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A B S T R A C T

Flatbed scanners are the most frequently used reading instrument for radiochromic film dosimetry because its
low cost, high spatial resolution, among other advantages. These scanners use a fluorescent lamp and a CCD
array as light source and detector, respectively. Recently, manufacturers of flatbed scanners replaced the
fluorescent lamp by light emission diodes (LED) as a light source. The goal of this work is to evaluate the
performance of a commercial flatbed scanner with LED based source light for radiochromic film dosimetry. Film
read out consistency, response uniformity, film-scanner sensitivity, long term stability and total dose uncertainty
was evaluated. In overall, the performance of the LED flatbed scanner is comparable to that of a cold cathode
fluorescent lamp (CCFL). There are important spectral differences between LED and CCFL lamps that results in a
higher sensitivity of the LED scanner in the green channel. Total dose uncertainty, film response reproducibility
and long-term stability of LED scanner are slightly better than those of the CCFL. However, the LED based
scanner has a strong non-uniform response, up to 9%, that must be adequately corrected for radiotherapy do-
simetry QA. The differences in light emission spectra between LED and CCFL lamps and its potential impact on
film-scanner sensitivity suggest that the design of a dedicated flat-bed scanner with LEDs may improve sensi-
tivity and dose uncertainty in radiochromic film dosimetry.

1. Introduction

Radiochromic films have become an excellent tool for dosimetry in
modern radiotherapy due to its high spatial resolution, near tissue-
equivalence and relatively easy handling. It has been used for dosimetry
of X-ray photon, electron, and protons in external beam radiotherapy
and also for the dosimetry of radioactive source in brachytherapy.
Nowadays, it can be found in the literature a large number of radio-
chromic film protocols for the dosimetry of IMRT, VMAT and SRS plans,
among other radiotherapy techniques. The establishment of a radio-
chromic film protocol does not only requires the definition of the
radiochromic film model, but also requires the definition of the scanner
to be used for film readout. In fact, the scanner directly or indirectly
defines a great number of film properties, such as film reading noise,
dose uncertainty, film response uniformity and film sensitivity. The
scanners used most frequently for radiochromic film dosimetry are
flatbed document scanners capable of digitizing transparent media with
48-bit in red-greenblue (RGB) mode (16-bit per color channel).

For many years, flatbed document scanners utilized a fluorescent
lamp as a light source and several reports may found in the literature
evaluating their performance for radiochromic film dosimetry [1–6].
However, recently flatbed scanners manufacturers have replaced the
fluorescent lamp by light emission diodes (LED) as light source. The
light production mechanism between fluorescent and LED light sources
are different. The fluorescent lamps produce light through the excita-
tion of electrons of a phosphor coating inside the lamp. Usually, the
lamps are filled with a noble gas (xenon or argon) with mercury traces.
An electric current in the gas excites the mercury within the gas that
produces a great amount of ultra violet (UV) light. The UV light is
absorbed by the phosphor which releases this energy as white light
through fluorescence. The LED sources use the principle of electro-
luminescence in a semiconductor material to produce light. A current
flows through a p-n junction diode exciting the electrons within the
junction. Depending on the p-n junction material is the amount and
spectrum of the produced light. For white light LEDs, it is used yttrium
aluminum garnet (YAG, Y3Al5O12) in combination with a phosphor
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coating. Despite similarities between fluorescent and LED based lamps,
it is expected that the emission spectrum will be different and it may
affect the overall response of radiochromic film dosimetry.

The goal of this work is to evaluate the performance of a commercial
flatbed scanner with LED based source light for radiochromic film do-
simetry. Film read out consistency, response uniformity, film-scanner
sensitivity, long term stability and total dose uncertainty was evaluated
for an Epson Perfection V800 (Epson, Inc., Japan) LED based scanner.
The performance of the Epson Perfection V800 was compared with that
of an Epson Expression 11000XL (fluorescent lamp based). Also for
comparison, it was measured the emission spectra of each scanner.

2. Materials and methods

2.1. Radiochromic film and irradiation setup

The radiochromic film used in this work was the model EBT3
(Ashland, USA) with batch number A03071602. The characteristics of
the film are widely reported in the literature. The response of the film
was assessed using the net optical density defined as follows [6],
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where I and I0 are the readings for irradiated and unirradiated films,
respectively. Ibckg is the intrinsic background signal (zero light) of the
scanner which is measured by scanning an opaque film. The associated
uncertainty to Eq. (1) is,

=
+

−
+

+
−I I I I

σ 1
ln 10

σ σ
( )

σ σ
( )netOD

I bckg

bckg

I bckg

bckg

2 2

0
2

2 2

2
0

(2)

Film irradiation was carried out using a TrueBeam STx® (Varian
Medical Systems, USA) linear accelerator with a 6MV (with flatting
filter) photon beam. All irradiations were performed in a solid water
phantom slab with total dimensions of 30 cm×30 cm×30 cm. If it is
not explicitly mentioned, the irradiation geometry was SAD (source to
axis distance) of 100 cm at 5 cm depth. The radiochromic film was
handled according with the recommendations published on the litera-
ture [7,8].

