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Abstract— When multiple miniature vehicles with individual 
position and inter-vehicle distance measurement ability collaborate 
in a formation, navigation base can be established by data fusion in 
a decentralized and standalone scheme. A Composite Data Fusion 
(CDF) algorithm which combines Least Square Error and Kalman 
Filtering is proposed in this paper to build navigation base with 
optimized computing stress. In CDF, Enhanced LSE is incorporated 
as the preprocessing stage to build a coarse estimation and handle 
temporary or permanent group number failure. KF stage is then 
built to further alleviate noises in the pre-processed estimations In 
CDF, the dynamic model can be much simpler than KF, so the 
computation load is reduced while the result still has the advantage 
of high precision. Simulation results show that, when the fault rate 
of measurement in each vehicle goes 5 thousandth, the result is still 
acceptable. The computation time of the proposed method is less 
than three percent of that of KF, while its precision is almost the 
same to that of KF. 
Keywords—composite data fusion; navigation base; cooperative 
navigation; Kalman Filtering; formation flying 

I. INTRODUCTION 
Among various research interests related to formation flying, 

building navigation base is of great importance. Navigation base 
is the effective fused value of navigation data in formation flying, 
from which the feedback control signals to maintain formation 
structure can get better precision than individual navigation data.  

The virtue of building navigation base through data fusion is 
the independence to external assistant. In article [1], Rajnikant 
presented a detailed cooperative navigation methodology for 
miniature air vehicles with low-weight low cost Inertial 
Measurement Unit (IMU) such that they can be operated without 
relying on Global Positioning System. Similar navigation data 
processing problem can be found in robots [2], sensor networks 
[3], spacecrafts [4] and underwater vehicles [5].  

There are two fundamental requirements for navigation data 
fusion algorithms, namely flexibility and efficiency. To secure the 
robustness of the entire formation, decentralized scheme is 
analyzed in [6]. Covariance intersection also has the ability to 
handle uncertainty in measure and communication [7], with some 
overhead of computation. In covariance intersection algorithm 
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proposed here, measurement acquired by the relative position 
sensor and the estimation of the state received from predecessor 
spacecraft is distinguished, and treated separately. This algorithm 
addressed the correlation between fellow members and thus 
eliminated the drift that occurs when a standard Kalman Filter is 
used to estimate state of the whole formation. Multi agent method 
[8] is used to control and coordinate multiple satellites in a 
formation, which is declared to be robust and flexible. In the 
autonomous state estimation method from paper [9] robustness 
with respect to increasing formation dimensions and poor initial 
guess accuracy is investigated. Optimal formation 
reconfiguration from [10] not only focus on fuel consumption 
optimization, but also pointed out the potential of formation 
flying to expand functionality, distribute risk and to reduce 
overall cost. Yet in these published works, the flexibility problem 
is either just mentioned without a solution or tackled with coarse 
method that causes huge overhead. 

Navigation data fusion algorithms are expected to optimize 
the computation burden. In [2][5][11-14], KF and adaptive KF 
are used to establish navigation base. Optimization is studied only 
to meet specific configuration. In article [12], distributed Kaman 
Filter was specially designed to handle large scale formation. 
Paper [13] tackled data fusion problem when the communication 
is under constraints. For these classes of data fusion, heavy 
computation is required due to the intrinsic of Kalman Filtering 
algorithm, rendering them not suitable for onboard computers. 

To improve the efficiency of KF, article [15] used overlapping 
block-diagonal state space model to simplify the implementation 
of distributed Kalman Filter. However, this approach is in the 
implementation level, thus its improvement is insignificant. 

Besides KF, other approaches had also been investigated in 
the literature. Multi-agent approach was discussed in paper [3] 
and [16]. Article [17] presented the parallel estimation problem in 
terms of the full system dynamics and illustrated both 
time-varying and time-invariant solutions to the estimator design 
problem. Article [18] posed the fusion problem as a convex 
optimization problem and addressed it. Approximate dynamic 
programming was employed in [19] to implement cooperative 
navigation for formation that consists of heterogeneous 
autonomous vehicles. Those approaches may or may not run with 
high efficiency, but the precision is not comparable to KF.  
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In this paper, to meet the flexibility and efficiency need, a 
Composite Data Fusion (CDF) algorithm to build navigation base 
without external assistant is proposed. In our scheme, each 
member of formation is equipped with inter-vehicle distance 
measurement instruments. Navigation data and the distance 
between vehicles are shared by inter-vehicle communication 
system. In the CDF algorithm, LSE is used as the first stage to 
build a coarse estimation and Kalman Filtering is used to alleviate 
noises from preprocessed results. In the LSE stage, enhancement 
is made to handle temporary or permanent member failure. In the 
KF stage, CDF uses much simpler state vector than Kalman 
Filtering, so its computation burden is significantly less than that 
of Kalman Filtering. The running speed of CDF is much higher 
than that of Kalman Filtering, but the CDF achieves the same 
navigation precision like KF does. 

