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Purpose: A modified convolution/superposition algorithm is proposed to compute dose from the kilovoltage
beams used in IGRT. The algorithm uses material-specific energy deposition kernels instead of water-energy
deposition kernels.
Methods: Monte Carlo simulation was used to model the Elekta XVI unit and determine dose deposition char
acteristics of its kilovoltage beams. The dosimetric results were compared with ion chamber measurements. The
dose from the kilovoltage beams was then computed using convolution/superposition along with materialspecific energy deposition kernels and compared with Monte Carlo and measurements. The material-specific
energy deposition kernels were previously generated using Monte Carlo.
Results: The obtained gamma indices (using 2%/2mm criteria for 95% of points) were lower than 1 in almost all
instances which indicates good agreement between simulated and measured depth doses and profiles. The
comparisons of the algorithm with measurements in a homogeneous solid water slab phantom, and that with
Monte Carlo in a head and neck CT dataset produced acceptable results. The calculated point doses were within
4.2% of measurements in the homogeneous phantom. Gamma analysis of the calculated vs. Monte Carlo sim
ulations in the head and neck phantom resulted in 94% of points passing with a 2%/2mm criteria.
Conclusions: The proposed method offers sufficient accuracy in kilovoltage beams dose calculations and has the
potential to supplement the conventional megavoltage convolution/superposition algorithms for dose calcula
tions in low energy range.

1. Introduction
Image guidance is widely used to improve the precision and accuracy
of radiation therapy treatment delivery [1–3]. Three-dimensional
Image-Guided Radiation Therapy (IGRT) using kilovoltage cone beam
computed tomography (kV-CBCT) has provided for more precise target
localization and margin reduction as well as normal tissue sparing [4,5].
Although kV-CBCT-guided IGRT reduces target positioning errors
and enables implementation of more accurate dose delivery, it increases
the patient dose due to acquisition of hundreds of projection radiographs
and high frequency of imaging [5–7]. This is of more importance in
pediatric patients as this additional dose could cause higher radiogenic
cancer risks [8,9]. Therefore, it is essential to estimate and reduce the

imaging dose to critical organs.
Monte Carlo is an ideal tool for accurately estimating the IGRT im
aging dose. However, it requires additional tools and expertise and is
computationally intensive. Therefore, it is not a useful tool for
computing 3D dose distributions on a routine basis in the clinic.
Model-based methods such as convolution/superposition algorithms
could potentially be used to estimate the dose from kilovoltage beams.
However, these methods use water energy deposition kernels, which
lead to inherent uncertainties of dose calculations in this energy range.
Previous studies have shown that using water kernels in dose calculation
of kilovoltage beams results in the underestimation of the dose by up to
300% in high atomic number structures such as bone [10]. This is due to
the inability of the algorithm to account for atomic number changes
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Fig. 2. The experimental setup for HVL measurement: (a) Schematic of the
setup according to TG 61 protocol [23], (b) The actual dosimetric setup
employed here.

indicate beam filtration through a bowtie filter (F1) or no filtration (F0).
The projected field width and length of the largest cassettes (S20, M20,
and L20) at the isocenter is 27.67 × 27.67 cm2, with the M and L ones
having an offset position. The imaging panel is mounted on a retractable
arm, which could be moved laterally based on the collimator used.

Fig. 1. Beam data collection setup for kilovoltage beams: (a) The actual dosi
metric setup of the XVI Elekta infinity Linac along with DoseView ™ 3D Water
Phantom, (b) Exradin A28 ionization chamber dosimeter used to measure
transverse and depth dose profiles beyond 2 cm depth, and (c) Exradin A11
Roos type parallel plate ionization chamber used for measuring shallow
depth doses.

