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ABSTRACT

This article presents an error protection method that uses error-
condition forecasting. The forecasting procedure uses a-priori ac-
quired knowledge of the Probability-of-Error (PoE), along a route
that a mobile client (MC) is expected to traverse. Additional parity
data, called Geo-Predictive forward error correcting codes (GP-
FEC), is computed over each source block and broadcast before
the source block. A mobile client (MC) forecasts the error con-
ditions it could experience in the future, and if needed, fetches
and uses GP-FEC. Forecasting and time-diversity due to staggered
transmission of GP-FEC, results in improved error robustness. The
superior performance of the presented method against conven-
tional broadcasting is verified in simulations using the Digital Video
Broadcasting-Handhelds (DVB-H) environment.

Index Terms— Geo-Prediction, Context, DVB-H, Broadcast-
ing, Streaming, FEC.

1. INTRODUCTION

Forward error correcting codes (FEC) are used by wireless broad-
casts to counter fading errors. Packet based FEC code is computed
over a group of source data packets called asource block. The re-
sulting coded data is called anFEC block. It is desirable to have
long FEC blocks to correct long burst errors. However, an increase
in FEC block length also increases synchronization and processing
delay at the receiver. This limits the size of source blocks.

Fast fading causes small burst errors that are correctable using
some reasonably sized FEC block. However, due to the FEC block
size constraint, long burst errors caused by slow fading, may remain
uncorrected. Fortunately, slow fading exhibits location dependency.
This location dependency of slow fading is harnessed in this arti-
cle. The method of predicting locations where long burst errors are
probable, and a receiver adapting to the predicted error conditions,
is calledGeo-Predictive Error Correction Adaptation.

While the basic principle of Geo-Predictive Error Correction
Adaptation can be applied to a large number of wireless broad-
cast protocols, the illustration in this article uses the Digital Video
Broadcasting-Handhelds (DVB-H) [1] protocol. For data robustness,
DVB-H uses a virtually time-interleaved systematic Reed-Solomon
FEC, at the link layer. This link layer protection, called MPE-FEC,
can handle errors below some threshold of burst error length. Longer
burst errors require other methods of error correction.

In [2], the authors investigated an application layer FEC (AL-
FEC) protection mechanism to combat errors of longer duration.
Raptor [3] coded packets, computed over IP packets are packed into
MPE-FEC frames and transmitted as time-sliced bursts. They are

transmitted after the original burst has been transmitted. Receivers
that are unable to decode the original burst use the additional burst
to recover lost data.

Another technique called MPE-IFEC was introduced in [4].
MPE-IFEC, is a multi-burst method able to protect data across
multiple time-sliced bursts. However, this multi-burst protection
requires an increase in the interleaving duration.

A technique where the error correction data is transmitted be-
fore the actual data was presented in [5]. In this paper, a copy of
the source data was transmitted ahead of the actual stream. The pre-
sented method required that the redundant copy of the stream is al-
ways received and buffered in order to achieve the additional error
robustness.

This article proposes a method that uses error forecasting. It
assumes that the occurrence of long burst errors, due to shadow-
ing and path-loss, can be statistically forecasted. MPE-FEC code-
rates for DVB-H transmission are fine-tuned to correct small burst
errors, while a new Geo-Predictive Forward Error Correcting Code
(GP-FEC) is used to correct long burst errors. The transmission of
GP-FEC is staggered with respect to the transmission time of its cor-
responding source media data. The time diversity achieved in the
staggered transmission of GP-FEC and media data, along with the
ability to forecast errors with some amount of statistical reliability,
results in better media robustness than conventional broadcast meth-
ods.

The rest of this article is organized as follows. Location depen-
dency of slow fading and harnessing this dependency is described
in Section 2. Transmitter modifications to enable geo-prediction for
broadcasts is described in Section 3. Section 4 describes the op-
eration methodology for mobile clients (MC) using geo-prediction.
Implementation of geo-prediction using a DVB-H broadcast system
is explained in Section 5. The simulation setup used to evaluate the
geo-prediction is detailed in Section 6. Section 7 analyses and ex-
plains the results obtained from the simulations. Finally the article
ends with some conclusions and future work in Section 8.

