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�� The measurement data used in the modeling process:The measurement data used in the modeling process:
�� Terrestrial link Terrestrial link 
�� Land mobile satellite linkLand mobile satellite link

�� Stochastic modeling of fade and interfade duration with Stochastic modeling of fade and interfade duration with 
MarkovMarkov--chains / the Fritchman modelchains / the Fritchman model

��Model parameter estimation from measurement dataModel parameter estimation from measurement data

�� Time series synthesisTime series synthesis
�� Applying fade and interfade duration modelsApplying fade and interfade duration models
�� Synthesis with twoSynthesis with two--state and hidden Markov modelstate and hidden Markov model
�� Synthesis with twoSynthesis with two--state and fade duration modelstate and fade duration model

FADE AND INTERFADE DURATION MODELING WITH MARKOV FADE AND INTERFADE DURATION MODELING WITH MARKOV 
CHAIN AND ITS APPLICATION IN TIME SERIES SYNTHESISCHAIN AND ITS APPLICATION IN TIME SERIES SYNTHESIS
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Measurement ConditionsMeasurement Conditions

Measurement data used in the modeling process:Measurement data used in the modeling process:

Multipath propagationMultipath propagationMainly rainMainly rainFading typeFading type

81.2 min81.2 minOne yearOne yearDurationDuration

2004, Hungary2004, Hungary

1 Hz1 Hz

38 GHz38 GHz

1.504 km1.504 km

TerrestrialTerrestrial

1.54 GHz1.54 GHzFrequencyFrequency

19841984--87, DLR87, DLRMeasuredMeasured

300.5 Hz300.5 HzSampling rateSampling rate

Geostationary Geostationary 
(d=39150 km)(d=39150 km)

Path lengthPath length

Land Mobile SatelliteLand Mobile SatelliteLinkLink
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A partitioned (4,1) FritchmanA partitioned (4,1) Fritchman’’s model for fade duration modelings model for fade duration modeling

State 1    =  longest fading interval
State N-1 =  shortest fading interval

Steady state probabilities:
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Fade duration model parameterization with gradient methodFade duration model parameterization with gradient method
(LMS link)(LMS link)

Linear regression of the log CCDF curve:

• Number of regression lines = 4
• Fading states in the model = 4
• Number of interfade state = 1

Equation of line: f(x) = ax + b
a pii

b pNi / pii

State 
transition 
matrix

P11 0      0     0     P15

0      P22 0     0     P25

0      0      P33 0     P35

0      0      0     P44 P45

P51 P52 P53 P54 P55
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Threshold Dependency Of Model Parameters (LMS)Threshold Dependency Of Model Parameters (LMS)
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Investigated methods for attenuation time Investigated methods for attenuation time 
series synthesis:series synthesis:

1)1) Applying fade and interfade duration modelsApplying fade and interfade duration models

2)2) TwoTwo--state fade/nonstate fade/non--fade model combined with fade model combined with 
hidden Markov model synthesized fading eventshidden Markov model synthesized fading events

3)3) TwoTwo--state fade/nonstate fade/non--fade model combined with fade model combined with 
fade duration model synthesized fading eventsfade duration model synthesized fading events
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Time series synthesis with fade and interfade duration modelTime series synthesis with fade and interfade duration model

• Create the Markov model of the fading and inter-fading process of the radio channel

• Calculate the model parameter dependence on the attenuation threshold

• Model fade and interfade periods for the desired fade depth with the fade duration CCDF 

• Synthesize single fading events

Fade 

Event

Interfade 

Event

Calculate 

randomly from 

the interfade 

duration  CCDF

Generated Time Series

Generate 

randomly from the 

fade duration  

CCDF
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TwoTwo--state model for fading/nonstate model for fading/non--fading event generationfading event generation
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Determine the twoDetermine the two--state model parameters state model parameters 
from the fade duration CCDF (LMS)from the fade duration CCDF (LMS)

At threshold 2 dB and duration 1 

sec the fade duration probability:

p1 =0.0286

CCDF’s calculated from the Fritchman model 
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p10 = 0.0018

Calculate  p10 probability from 

the Fritchman model:
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Simulated fade and nonSimulated fade and non--fade event seriesfade event series
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Fade event synthesis with hidden Markov modelFade event synthesis with hidden Markov model

•• Parameterization with Baum-Welch algorithm

• Training data from the measurement
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Fade event synthesis with fade duration CCDFFade event synthesis with fade duration CCDF

80 min. synthesized attenuation time series 

and CDF

Set the required duration Dt and maximal 

fade depth Amax

Calculate the modeled fade duration CCDF’s

from 0 to Amax with the required Astep

Synthesize one single event

Concatenate the single events
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General N-State Markov model for Rain Attenuation 
Time Series Generation

•• Rain Attenuation MeasurementRain Attenuation Measurement

•• NN--State Markov Chain Model State Markov Chain Model for for attenuation time series attenuation time series 
generation generation 

•• Model parameterizationModel parameterization from fade slopefrom fade slope

•• First and second order statistics of generated time seriesFirst and second order statistics of generated time series

•• Comparison of Comparison of measured and generated time series withmeasured and generated time series with

–– First order statistics (attenuation CCDF)First order statistics (attenuation CCDF)

