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Abstract—Spaceborne altimeters are indispensable tools in the
aerospace and Earth science fields, and ensuring their accuracy is
paramount. However, their accuracy is affected by various factors,
including systematic and atmospheric attenuations. This study
explores an altimeter calibration system based on a calibration
satellite equipped with a transponder. When the altimeter passes
directly over the calibration satellite, the transponder facilitates
signal interaction with the altimeter, serving as a stable reference
point to effectively calibrate the altimeter’s systematic errors. In ad-
dition, a network optimization scheme based on the nondominated
sorting generic algorithm-II is proposed to enhance the calibration
accuracy and networking efficiency of the calibration system. Error
analysis and network simulation results prove the feasibility of the
proposed system.

Index Terms—Backscatter coefficient, calibration satellites,
network optimization, and spaceborne altimeters.

I. INTRODUCTION

M ICROWAVE remote sensing technology emerged in the
1950s, offering the advantages of strong monitoring

ability, wide coverage area, low cost, and all-day, all-weather
measurements [1]. The spaceborne radar altimeter is one of the
main components of microwave remote sensing, it can obtain
information on the effective wave height of the sea surface and
measure the backscattering coefficient to determine the wind
speed over the ocean. Sea dynamic data acquired by radar
altimeters have become an essential foundation for physical
oceanography, geodesy, and other disciplines [2], [3]. So far,
different series of altimeter have been launched worldwide,
including the early SEASAT [4], and GEOsat [5] to the current
Jason-3 [6], Sentinel-3 [7], and HY series altimeter [8], [9], [10],
[11]. In addition, the data observation accuracy has increased
from the meter to the centimeter level [3].

Calibration of the satellite sensors is an important prerequisite
for quantitative remote sensing to ensure accurate judgment.
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Calibrating the altimeter’s scattering coefficient in orbit im-
proves the precision of wind speed measurements and ensures
stable and accurate data.

Passive calibration [12], cross-calibration [13], [14], [15],
uniform natural scene calibration [16], and active calibration
methods based on scaler [17], [18] have been proposed to cali-
brate the backscatter coefficient of altimeter. Passive calibration
technology is mainly used for altimeters operating in the “noise-
listening” mode (i.e., in the absence of a transmitted pulse).
Power [19] received by an altimeter using the sea echo equation
in “noise-listening” mode is used to facilitate radiometry to
measure different targets (such as water, ice, and forest). The
calibration process is completed by considering the receiver gain
and its fluctuations. The final determination of the calibrated
backscatter coefficient depends on the accuracy of the noise level
estimation observed by the altimeter in passive mode.

The cross-calibration method is used to compare the mea-
surement results of two or more altimeters, one of which is con-
sidered to have been accurately calibrated by a certain method
(considered as a reference), and the others can be compared
with it to obtain the measurement deviation of the remaining
satellite altimeters [20], which is the relative calibration method.
Using distributed target imaging from natural calibration sites
on the Earth’s surface, Shimada et al. [16] obtained antenna
patterns of satellite instruments based on the Amazon rainforest,
aiming to improve estimation accuracy. However, this method
has technical limitations and cannot meet future application
requirements for all-weather altimeters.

The active calibration method based on scaler involves setting
up a scaler in artificial calibration sites, and its radar scatter-
ing cross-section is achieved through self-calibration. During
calibration, the altimeter operates in the Preset Loop Output
mode, and the calibration error is corrected by analyzing the
measured echo and absolute powers. The scalers can be divided
into passive and active scalers based on their implementation. A
passive scaler uses an angle reflector or metal ball, whereas an
active scaler (transponder [21]) is a radar auxiliary equipment
to receive the signal and return the altimeter after amplification.

A uniform natural scene is suitable for the X band and below.
Moreover, the penetration of the high-frequency band is weak,
and the radar echoes in rainforests are concentrated in the canopy
area. The effectiveness of this scenario for high-frequency and
high-resolution calibration has not been demonstrated. However,
uniform calibration fields have been destroyed by humans. For
example, between August 2020 and July 2021, the Amazon
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rainforest shrank by 10 476 km2, roughly the size of nine Rio de
Janeiro cities. Moreover, locating an artificial calibration field
and establishing large-scale centralization is challenging, which
restricts the measurement requirements for altimeter multifre-
quency calibration. Moreover, directly separating the coupled
atmospheric attenuation and systematic errors is challenging,
which restricts the calibration accuracy.

To solve this problem, we propose a novel spaceborne calibra-
tion system that uses calibration satellites. This method moves
the transponder from the ground to the calibration satellite using
the active calibration method based on scaler. The atmospheric
and systematic errors are indirectly separated using the sig-
nal power receiving model of the dual-link. Simultaneously,
a satellite network based on the nondominated sorting generic
algorithm-II (NSGA-II) of the improved genetic algorithm is
proposed [22] to realize multifrequency calibration by consid-
ering the service frequency and number of serviceable satellites.