2. LOCATION DEPENDENCY OF SLOW FADING

Slow fading, which is a combination of path-loss and shadowing,
has a strong location dependency. Path-loss at a location is related to
the separation of the location from the transmitter, and shadowing is
related to the surrounding environmental clutter at that location.

Consider a MC moving from locationA to locationB, along
a route labeledAB, as shown in Figure 1. The routeAB is sam-
pled at regular intervals,δ, forming a finite well ordered set,L =
{l0, l1, l2, ..., ln}. All locations in between(li−δ/2) and(li+δ/2)
is called thenear-neighborhood of li.
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Fig. 1. Expected PoE along a route AB.

Error rates are estimated for everyli ∈ L. For example, error
rates in DVB-H are measured by computing the ratio of the number
corrupt transport stream (TS) packets received, to the total number
of TS packets received in the near-neighborhood ofli. This ratio
normalized gives the probability of Errors (PoE) in the near neigh-
bourhood ofli. With a sufficiently large number of collected mea-
surements, fast fading errors (due to multi-path and Doppler effects)
average out. Using the measurements collected during many distinct
journeys alongAB, an expectedProbability of Error (PoE) function,
as shown in Figure 1, can be computed. The expected PoE is then a
stochastic random process indexed on the location set,L. Expected
PoE is a good measure of errors due to slow fading, and shows loca-
tion dependencies.

With a-priori knowledge of expected PoE, the routeAB can be
segmented into regions of similar error conditions. For example, in
Figure 1,AB is divided into regions ofgood andbad reception by
selecting a PoE threshold,ET . The location points,li ∈ L, along
AB can be partitioned into two regions,Rg = {li : P (li) < ET }
andRb = {li : P (li) ≥ ET }, whereP (li) is the expected PoE
as a function ofL. Rg indicates locations alongAB where the ex-
pected PoE is low enough to be corrected by a traditional MPE-FEC.
The regionRb indicates regions where additional error protection
mechanisms, such as the one presented in this article is needed. The
choice of thresholdET depends on the maximum correctable errors
of an FEC block.

Forecasting of errors is useful, only if the broadcast transmitter
provides methods and data that a receiver can use to recover a pre-
dicted data loss. The broadcasting method, described in the next sec-
tion, uses intelligent scheduling of parity and media data to achieve
this.

3. BROADCASTING ADAPTED FOR GEO-PREDICTION
(BAG)

Broadcasting using geo-prediction is enabled by some transmit-
ter modifications. These transmitter modifications are collectively
termedBroadcasting Adapted for Geo-Prediction (BAG). TheStag-
gered Broadcasting Scheme (SBS), presented in this article, is an
algorithm in the BAG class.

3.1. Staggered Broadcasting Scheme (SBS)

The media,M, is first segmented inton partitions,M = [m0 ·
m2 ·m3 · ... ·m(n−1)]. Transmission ofmi is between time instants
[ti, ti+1]. The duration in time,∆m

i , whenmi is transmitted is given
by

∆m
i = (t(i+1) − ti).

Let pi be the parity data computed formi, using some parity en-
coder. Then,P = [p0 · p2 · p3 · ... · p(n−1)], forms an auxiliary
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Fig. 2. The Staggered Broadcasting System.

data stream, calledGeo-Predictive Forward Error Correcting codes
(GP-FEC).

The physical channel,C, is conceptually divided into(n + 1)
logical channels; i.e.C = {c0, c1, ..., cn}, with bandwidthsΠ =
{π0, π1, ..., πn}. The last logical channel,cn, always carries the
streamM. The remainingn logical channels,c0 to c(n−1), carry
GP-FEC segments. SBS is diagrammatically presented in Figure 2.

3.2. GP-FEC Transmission

Recovery of any media segment,mi, with minimal delay requires
pi to arrive beforemi. Furthermore, if the forecasted PoE indicates
thatmi is very likely to have errors, the MC must have enough time
after the forecast to obtainpi.