–– Second order statistics (Fade duration) Second order statistics (Fade duration) 

•• Conclusions, Future WorkConclusions, Future Work
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Rain attenuation measurementRain attenuation measurement
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Measured signal level
rain intensity and temperature Measurement parameters

Site 
Name

Location
Freq.
[GHz]

Pol.
Length
[km]

Applied data interval

From To

HU11 Budapest 38 H 1.50

HU32 Pécs 23 V 10.03

HU35 Pécs 15 V 23.36

HU36 Pécs 38 V 1.69

HU51 Győr 15 V 12.30

HU62 Szeged 23 V 7.79

1st

January 
2005

31th

December 
2005

Hyp. Miskolc 23 V 1.00 - -
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•First order statistics of attenuation could 
be very diverse because of the different 
link parameters.
•Transformation based on 
ITU-R P. 530 recommendation:
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Ah(t) and Am(t) are time dependent att. on 

the hypothetical and measurement links.
km, αm, kh, αh  are polarization and freq.
dependent variables for the hypothetical 
and measurement links
d0 is the path reduction factor
The geographical location dependent rain 
intensity R is higher than or equal to R0.01

in 0.01 percent of the year.Attenuation CCDFs of measured data
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•Each state represents an
attenuation level with 
0.05 dB resolution

•N: number of states

The NThe N--State Markov Chain ModelState Markov Chain Model
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First and second order statistics ofFirst and second order statistics of
generated time seriesgenerated time series

•Attenuation CCDF of the time series generated with the Markov 
chain model:
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Parameterization of the modelParameterization of the model
Fade slope (ς) gives the gradient (in dB/s) of the fading at a given Ai attenuation 
level: ( ) ( ) ( ) in
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Estimating the fade slope density functions with Estimating the fade slope density functions with 
Gaussian distribution functionGaussian distribution function

CPDF of fade slope for different attenuation levels calculated on 
the hypothetical link and from the Gaussian fade slope model

-0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 0.06 0.08 0.1
10

-2

10
-1

10
0

10
1

10
2

P
(ς

 | 
A

) 
[1

/(
d
B
/s

)]

Fade slope [dB/s]

 

 
hypothetical link - 2 dB

Gaussian model - 2 dB

hypothetical link - 5 dB

Gaussian model - 5 dB

hypothetical link - 8 dB

Gaussian model - 8 dB



First JA2310 Workshop 2007 Time series - Bitó/Csurgai/Héderpage 20/24

FromFrom fade slopefade slope toto transitiontransition probabilityprobability
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First order statistics of the measured linksFirst order statistics of the measured links
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HU11 - measured

HU11 - Markov model

HU32 - measured

HU32 - Markov model

HU35 - measured

HU35 - Markov model

The yearly attenuation CCDFs of the measured data and of the generated time series. 
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HU36 - measured

HU36 - Markov model

HU51 - measured
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Fade duration statistics of the measured data and of the generated time series belong 
to HU11 (in the left) and HU36 (in the right)
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5 dB - measured data

5 dB - generated time series

10 dB - measured data

10 dB - generated time series

15 dB - measured data

15 dB - generated time series
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5 dB - measured data

5 dB - generated time series

10 dB - measured data

10 dB - generated time series

15 dB - measured data

15 dB - generated time series

Second order Statistics of Second order Statistics of the the 
MMeasureeasuredd LLinksinks
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 Measured CCDF

Predicted CCDF

Predicted CCDF considering the maximum att.

Estimating first and second order Estimating first and second order 
statistics of arbitrary linksstatistics of arbitrary links

Location: Szeged Frequency = 15 GHz Length = 15.17 km
R0.01 = 35.97 mm/h Vert. polarization 

Attenuation (left) and fade duration (right) CCDF prediction Fade duration statistics 
prediction
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Summary, ConclusionsSummary, Conclusions
�� Fade and interfade duration process can be modeled with attenuatFade and interfade duration process can be modeled with attenuation ion 

threshold dependent Fritchmanthreshold dependent Fritchman’’s Markov chains Markov chain
�� The CCDF of fade duration is applicable to parameterize a twoThe CCDF of fade duration is applicable to parameterize a two--state state 

fade/nonfade/non--fade model and simulate the fine structure of a fade eventfade model and simulate the fine structure of a fade event

�� General NGeneral N--State Markov model parameterized from fade slope State Markov model parameterized from fade slope 
statistics is applicable for attenuation time series generationstatistics is applicable for attenuation time series generation

�� The attenuation CCDF and the fade duration statistics can be dirThe attenuation CCDF and the fade duration statistics can be directly ectly 
determined from the model parametersdetermined from the model parameters

�� Future works:Future works:
�� Introduce the longIntroduce the long--term variance in the model (weather impact in case of rain term variance in the model (weather impact in case of rain 

attenuation, change of the environment geometry for multipath prattenuation, change of the environment geometry for multipath propagation)opagation)
�� Apply the model for valid satellite links, or consider satelliteApply the model for valid satellite links, or consider satellite links for model links for model 

parameterizationparameterization
�� Complete the model with correlation angle dependencyComplete the model with correlation angle dependency



Thank you for your attention!