2.2. Measurements

which are crucial in computing the dose in this energy range due to
dominance of photoelectric effect.
Model-based methods perform a secondary computation of dose
based on precomputed energy deposition kernels [11]. They explicitly
consider beam characteristics such as energy fluence, geometry of ra
diation beam, and presence of beam modifiers. An advantage of these
methods is that they lend themselves well to 3D dose calculations in the
megavoltage range. Energy deposition kernels for monoenergetic pho
tons in water have been calculated by Mohan at el [12], Ahnesjo at al
[13,14], and Mackie et al [15,16] for use in convolution/superposition
algorithms in the megavoltage energy range. Alaei et al [17], Modrick et
al [18], and Mainegra-Hing et al [19] generated the kernels in the kil
ovoltage energy range and used them to estimate the dose from kilo
voltage beams. Huang et al [20] showed that the use of material-specific
energy deposition kernels may improve the dose calculation accuracy in
high-density materials as well as the vicinity of interfaces in the mega
voltage range.
Adopting the method proposed by Huang et al. [20], Heidarloo et al.
[21] generated material-specific energy deposition kernels for kilo
voltage beams of up to 150 keV.
In this study, our goal was to calculate the dose from kV imaging
beams using the convolution/superposition algorithm and materialspecific energy deposition kernels. The resultant dose calculations
were then compared to measurements and Monte Carlo calculations.

2.2.1. Percentage depth dose
The percentage depth dose (PDD) was measured using two Exradin
ion chambers (Standard Imaging, Middleton, WI, US): An A28 (0.125 cc)
chamber for depths of up to 2 cm and an A11 Roos type parallel plate
chamber (0.62 cc) for shallower depths, along with a Supermax elec
trometer (Fig. 1a). The measurements were carried out in a DoseView™
3D water tank (Standard Imaging) in 2 mm increments. Measurements
were performed at 75-cm SSD with the X-ray tube at the upright posi
tion. Another A28 chamber was used as the reference detector [23].
Depth dose data for a number of kVp/cassette/filter combinations were
collected.
2.2.2. Beam profile
As shown in Fig. 1, to measure the beam profiles, an Exradin A28 ion
chamber was used [22,24–29]. In this work, the direction along mega
voltage beamline is denoted as in-line and that perpendicular to the
beamline is denoted as cross-line. For measurements of in-line profiles,
the chamber was offset in the cross-line direction by 8.7 and 5.2 cm for
the L and M collimators, respectively. The S collimator required no shift
as it produces symmetric fields with respect to the central axis. Based on
previous studies [27], beam profiles were measured at a depth of 1 cm
with a spatial interval of 2 mm within the beam penumbra, and 5 mm
elsewhere.

2. Materials and methods

2.2.3. Half value layer
Half value layer (HVL) measurements were performed using an
Exradin A19 Farmer type ion chamber according to the recommenda
tions of the AAPM TG-61 protocol [23]. The XVI tube was placed in the
upright position and the dosimeter was positioned in air and aligned at
the isocenter with a source to dosimeter distance of 100 cm (Fig. 2). To
reduce the influence of the scattered radiation, the source – aluminum
filter and the aluminum – dosimeter distances were set to 50 cm. In
addition, the aluminum holder was made of wood to minimize scattered
radiation.

2.1. X-ray tube and collimation system
Elekta X-ray Volume Imaging (XVI) unit is an online kilovoltage
CBCT imaging system integrated into Elekta linear accelerators (Elekta
AB, Stockholm, Sweden). The kilovoltage tube is manufactured by
Dunlee (Dunlee Inc. Aurora, IL, US) and produces photon beams of 70 to
150 kVp [22].
The collimators (S, M, and L) and filters (F0 and F1) are inserted into
slots on the imaging tube arm. The collimator cassettes allow for small,
medium, and large field of view (FOV) imaging. The two filter cassettes
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to Ali and Rogers’ study [36] for improvement of the simulation accu
racy, the value of the boundary tolerance parameter changed to 5 × 10-7.
The simulation efficiency was also increased using a directional
bremsstrahlung splitting in the first and second parts [25,37].The energy
cutoffs for the electron and photon transport were set to 0.512 and
0.001 MeV, respectively. The energy thresholds for secondary particle
creation were set to 0.512 and 0.001 for electrons and photons,
respectively.
The PDD calculations were performed along the central axis using
0.5 × 0.5 × 0.2 cm3 voxels. The HOWFARLESS algorithm was employed
for particle transport in the water phantom. This algorithm dramatically
increases the dose calculation efficiency in the homogeneous phantom
[32,38].
To calculate the HVL using Monte Carlo method, the CAVRnrc user
code was utilized [24,29,39]. As the first step, phase space files for en
ergies of 100 and 120 kVp were extracted using the BEAMnrc user code.
In the simulation for extracting phase space files, F0 and F1 filter cas
settes were selected for 100 kVp and 120 kVp, respectively. Also, ac
cording to the dimensions of the aluminum blades (8 × 8 cm2), a 15 × 15
MV cassette (with a 15 × 15 cm2 square field in the center) was used to
limit the dimensions of the field in the center (location of the dosimeter)
and diaphragm (location of the aluminum blades). It is worth
mentioning that the phase space files were extracted in square planes
with dimensions of 40 × 40 cm2 at a distance of 100 cm from the source.
The ionization chamber was simulated in the CAVRnrc user code
based on the dimensions and materials obtained from the manufacturer.
Source number 22 (full beam phase space data, incident from any angle/
position) was used in modeling the radiation source. Aluminum layers
with thicknesses of 0.5 mm were used.