The rest of this article is organized as follows. The radar
equation and traditional active calibration method based on a
transponder are reviewed in Section II. Section III proposes
a novel calibration system based on calibration satellites and
the satellite network. The results of the network simulation and
error analysis are presented in Section IV. Finally, Section V
concludes this article.

II. REVIEW OF TRADITIONAL CALIBRATION METHOD

A. Radar Equation

The directional nature of radar [23] ensures that the energy in
one direction is more effective than that in others. Gain refers
to the ratio of the power density radiated over a long distance in
a specific direction to the power density of an isotropic antenna
radiating the same power at the same distance. In 1975, Wheeler
proposed the antenna theory, which explained the connection
between antenna gain and effective area.

G =
4πAe

λ2
(1)

where λ is the wavelength and Ae is the effective area of the
antenna.

Then, the power density at distance R between the radar and
target can be obtained as follows:

St =
PtG

4πR2
(2)

where St is the power density and Pt is the power of the
transmitted echo.

During transmission and reception, part of the energy is
intercepted by the target and then radiated in various directions.
The energy radiated in different directions varies. The power
density reradiated toward the radar determines the final signal
power acquired by the radar. Sa is considered an imaginary area
that captures all the energy that falls vertically onto it and then
isotropically radiates it to facilitate the characterization of the
scattering properties of the target. The power of the received

Fig. 1. Altimeter to sea surface beam diagram.

echo can be expressed as follows:

Pr =
PtG

2λ2Sa

(4π)3R4
(3)

However, because of atmospheric attenuation, the electromag-
netic waves emitted by the altimeter are attenuated during prop-
agation to the surface, and the transmitted echo and received
backscatter powers can vary. The sea surface was taken as an
example to analyze the altimeter signal reception, as shown in
Fig. 1. R is the distance from the altimeter satellite to the sea
surface [24], ξ is the pointing angle of the altimeter antenna, and
Af is the antenna irradiation area.

In 1993, Wheeler [25] proved that, for altimeters, when the
angle of incidence is less than 1◦, and the geoid undulation is less
than 10−4, R and Rξ can be considered equal. The expression
for the received power can then be obtained using integration.

dPr = t2
G2λ2Pt

(4π)3R4
σ0 (4)

where t is the atmospheric attenuation factor and σ0 is a param-
eter that represents the radar cross-sectional factor of different
target areas dA. σ0 = σdA is used to characterize the average
scattering characteristics in the antenna footprint.

By replacing t2 with the reciprocal of Lp and substituting the
area A = πRcτp into (4), the received power from the surface
target can be obtained as follows:

Pr =
G2λ2Pt

(4π)3R4Lp

πRcτpσ (5)

where τp is the pulsewidth, c is the speed of light, and Lp is the
propagation loss.

B. Traditional Active Altimeter Calibration Method

Currently, to improve calibration accuracy, ground-based
transponders are deployed to relay the echo received by the
altimeter. A transponder is an auxiliary satellite radar device
that receives an altimeter signal and transmits the amplified
signal to the signal source after retransportation. Therefore, it
can be seen as a precisely defined reflection target. Transponder-
assisted calibration for altimeters was used for TOPEX/Poseidon
altimeter calibration as early as 1991 and is known as the active



LU et al.: SPACEBORNE ALTIMETER CALIBRATION SYSTEM WITH CALIBRATION SATELLITES 18615

Fig. 2. Traditional calibration diagram.

transponder for altimeter calibration [26]. China’s Marine Power
Environment Satellite Haiyang-2A (HY-2A), is also equipped
with a reconstructed transponder, which is believed to have high
precision and can be used directly [27], [28], [29], [30].

The traditional calibration methods are basically single links.
The signal is transmitted from the altimeter and reflected by the
ground target. The altimeter accepts the echo and carries out the
required coefficient correction, as shown in Fig. 2.

In this study, the transponder can be used to obtain more ac-
curate parameters in (5) and provide more significant scattering
characteristics than ground objects. The calculated backscatter-
ing coefficient error is eliminated according to the existing atmo-
spheric model to complete the calibration of the backscattering
coefficient of the altimeter.

σ =
64π2R3LpPr

G2λ2Ptcτp
(6)

III. NOVEL ALTIMETER CALIBRATION SYSTEM

A. Altimeter Calibration Method Using Calibration Satellite

Under the premise that the data reflected by the transponder
are highly precise, the next step is to constantly revise the atmo-
spheric models. However, the remaining errors were considered
to be coupled with atmospheric and system parameter errors;
therefore, correcting the atmospheric error alone is not sufficient
to effectively correct the overall error, which brings challenges
to the traditional calibration scheme.

The coupling error will occur owing to the atmospheric
interference between the scatterer and altimeter. Therefore,
we propose launching a calibration satellite equipped with a
transponder into space, as shown in Fig. 3.