Let the time when forecasting of errors for a segmentmk be trig-
gered at some time,tθ. Since the forecast formk should be known
beforemk is transmitted,tθ < tk < t(k+1). The time duration,
(t(k+1) − tθ), is called themaximum look-ahead time (MLT), ∆L

k .
It is assumed that the transmission time ofpk andmk do not over-
lap in time. This is to minimize the chance that bothpk andmk are
prone to the same error conditions. Further, because transmission of
pk requires some finite amount of time aftertθ, the MLT is lower
bounded by

∆L
k ≥ ∆p

k +∆m
k (1)

where,∆p

k is the time duration whenpk is transmitted.
In the exposition of the proposed method, it is assumed for the

sake of simplicity that, forecasting of PoE is always triggered at seg-
ment boundaries. Hence,tθ ∈ {ti : i ∈ N; 0 ≤ i ≤ (n − 1)},
whereN is the set of non-negative integers. Furthermore, to mini-
mize buffering times, the GP-FEC data is sent immediately ahead of
their relevant media data. These assumptions turns the inequality in
Equation 1 into the equality,

∆L
k = ∆p

k +∆m
k . (2)

By tuning channel bandwidths,{πi : 0 ≤ i ≤ (n − 1)}, and the
GP-FEC code rate, SBS can be designed such thatpk is transmitted
between times[t(k−1), t(k)], i.e. during the period whenm(k−1) is
transmitted. In other words,∆p

k = ∆m
k−1, and∆L

k = t(k+1) −
t(k−1).

It is again stressed that, the above assumptions are only for the
sake of explaining the method better. In practical implementation
the forecasting need not be triggered at segment boundaries. Fur-
thermore, the transmission of parity data,pk, can span any amount
time duration before the media segment,mk. All that is required is
a proper signaling method from the transmitter to the MC.



Table 1. An example decision truthtable to decide if GP-FEC is
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4. MC OPERATION FOR BAG

An MC is aware of BAG using some form of signaling. The exact
nature of this signaling is not in the scope of this paper. However,
both BAG-aware and BAG-unaware MCs should be able to consume
a media broadcast adapted for geo-prediction. This constraint re-
quires that the media transmission protocol remains unchanged.

An MC can tune-in at any time,tin, during the transmission of
a broadcast. A BAG-aware MC computes the nearest time in the
future, when a forecast can be obtained. As mentioned before, fore-
casting is assumed to be attempted at segment boundaries.

If the start time,t0, and transmission durations for media seg-
ments,∆m

i , are known, the following method can be used to obtain
the time of the next forecast. The first forecast is scheduled at time
t0. The boundary condition, when the parity data,p0, is sent before
the broadcast ofM begins, is ignored. The following forecast is at
time t1 = t0 + tm0 . Generalizing, the time of thekth forecast,tk,
is at

tk = t0 +

k−1∑

i=0

tmi

The next forecasttθ after the tune-in time,tin, is then obtained by
computing,

tθ = min(ti ≥ tin) : i ∈ N; 0 ≤ i ≤ (n− 1).

Let tθ = t(k−1). Then, the next media segment that can use
GPE-FEC is,mk. The MC obtains the forecast for the duration
[tθ, (tθ+∆L

k )]. The forecast is obtained as an expected PoE distribu-
tion for this period. The period,[tθ, (tθ +∆L

k )], from Equation 2, is
partitioned into two non-overlapping time periods. The first of these
partitions, is the period when GP-FEC,pk is transmitted. This is
given by the time interval,[tθ, (tθ+∆p

k )]. The second partition is the
period when the corresponding media data,mk, is transmitted. This
period is given by the time interval,[(tθ +∆p

k ), (tθ +∆p

k +∆m
k )].

The MC then makes a decision if GP-FEC is needed or not,
based on the forecasted expected PoE. A decision truth-table, like
the one shown in Table 1, is used. Based on this truth-table, the MC
decides that GP-FEC is needed if error conditions is at any time dur-
ing [(tθ +∆p

k ), (tθ +∆p

k +∆m
k )] is greater than the selected PoE

threshold,ET .
If the MC decides that the GP-FEC,pk, is required to correct

the media segment,mk, it tunes into the logical channel,ck, and
buffers the GP-FEC. This buffering happens during the time interval,
[tθ, (tθ + ∆p

k )]. Error correction ofmk is then attempted using
the bufferedpk aftermk has fully arrived. The whole process is
iterated at every segment boundary after tune-in, when forecasting is
triggered.
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Fig. 3. The implementation of SBS in a DVB-H transmission envi-
ronment.

