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FADE AND INTERFADE DURATION MODELING WITH MARKOV
CHAIN AND ITS APPLICATION IN TIME SERIES SYNTHESIS

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

» Stochastic modeling of fade and interfade duration with
Markov-chains / the Fritchman model

» Model parameter estimation from measurement data

» Time series synthesis
» Applying fade and interfade duration models
» Synthesis with two-state and hidden Markov model
» Synthesis with two-state and fade duration model
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Measurement Conditions

Measurement data used in the modeling process:

Link Terrestrial Land Mobile Satellite

Path length 1.504 km Geostationary
(d=39150 km)

Frequency 38 GHz 1.54 GHz

Sampling rate 1 Hz 300.5 Hz

Duration One year 81.2 min

Fading type Mainly rain Multipath propagation

Measured 2004, Hungary 1984-87, DLR
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Fading states

Interfade state

The complementary cumulative
fade/interfade duration distribution
(CCDF) can be calculated as:

N-1 p
CCDF,(n)=Y_ “Lp:
i=1 i
JpJN n
CCDF, (n) = (Z .
ZF NN

State 1
State N-1

Steady state probabilities:

longest fading interval
shortest fading interval

AT :

1+Z pNz

llpzN

P11 > Py 2 --Pn_in-
Pni < Pna <--Pnnva

Zl- — pNi ZN
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Fade duration model parameterization with gradlet method

(LMS link)

Llnear regressmn of fade duration CCDF at5 dB Linear regression of the log CCDF curve:
S | «  log(CCDF)  Number of regression lines = 4
S Line1  ~ e Fading states in the model =
| N R A ne2 | e Number of interfade state = 1
o - : : Line 3 . _
=N - - = Lined || Equation of line: Ax) =ax + b
% | d —» pj
g R /Py 0 0 0 P\ state
i N T T O transition
£ 0 P 00 P | airix
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Duration [sec]
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The CCDF of fade duration can be calculated
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Modeled Fade Duration CCDF
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Threshold Dependency Of Model Parameters (LMS)
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Investigated methods for attenuation time
series synthesis:

1) Applying fade and interfade duration models

2) Two-state fade/non-fade model combined with
hidden Markov model synthesized fading events

3) Two-state fade/non-fade model combined with
fade duration model synthesized fading events
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Synthesize single fading events

Tlme -serles synthesus with fade and mterfade duratlon 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

Il

randomly from the
fade duration

CCDF

Fade Interfade
Event Event
—
Generate Calculate

randomly from
the interfade
duration CCDF

Generated Time Series

| ‘ \ | | —MARECS measurement
0.9””"}"”ﬂ”*”f”*”f — Synthesized time series
| |

Probability
o
[$]

L L L L T |
-%5 -30 -25 -20 -15 -10 -5 0
Attenuation [dB]

CDF of the measured and generated time series
(LMS)
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Two-state model for fading/non-fading event generation

group e s o NER

The transition matrix:

=[p00 pm):[l_pm Poi j
P Pu Pro 1-py,

~

State probability vector at time n:

Discrete time/state first order Markov chain:

The Markov chain determined by P, and P,,:
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Modeled Fade Duration CCDF
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CCDF's calculated from the Fritchman model

Determine the two-state model aramte
from the fade duration CCDF (LMS)

At threshold 2 dB and duration 1
sec the fade duration probability:
p; =0.0286

Calculate p,, probability from
the Fritchman model:

Zi
Z

N-1
— Z; Piv-
-

F

p10 = 0.0018
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Simulated fade and non-fade event series
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Simulated fading event series for
terrestrial link, one week duration

Simulated fading event series for
LMS link, 80 min

First JA2310 Workshop 2007 page 10/24

Time series - Bitdo/Csurgai/Héder



Fade event synthesis with hidden Markov model

-54 T . . T T T
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One week synthesized attenuation time series
and CDF for terrestrial link
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Fade event synthesis with fade duration CCDF

Synthesi eeeeeeeeee

fade depth 4,

Set the required duration D, and maximal

A 4

i

Calculate the modeled fade duration CCDF’s
from 0 to 4, . with the required 4

step
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Duration [sec]
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A
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while D, achieved

Concatenate the single events  :
i
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80 min. synthesized attenuation time series
and CDF
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General N- State Markov model for Rain Attenuatlon
Time Series Generation

e Rain Attenuation Measurement

e N-State Markov Chain Model for attenuation time series
generation

e Model parameterization from fade slope
e First and second order statistics of generated time series

e Comparison of measured and generated time series with
— First order statistics (attenuation CCDF)
— Second order statistics (Fade duration)

¢ Conclusions, Future Work
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Rain attenuatlon measurement

Measured signal level
rain intensity and temperature
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Measurement parameters

Site _ Freq. Length | Applied data interval
Location Pol.

Name [GHZ] [km] | From To
HU11| Budapest| 38 H 1.50
HU32  Pécs 23 |V 10.03

, lst 31th
HU35 Pecs 15 | V 23.36

; January | December
HU51  GyoOr 15 |V 12.30
HU62| Szeged 23 |V 7.79
Hyp. | Miskolc 23 |V 1.00 - =
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Transformation to hypothetical link

*First order statistics of attenuation could _ _a,
be very diverse because of the different L ||
link parameters. P 4,(t) L+
-Transformation based on A (t)=—2"1 -
ITU-R P. 530 recommendation: 1+L,/d, k,-L,

10

do ~35. e(—o.015-R0.01)

[S—
)
(=]

A,(t) and A (t) are time dependent att. on

the hypothetical and measurement links.