A link is added based on the original single-link system.
Hence, the new system can be called a dual-link system, namely,
“altimeter-calibration satellite” and “altimeter-surface target.”
The “altimeter-surface target” obeys the principle of the tra-
ditional calibration method, expressed using (6). In addition,

Fig. 3. Diagram of dual-link calibration geometry.

the term “calibration satellite” includes all the functions of a
transponder unless otherwise stated.

By moving the transponder from ground to space, the altime-
ter of the dual-link system processes two types of signals: one
from the surface target and another from the calibration satellite.
Once the transponder moves, the signal from the calibration
satellites does not need to penetrate the atmosphere; thus, there
is no attenuation owing to atmospheric influences. The equations
for the two links can be obtained by changing the corresponding
parameters based on the radar equation. If any terms are iden-
tical, we could replace those terms in “altimeter-surface target”
with the same in “altimeter-calibration satellite.” The specific
flow chart is shown in Fig. 4. The calibration process is divided
considering the following three aspects.

1) Interaction of the Altimeter With the Calibration Satel-
lite: The orbit of the calibration satellite is slightly lower than
the orbital height of the downward-looking altimeter. Thus, the
altimeter can receive the echo signal of the calibration satellite
when it passes directly under the altimeter. Considering the
influence of the antenna pattern combined with (5), the received
signal can be expressed as follows:

Pr =
PtG

2λ2

(4π)3R4
s

σtransf
2
alt (θA, φ) f

2
trans (θA, φ) (7)

where Rs is the distance between the altimeter and calibration
satellite, σ is the backscatter coefficient of the transponder
mounted on the calibration satellite, falt(θA, φ) and ftrans(θA, φ)
are the antenna patterns of the altimeter and calibration satellite,
respectively, and θA and φ are the azimuth and inclination,
respectively.

The output from the altimeter is digital, and the results
achieved should have multiple receiver system gains Gsys.

DNAt =
PtG

2λ2

(4π)3R4
s

Gsysσtransf
2
alt (θA, φ) f

2
trans (θA, φ) . (8)
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Fig. 4. Flow chart of the novel altimeter calibration system.

Considering that the measurements acquired by the calibration
satellite are of high accuracy, the terms in (8) can be used for
correcting the link “altimeter-surface target.”

2) Interaction of the Altimeter With the Surface Target: This
link can directly utilize the relevant framework of the traditional
altimeter calibration method, as described in Section II. The
digital output can be achieved by replacing the corresponding
parameters of (5), as follows:

DNA = PrGsys =
G2λ2Pt

(4π)3R4Lp

GsysπRcτpσ (9)

where λ is the wavelength, σ is the backscattering coefficient,
R is the distance between the altimeter and target, and τp is the
pulsewidth.

For an explicitly scaled object, (9) can be written as an
expression of the backscattering coefficient σ as follows:

σ =
64π2R3LpDNA

G2λ2PtGsyscτp
(10)

3) Dual Link Joint Calibration: Some terms in (8) and (9)
are the same. The data from the calibration satellite discard
a considerable part of the atmospheric interference compared
to the surface target echo, providing an accurate correction of
the system parameters. By combining the two equations, a new
expression for the backscatter coefficient can be obtained.

σ =
DNA

DNAt

R3

R4
s

1

cτpπLpt
f2

alt (θA, φ) f
2
trans (θA, φ)σtrans (11)

This is to say, the terms from the link “altimeter-surface target”
has systematic errors and errors due to atmospheric attenua-
tion. However, similar terms in the link “altimeter-calibration
satellite” are much more precise, as it eliminates atmospheric
interference. Thus, only systematic errors need to be corrected
if the accurate terms from the altimeter-calibration satellite link
can be substituted into the altimeter-surface target link. Here is
the process of the dual-link joint calibration.

B. Network Design and Optimization

A networking design and optimization phase were proposed
to enhance the collaborative calibration capabilities of satellites.

Satellite networks employ multiple satellites with identical or-
bital inclinations and altitudes. Thus, the constellation is uniform
and each satellite experiences similar perturbations, maintaining
the configuration for a long time. Calibration satellite network-
ing aims to calibrate multiple altimeter satellites spatially. Most
altimeter satellites perform the observation tasks independently,
such as the Jason series, whereas others form several satellite
networks such as Sentinel-3A and Sentinel-3B. This means that
most altimeter satellites do not have a collaborative relationship
and their orbit distributions are not uniform.

Currently, there are no examples of in-orbit applications for
calibration satellite networking. A good solution is to select one
or several of the most effective orbits in the simulation as the core
of the calibration satellite network. Subsequently, a few calibra-
tion satellites are launched for in-orbit testing, and the remaining
calibration satellites are launched at designated positions to form
a network. This reflects one of the benefits of satellite networks:
Enhancing the overall flexibility and resilience of the systems.
However, because of the small observable width of altimeter
satellites and the influence of perturbations on their orbits, using
a uniformly distributed satellite network considerably reduces
the efficiency of the calibration satellite network.