Fig. 3. Schematic of the XVI Elekta Infinity beamline. Due to the tilt of kV
CBCT, the simulation was divided into two separate parts. Dimensions are not
to scale.

2.3. Monte Carlo simulation of the unit

2.4. Dose calculations in phantom

The kV tube and collimation system of the XVI unit were modeled
using the EGSnrc/BEAMnrc version 2019 Monte Carlo software package
[30,31]. The geometric shape of the inherent cone filtration of the kV
tube and the materials involved in MC simulation were provided by the
manufacturer. Due to the 3.5◦ tilt of the tube housing relative to the
beamline, the simulation was divided into two parts. The first part
included the tube housing and the second part the rest of the beamline
including the collimator and filter cassettes.
In the first part, XTUBE and FLATFILT component modules were
used for modeling the rotating anode and inherent filtration. The elec
tron beam impinging upon the target was simulated as a parallel rect
angular source incident from the side with a monoenergetic energy.
Based on the manufacturer’s specifications, the focal spot size was set to
0.08 cm in length and 0.04 cm in width. A phase space (PHSP1) file of
the simulated tube housing was recorded that contained the energy,
position, and directional cosines of particles crossing the back of the
filtration cone and generated at 6.45 cm from the source.
In the second part of the simulation, the PHSP1 was used as the input
to simulate the rest of the beamline by rotating it by 3.5◦ . The remainder
of the system including the clamp ring and primary lead collimator,
shielding lead, collimator cassette, filter cassette, and plastic cover were
modeled by PYRAMIDS and SLAB component modules. The design,
material composition, and density of components were in accordance
with the manufacture’s datasheets. A second PHSP (PHSP2) file was
then generated for each insert at the back of the polystyrene cover, 31.5
cm from the source, and was used for the subsequent simulations of the
dose distribution in water by DOSXYZnrc [32]. The simulated geometry
of the XVI unit is shown in Fig. 3.
In order to increase the simulation accuracy, the Koch–Motz
bremsstrahlung angular sampling [33] and NIST bremsstrahlung cross
section data [34] were used. Also, the photoelectron angular sampling,
Rayleigh scattering, atomic relaxations, spin effect, and electron impact
ionization were included in the simulations [35]. Moreover, according

2.4.1. Model-based dose calculations
Convolution/superposition algorithm convolves total energy
released per unit mass (TERMA), with energy deposition kernels.
TERMA T (r) is the total energy released by primary photon interactions
per unit mass; it includes the energy imparted to both charged particles
and scattered photons. T(r) is obtained using equation 1:
∫
μ
T(r) =
(r, E)ψ E (r)dE
(1)
E

ρ

where ρ(r) is the local density, μ/ρ(r, E) is the mass attenuation co
efficient at r, and ψ E(r) is the total energy fluence of all photons for
polyenergetic beam in the medium.
In a homogeneous media, due to the spacial invariance of energy
deposition kernels, superposition dose integral is simplified to convo
lution one and the dose can be calculated by equation 2:
∫ ∫
D(r) =
TE (s)k(r − s, E)d3 sdE
(2)
E V

where k(r-s, E) is energy deposition kernel at energy E and position s
relative to the point of scattering of the primary photon [13].
For inhomogeneous media, the energy deposition kernel is not spa
cially invariant and can no longer account for the secondary transport.
In this case, a full superposition integral needs to be carried out:
∫ ∫
1
D(r) =
T (s)ρ(s)k(r, s, E)d3 sdE
(3)
ρ(r) E V E
where k(r, s, E) is the energy deposition kernel normalized by the
energy delivered at point r by secondary particles, associated to a pri
mary photon of energy E interacting in s.
The convolution/superposition algorithm implemented in this study
employs material-specific energy deposition kernels instead of waterenergy deposition kernels to account for dose distribution in in
homogeneity, as shown in equation 4.
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Fig. 4. Measured and simulated (a) percentage depth doses, (b) dose profile in the cross-line direction at 1 cm deep, and (c) transverse dose profile in the in-line
direction at 1 cm depth for 100kVp/F0/S20 beam. Monte Carlo simulated results are shown with the plus symbol and measurements are shown with solid line. For
each PDD/dose profile, the corresponding values of gamma-index in various depths/ different lateral distances are also presented.

