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ABSTRACT 

A variety of digital airborne imaging systems are now 

in operation. Many are multiple lens systems 

producing ‘larger’ digital image formats than from a 

single lens system, The Digital Modular aerial 

Camera DMC II 140, 230 and 250 are such a new 

imaging system from Z /I Imaging Company. They are 

based on area of one CCD sensor technology and 

provide a very high interior geometric stability. 

During the last period, DMC of Z/I Imaging company 

modular design has more than one individual 

camera module and can be tied together, resulting 

in a large field of view of the camera. The previous 

standard constellation of the DMC is composed of 

four panchromatic modules and two multi-spectral 

ones. The four panchromatic modules are arranged 

downwards in a slightly convergent set-up so as to 

reach large ground coverage. 

It is well-known that when using the large format 

cameras, enlarged number of pixels has been 

reached, and with the new large-format digital 

cameras Z/I DMCII 140, 230 and 250 the potential of 

digital cameras continues to improve and enables 

increase economic efficiency. These cameras are 

new generation with a panchromatic camera 

equipped with just one very large CCD-array. The 

introduction of this new technology with one CCD 

necessitates a steep learning curve in technical 

expertise, new production methodologies and 

quality control. Fundamental to this learning process 

is the need to understand the capabilities of the 

camera and imagery. 

This paper presents and deals the geometric 

accuracy and the potential of the DMC II 140 digital 

camera compared with the traditional DMC camera 

(multiple CCD’s) from the photogrammetric point of 

view. The quality of products produced from any 

large format aerial digital imagery is often 

dependent on a variety of parameters and influences 

whether they have been produced from a digital 

camera with one CCD or digital camera with a group 

of CCD’s. 

Introduction 

There are now a wide range of digital imaging 

systems available for use on an airborne platform 

(Cramer, 2005). These range from single lens ‘small’ 

format digital cameras typically used by the general 

public through to ‘larger’ format multiple or single 

lens  systems and linear array ‘push boom’ scanners. 

With the change in imaging system come a new 

range of issues that have to be addressed to use the 

images for the collection of geospatial information. 

The purchase of the image capture system can be 

just a part of the overall cost of introducing the 

technology into a production environment. 

Although the photogrammetric community is 

familiar with handling digital images from scanned 

film based cameras, existing production methods 

may not lend themselves directly to accommodate 

different scales and formats of imagery often found 
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when using a digital imaging system. Alterations in 

photogrammetric work flow and product range need 

to be optimised to ensure the highest economic 

benefits of the new technology. 

The introduction of new technology necessitates a 

steep learning curve in technical expertise, new 

production methodologies and quality control. 

Fundamental to this learning process is the need to 

understand the capabilities of the technology which 

often comes from experience and specific trials.  

This new digital large format camera DMC II 140 is 

equipped with just one very large format CCD−array 

for the panchromatic band. The monolithic large 

format CCD does not require any stitching, 

enhancing the system accuracy. Test flight in 20cm 

ground sampling distance (GSD) has been used for 

accuracy analysis of this camera. Very small 

systematic image errors confirm the excellent 

camera geometry. 

An important outcome of increased expertise and 

testing is the development of confidence in the 

reliability and the quality of the product being 

produced. This confidence in turn has to be 

transferred to a potential client before they will 

purchase the product. Z/I Imaging have recently 

introduced the new DMC II 140 digital camera with 

one CCD instead of multiple CCD’s integrated with 

GPS and an Inertial Measurement Unit (IMU). This 

has resulted in the need for new computer systems, 

data storage and data management systems being 

introduced, creating a very powerful mapping tool. 

From the industrial point of view this feature is really 

a must for the rapid technological changes of today. 

The benefit of the new digital aerial camera DMC II 

140 can be measured by several parameters. One 

way of assessing performance is by comparing this 

digital camera to a  traditional digital DMC camera 

with multiple CCD’s sensor. The comparison 

between the two digital cameras could be 

performed by taking into account photographic and 

photogrammetric issues, not only radiometric 

quality, but also the geometric performance (Perko 

et al., 2002). However, there is also a good case for 

not undertaking a direct comparison in this way, as 

the cameras are of such different design. 

The full exploitation of this complex new mapping 

tool will take time to achieve but some results which 

are very encouraging. The quality of products 

produced will be dependent on a wide variety of 

parameters and influences, ranging from the 

calibration of the integrated system to the image 

measurement quality and data processing strategies.  

Aims 

The general aim of the paper is to investigate the 

potential and capabilities of DMC II 140 digital 

camera. The particular interest at this early stage is 

the positional accuracy of the geographical 

information that can be extracted. This is initially 

being explored by analysing results from aerial 

triangulation without a calibration model and with 

self calibration model. This normally forms the first 

stage of a photogrammetric activity and it is 

therefore appropriate that this is the starting point 

for these studies. 

DMC II 140 digital camera 

The first generation of DMC from Z/I imaging The 

DMC contains four panchromatic and four 

multispectral camera heads. The panchromatic 

heads are looking downwards in a slightly tilted 

position to ensure a maximum of ground coverage. 

With the introduction of the DMC II 140 in 2010 the 

real monolithic geometry is now available for the 

high resolution panchromatic channel. The existing 

optics of the DMC II 140 cannot use the full size of 

the CCD, only 230 megapixels are active and so a 

new optics is under development. DMC II 140 has a 

physical format length of 140 12096 x 11200 92mm, 

pixel size 7.2μm, frame rate, and ground sample 

distant of 7.8cm at aircraft height 1000m over 

terrain. 

