. 
·  Switch on the camera. 

 

  
 

·  Start the software ’EOS Utility 450D’ (software starts automatically if the operating 
system can associate the connected hardware with the program, normally with the 
second start). 
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·  Select one target folder and start downloading the images, all images on the SD 
memory card will be copied to  the local hard drive (standard: My documents\My 
photos\datexxx)  

 
Afterwards, choose the folder on your hard disk in the LMK2000 where the images are saved, 
by using the menu item ’Capture’ .  
Now, the software displays all images in the folder with their respective exposure settings. 
For an AEB or HighDyn series the starting values of the exposure compensation is displayed. 
After selecting one image, the software loads automatically all appertaining image files and 
calculates the HighDyn luminance image from them. After that, the resulting image will be 
displayed in the ’Luminance image’ tab of the software, and the measuring data can be used 
for further evaluation purposes (see chapter 7 in this manual). 
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6 Further information on how to make luminance 
measurements with the camera 

In this chapter, all settings referring to a single capture of luminance images are explained. 
The capture of serial images and the use of these image series as HighDyn capture will be 
dealt with in paragraph 6.3. However, the same basic explanations referring to exposure 
measurement and compensation are valid also for single captures. 

6.1 Selecting the exposure settings 
The camera offers three methods of exposure 
measurement – evaluative metering, partial 
metering and center weighted integral 
measurement. When the shutter button of the 
camera is pressed halfway, the measuring method 
chosen will be shown on the LCD display. The 
measuring method can be chosen using the left-
hand arrow key positioned at the rear of the 
camera (see Canon Manual, p. 77). 
  

 
 

Evaluative metering: 
This type of measurement – which is best suited for most 
image scenes - is the standard default setting of the 
camera. In the case of manual focus, the evaluative 
metering is based on the central AF measuring field. 
 

 
 

Partial metering: 
This type of measurement is useful when the background 
is much brighter than the object to be measured. The 
selective area covers about 9% of the central viewfinder 
area. 

 

 

Center-weighted measurement: 
In the case of this type of measurement, the focus of 
measurement lies in a larger central area compared with 
the partial metering. In addition, the remaining sections of 
the image field will be measured integrally. 

 
 
For practical applications, it can be useful to differ between the following situations:  
Homogeneous scenes:  

These include scenes presenting a largely 
homogeneous level of brightness. For this 
kind of luminance measurements, the 
evaluative metering is recommendable. 
Here, attention must be paid to the fact 
that the autofocus of the camera is 
activated. 
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Scenes with small light sources of high luminance: 
In the case of such scenes, the evaluative 
metering performed by the camera often 
determines too long exposure times.  This 
can result in the fact that – even in the 
case of HighDyn captures - the LMK2000 
evaluation software cannot evaluate the 
interesting image regions presenting those 
high luminances. In such a situation, it is 
recommendable to utilize the partial 
metering or also the center-weighted 
integral measurement function of the 
camera. Here, however, attention has to be 
paid to the fact that the object to be 
evaluated is aligned to the center of the 
image. If the object cannot be aligned or if 
the exposure measurement yields wrong 
values nevertheless, the measurement 
must be adapted by setting the exposure 
compensation function (see paragraph 
4.2). 

 

 

Dark scenes:  
If the dark regions of a mixed scene are of 
interest, the evaluative metering could 
possibly yield too short exposure times, 
which would result in insufficient loads of 
the dark regions. Also in this case, it is 
necessary to apply the partial metering 
or also the center-weighted integral 
measurement, depending on the size of 
the object concerned. If this is not possible 
or if the exposure measurement yields 
wrong values nevertheless, it must again 
be adapted by setting the exposure 
compensation function (see paragraph 
4.2).  

6.2 Checking the exposure settings 
With the help of the shooting information display of the camera you are able to check all 
necessary exposure settings immediately. For this you have to press the Display/ Image 
information  button once or twice a time. On the LCD - display the last captured image with a 
histogram and the exposure and lens settings is shown (see Canon Manual, p. 131). With the 
Cross keys you can switch to other captured images. 
In the examples given, on the left-hand side you can see an image, with shooting information 
and the histogram of the brightness distribution. 
The right image shows the histogram for each R,G and B channel separately. 
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Display the capture options on the camera display 

6.3 Manual exposure compensation 
If the user is not sure of the choice of the optimum exposure time, it will always be better to 
capture several images at different settings. To do this, the exposure time proposed by the 
camera shall be determined first.  Then, an image is captured using this setting. Afterwards, 
one or two more images shall be captured by using other exposure settings. If the exposure 
metering is activated (slightly pressing the Shutter button), the result of changing the 
exposure time is directly shown with the exposure level indicator on the LCD monitor.  
The image can be lighted up (overexposure) or darkened (underexposure). The exposure 
compensation function allows settings in 1/3 steps by up to ±2 exposure values (EV).  
More about this topic can be read on pages 75 ff. in the Canon manual. 
Furthermore, this compensation allows the alignment of the AEB to be influenced (see 
paragraph 6.4). 
When evaluating the serial pictures in the LMK2000 software, the correct settings will soon 
be recognized (no override signals and sufficient loads of all scene regions in the camera 
images) and can then be used. 
 
