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1. Introduction

The FilmReader-Project is a joint project
between the company Optronik GmbH in
Potsdam and the Institute of Space
Sensor Technology and Planetary
Exploration (WP) of the German
Aerospace Center (DLR) in Berlin.

The goal of the project was the develop-
ment of a scanner system being able to
capture all relevant radiometric and geo-
metrical information of conventional films
and to store it digitally.

The Optronik GmbH has experiences in
the film business since 20 years. Over
this time, a lot of know-how was acquired
in the fields of classical film materials,
scanning technologies, and film restora-
tion.

The WP of the German Aerospace Center
is one of the world leaders in the 
development of high performance digital
cameras. There is a great depth of exper-
tise in hardware and software design for
image acquisition and image processing. 

These experiences are based on a large
number of sensors for airborne and spa-
ceborne applications. The combination of
the know-how of sensor technology, 
signal theory, calibration, and image 
processing was the base for the success
of all of digital cameras projects at the
DLR-WP.

As an outstanding example the project
“ADS” may be mentioned. It contained
the development of the world’s first com-
mercial digital airborne camera for photo-
grammetry and remote sensing, ADS was
realized by an co-operation between DLR-
WP and LH-Systems, Switzerland. 

The ADS camera includes features like
high geometrical and radiometric resolu-
tion, high-speed on-board processing, and
mass memory concepts being able to
handle huge amounts of data.

The introduced digital FilmReader con-
cept for film digitisation is a result of the
combination of recent camera technology
based on the experiences of the WP-team
and the knowledge about film properties
and imaging system provided by
Optronik.
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2. Motivation

With know-how and the skills gained
during the development and the operation
of different digital cameras in the past,
the realisation of a high resolution
FilmReader was possible as a spin-off. 

Within this project the attention was focu-
sed on recording of all relevant informa-
tion signal and system theory require-
ments. The recording process had to be
loss-less. 

After recording and storing the entire
film, the data are available as a kind of
standard digital master format to 
substitute the analog film master. 

The main task of the concept phase was
to define the requirements for different
applications. This resulted in definitions of
three parts, which are furthermore 
important for the film scanner concept:

1. Definition of two scanning modes: an
Archive Film Scan mode for the
exact copy of a film including its
image data and auxiliary data (e.g. the
sound track) and a High performan-
ce Film Scan for scanning the image
data in any desired spatial resolution
for commercial applications (e.g.
movies for cinema or DVD, MPEG,
NTSC, PAL, digital Beta, HDTV-24p
standards)

2. Definition of the optimal parameters
for both scanning modes concerning
the geometrical and radiometric pro-
perties (e.g. true-colour)

3. Definition of necessary corrections of
radiometric and geometrical artefacts
(e.g. scratches and degradation)

Archive Film Scan High Performance
Film Scan

Distincted Scan-Area
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3. Basic ideas

Figure 3.1 shows the principal assembly
of the film scanner. The film will be 
scanned by different CCD line sensors
including RGB and near infrared sensor
(NIR) mounted perpendicular to the
moving direction.

Firstly, a pre-scan of the film will deter-
mine the radiometrical and geometrical
setups of the sensor lines. For that pur-
pose a real-time Fast Fourier Transform
(FFT) is implemented. 

Another feature of the FilmReader system
is the possibility to detect and remove
geometrical artefacts on the film surface
(e.g. scratches). This is possible due to
the near infrared filter, which is attached
in front of a CCD-line. In this wavelength
range the film material is transparent, but
stray light caused by scratches is visible. 

Figure 3.2 shows the transmission curve
of different film materials. Geometrical
artefacts can be removed by some intelli-
gent and optimised filters either automati-
cally in real-time or in an off-line proces-
sing step depending on the scanning
mode.

The same arrangement can control the
radiometric properties of the scanned
film. At first, all CCD lines are calibrated
without the film. The influences of the
optics, the lamp and the electronics are
known afterwards. 

Only the CCD amplification and the lamp
current depending on the film material,
exposure, and development have to be
defined in the next step.

Figure 3. 1
Principal assembly 
of the film scanner
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A pre-scan of all sensors estimate the
radiometric dynamics of the film by 
histogram analysis. Therefore, the 
scanner speed can be set very high. 

The sensors work in a macro-pixel mode,
where single detector elements are 
concatenated by the read-out electronics.
After this process, the scanner is calibra-
ted and lamp current and CCD-signal
amplification are set to an optimal value.

The user has also the option to include
auxiliary information about the film quality
as a kind of a-priori information into diffe-
rent restoration algorithms. 

That information could be the environ-
mental conditions during the storage, the
material of the film or the date of produc-
tion. 

Even aging processes of film materials
can be considered. Using this approach,
an optimal scanning quality is achieved.
Of course, the filters in front of the CCD
lines are changeable in order to ensure a
best fit to the current needs. 