Test flights 

As discussed above, for analyzing the geometric 

property of the DMC II 140 the images and data 

were collected from an early ‘general performance’ 
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test flights So the amount and distribution of ground 

control points (GCPs) is ideal and 71 targeted control 

points having 2cm up to 3cm standard deviation in 

all three coordinate components. However,  

the results do start to give useful information about 

the potential of the system.The project consists of a 

data set taken at two different altitudes over a 

targeted (pre-marked) test site in.  

The following block data sets were utilized within 

the test process. Figures 1 and 2 show the DMC II 

140 with one CCD, and the first version of the DMC 

camera which has multiple CCD’s. Block images, 

respectively. The Ground Sample Distance is 20cm 

for both cameras.  

 

            Figure 1: DMC-block with 20cm GSD: 

 

Figure 2: DMC 11 140-block with 20cm GSD 

Results and Discussion 

It should be noted that the precision of the image 

observation relied on the radiometric image quality 

(Smith et al., 2007).  

The standard error used for the image observation 

was the σo value from a preliminary run of the aerial 

triangulation for a particular block being analyzed, 

typically 3-5μm.  

The numbers of control points and check points used 

were investigated on the benchmark results, making 

a reasonable assumption that this would be typical 

of all other triangulations. 

5.1 No Calibration Model-(Benchmark Results) 

As camera calibration has already been performed 

by the vendors, the results were performed in the 

aerial triangulation without a calibration model and 

can be used as ‘benchmark results’ to which other 

results can be compared. 

 The results are represented in Table 1. The following 

figures indicate the image residuals of the 

observations in the image space for the results 

presented in Table 1. 

 

Camera 

Name/GCP/

CP 

 

Ground check 

points RMSE (m) of 

residuals 

Image 

coordinat

es RMSE 

(μm) of 

residuals 

σ 

µm  

X Y Z x y 

Z/I Imaging 

DMC/71/95 

0.04

5 

0.07

8 

0.18

4 

1.4

5 

1.2

8 

1.9

0 

Z/I Imaging 

DMC II 

140/71/97 

0.03

7 

0.06

9 

0.17

1 

1.1

1 

1.2

1 

1.3

2 

Table 1: Results o without any calibration model 

On visual inspection of Figure 3, there are overall 

identifiable systematic patterns in the whole image 

for all the two cameras.  
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In Figure 3, there are small areas where systematic 

patterns can be identified, especially with the 

traditional DMC camera, some showing a 

relationship to the CCDs (4 CCDs for traditional and 

one CCDs for DMC II 140). 

 

 

 

Figure 3: Mean image residuals in 25x25 sub-areas (DMC, 4 CCD 

on the left and DMC II 140, one CCD on the right), results of AT 

without any calibration model (coordinates in μm, partitioning 

shows approximate boundaries of the CCD arrays). 

The scale difference between the two cameras in 

figure 3. As these residuals could come from a 

variety of sources and this is only a result from one 

block, these patterns may not be due to uncorrected 

systematic characteristics of camera/image 

geometry.  

5.2 Results from Existing Self-calibration 

Models 

A number of self-calibration models were tested to 

assess the most suitable for this type of imagery. The 

results presented here come from the traditional 

additional parameters in the BLUH software, and are 

considered the best results among existing self 

calibration models based on the smallest image 

residuals and RMSE of ground and check points. The 

parameters of the self-calibration model are as 

follows (Smith et al., 2006): c = principal distance,  

xo, yo = principal point position, and  a1, a2, a3 = 

polynomial coefficients for radial lens distortions. 

Camera 

Name/GCP/

CP 

 

Ground check 

points RMSE (m) of 

residuals 

Image 

coordinat

es RMSE 

(μm) of 

residuals 

σ 

µm  

X Y Z x y 

Z/I Imaging 

DMC/9/95 

0.04

2 

0.05

6 

0.07

1 

1.3

2 

1.1

4 

1.6

0 

Z/I Imaging 

DMC II 

140/9/97 

0.03

9 

0.04

3 

0.06

3 
089 

0.9

0 

1.0

0 

 

Table 2: Results o with the traditional additional 

parameters' self-calibration model 

The results in Table 2 show a very significant 

improvement in Z coordinate compared to the 

benchmark values in Table 1 for the two cameras 

(DMC and DMC II 140) by adding the additional 

parameters of the self-calibration model. These 

additional parameters collect temperature influence 
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on the board of the constant part panchromatic 

cameras and the radial distortion which is part of the 

cameras. So, a self-calibration with additional 

parameters is needed, particularly to improve the 

height accuracy. Figure 4 shows an improvement on 

the pattern of the image residuals compared to the 

bench mark results in Figure 3. Note the difference 

in the scale between the two cameras. 

 

 

   

         

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4: Mean image residuals in 25x25 sub-areas (DMC, 4 CCD 

on the left and DMC II 140, one CCD on the right), results of AT 

with calibration model (coordinates in μm, partitioning shows 

approximate boundaries of the CCD arrays) 

 

Conclusions 

The existing self-calibration methods approach have 

made a significant improvement of the results. Many 

systematic patterns were visually detected in small 

areas of the images. Table 2 shows that the check 

ground control RMSE values are influenced by the 

standard errors of the image coordinates. 

The standard error of ±0.05m for the ground control 

was provided and the standard error used for the 

image observation was the σo value from a 

preliminary run of the aerial triangulation for a 

particular block being analyzed, typically 3-5μm.  

Table 2 also shows that, in general, a significant 

improvement has been obtained from the self-

calibration model in the Z coordinate for the check 

control points. The self-calibration model is probably 

corrected for some environmental effects.  
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