
CTU in Prague, Faculty of Civil Engineering, Department of Geomatics
EU, Czech Republic

Karel Pavelka

pavelka@fsv.cvut.cz

Introduction to selected areas of geomatics

Lecture 6



digital image

A digital image is an image in digital form (expressedin numbers). It is createdeitherprimarily by 

digital capturedevicesor by scanninganalogueimages. A digital image consistsof individualpixels, 

(from Englishpictureelements) takingcertainvalueswhichare not arbitrary(determinedby technical

possibilitiesof thecomputerand coding). 

[ ] ( )P i j i j, f ,=

f(i,j) f(i,j+1) f(i, j+2) f(i, j+3) f(i, j+4)

f(i+1,j) f(i+1,j+1) f(i+1,j+2) f(i+1,j+3) f(i+1,j+4)

f(i+2,j) f(i+2,j+1) f(i+2,j+2) f(i+2,j+3) f(i+2,j+4)

.....

..... f(m,n)

[ ]M m n e= ÖÖ byte



The origin of the image
The most common type of detector is the CCD element. The name is derived from the name of 

the element in English "Charge Coupled Device". 

CMOS (Complementary Metal Oxide Semiconductor) is a transistor-based electronic component. 

Compared to a CCD, it is simpler to manufacture, smaller, up to 80% cheaper, and consumes less 

power than a CCD (only 1%!). 

Photocell - the principle of its function is generally the same with CCD detectors, differing 

mainly in size 



Secondary digital image formation:
by scanning 

Scanner PhotoScan2001 



Photogrammetric terrestrial cameras

Photheo 13x18, UMK 201318 and Wild P31 chamber 



Photogrammetric cameras

LeicaRC 30 camera

ZeissRMK-TOP cameraand TAS gyrostabilisedplatform, 

LMK camera(ZeissJena)  



Classical photogrammetric 
records

frame marks



Å2003, GSD 50 cm

2015, GSD 15cm

2003, GSD 50 cm

L-410FG



2021 GSD 2cm



Digital aerial cameras , 2000, ISPRS congress

Viewof theDMC camera(top), original schematicof thegyrostabilizedsensor part (left), currentschematic(right)

Sensor head ADS40 , ADS40, surface scanning principle 



https://www.vexcel -imaging.com/wp-content/uploads/2016/05/2012_TheUltraCamStory.pdf

Ultracam X,  2006 (2003 prototype)



Stitching image segments into one large image



VexcellOspreyтcity mapping



VexcellDragon
Hybrid aerial mapping system. 
The UltraCam Dragon 4.2 captures 243 MP high-resolution 
nadir and oblique images every 0.7 seconds, enhanced by a 
powerful 2.4 MHz RIEGL Waveform LiDAR scanner. Its 
innovative five-angle scan pattern, including a true nadir 
scan line, delivers unmatched detail in urban canyons, 
along with superior object detection and vegetation 
penetration.





satellite photogrammetry

Ikonos 1, 1999 (1m PAN, 4m MSS); 
today's civilian satellites 0.35-0.5m PAN





Photogrammetric technologies for 
image content evaluation

Analog technology 
(obsolete, not used)

Numerical (analytical) technology
- using analogue machines and partial 
counting steps (classical)

Analytical technology
-cannot be solved without a computer
- present 



Spatial evaluation using 
streptophotogrammetric devices

Analog plotters
-produced until 1986 (Wild) and 1990 (ZeisJena)
- a complex and precise mechanical device, allowing
the restoration of the elements of the external
orientation
- a realistic stereoscopic model is created by tilting
and shifting the images
- latest models with computer support
- model coordinates are controlled
- currently obsolete



Analog plotters

Stereometrograph, Topocart (Zeiss Jena) A-10 and A-7 (Wild)



analogue comparators



Analytical plotters

BC-1 (Wild, 1985) SD 2000 (Leica, 1995)

- measured on real images, 
computer required
- no real model is created
- the most accurate fm method
- model coordinates are 
controlled, converted to frame 
coordinates on the computer
- mobile image carriers are set to 
the calculated image coordinates