The networking should be nonuniform to maximize the
utilization of calibration satellites, suggesting a time-varying
constellation configuration. Therefore, at the beginning of the
constellation design, it is necessary to consider the specific al-
timeter satellites to be serviced and their lifespans in orbit before
simulating the entire lifespan to determine the orbit parameters
of the calibration satellites.

Traditional satellite networking methods are aimed at satel-
lites that conduct Earth observation or serve ground targets, with
coverage performance being a common design specification.
Geometric analysis is often used to design satellite constellations
by analyzing the relationship between satellite trajectories and
ground coverage. The uniformly distributed inclined circular
orbit plane design method proposed by Walker [31], [32], [33]
is a classical method that has been widely used.

The drawback of traditional design methods is that the de-
sign approach is fixed, making it difficult to obtain optimal
or near-optimal solutions. With the increasing complexity of
space missions and the development of modern optimization
algorithms, many studies have applied modern optimization
algorithms to satellite constellation design. The purpose of es-
tablishing a calibration satellite network is to serve space targets.
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TABLE I
PROCESS OF SATELLITE NETWORK DESIGN USING NSGA-II

Therefore, when optimizing the network design, it is necessary
to consider many factors such as the service frequency, number
of serviceable satellites, and cost of the calibration satellites.
This is essentially a multiobjective optimization problem under
multiple constraints. In multiobjective optimization problems,
there often exist multiple goals that conflict with each other,
which means it is difficult to find a solution that simultaneously
optimizes all objectives. Therefore, what we seek is a set of solu-
tions that achieve a balance among the various objectives. This
set is known as the Pareto solution set, or Pareto Front, which
provides a collection of feasible solutions that represent different
tradeoffs among the objectives, allowing decision-makers to
choose the solution that best aligns with their preferences. An
improved genetic algorithm is suitable for solving these prob-
lems. Therefore, this study uses the NSGA-II [22] to optimize
the design of the calibration satellite network. The flowchart of
the algorithm is illustrated in Table I.

1) Initialization: Initialization included initializing the pop-
ulation, setting the initial mutation probability, and maximizing
the number of generations. For population initialization, it is
necessary first to set the number of individuals, then randomly
generate the orbit of the calibration satellites, and finally encode
the orbit parameters. Encoding unifies multiple parameters into
a data string to facilitate subsequent crossover and mutation op-
erations. There are many methods of encoding. The objective of
the constellation design is the optimization of the orbit elements
of the calibration satellites, including the altitude, inclination,
right ascension of the ascending node, and true anomaly. This
study adopts a real-number encoding method, which has the
advantage of obtaining high-precision orbit elements while fa-
cilitating subsequent orbit propagation and related calculations.
For calibration, the altitudes of the calibration satellites should
be lower than those of the satellites being calibrated. In addition,
in practical engineering, if the satellite’s altitude is too low, it
will quickly reduce owing to atmospheric drag, resulting in a
short satellite lifespan. Therefore, the minimum altitude of the
calibration satellites is set at 400 km. If the minimum altitude
among the satellites being calibrated is A km, the range of
elements of the calibration satellites, considering the minimum
altitude among the satellites as A km, is expressed in Table II.

TABLE II
RANGE OF THE ELEMENTS

2) Propagating the Orbit Elements of the Satellite: Be-
fore calculating fitness, the satellite orbit must be propagated.
There are several methods for satellite orbit propagation, and
while numerical integration methods can be employed, it is
more advisable to use established commercial software for orbit
propagation, such as STK (Satellite Tool Kit) and SPICE (Space-
craft Planet Instrument C-matrix Events). The satellite orbit
propagation model only considers the perturbation caused by the
J2 term of the Earth’s gravitational field. This can speed up the
algorithm and simulate the actual operation of satellites in orbit
to a certain extent. It should be noted that when higher precision
in orbit prediction is required, more perturbation factors must
be considered. After all the calibration satellites in the network
have completed orbit propagation, the number of satellites that
can be calibrated and the total number of calibration times during
the simulation period are calculated.

3) Fitness: Fitness is used to evaluate the superiority of indi-
viduals in a population. In this study, two fitness values are set:
the total number of services provided and the number of satellites
that can be serviced by the calibration satellite network. In both
cases, the performance improves as the number increases.

4) Nondominated Sorting, Crowding Degree: Nondomi-
nated sorting is based on the dominant relationship between
individuals fitness values in the population. First, we identify
all nondominant individuals in the population in the first layer.
These individuals represent the optimal solutions. The remain-
ing individuals are then grouped into further layers using the
above method. Finally, the crowding distance for each individual
in each layer is calculated. The crowding distance represents the
density of neighboring individuals in the current layer and can
be used to compare two individuals in the same layer during the
follow-up selection operation.