5. IMPLEMENTATION OF BAG FOR DVB-H

DVB-H uses time-slicing and MPE-FEC to transmit data to handheld
MCs. One way of implementing BAG using DVB-H is shown in
Figure 3 and described here. As mentioned before, media dataM is
segmented into somen partitions,M = [m0 ·m2 ·m3 ·...·m(n−1)].
Each segmented media partition,mi, is then time-sliced into,mj

i :

0 ≤ i ≤ (n − 1), j ∈ N, wheremj
i denotes thejth time-slice

of the ith media segment. Therefore, the broadcast media,M, is a
concatenation of the time-slices of all media segments

M =






[m0

0 ·m
1
0...]

︸ ︷︷ ︸

m0

· [m0
1 ·m

1
1...]

︸ ︷︷ ︸

m1

· ... · [m0
(n−1) ·m

1
(n−1)...]

︸ ︷︷ ︸

m(n−1)






.

The GP-FEC data,P, is formed by computing parity datapji : 0 ≤

j ≤ (n − 1), j ∈ N. Each time-slice of GP-FEC data,pji , is com-
puted over the corresponding media time-slice,mj

i , using some par-
ity encoder. This is to simplify synchronization problem that could
occur when error correction using GP-FEC is attempted. The auxil-
iary GP-FEC bit stream is formed by the concatenation of time-slices
of the parity data as given by

P =






[p00 · p

1
0...]

︸ ︷︷ ︸

p0

· [p01 · p
1
1...]

︸ ︷︷ ︸

p1

· ... · [p0(n−1) · p
1
(n−1)...]

︸ ︷︷ ︸

p(n−1)






.

The kind of parity encoder to be used is deliberately omitted
from the discussions. This is because, this does not affect the ba-
sic principles of the proposed method. Choice of the parity encoder
involves parameters such as application type, segment sizes, compu-
tational efficiency, correction method, and many more factors, which
is not in the scope of this article. However, what is important is the
concept that the transmission of parity data, is staggered with respect
to the transmission of the media data, and with a sufficiently large
amount, so as to correct long burst errors due to shadowing success-
fully.

The physical DVB-H channel is sub-divided into(n+1) logical
channels,C = {c0, c1, ..., cn}. All time-slices ofM, are transmit-
ted on the logical channel,cn. The time-slices of the parity segment,
p(i), are sent on the logical channel,ci. For example, the parity
data[p00, p

1
0, p

2
0...] are sent on channelc0, [p01, p

1
1, p

2
1...] are sent on

channelc1, and so on.
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Fig. 4. Two state Markov chain used to simulate error conditions
along a Route.

Fig. 5. Quantized PoE along the two simulated routes.

The time-slices of both media and parity data are protected using
MPE-FEC, using some code-rate. This is to protect data from small
burst errors. The code-rates used for the media time-slices and the
parity time-slices may be different. The transmission scheduling of
parity and media time-slices are flexible, so long as the rule that all
time-slices of the GP-FEC segment,pi is transmitted beforemi is
adhered to.

6. SIMULATION DESCRIPTION

The video sequence,M, was a football sequence, ten minutes in
play-time duration, and coded at 192 kbps, using an H.264/AVC
baseline encoder. The ten minute video sequence was obtained by
concatenating a minute long video sequence ten times. The frame-
rate of the coded sequence was 12.5 frames per second. Each time-
sliced MPE-FEC frame contained two seconds of coded data, in
terms of playback duration. Every time-slice, contained an IDR
coded picture to allow an MC to tune-in during the transmission of
a media time-slice. The MPE-FEC matrix used 512 rows, and error
protected using a code-rate of3/4.

The two-step (good, bad) quantized fluctuation of PoE along a
route was modeled using a two-state Markov model, as shown in
Figure 4. The used state transition probabilities are also indicated in
the figure. Two different routes, were simulated using this Markov
model, and the resulting quantized expected route PoE is shown in
Figure 5.

The motivation for using a Markov model to generate quantized
expected PoE, is because it follows the Markov property. A stochas-
tic process is said to possess the Markov property, if the conditional
probability distribution of future states depends only on the current

Table 2. Average burst-length and error-rate statistics used to gener-
ate TS error patterns for a Journey.