D(r) =

∫ ∫
1
T (s)ρ(s)k(r, s)|material - specific d3 s dE
ρ(r) E V E

performed using MATLAB v2018a (Mathworks Inc., Natick, MA, US).

(4)

2.4.2. Monte Carlo dose calculations
A second Monte Carlo simulation was performed to obtain dose
distributions in two image datasets for benchmarking the model-based
dose calculations. The datasets included the CT images of a homoge
neous solid water slab phantom and a head and neck CT image set.
The dimensions of homogeneous solid water slab phantom were 30
× 30 × 15 cm3, constructed of certified therapy-grade solid water (Sun
Nuclear Gammex, Madison, WI, US). The phantom was scanned using a
Philips big bore scanner (Philips Medical Systems, Cleveland, OH, US).
Calculations were carried out using DOSXYZnrc to compute 3D dose
distributions on both sets of DICOM images. Using these images, each
voxel was converted to a specific material. The materials were assigned
to each voxel based on their densities, determined from the CT number
to density calibration curve. The ranges of densities for each material
were 0.01–0.044 g/cm3 for air, 0.044–0.302 g/ cm3 for lung,
0.302–1.101 g/ cm3 for soft tissue/water, and 1.101–2.088 g/ cm3 for
cortical bone. One of the sources of dose estimation uncertainty is tissue
segmentation uncertainty. The sources of this could be mis-assignment
of material based on CT ramp resulting from image noise, volume
averaging, and interpatient variations of tissue densities. To overcome
this, the dual-energy material assignment proposed by Bazalova et al
[42] would be particularly beneficial in kV dose calculations
The voxel size of slab phantom and head and neck images were 0.67
× 0.67 × 0.30 cm3, and 0.97 × 0.97 × 0.30 cm3, respectively. For the
slab phantom, the x-ray isocenter was placed at the center of the
phantom, i.e. the distance between the x-ray beam and slab surface was

The material-specific energy deposition kernels were generated
using EDKnrc user code of the EGSnrc toolkit and described in a previous
study [21]. The kernels are generated only once and can be used during
model-based planning depending on the beam quality and the medium
the dose is to be calculated in.
Four material-specific energy deposition kernels were used in this
algorithm: cortical bone, water, lung, and air. For each material, 15
energy deposition kennels were used in the 10 to 150 keV energy range
in 10-keV bins.
The average material-specific energy deposition kernel of poly
energetic photons (100 kVp/F0/S20 beam) was approximated by a
spectrum-weighted sum of monoenergetic kernels with discrete energy
bins, as shown in equation 5:
∑
k(r, s)|material - specific ≈
wi k(r, s, Ei )|material - specific (5)
i