In order to protect these ideas some
patents are pending. 
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Transmission of 
different film materials 
in dependence on 
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4. Technical requirements

The requirements concerning the parame-
ters of the scanner are defined by the
users needs and the film parameters.
Some geometrical relations of an exem-
plary film are shown in figure 4.1. A few
well-known parameters of a cinemascope
film are listed: 

A typical film lasts about 90 minutes.
With an image frequency of 25 Hz, the
entire film contains 135000 images. 

One image has four perforation holes
with distances of 4.75 mm to each other.
The maximum distance between two ima-
ges is 19 mm. These parameters define
the total length of a film, which is approxi-
mately 2565 m. 

The so-called modulation transfer function
(MTF) describes the number of lines per
unit being visible with a sufficient contrast
through the optical components. State of
the art concerning analogue film cameras
is a contrast level of 10 % at a spatial
frequency of 70 lp/mm. Compared to
this specification the highest spatial 
resolution or sampling distance is 7 µm.
For an entire film this gives 366 million
scan lines. 

As mentioned, the Digital Film Scanner is
designed for two main applications with
different requirements.

One application is scanning the complete
film for archiving (ARCHIVE Film Scan
mode). In that case, a 35 mm film has to
be sampled with a spatial resolution of 
7 µm, which requires a CCD line with
5000 detector elements. The maximum
CCD read-out frequency with a sufficient
signal-to-noise ratio will be approximately
20 MPixel/s. The total scanning time will
be in the range of 24 hours. 

The other application is suited for video
or movie capturing (High Performance
Film Scan mode). In that case the
FilmReader scans only the image area of
the film. The width of the scanning area
will be reduced from 35 mm down to
20.9–23.5 mm. 

The user can adapt the spatial scanning
resolution (and consequently the scanning
speed) to meet the requirements (e.g.
DVD, MPEG, NTSC, digital Beta, HDTV-
24p standard) or for a selection of cer-
tain film sequences. This process can be
done similar to the known procedure of
video machines (rewind, forward etc.).

4.75 to 4.74 mm

20.9 to 23.5 mm

10 to 17.5 mm

35 mm

MTF <= 70 lp/mm

35 mm    5000 pixel
7 µm sampling distance

Figure 4.1
Geometrical relations 

of a typical film
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The definition of the first and last image
of a selected film part defines the start
and stop label of one job. A free number
of jobs can be defined. After the defini-
tion phase the job list will be processed
successively.

The requirement for scanning the image
information only is an important demand
of the movie industry, which also defined
a number of 4000 pixel for sampling an
image in the horizontal direction. This
leads to an increased spatial resolution of
5.25 µm for 20.9 mm images and to
5.85 µm for 23.5 mm images. 

The adaptation to the desired image
width will be done by adjusting the image
scale.

The film scan quality is determined by the
performance of the focal plate unit and a
very precise film movement. For both
scanning modes the same focal plate
(FP) concept is used. 

Table 4.2 shows some specifications of
the two standard scanning heads. 
Figure 4.3 shows the applied CCD
assembly.

High Performance Archive  
Film Scanning Head Film Scanning Head

Nr. of CCD's (5k) 4 4

Spatial resolution 5.24 µm x 5.72 µm 7 µm x 7.62 µm

Number of lines from 
Image to Image 3333 2500

RGB Resolution 5.24 µm x 5.72 µm 7 µm x 7.62 µm

PAN Resolution 5.24 µm x 5.72 µm 7 µm x 7.62 µm

NIR Resolution 5.24 µm x 5.72 µm 7 µm x 7.62 µm

Minimal Scanning Time [h] 31.25 23.44

Additional Processing Time 0 0

Scanning Time Total [h] 31.25 23.44

Table 4.2
Technical specification 
of the two standard 
applications

Mass Memory
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Figure 4.3
Focal plate assembly

Figure 4.4
Focal plate with 

electronics

Figure 4.4 shows the CCD with the focal
plate electronics, which is mounted on
the circuit board.

Topside (CCD) Bottomside (electronics)
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5. Concept

The FilmReader-concept is based on the
idea to use mainly standard components.
Only a few components were developed
specially for the project itself. Figure 5.1
shows the scheme of the film transport
and scanning unit.

The connection between the scanning
unit and the control unit is done by an
optical fibre cable. This allows a distance
between the scanning unit and the control
unit up to 400 m. The mass memory
system (MMS) is directly connected to
the control unit. 

The control and storage concept is
shown in figure 5.2. The MMS is connec-
ted via differential SCSI 160 interfaces to
the control unit. The control unit itself
includes four CPU systems. Each system
has its own frame grabber. The frame
grabbers are directly connected via a
fibre cable to the scanning unit.