5) Selection, Crossover, and Mutation: The selection opera-
tion simulates the rule of survival of the fittest, such that individ-
uals with better fitness have a higher probability of producing
offspring. Of the many selection methods, tournament selection
is adopted in this study. Two individuals are used for each
comparison. Based on the results of the previous step, if the
individuals are in different layers, the individual with a higher
nondominated level is selected. If the individuals are in the same
layer, the individual with a smaller crowding distance is selected.
The selected population evolves toward the Pareto-optimal so-
lution set. Then, the crossover is used to generate offspring,
followed by the mutation operation. In this study, the crossover
adopted is the partial match crossover. A random corresponding
parameter in the parent is exchanged to produce the offspring.
Moreover, random mutation method is used to randomly mutate
the orbital elements of the individuals.
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6) Elite Strategy: Elite strategy is used to ensure that the
best individuals found so far are preserved in the population.
This is done by directly copying the top performers from one
generation to the next without undergoing crossover or mutation.
The purpose of elite strategy is to prevent the algorithm from
converging too quickly to local optima and to enhance its ability
to explore the solution space globally. This study adopts an
elite strategy to avoid the loss of superior individuals. The
parent generation is mixed and offspring are generated to form a
new population to expand the sample space. Then, we perform
nondominated sorting and crowding degree calculations on the
obtained new population. The supreme individuals are selected
to form a new population according to the number of individuals
in the initial population.

IV. ANALYSIS AND RESULTS

A. Accuracy Analysis

To verify the feasibility of the method based on calibration
satellites, it is necessary to analyze the error terms of the expres-
sion of the backscatter coefficient, including the speed of light c,
pulsewidth τp, π, distance from the altimeter to the calibration
satellite Rs, and surface target R; no further calibration is
required. The atmospheric attenuation error depends on a model
that is constantly updated.

However, many terms, such as the antenna pattern, echo
digital output of the altimeter from the calibration satellite and
surface target, and the backscatter coefficient of the calibration
satellite can be corrected using the calibration satellite. It can
be further corrected by increasing the number of calibration
satellites, which is the primary consideration in the error analysis
in this study.

Thus, the backscatter coefficient can be rewritten as follows:

σ0 = K(σ)
DNA

DNAt

1

Lpt
f2

alt (θA, φ) f
2
trans (θA, φ)σtrans (12)

whereK(σ) is the determinant in the backscatter coefficient that
does not need to be corrected and is expressed as follows:

K(σ) =
R3

R4
s

1

cτcπ
. (13)

To obtain the results of the dB order, we take the logarithm of
the backscatter coefficient in (12) and assume that any of the
following are error sources (an example here is σtrans):

10 lg σ0
∗ = 10 lgW(σ) + 10 lg σtrans +Δσtrans (14)

where the remaining term in the backscatter coefficient W(σ) is
expressed as follows:

W (σ) = K(σ)
DNA

DNAt

1

Lpt
f2

alt (θA, φ) f
2
trans (θA, φ) . (15)

The units of the backscatter coefficient are converted directly
into the representation dB as follows:

σ0 +Δσ0 = W + 10 lg σtrans +Δσtrans. (16)

According to the “uncertainty principle,” no measurement can
achieve absolute value, and the only way is to increase the times

TABLE III
DATA FROM SIMULATION EXPERIMENTS

TABLE IV
INITIAL ORBIT ELEMENTS OF THE FIVE ALTIMETER SATELLITES

of measurements and obtain the average value. The calibration
method proposed in this article is based on the above principle:
most calibration satellites are arranged in orbit lower than the
altimeter; thus, under the coordination of the orbital networking
design, each calibration satellite can serve the altimeter. With
the increase in calibration satellites as shown in Fig. 5, the
calibration accuracy will gradually improve. According to the
weighted arithmetic mean geometric inequality, if n calibration
satellites exist, the error term described above can be expressed
as follows:

Δσ0 ≤ 1

2
10 lg

σtrans

n
. (17)

According to the analysis of an error source (plus and minus in
the same way) and assuming that the entire system has m error
terms with n calibration satellites, the error analysis expression
for the entire system can be derived as follows:

Δσ0 =
∑

m

1

2
(10 lgΔm − 10 lg n)

≤
∑
m

|max {10 lgΔm}|
2

− m

2
10 lg n. (18)

The error ranges used in altimeters are sorted, as shown in
Table III for the Monte Carlo simulation for verification.

As shown in Fig. 6, the Monte Carlo simulation is executed for
100 iterations. The error results indicate that with the increase in
the number of calibration satellites, the accuracy of the backscat-
ter coefficient improves with increasing number of calibration
satellites. The upper and lower bounds of the standard deviation
are also given in the figure.

B. Network Simulation Results

First, a single calibration satellite is simulated to serve mul-
tiple satellites from January 1, 2024, to February 28, 2024, in
coordinated universal time (UTC). Five altimeter satellites are
set up with initial orbit elements, as shown in Table IV.