Rest of this paper is organized as follows. Section 2 formulates 
data fusion problem and section 3 discussed generic solution 
based on Kalman Filtering. Section 4 introduces Composite Data 
Fusion algorithm in detail. Section 5 gives theoretical analysis on 
quantity of computation. Experimental setup and results in 
section 6 will demonstrate the flexibility and efficiency. Finally, 
section 7 concludes this paper. 

II. NAVIGATION BASE PROBLEM 
Multiple flying vehicles with individual position and 

inter-vehicle distance measurement ability can collaborate in 
establishing navigating base. Vehicles share their navigation data 
and distances between each vehicles pair. 

 
As illustrated in Fig. 1, there are supposedly n+1 miniature 

vehicles in the decentralized formation, namely M0, M1, … Mn. 
Position is P(x, y, z), and speed is V(Vx, Vy, Vz), etc. When a 
certain vehicle, for example M0, is under question, the distances 
to partner vehicles are d1, d2, …, dn. Notably, M0 is marked with 
different icon in Fig. 1. Output of estimation position P(x,y,z) for 
vehicle M0 should subject to minimized estimation error. 

III. GENERIC SOLUTION 
Kalman filtering is a signal processing algorithm to eliminate 

observation noise. In a decentralized scheme, when Kalman filter 
is used to estimate local state, the state vector must comprise the 
position and velocity of all vehicles [7, 8]. Direct observation data 
of distance to other vehicles and indirect observation data like 
position of peers need to be integrated into the state vector.  

When referred in an inertial 3-D rectangular coordinates 
system, each of them can contribute 6 elements, position and 
speed, to the state vector of Kalman filter. So the state vector of 
Kalman filter is as follows, within which the subscript denotes 
these n+1 vehicles. 
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(3-2) 

In the equation above, , ,x i y i z ia a a are the measurements of 
onboard accelerometer. , ,vxi vyi vziω ω ω  are the dynamic noises of  

model. , ,x i y i z ig g g  are the gravity vectors at current location.   
Observation equation is built in geocentric inertial 3-D 

rectangular coordinates system. Observation of Kalman Filter 
consists of the positions of vehicles and distances between current 
vehicle and fellow vehicles. 
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where 
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In the equation above, , ,x i y i z iv v v  are the noises of individual 

navigation data. div is the error of distance measurement. 
The nonlinear model can be derived as: 

Fig. 1. Navigation base problem 
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Extended Kalman Filtering algorithm is as follows. 
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Within equation above, 
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IV. COMPOSITE DATA FUSION ALGORITHM 
CDF is designed to have two stages. In the first stage LSE is 

used to build a coarse estimation and in the second stage Kalman 
Filtering is used to alleviate noises from preprocessed results. In 
the LSE stage, enhancement is made to handle temporary or 
permanent member failure. In the KF stage, CDF uses much 
simpler state vector than Kalman Filtering, so its computation 
burden is significantly less than that of Kalman Filtering. The 
running speed of CDF will be much higher than that of Kalman 
Filtering, but the CDF achieves the same navigation precision like 
KF does. 

A.  LSE stage 
Distance from vehicle Mi to current vehicle M0 can be calculated 

by the following equation. 
2 2 2 2 2 2 22 2 2i i i i i i ix y z x y z xx yy zz d+ + + + + − − − =  (4-1) 
Specially, distance from M0 to itself is 0. 
2 2 2 2 2 2 2
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Taking (4-2) away from (4-1), we can get a single linear 

equation about x, y and z. 
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Juxtapose all similar equations from all pairs relative to 
vehicle M0, equation set about x, y and z can be formed as: 
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In (4-4), if number of cooperating vehicles, n > 3, the equation 
set is over-determent. Under this condition, LSE method can be 
applied to solve it.  
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In (4-4), if 3n ≤ , the equation is not over determined. This 
kind of degenerated equation need to be augmented before LSE 
can be applied. In (4-6), equation about vehicle M0 can be 
appended to build following equation set. 
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After augmentation, the solvent is: 

( ) ( )1* * * *( ) ( ) ( ) ( )T T−
=x A A A b  (4-7) 

B.  Enhanced LSE to handle vehicle failure and recover 
LSE algorithm is stateless, which means it use only temporal 

observation data to calculate the estimation without caring about 
history observations. The change of input data dimension caused 
by member failure can be handled in LSE algorithm by modifying 
the equation set. 