where wi = ψ E,i (r0)/ψ E(r0) is the spectrum weight, ψ E(r0) is the
primary photon energy fluence at the reference location, and ψ E,i (r0) is
the energy fluence for photons with only energy Ei.
The ramps were used to convert each voxel’s CT number to material
density and assign one of four materials named above, similar to Monte
Carlo calculations. The energy fluence profiles were obtained for 100
kVp/F0/S20 x-ray beam used in this study by the MC simulation tech
niques described by Ding et al [24,40] and Spezi et al [22]. Kernel tilting
was ignored to simplify dose calculation. Ray tracing was performed
using the algorithm of Siddon [41]. The convolution calculations were
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For both simulations, the energy cutoff /energy thresholds for sec
ondary particle creation for the electron and photon transport was set to
0.512 and 0.001 MeV, respectively. This Monte Carlo-simulated beam
was calibrated by measuring the dose to a point in a phantom of known
geometry and introducing a Monte Carlo calibration factor as explained
by Ding et al [25]. The dose measurement was done using a calibrated
ion chamber for kV beam qualities and followed AAPM TG-61 meth
odology [23].
The dose of slab phantom was measured at 7 locations using a PTW
N30003 Framer-type ionization chamber (PTW, Freiburg, Germany) by
irradiating the phantom from the top down with the same beam quality
(100 kVp/F0/S20).
3. Results
3.1. Monte Carlo and measurement comparisons
The measured and simulated PDD curves and dose profiles of 100
kVp/F0/S20 are shown in Fig. 4. The profiles were normalized to the
dose at 1 cm on the central axis. The Monte Carlo-generated and
measured curves were compared using gamma analysis [43]. The dose
difference and distance to agreement in the calculation of gamma index
were set to 2% and 2 mm, respectively. As shown in Fig. 4, the gamma
index for PDD and cross profiles are lower than 1 in all depths for 100
kVp/F0/S20, indicating good agreement between measurements and
MC simulations.
The simulated and measured attenuation curve of the 100 and 120
kVp beams are plotted in Fig. 5. MC dose calculation uncertainties are
within 1.0% for the case in which no aluminum layer is present and
1.4% for the case of the thickest aluminum layer. The mean difference
between measurements and MC simulation is 1.1%. The conformity of
simulations and the measured data is satisfactory and confirms the ac
curacy of the MC model of the XVI unit.
The energy spectra of photons at 100 kVp for combinations of F0/
S20, F1/M20, and F1/L20 were calculated by Monte Carlo simulation.
The energy spectra of 100 kVp/F0/S20 beam is shown in Fig. 6. We
found that the value of 105 kVp for combinations of F0/S20 provided
the best fit for both depth dose and cross profiles. Each energy spectrum
was computed at SSD of 100 cm and within the x-ray field of 40 × 40
cm2.

Fig. 5. The measured and Monte Carlo calculated attenuation curve of 100 and
120 kVp beams. The measured attenuation curves are shown with solid symbols
and Monte Carlo calculated ones are presented with plus symbol.

3.2. Validation of the model-based algorithm in homogeneous medium
The dose distribution in the solid water slab phantom was calculated
with the model-based algorithm for a single beam of 100 kVp/F0/S20
beam as shown in Fig. 7. This Figure illustrates axial plane dose distri
butions along with gamma analysis showing the agreement between
Monte Carlo simulation and model-based dos calculations. In addition,
the measured, model-based, and Monte Carlo-calculated dose of several

Fig. 6. Energy spectrum for the 100 kVp/F0/S20 beam.

equal to 92.5 cm. The phase space file for beam quality of 100 kVp/F0/
S20 was used as the x-ray source of simulation. For head and neck
dataset, the 100 kVp/F0/S20 x-ray isocenter was placed at 100 cm.

Fig. 7. Dose calculation results for the modified model-based algorithm calculated 100 kVp x-ray beam incident on a 30 × 30 × 15 cm3 water phantom from above.
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Table 1
Measured, model-based and Monte Carlo calculated dose of selected point for the slab phantom.
points
MC simul.
A
B
C
Iso
D
E
F

Measur. Vs. MC simul.
3 cm ant
2 cm ant
1 cm ant
Isocenter
1 cm post
2 cm post
3 cm post

Dose of selected point (cGy)

Difference (%)

Model based

Measurement

MC simulation

Model Vs. Measur.

Model Vs.

0.249
0.213
0.182
0.154
0.131
0.107
0.091

0.239
0.206
0.179
0.152
0.130
0.109
0.092

0.237
0.205
0.174
0.149
0.126
0.108
0.091

4.18
3.40
1.68
1.32
0.77
− 1.83
− 1.09

5.06
3.90
4.60
3.36
3.97
− 0.93
0

0.84
0.49
2.87
2.01
3.17
0.93
1.1

Fig. 8. Comparison of Monte Carlo and model-based dose calculations from a single anterior 100 kVp beam in the head and neck. The figure illustrates (a) Coronal
plane, (b) Sagittal plane, and (c) Axial plane dose distributions. The result of gamma analysis is based on criteria of 2%/2 mm.
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this method is the time-saving over performing a full Monte Carlo
simulation, as kernel generation is done once.
The current work validated the calculation accuracy of the proposed
method in two datasets and with a simple single beam arrangement. This
will need to be verified in other datasets with range of inhomogeneities,
and with more complex beam geometries such as cone beam CT and use
of the bowtie filter. Further validation of the method will be the subject
of future work.