The initial number of individuals in the population is 30,
the maximum number of generations is 200 generations, the
offspring multiple is 0.5 times the parent population size, and
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Fig. 5. Schematic of the multitransponder-assisted calibration system.

Fig. 6. Schematic of backscatter coefficient accuracy as a function of the
number of calibration satellites.

TABLE V
ORBIT ELEMENTS OF TWO CALIBRATION SATELLITES

the mutation probability is 0.8. The obtained Pareto solution set
is shown in Fig. 7.

The orbital elements of the calibration satellites are listed in
Table V. The Pareto solution set shows that the total number of
calibration times for a single calibration satellite can calibrate
and the number of satellites that can be calibrated by each
calibration satellite cannot be optimized simultaneously.

Fig. 7. Pareto solution set.

This, in multiobjective optimization problems, multiple sub-
objectives cannot be optimized simultaneously. The two points
on the graph represent two nondominated solutions, indicating
that both are optimal solutions. However, each solution achieves
its maximum value in different subobjectives.

In two months, a single calibration satellite can be used to
calibrate up to four altimeter satellites with a maximum of four
calibrations or up to three altimeter satellites with a maximum
of six calibrations. When using multiple calibration satellites
to calibrate a single altimeter satellite, the initial orbit elements
of the altimeter satellite are given by Satellite 1 in Table III;
the simulation time is from January 1, 2024, to January 31,
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Fig. 8. The relationship between the number of times the altimeter satellite be
calibrated and the number of calibration satellites.

TABLE VI
ORBIT ELEMENTS OF TEN CALIBRATION SATELLITES

2024, UTC. The other simulation conditions are identical to
those described above. The simulation results are presented in
Fig. 8, and the orbit elements of the calibration satellites are
shown in Table VI.

The simulation ranges from a single-satellite network to a two-
satellite network and finally to a ten-satellite network. Because
only one altimeter satellite was calibrated, the optimization goal
was only to optimize the service frequency of the altimeter satel-
lites. During the simulation period, a single calibration satellite
could calibrate the altimetry satellite a maximum of four times,
whereas ten calibration satellites could calibrate the altimetry
satellite a maximum of 34 times. As the number of calibration
satellites increases, the number of calibrated altimeter satellites
also increases.

V. CONCLUSION

This study focuses on a novel altimeter calibration system
based on calibration satellites. The aim is to expand the orig-
inal altimeter-surface target calibration link to the altimeter-
calibration satellite and altimeter-surface target dual-link cali-
bration process by deploying calibration satellites slightly below
the altimeter.

This method moves the transponder from the ground to the
calibration satellite based on the active calibration method base
of the transponder. The signal expressions of the altimeter from
the transponder and from the surface target are combined, and the

atmospheric and systematic errors are separated indirectly. The
proposed networking optimization model based on NSGA-II
also shows that an increase in calibration satellites increases the
number of altimeter satellites being calibrated.

The proposed error separation method dramatically reduces
the influence of systematic errors on the calibration process and
provides more reliable atmospheric error data by differentiating
the total and systematic errors when the default error is additive.
This is expected to provide more reference for atmospheric
model modeling in the future. The ultimate goal of the final
calibration is not to obtain a relatively accurate backscatter
coefficient but to enhance the utilization rate of satellite data
and promote the development of hydrology and other fields by
obtaining accurate backscatter coefficients.

REFERENCES

[1] M. Korobkin and E. DSa, “Significant wave height in the Gulf of Mexico:
Validation of jason-1 measurement against buoy data,” in Proc. 12th Conf.
Integr. Observing Assimilation Syst. Atmosph., Oceans, Land Surf., New
Orleans, USA, 2008, pp. 1–4.

[2] T. Jin et al., “Analysis of vertical deflections determined from one cycle
of simulated swot wide-swath altimeter data,” J. Geodesy, vol. 96, no. 4,
2022, Art. no. 30.

[3] L.-L. Fu and A. Cazenave, Satellite Altimetry and Earth Sciences: A Hand-
book of Techniques and Applications. Amsterdam, Netherlands: Elsevier,
2000.

[4] B. D. Tapley, G. H. Born, and M. E. Parke, “The seasat altimeter data and
its accuracy assessment,” J. Geophysical Res.: Oceans, vol. 87, no. C5,
pp. 3179–3188, 1982.

[5] R. E. Cheney, B. C. Douglas, and L. Miller, “Evaluation of geosat al-
timeter data with application to tropical pacific sea level variability,” J.
Geophysical Res.: Oceans, vol. 94, no. C4, pp. 4737–4747, 1989.

[6] S. Biancamaria et al., “Validation of jason-3 tracking modes over french
rivers,” Remote Sens. Environ., vol. 209, pp. 77–89, 2018.

[7] P. Bonnefond et al., “Calibrating the SAR SSH of Sentinel-3A and Cryosat-
2 over the corsica facilities,” Remote Sens., vol. 10, no. 1, 2018, Art. no. 92.