IMPORTANT: For the HighDyn functionality in the LMK 2000 Software it is 
recommended to change only the exposure time and not the aperture value while 
making  exposure bracketing series. 
 
If the measuring range of the camera shall be extended to higher luminances, neutral filters 
can be used. 

6.4 HighDyn measurements with Auto Exposure Bracket ing (AEB) 
If the exposure time is automatically changed in the manual capture mode ’M’ , the camera is 
able to shift the exposure by up to ±2 values (EV) in 1/3 steps for three successive captures. 
This is called auto exposure bracketing (AEB) (see Canon Manual, p. 90). 
After having set the picture frequency to serial capture, the three captures will be made 
consecutively (please keep the shutter release depressed long enough). The capture will be 
stopped automatically. The picture frequency being set to single shot, the shutter button will 
have to be pressed three times. 
 
When the image data are read into the LMK2000 software for evaluating luminance 
information, always successive images will be compared with each other. Due to the image 
information contained in the EXIF-header of each image file, the images of one exposure 
series can be identified and combined to form a HighDyn luminance image. 
Compared with single shots, this type of image capture offers the advantage that scenes 
presenting high interesting luminance dynamics (high contrast range) can be captured with 



Further information on how to make luminance measurements with the camera page 17 
 

 
copyright by TechnoTeam Bildverarbeitung GmbH © 2008 

one measuring image and then evaluated. Furthermore, it allows possibly wrong exposure 
values of the exposure measurement, which might have resulted from inhomogeneous light 
conditions of high dynamics, to be compensated in a relatively easy way. 
In addition to the AEB, also its start value can be modified through exposure compensation. 
Also in this case, the start value is determined by the chosen method of exposure 
measurement. If this value, however, is not suitable, it can also be modified by up to ±2 levels 
of exposure in 1/3 steps. 
Thus, for example, in the case of a set auto exposure bracketing of ±1 level and an exposure 
compensation of -2 levels, a serial capture with the following levels of exposure will result: -
3; -2 and -1 with the start value of the exposure measurement determined. 

6.5 Setting the ISO speed 
In the default setting of the camera, an ISO value of 100 is provided. Modifying this ISO 
value will also modify the amplification of the image detector and its sensitivity. 
With increasing ISO sensitivity also the image 
noise of the detector will increase. 
 
Therefore, the ISO value should be raised only if 
– for aperture F4 – integration times of more 
than 3s become necessary or if stopping down is 
necessary because of higher demands placed on 
the depth of field, thus causing the integration 
times to exceed 3sec. 

 

6.6 Using optional neutral density filters 
The aperture number being set to F11, the shortest exposure time Ti = 1/4000s will not be 
sufficient any more to avoid overexposure. This will be signaled in the LCD display by  
’Blinking’  of the overloaded image area in the playback function for the captured images. 
Now, it is necessary to adapt the measuring range of the camera to the light conditions by 
using optional neutral density filters (ND-filters). 
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7 Using the camera in the LMK2000 software 
In the following paragraphs, the evaluation of the image data with the LMK2000 software is 
described. A requirement for the subsequent evaluation is the transfer of the RAW data files 
(*.CR2) from the camera into a directory on a local hard drive on the PC.  
IMPORTANT: Furthermore, the original file names of the RAW data files given by the 
camera do not have to be renamed or changed. 
 

·  Switch off the camera and connect the camera via USB cable connector to the PC. 
·  Switch on the camera. 
·  Start the software ’EOS Utility 450D’ (software starts automatically if the operating 

system can associate the connected hardware with the program, normally with the 
second startd) 

·  Select one target folder and start downloading the images. All images on the SD 
memory card will be copied to  the local hard drive (standard: My documents\My 
photos\datexxx)  

 

  
 
After transferring the image data to the hard drive the LMK2000 software must be started. 
With the ’Capture’  menu from the Main menu the target folder with the stored images must 
be chosen. 

7.1 Selecting the images for evaluation 
After having chosen the HighDyn 
measurement either via the menu item 
Capture | HighDyn or the button, the dialog 
shown opposite will appear. By pressing the 
button ‘…’ the path (the target directory of 
the CR2 files) can be selected. 
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All CR2 files contained in the folder chosen 
will be displayed. Now, an image file can be 
selected, and the directory is opened either 
via ‘Open’ or by a double click on the file. 