B 10

E 1%

Bad

State

Good

State

50

10%

B 10

E 1%

Bad

State

Good

State

50

10%

state, and not on any past state. Consider the quantized expected
PoE. The conditional probability that an MC encounters a good/bad
error condition depends only on the error condition in the present
location, and not on any location that the MC has already traversed.

For each route, three journeys are undertaken. TS error patterns
were generated for each journey using a two-state Markov model.
Two state transition matrices, one for each state in the simulated
route, were computed. The two-state transition matrices were gen-
erated by assuming the average burst length,B, and average error
rates,E. The assumed values are given in Table 2. The values of
Pgg andPbb were computed by solving for them using equations,
B = 1/(1− Pbb) andE = (1− Pgg)/(2− Pgg − Pbb).

The media time slices ofmi and GP-FEC time-slices ofp(i+1)

were transmitted during the period[ti, t(i+1)]. The scheduling of
time-slices ofmi andp(i+1) in the physical channel is done such
that all time-slices transmitted are equi-spaced in time from each
other. GP-FEC parity data was computed using Reed-Solomon
codes, using a code-rate of 5/6. The GP-FEC time-slices were
further protected using MPE-FEC with a code-rate of 3/4.

Upon receiving an erroneous time-slice, the MC first tried error
correction using the MPE-FEC transmitted in the same time-slice.
MPE-FEC error correction failed when the length of burst errors
were beyond some threshold. A BAG-aware MC, then tried error
correction using GP-FEC, which is already buffered. Time diversity
in the transmission of GP-FEC, could with a high probability correct
the erroneous time-slice.

The MC usedfreeze frame form of error concealment. In a
freeze frame error concealment, all pictures after an erroneous pic-
ture were replaced with the last known correctly decoded picture, un-
til the next IDR picture was decoded correctly. An erroneous stream
is perceived as discontinuous motion during playback when freeze
frame is used.

7. RESULTS AND ANALYSIS

The aim of the simulations was to find out if indeed time-diversity
and the a-priori knowledge of PoE can lead to a more error resilient
broadcast. It must be noted that there was no attempt at optimizing
code-rates. Results were collected and analyzed for the two cases:
BAG aware (BAG) and BAG unaware (NBAG). An analysis of the
frame-by-frame PSNR (F-PSNR) can show if GP-FEC can correct
some uncorrectable errors after MPE-FEC decoding. Let∆F-PSNR,
Q∆, be defined as

Q
∆ = Qo −Qe

where,Qo is the F-PSNR of the coded video without errors and
Qe is the F-PSNR of the coded video with errors. Figure 6 shows
the comparative∆F-PSNR for one route and a journey undertaken
in that route. It can be seen that in the BAG case the number of
erroneous pictures has significantly reduced compared to that of the
NBAG case. This result was consistent will all other simulated cases.
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Fig. 6. Comparative plot of∆F-PSNR for BAG and NBAG along
the simulated Route (1) and Journey (3).

The reason for the reduction of errors could be attributed to the time-
diversity achieved by the use of SBS.

Another performance indicator used was the Erroneous Second
Ratio (ESR). ESR is percentage ratio of erroneous seconds to the
duration of streaming service. Using BAG, the results presented in
Table 3 shows that there is a significant decrease in ESR compared
to NBAG.

However, this improvement comes with a bandwidth penalty
which is also indicated in Table 3. This bandwidth penalty could
be minimized by optimizing code-rates used for MPE-FEC and GP-
FEC, as well as designing parity coders that are suitable for BAG.

8. CONCLUSIONS AND FUTURE WORK

This article presented a method using error forecasting to provide er-
ror robustness for broadcast data. It showed that with a-priori knowl-
edge of the probability of error (PoE) along a route, broadcasting
adapted for geo-prediction (BAG) schemes provide better robust-
ness than conventional broadcast methods. The staggered broadcast-
ing scheme (SBS) was introduced as one such scheme. The limited
simulations showed that SBS provided better error protection than a
conventional DVB-H broadcast scheme. The simulations results pre-
sented here should be considered as an initial viability tests for Geo-
predictive schemes. Further research into other BAG schemes, opti-
mization of BAG schemes and bounds for BAG schemes is planned.
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