[8] N. Chen, G. Han, J. Yang, and D. Chen, “Hurricane sandy storm surges
observed by HY-2A satellite altimetry and tide gauges,” J. Geophysical
Res.: Oceans, vol. 119, no. 7, pp. 4542–4548, 2014.

[9] M. Li, C. Zhao, Y. Zhao, Z. Wang, and L. Shi, “Polar sea ice monitoring
using HY-2A scatterometer measurements,” Remote Sens., vol. 8, no. 8,
2016, Art. no. 688.

[10] J. X.-Wei, L. M.-Sen, and Z. Youguang, “An overview of hy-2 satellite
ground application system,” Eng. Sci., vol. 6, pp. 4–12, 2014.

[11] C. Zhu, J. Guo, C. Hwang, J. Gao, J. Yuan, and X. Liu, “How HY-2A/GM
altimeter performs in marine gravity derivation: Assessment in the south
China sea,” Geophysical J. Int., vol. 219, no. 2, pp. 1056–1064, 2019.

[12] B. Greco, A. Martini, N. Pierdicca, and P. Ciotti, “A novel approach for
absolute backscatter calibration of spaceborne altimeters,” in IGARSS 2000
IEEE 2000 Int. Geosci. Remote Sens. Symp. Taking Pulse Planet: Role
Remote Sens. Manag. Environ. Proc.. IEEE, 2000, pp. 2191–2193.

[13] Y. Zhang, J. Jiang, H. Zhang, and D. Zhang, “Spaceborne imaging altimeter
for topographic mapping,” in Proc. IGARSS IEEE Int. Geosci. Remote
Sens. Symp. Taking Pulse Planet: Role Remote Sens. Manag. Environ.
Proc., IEEE, 2000, pp. 2349–2351.

[14] P. Moore and C. Murphy, “Inter-calibration of multi-satellite altimetric
missions,” Adv. Space Res., vol. 25, no. 5, pp. 1099–1102, 2000.

[15] P. Moore and P. Sterlini, “Cross-calibration of topex/poseidon, ers-2 and
geosat altimetry,” Adv. Space Res., vol. 30, no. 2, pp. 233–239, 2002.

[16] M. Shimada, O. Isoguchi, T. Tadono, and K. Isono, “PALSAR radiometric
and geometric calibration,” IEEE Trans. Geosci. Remote Sens., vol. 47,
no. 12, pp. 3915–3932, Dec. 2009.

[17] N. Pierdicca et al., “Transponder calibration of the ENVISAT RA-2 altime-
ter ku band sigma naught,” Adv. Space Res., vol. 51, no. 8, pp. 1478–1491,
2013.

[18] M. Roca, H. Jackson, and C. Celani, “RA-2 sigma-0 absolute calibration,”
in Proc. ENVISAT Validation Workshop, Frascati, Italy, H. Lacoste, Ed.,
2003, pp. 1–15.



LU et al.: SPACEBORNE ALTIMETER CALIBRATION SYSTEM WITH CALIBRATION SATELLITES 18621

[19] G. Brown, “The average impulse response of a rough surface and its
applications,” IEEE Trans. Antennas Propag., vol. 25, no. 1, pp. 67–74,
Jan. 1977.

[20] G. Caudal, E. Dinnat, and J. Boutin, “Absolute calibration of radar al-
timeters: Consistency with electromagnetic modeling,” J. Atmos. Ocean.
Technol., vol. 22, no. 6, pp. 771–781, 2005.

[21] P. Pesec, H. Sünkel, and N. Windholz, “The use of transponders in
altimetry,” in Proc. Gravity Geoid: Joint Symp. Int. Gravity Commission
Int. Geoid Commission. Springer, 1995, pp. 394–400.

[22] K. Deb, A. Pratap, S. Agarwal, and T. Meyarivan, “A fast and elitist multi-
objective genetic algorithm: NSGA-II,” IEEE Trans. Evol. Computation,
vol. 6, no. 2, pp. 182–197, Apr. 2002.

[23] D. A. Shnidman, “Radar detection probabilities and their calculation,”
IEEE Trans. Aerosp. Electron. Syst., vol. 31, no. 3, pp. 928–950, Jul. 1995.

[24] Y. Bock et al., “Detection of crustal deformation from the landers
earthquake sequence using continuous geodetic measurements,” Nature,
vol. 361, no. 6410, pp. 337–340, 1993.

[25] H. Wheeler, “Small antennas,” IEEE Trans. Antennas Propag., vol. 23,
no. 4, pp. 462–469, Jul. 1975.

[26] P. F. MacDoran and G. H. Born, “Time, frequency and space geodesy:
Impact on the study of climate and global change,” Proc. IEEE, vol. 79,
no. 7, pp. 1063–1069, Jul. 1991.