Power

CCD

Film

Camera Head
Electronics

Optics

Light Source

Filmgate with
changeable
Filters

Fiber Interface to
Control-PC

Figure 5.1
Film transport and 
scanning unit

Figure 5.2
Control unit and mass
memory
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Figure 5.3 shows the FilmReader 
components. The components are:
– Film Transport with Scanning Head
– Control PC
– Mass Memory

Figure 5.3
FilmReader Components

Figure 5.4
Image of a geometrical

test film scanned by the
FilmReader
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Archive Film Scan

Image-H-resolution [pixel] 5000 2500 1250 624 312 156 62 31

Image-V-resolution [pixel] 2500 1250 625 312 156 78 39 19

Readout time [s] 0.625 0.312 0.156 0.078 0.039 0.019 0.010 0.005

Images / time [Hz] 1.60 3.20 6.40 12.83 25.65 51.30 102.61 210.,61

Scanning time 90 min film [h] 23.44 11.71 5.86 2.92 1.46 0.73 0.37 0.18

Storage capacity [TByte] 9.21 2.30 0,.58 0.14 0.04 0.01 0.00 0.00

Table 6.1 shows typical data formats to
scan the entire film width (Archive Film
Scan mode). The highest and standard
image resolution is 5000 pixel in horizon-
tal direction and 2500 in vertical direc-
tion.

Table 6.2 shows similar High
Performance Film Scan resolutions
depending on the final data product 
(defined by the customer). 

Table 6. 1 Different scanning resolutions of the Archive Film Scan

Table 6. 2 Different scanning resolutions of the High Performance Film Scan

High Performance Film Scan

Image-H-resolution [pixel] 4000 2000 1000 500 250 125 62 31

Image-V-resolution [pixel] 3072 1536 768 384 192 96 48 24

Readout time[s] 0.833 0.417 0.208 0.104 0.052 0.026 0.013 0.006

Images / time [Hz] 1.20 2.40 4.80 9.62 19.23 38.65 78.05 159.20

Scanning time 90min film [h] 31.25 15.62 7.81 3.90 1.95 0.97 0.48 0.24

Storage capacity [TByte] 9.05 2.26 0.57 0.14 0.04 0.01 0.00 0.00

6. Options
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7. Specifications

Name Value

Scanning Unit 220-110 VAC, 2 kW, 100 kg
Control PC 220-110 VAC, 500 W, 18 kg
Mass Memory 220-110 VAC, 2 kW, 60 kg

Number of CCD Lines 4
Number of Pixel per CCD 5000
Sampling Distance 5 or 7 µm

MTF-Archive-Mode 70 lp/mm
MTF-High Performances Scan 95 lp/mm
Radiometry 12 Bit = Density of 3.6 
Lampe HQI
Real Time Processing PRNU, Offset Control Pixel Matching
Scanning Mode Joblist or total Film

Number of Optics 2
Focal Length 75 mm
MTF better 10 % 100 lp/mm
F-Number 4

Red 650 ± 15 nm (1)

Green 550 ± 15 nm (1)

Blue 450 ± 15 nm (1)

NIR 750 … 1600 nm (1)

PAN 400 … 750 nm (1)

Mass Memory Interface 4 x SCSI160 
Mass Memory Capacity 4 x  3…15 HD // 4 x 3 x 36 Gbyte (2) 

Data Interface one Fibre Cable up to 400 m // 10 m 
(2)

Data Rate 160 Mbyte/s
Synchronisation Interface RS422 
Synchronisation Accuracy better 1/4 Pixel
Control Interface Film transport RS485

Scanning time of one Image 0.5 s
Image Size Archive Mode 5000 x 2500 Pixel
Image Size H-Performances Scan 4000 x 3072 Pixel
Image Format RGB 48 Bit TIF 
Image Format NIR 16 Bit TIF
Output Formats DVD, MPEG, NTSC, PAL, digital Beta, 

HDTV-24p

1) changeable, 2) standard

Parts

Components

Sensor

Scanning Heads

Optics

Spectral Filters

Mass Memory

Interfaces

Image Processing

~
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8. Man Machine Interface

Quick Look

5000

FilmReader Hardware Check

Status Picture counter 1 ... 999
Time code 20:12:35
Length (m) 134
Free disk space 4 TB

Film Reader - Hardware Check

MODE Switch RGB and NIR

MODE Switch RGB

Scan MODE total Film

Scanning of all Jobs

Line Synchronisation

Image Synchronisation

Help

Remove Disk Array

Delete Joblist

Delete single Job

Set Job Begin

Set Job End

Image Format Selection



Contact / Sales

Kinoton GmbH 
Cristoph Dobler
Industriestrasse 20a
82110 Germering
Tel: (+49) 89 - 8944460
Fax: (+49) 89 - 89444615
e-mail: dobler@kinoton.de

Kontakt / Technik

Contact / Technique

German
Aerospace Center
Dr. Andreas Eckardt
Institute of Space Sensor Technology and
Planetary Exploration
Tel: (+49) 30 - 67 05 5 - 539
e-mail: andreas.eckardt@dlr.de

Innovation Management and
TechnologyMarketing
Dr. Cornelia Schlesier
Rutherfordstraße 2
10489 Berlin
Tel: (+49) 30 - 67 05 5 - 155
e-mail: cornelia.schlesier@dlr.de

www.kinoton.de

Service

Technical Maintenance by the
FilmReader Vendor or
licensed Partners
Task force world wide
48 hours
Software Maintenance via
Internet
Hotline Option
Soft- and Hardware Updates