points are reported in Table 1. The measured, MC simulated, and modelbased doses reported in table are mean absolute doses in volumes of 0.6,
1.078, and 1.078 cm3, respectively. As seen in the table, the maximum
difference was 5.06%. The mean difference between the model-based vs.
measured, model based- vs. Monte Carlo simulation, and measured vs.
MC simulation was 1.2%, 2.85%, and 1.63%, respectively.
3.3. Validation of the model-based algorithm in heterogeneous medium

5. Conclusions

The dose distributions of a one-field irradiation of a head and heck
image dataset, obtained with the model-based algorithm and Monte
Carlo simulations are shown in Fig. 8. The Monte Carlo simulations were
calculated to a statistical uncertainty of 1%. Three dimensional gamma
analysis was used to compare the two methods of dose calculations. For
these analyses, the dose difference (DD) and distance to agreement
(DTA) in calculation of gamma index were set to 2% and 2 mm. Based on
the results of gamma analysis, 94% of the points passed with a 2%/2 mm
criteria.

This study has presented a new approach on convolution/super
position algorithm using the material-specific energy deposition kernels
for kilovoltage beams of up to 150 keV for estimating the imaging dose
in IGRT. This new convolution/superposition algorithm has the poten
tial to overcome the accuracy deficiency of model-based dose calcula
tion algorithms for kV beams when water energy deposition kernels are
used. Moreover, this new algorithm can be used for dose calculations
from orthovoltage and superficial x-ray systems as well.

4. Discussion

Declaration of Competing Interest

Monte Carlo simulation of the Elekta XVI system has been previously
reported in the literature [22,26,27,44]. Spezi et al [22] and Downes et
al [26] were the first to simulate the Elekta XVI CBCT tube beamline,
and provided a detailed simulation of the F0 and F1 (bowtie) filters.
They simulated and benchmarked the x-ray tube and few collimator
cassettes for clinical use by EGSnrc (version V4-r2-2–5). In addition,
Downes et al [26] described a method for the absolute dose calibration
of the CBCT unit when used in a clinical volumetric acquisition mode.
Marchant et al [27] developed and validated a Monte Carlo model of the
Elekta XVI system using the GATE Monte Carlo simulation platform [45]
based on the GEANT4 toolkit [46].
In this work, we simulated the Elekta XVI unit with the latest version
of the Monte Carlo tool, and evaluated its results with measurements.
Given the excellent agreement between Monte Carlo results and mea
surements, this Monte Carlo model can be used for obtaining threedimensional dose distributions from the XVI system. We also used the
convolution/superposition algorithm along with material-specific en
ergy deposition kernels to calculate the dose distribution from kilo
voltage beams and compared its results to Monte Carlo simulations and
measurements.
The use of an analytical method such as convolution/superposition
to compute kilovoltage dose is not new. For example, Alaei et al [10]
used a commercial treatment planning system to compute the dose from
kilovoltage beams using low energy water energy deposition kernels and
pointed to inaccuracy of this method in high atomic number materials.
Ding et al [47], and Pawlowski et al [48,49] calculated the kilovoltage
imaging dose using a correction-based algorithm. They improved the
accuracy of kilovoltage dose calculations in the high atomic number
materials by introducing a correction factor in their algorithm. Current
work takes a different approach by using material specific kernels with
the convolution/superposition algorithm. Using material-specific en
ergy deposition kernels instead of water energy deposition kernels may
be more straightforward than defining a new methodology in calcu
lating the kilovoltage dose. This method utilizes different energy depo
sition kernels depending on each voxel’s density values, hence
accounting for atomic number changes.
This work is essentially a feasibility study of this approach and in
cludes many simplifications in the calculations. Kernel tilting, beam
hardening, and beam softening in off axis points were not considered;
however, they are not deemed to make a significant difference in the
dose calculation accuracy. Considering the fact that imaging dose is a
fraction of therapeutic dose given the patients, a high degree of dose
calculation accuracy is not necessary in these dose calculations. As
stated in AAPM TG-180 report [50]; it is acceptable for the calculated
imaging dose to have uncertainties of up to ± 20%. One benefit of using
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the work reported in this paper.
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