[27] X. Jiang et al., “The HY-2 satellite and its preliminary assessment,” Int. J.
Digit. Earth, vol. 5, no. 3, pp. 266–281, 2012.

[28] G. Wei, G. X.-Yan, X. X.-Yu, H.-G. Liu, X. C.-Dong, and D. Y.-Heng,
“A transponder system dedicating for the on-orbit calibration of China’s
new-generation satellite altimeter and scatterometer,” in Proc. IEEE CIE
Int. Conf. Radar. IEEE, 2011, pp. 22–25.

[29] X.-Y. Xu, W. Guo, H.-G. Liu, L.-W. Shi, W.-M. Lin, and Y.-H. Du,
“Design of the interface of a calibration transponder and an altime-
ter/scatterometer,” in Proc. IEEE Int. Geosci. Remote Sens. Symp.. IEEE,
2011, pp. 953–956.

[30] K. Xu, J. Jiang, and H. Liu, “Hy-2a radar altimeter design and in flight
preliminary results,” in Proc. IEEE Int. Geosci. Remote Sens. Symp.. IEEE,
2013, pp. 1680–1683.

[31] J. Walker, “Some circular orbit patterns providing continuous whole earth
coverage,” J. Brit. Interplanetary Soc., vol. 24, pp. 369–384, 1971.

[32] J. G. Walker, “Continuous whole-earth coverage by circular-orbit satellite
patterns,” NASA Sti/recon, Tech. Rep., 1977, vol. 78, p. 11169.

[33] J. G. Walker, “Satellite patterns for continuous multiple whole-earth
coverage,” 1978. [Online]. Available: https://api.semanticscholar.org/
CorpusID:129591707

Chenghao Lu (Graduate Student Member, IEEE)
received the B.S degree in communication engineer-
ing from Hohai University, Nanjing, China, in 2022.
He is currently working toward the Ph.D. degree in
information and communication engineering with the
School of Resources and Environment, University of
Electronic Science and Technology, Chengdu, China.

His current research interests include altimeter cal-
ibration system, vegetation parameter inversion using
synthetic aperture radar (SAR) data, and interfero-
metric SAR (InSAR) techniques.

Taoli Yang (Senior Member, IEEE) received the
Ph.D. degree in signal processing from the National
Key Laboratory of Radar Signal Processing, Xidian
University, Xi’an, China, in 2014.

From January 2015 to February 2016, she was
a Postdoctoral Research Fellow with the School
of Electrical and Electronic Engineering, Nanyang
Technological University, Singapore. She is currently
an Associated Professor with the School of Resources
and Environment, University of Electronic Science
and Technology, Chengdu, China. Her current re-

search interests include SAR/ISAR imaging, interferometric SAR, GRACE,
and ground moving target indication.

Boxiang Zhang (Member, IEEE) received the M.Sc.
degree from Harbin Institute of Technology, Harbin,
China, in 2020.

He is currently an Engineer with the Millime-
ter Wave Imaging Technology Laboratory, Shanghai
Institute of Satellite Engineering, Shanghai, China.
His primary research interests focus on satellite orbit
design, where he has been contributing to the devel-
opment of innovative methodologies and applications
in the field.

Hanwen Yu (Senior Member, IEEE) received the
B.S. and Ph.D. degrees in electronic engineering from
Xidian University, Xi’an, China, in 2007 and 2012,
respectively.

He was a Postdoctoral Research Fellow with the
Department of Civil and Environmental Engineering,
National Center for Airborne Laser Mapping, Univer-
sity of Houston, Houston, TX, USA. He is currently
a Full Professor with the School of Resources and
Environment, University of Electronic Science and
Technology of China, Chengdu, China, and an Ad-

junct Full Professor with the Academy of Advanced Interdisciplinary Research,
Xidian University, and the Department of Engineering, University of Naples,
Naples, Italy. He has authored more than 70 scientific articles and given scientific
presentation about “Advanced Techniques in InSAR Phase Unwrapping” invited
by the IEEE Geoscience and Remote Sensing Society (GRSS) Webinar in 2021.
He reviewed more than 300 manuscripts for more than 20 different journals. His
research interest focuses on InSAR, and this work has led to new insights into
the worldwide deformation monitoring and topographic mapping.

Dr. Yu has been involved in IEEE (in general) and IEEE GRSS in particular.
He was elected as a Best Reviewer of IEEE TRANSACTIONS ON GEOSCIENCE AND

REMOTE SENSING in 2019. He was a recipient of several awards and honors from
IEEE GRSS, including the 2022 Transactions Prize Paper Award, the Technical
Program Committee Member, and the Session Chair of 2022 IGARSS, and the
Principal Investigator of two IEEE GRSS 50.

https://api.semanticscholar.org/CorpusID:129591707
https://api.semanticscholar.org/CorpusID:129591707


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 900
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00111
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00083
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00063
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create PDFs that match the "Suggested"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