Vehicles can fail temporarily or permanently, either caused by 
communication or instrumentation error. Judgment on vehicle 
failure can be done by checking communication timeout or data 
validity verification. For instance, if data from Mi is detected to be 
invalid, the equation set of LSE need to be changed by setting 
corresponding value in matrix A and vector b to zero, as shown in 
(4-8). 
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Whenever the vehicle Mi recovered from its own problem or 
communication jam, its contribution can be turned on by simply 
insert the shared data into that slot. 



  

From equation set 4-8, enhanced LSE is designed to be 
tolerable to member failure. When the total remaining valid 
vehicle is equal or bigger than 2, in equation set 4-8, the number 
of equations will be equal or bigger than 5, because local vehicles 
contributes 3 equations. Considering the number of unknown 
variables is 3, equation set 4-8 is still over-determined and thus 
guaranteed to be solvable. 

Enhanced LSE will degenerate into local measurement only, if 
the number of remaining vehicle is 1. As shown in equation set 
4-9, if all peer vehicles are down and the number of remaining 
vehicle is 1, it will degenerate into linear equation: 
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C. Kalman Filtering Stage 
Kalman Filtering stage is built on the output of LSE result. So, 

the model vector can be simplified as 6 elements: position and 
velocity of current vehicle, only. 
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State equation of Kalman Filtering stage is as follows. 
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In the equation above, , ,x y za a a are the measurements of 
onboard accelerometer. , ,v x v y v zω ω ω are the dynamic noises of 

model. , ,x y zg g g are the gravities at current location.   
Observation equation is also built in geocentric inertial 3-D 

rectangular coordinates system. Observation of Kalman Filtering 
stage is only the position of vehicle under question. 
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In the equation above, , ,x y zv v v is the noise of LSE output. 
Kalman Filtering stage use nonlinear model as 
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V. THEORETICAL ANALYSIS ON QUANTITY OF COMPUTATION 
Computation in navigation base problem involved 5 types 

operations, namely matrix multiplication, matrix multiply vector, 
matrix addition or subtraction, vector addition or subtraction and 
matrix inversion. All major computations are list in table 1 for 
comparison. 

In table 1, column 1 is the computation type. Following 
columns are organized into two groups, representing Composite 
Data Fusion and Kalman Filtering respectively. For each 
algorithm, scale and frequency of each type of computation inside 
one round of iteration are listed. 

In each iteration, Composite Data Fusion and Kalman 
Filtering contain similar matrix calculations. But the matrix of 
Composite Data Fusion is much simpler than Kalman filtering, so 
the overall amount of computation is smaller. As can be seen in 
the table, the scale for Kalman Filtering is enlarged by a factor 
that is not less than n*n. The amount of computation of Kalman 
Filtering is significantly bigger than that from proposed CDF. 

 

 

TABLE I COMPUTATION COMPARISON  
 

Comp. 
Type 

Composite Data Fusion 
Kalman Filtering 

L.S.E. Kalman 
Scale Freq Scale Freq Scale Freq 

Matrix 
mul. 

3*n 
by 
n*3 

1 6*6 
by 
6*6 

4 6(n+1)*6(n+1) 
by 
6(n+1)*6(n+1) 

5 

   6*6 
by 
6*3 

2 6(n+1)*6(n+1) 
by 
6(n+1)*(4n+3) 

2 

   6*3 
by 
3*3 

1 6(n+1)*(4n+3) 
by 
(4n+3)*(4n+3) 

2 

   6*3 
by 
3*6 

1 6(n+1)*(4n+3) 
by 
(4n+3)*6(n+1) 

2 

   3*6 
by 
6*6 

1 (4n+3)*6(n+1) 
by 
6(n+1)*6(n+1) 

1 

Matrix 
mul. 
Vector 

3*n 
by n 

1 6*6 
by 6 

1 6(n+1)*6(n+1) 
by 6(n+1) 

1 

   3*6 
by 6 

1   

   6*3 
by 3 

1 6(n+1)*(4n+3) 
by (4n+3) 

1 

Matrix 
add.sub. 

3*n 1 6*6 3 6(n+1)*6(n+1) 4 

   3*3 1 (4n+3)*(4n+3) 1 
Vector 
add.sub. 

n 1 6 2 6(n+1) 2 

   3 1 4n+3 1 
Matrix 
inv. 

3*3 1 3*3 1 (4n+3)*(4n+3) 1 



  

VI. EXPERIMENT 
Experimental formation flying is carried out on a simulation 

system implemented by C language under MS Windows. 

A. Experiment setting up 
In the simulated scheme, 11 virtual exoatmospheric miniature 

vehicles are deployed in the formation. The individual positions 
are supposed to be provided by inertial measurement unit. 
Communication and distance measuring between vehicles are 
provided by radio frequency instruments. In a decentralized 
scheme, individual measurement is broadcasted to all fellow 
vehicles. Each vehicle using either Kalman Filter or CDF to 
estimate its local state, and uses shared navigation data to 
determine the relative position inside the formation. 