K., a., k., o, are polarization and freq.

dependent variables for the hypothetical

and measurement links

| | | | | d, is the path reduction factor

o 20 30 40 s0 e The geographical location dependent rain
o Auenaton[dB] intensity Ris higher than or equal to R,

Attenuation CCDFs of measured data i 0.01 percent of the year.

Probability [%]
S,

—_
S 1
N

10°
0
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eEach state represents an
attenuation level with
0.05 dB resolution

eN: number of states

Poo Por -~ Pon-1 32[20,21,22---,ZN_1]
_ . R : o
p=| P Pu Z()=P -Z(t—1)
: . . : .
| Py Pyvoav—2Pryoin-1 | z=P -Z
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First and second order statistics of
generated time series

eAttenuation CCDF of the time series generated with the Markov P(A > Al.)= Zz f
chain model: =
eFade duration: the states of the N-state Markov model must be sorted into two
classes, into the fading (F) and interfading (I) states.

Z : fading state probability
z, . interfading state probability

Pirs Prrs> Pirs> Prr :transition
probabilities
The two-state Markov chain model if fade duration 2z, = sz Z, = sz
IS con5|_dered at attenuation level A k=0 k=i+]
l Pu=1=-pPpr
— " Pim — " Pim
kzz—;lmz(:)z kz(:)mzl;—z pFF:1_pFI

p,(A;,t) = prp - Py :the probability of a fading at A, attenuation level which
duration is exactly ¢seconds



Parameterization of the model

Fade slope (G) gives the gradient (in dB/s) of the fading at a given A; attenuation

4 — (n+1)2 (n—l),whereA(tn):A
CPDF of fade slope can be estimated by a 0 mean Gaussian distribution function:

c [dB/s]

0.14 — Fitted | P( |A) 1 _%( UjA))
I — Approximated for A<0 S B €
olzr Approximated for A>0 \/2 i O-Q ( A)
= 01 A :att. level in dB
E o.(A) :standard deviation
E 0.08 ¢ :fade slope [dB/s]
% e o (A)— a'eb.A ,A<OdB
» 004 ’ c-e’’ 4>0dB
0.02 - .
a=8914-10" ¢=4.983-10"

0 5 4 5 3 10 h=-1.018 d =0.2874

Attenuation [dB]
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Estimating the fade slope density functions with
Gaussian distribution function

hypothetical link - 2 dB

2 | | ‘ ‘ ‘ | - Gaussian model - 2 dB
10+ —&— hypothetical link - 5 dB
R --€~-- Gaussian model - 5 dB
—+H— hypothetical link - 8 dB
==EF- Gaussian model - 8 dB

SS
SS
~

\\
~
\\
~

P(g|A) [1/(dB/s)]

10- 1 ! L q ! ! ! ! 1}
-0.1 -0.08 -0.06 -0.04 -0.02 0 0.02 0.04 006 0.08 0.1
Fade slope [dB/s]

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




From fade slope to transition probablllty

PEiA=A) Pi

[dB/STU] _ A(tn+1);A( n—l)’ if A(tn)= A

Pi.i+ Pii

AR

Conditional Probability Density of Fade 4 — 4
Slope at i. att. level (i. state) p, < P(g =L |4= Al.j = P(g].‘A = Al.)
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First order statistics of the measured links

m, M :minimum and maximum state nhumber
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The yearly attenuation CCDFs of the measured data and of the generated time series.
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group i -

Second oder Statistics o‘ ~.
Measured Links

_____ , 10!
s 5 ~\
2 Zz \
= = v
§ 10 | —— 5 dB - measured data § 10 7 | —— 5 dB - measured data \ “.‘ )
= | === 5 dB - generated time series e T 5 dB - generated time series \‘.\
= | =™ 10 dB - measured data [ - — 10 dB - measured data 4
""" 10 dB - generated time series ‘ ‘:'; ===== 10 dB - generated time series A
| = 15 dB - measured data I Ei , 15 dB - measured data “.‘ L
""" 15 dB - generated time series Vol =~~~ 15 dB - generated time series Lo
0 vl 0 Voo
10 I S HH!HI3 - i
10 10 10 10 10 10
Time [sec]

10 10
Time [sec]
Fade duration statistics of the measured data and of the generated time series belong

g
to HU11 (in the left) and HU36 (in the right)
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Estimating first and second order
statistics of arbitrary links

Location: Szeged Frequency = 15 GHz  Length = 15.17 km
Ryo1 = 35.97 mm/h Vert. polarization

102 Measured CCDF , - S S
Predicted CCDF 10 r e e ]
Predicted CCDF considering the maximum att. ’ . ]
10
— — “‘
= = 5\
2 2z WA
= 10 = 3
= E —— 5 dB - measured data I
E E 101 T 5 dB - generated time series \
4 - | =10 dB - measured data
10 i N e 10 dB - generated time series
— 15 dB - measured data v
| | | | B D 15 dB - generated time series ) ¢
10'61 1 1 1 1 1 1 0 E E — “““'3
0 10 20 30 40 50 60 70 10 10 10 10
Attenuation [dB] Time [sec]
Attenuation (left) and fade duration (right) CCDF prediction Fade duration statistics
prediction
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» Fade and interfade duration process can be modeled with attenuation
threshold dependent Fritchman’s Markov chain

» The CCDF of fade duration is applicable to parameterize a two-state
fade/non-fade model and simulate the fine structure of a fade event

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

» The attenuation CCDF and the fade duration statistics can be directly
determined from the model parameters

» Future works:

» Introduce the long-term variance in the model (weather impact in case of rain
attenuation, change of the environment geometry for multipath propagation)

> Apply the model for valid satellite links, or consider satellite links for model
parameterization

» Complete the model with correlation angle dependency
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Thank you for your attention!