 
 

The images will be listed (listing may take a 
few seconds during the first display). The 
images belonging to one exposure series will 
be displayed in one line. 
In the lower right-hand section of the bitmap, 
the internal image data (header information) 
will appear. 
If the serial number of the camera does not 
correspond with the serial number of the 
calibration data, the serial number will be 
backlit in red. 
 

 

Choosing the option “Single Image”, the 
single files will be listed without being 
classified according to their serial numbers. 
Then, via the multiselection option (using the 
ctrl or the shift key for marking), those files 
can be selected which shall be combined to 
one capture. In doing so, attention has to be 
paid to the fact that all captures must be 
taken using one and the same aperture value 
and that the position of the camera is not 
changed. The image data will then be 
evaluated only by means of the integration 
times. 
 

 

For the case that the calibration data of the 
LMK mobile advanced supplied with the 
LMK2000 software do not correspond with 
those of the image data, a safety query has 
been provided in this dialog.  

 
 
By pressing the ‘OK’ button the selected images and all associates will be processed. By 
pressing the ‘Cancel’ button, all actions will be cancelled, and the dialog box closed (a 
preview function in this dialog box is planned for the future). 
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During HighDyn capture, the data of the 
single images will be displayed (image 
number, integration time, aperture and file 
name). 

 
 

If the message “Last camera image 
overdriven” is displayed after reading in the 
last capture, this means that there are still 
some image regions which are overdriven in 
all captures, which makes it impossible for 
them to be evaluated. In this case, the user 
will have to apply shorter integration times 
or larger aperture numbers or, if necessary, 
gray filters so as to allow evaluation. 
 

 

 

A summary of all settings can be found under 
the menu item File | Details of 
Measurement. 

 

7.2 Converting directories 
Via the menu item Capture | HighDyn directory, a complete directory of Canon-RAW (CR2 
files) can be converted into luminance images. To do this, proceed as follows: 

·  Select menu item Capture | HighDyn directory. 
·  Then, select an image directory according to the normal evaluation Capture | 

HighDyn, and select the first  group or file.  
·  Afterwards, all file groups are read in and converted into one luminance image each. 

The images will be saved in the folder CanonResult under the name of a file (e.g. 
IMG_6279) within the installation file as PF image file. By means of the measuring 
series functions, these images can then be read in and evaluated. 
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By pressing the ‘OK’ button, the conversion will be terminated at once. The entire directory 
will be converted without interaction. A feedback about the possibility of overloading in the 
measuring images is provided via the file name of the pf- image files: 
 

·  Filename -1.pf means image has overloading 
·  Filename -0.pf means image is not overloaded 

7.3 Working with the image data 
After the image data have been read in and converted into a luminance image, all evaluation 
functions offered by the LMK2000 software will be available for the further processing of the 
data (see also LMK2000 software manual). 

7.4 Calculation of the luminance data 
For calculating the luminances, the information of the R, G, B pixels (red, green, blue pixels) 
will be read out of the data of the Bayer structure of the CMOS color sensor of the camera. 4 
pixels each time (R, G1, B and G2) form a macropixel for which a luminance value will be 
calculated. The luminance image has a size of 1728(H) x 1152(V) pixels. 
The adaptation of the relative spectral sensitivity of the system to the V(� )-function will not 
be effected using additional filters, but through numerical matrixing. The assignment of the 
image data to specific luminance values will not be carried out at standard illuminant A, any 
deviating spectral distributions can possibly result in more serious measuring errors. 
The correction of the indicated values can be realized using an additional factor (Color 
Correction Factor CCF) during recalibration in the LMK2000 software. 
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8 Color option 
With the color option, we also deliver the color package of the LMK2000 software (see 
LMK2000 manual). 
 
The LMK mobile advanced being an RGB color camera with a special color space, the color 
values cannot be converted into the standard color spaces (XYZ, Lxy, etc.). We deliver the 
cameras without color calibration, i.e., in the color image of the software only the dark-signal 
and shading-corrected image of the camera will be displayed which, presents a higher 
dynamic range than the camera image due to the HighDyn captures. 
 
Useful information: 

·  The evaluation of the color images may only be effected in the RGB color space of 
the camera.   

·  No conversion into other color spaces is possible. 
·  The function Camera / Recalibration / Matrixing  can be used to adapt the measuring 

data to certain spectral distributions within the scene (see FourColor Method by Y. 
Ohno (NIST)). 

 
Standard matrix calculus (transfer matrix) in the color software package:  1:1 conversion: 
 

 