 
Formation structure and attitude are regulated by maintaining 

control algorithms. Fig. 2 is the projection of formation structure, 

which is actually a 3-D structure. In Fig. 2, M0 is the investigated 
vehicle, whose navigation base will be build by Composite Data 
Fusion and Kalman Filtering algorithm. 

Simulated flight lasted about 1400 seconds. Distances between 
vehicles are annotated in Fig. 2. Error of navigation data complies 
with Gauss distribution. Standard deviation of navigation data 
error is 1.0 meter. Noise of distance measurement also complies 
with Gauss distribution, with standard deviation as 0.001 meter. 

To demonstrate the flexibility, a failure rate of measurement 
in each vehicle is set to be unrealistically high as 5 thousandth. 
Typical wireless communication in similar environment like 
WIFI, has error rate of only 1E-8 to 1E-5. In the simulated 
environment, 5 out of thousand measurements or shared data 
package are invalid. Under this condition, CDF and Kalman 
Filter are used to estimate the state of current vehicle. 

B. Navigation base precision 
Error of navigation base is the distance in 3-dimension space 

between estimated position and the real position that maintained 
by the simulation system. In fig. 3, black curve is the error of 
navigation data. Blue curve is the result from LSE. Red curve 
stands for Composite Data Fusion and green curve is from 
Kalman Filtering.  

As can be seen from Figure 3, Kalman Filtering can effectively 
eliminate the observation noise and distance measurement error. 
LSE, due to its intrinsic defection of amplifying input noise, the 
error level is the biggest. The proposed Composite Data Fusion 
algorithm takes the result of LSE as input. After filtering out the 
noise of LSE result, the error level matches Kalman Filtering. 

 
 

Fig. 2. Structure of simulated formation. 

 
Fig. 3. Comparison of navigation base error from different algorithms 



  

C. Runtime comparison 
To demonstrate the merit of shorter runtime of Composite 

Data Fusion, runtime for different algorithms is measured in the 
simulation system. Time measurement is implemented by the 
function of GetTickCount(). Since time measuring precision is 
limited to micro second, an indirect measuring method is applied 
in this paper. To get the runtime of an algorithm, two round of 
simulation is made. One is with target algorithm turned on, and 
the other with it turned off. The difference between these two 
times is the runtime of corresponding algorithm.  

 
In table 2, first column is number of tests. Column 2 and 3 

show runtimes of Kalman filtering and Composite Data Fusion 
separately. Column 3 is the ratio of runtime from CDF to that 
from Kalman Filtering. Speed-up factor in column 4 is the result 
of runtime from Kalman Filtering divided by that from CDF. As 
illustrated in table 2, the runtime of Composite Data Fusion is 
significantly smaller than Kalman Filtering. On average only 
0.17% of runtime in required by Composite Data Fusion, or 
acquire a speed up ratio of 654. 

VII. CONCLUSIONS AND FUTURE WORK 
In this paper, a Composite Data Fusion algorithm is proposed 

to build navigation base. It employed LSE and Kalman Filtering 
as two stages. In each round of iteration, LSE is used as the 
preprocessing stage to build a coarse estimation and enhanced to 
handle unpredicted failure of measurement or communication. 
Kalman Filtering stage is then used to further eliminate noises 
from preprocessed estimations. By combination of these two 
algorithms to build CDF, member failure is handled and 
computation amount and precision requirement is mediated. 

Simulation results confirmed that, proposed method uses only 
0.17% of computation time of Kalman Filtering and achieved 
matching precision. When the failure rate of measurement in each 

member is 5 thousandth, CDF still can yield satisfying estimation 
precision. 
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TABLE II 
RUNTIME COMPARISON BETWEEN KALMAN FILTERING 

AND COMPOSITE DATA FUSION 

No.test Kalman 
Filtering(ms) 

Composite 
Data  
Fusion(ms) 

Runtime 
Percentage% 

Speedup 
Ratio 

1 2465689 2606 0.11  946.2  
2 2450198 4555 0.19  537.9  
3 2485798 5039 0.20  493.3  
4 2458483 5693 0.23  431.8  
5 2457405 7597 0.31  323.5  
6 2455644 2449 0.10  1002.7  
7 2466859 4788 0.19  515.2  
8 2481898 3542 0.14  700.7  
9 2473956 2669 0.11  926.9  
10 2496592 3770 0.15  662.2  
Avr. 2469252 4270 0.17  654.0  

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /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 /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /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 "Required"  settings for PDF Specification 4.01)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