2.2. Document scanners and emission spectrum measurement

For this work, two commercial available flatbed scanners were used
from the manufacturer Seiko Epson Corporation (Japan). The Epson
Perfection v800 employs a white LED light source with an emission
spectrum from 400 to 725 nm. The light source is coupled with a 6-line
CCD sensor array with a nominal digitizing spatial resolution of
4800 dpi. This scanner has a maximum scanning area of 20 cm width
and 25 cm height, approximately. The Epson Expression 11000XL
scanner employs a Xenon gas cold cathode fluorescent lamp coupled
with a line CCD sensor array with a nominal scan resolution of
2400 dpi. The emission spectra covers the range from 400 to 725 nm.
The maximum scanning area is 31 cm width and 42 cm height, ap-
proximately. Both scanners are capable of digitizing films with a color
depth of 48-bit (16-bit per color channel). The parameters used for
radiochromic film digitization for both scanners were 72 dpi resolution,
48-bit color depth and all color correction turned off. The digitized
films were saved in TIFF (tagged image file format) without compres-
sion. The digitization was carried out using the Epson Scan v. 3.9
software for both scanners. All the films pieces were digitized 5 days
after irradiation to ovoid film post-colorization effects to film response
[9].

The emission spectrum for each scanner was measured using a
spectrometer model USB2000+ (OceanView Optics, USA). The spec-
trometer uses a fiber optic probe of 1m length connect to the spec-
trometer at one end and a metal pin-hole cap for collimation and

handling to the other end. The optic fiber was oriented towards the
transparent unit of each scanner in vertical position at a distance of
10 cm. Since the Epson Scan software does not have an option to turn
on the light of the scanner, the preview option of the software was used
with high-resolution option turned on. After the initial sensor calibra-
tion of the scanner, the transparent unit was positioned vertically
(perpendicular to the scanner) and proceed with the measurement. An
initial spectrum was recorded, and then this experiment was repeated
50 times for long term stability of the light source for each scanner.

A semi-quantitative analysis was performed on the measured
emission spectra. Three wavelength bands were defined to mimic the
RGB channels [10] and they are based on the absorption spectra of
radiochromic film EBT-3 [11]. The bands are defined as follows:
636 ± 25 nm (main absorption peak), 575 ± 25 nm (includes peaks
at 560 and 585 nm) and 450 ± 50 nm for red, green and blue channels,
respectively. The emission spectra of both scanners were integrated
over each band to calculate the emission proportion for each color
channel.

2.3. Scanner performance evaluation

2.3.1. Sensitivity
The sensitivity of EBT3-scanner system was assessed using the first

derivative of the sensitometric curve for each color channel and
scanner. For that purpose, radiochromic film was irradiated within a
dose range from 0 to 800 cGy. The sensitometric curve consisted of 16
dose points with 3 independent measurements each. For each scanner
and color channel, the sensitometric curve was the weighted average of
the 3 measurements per dose point. The weighted average and its as-
sociated uncertainty were assessed as following [6,12,13],
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In this work, if it is not explicitly stated, the reported uncertainty is
1σ. The sensitometric curve for each color channel was fitted using the
universal dose response model equation [14]:
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where Ax and k (cGy) are fitting parameters depending on the color
channel and scanner system, and = ±ϑ 0.436 0.005 is a universal con-
stant that only depends on the sensitive material. The parameter Ax is
related to the saturation netOD and k is related to the sensitive of the
system. The first derivative of Eq. (5) was used to assess the overall
sensitivity of the system. One of the advantage to use the universal-dose
response model resides on the use of reduced units to express the sen-
sitometric curve and sensitivity of the scanner-film system. On such
units, the sensitivity of the system is expressed as [14],
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where y= netOD/Ax and d=D/k are the reduced quantities. The Eq.
(6) shows that the sensitivity can be separated in two factors, an in-
trinsic film sensitivity that only depends on its properties as a function
of delivered dose (dy/dd), and a sensitivity depending of the scanner-
channel used (Ax/k) for readout. Since the same films were digitized on
both scanners, only the Ax/k factor was used to evaluate the scanner-
film sensitivity.

2.3.2. Total dose uncertainty
The total dose uncertainty analysis was performed using the dose
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