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Abstract—This paper investigates the possible system gain for
a multiresolution broadcast system using multilayer transmission
of multiresolution data by utilizing nonuniform layer transmission
energies. It shows how to find the energy distribution that maxi-
mizes the system performance, measured in the form of a sum of a
weighted layer values population product (representing possible
revenue for service providers).

Through the introduction of the relative population coverage
function ( ) it is shown for a layer system that in many cases
when ( ) is a concave function (equivalent to ( ) being
convex) it is possible to reduce what seems to be an -dimensional
problem to line searches. The paper also shows how the relative
population coverage function can be constructed in two ways. The
first uses analytic models for signal strength and population cov-
erage (Uniform and Rayleigh). The second uses numerical signal
strength and population estimates in grid format.

The paper also includes examples to illustrate how the method
works and the performance gain it provides. One of the examples
uses actual grid estimates for an example transmitter located in
Luleå, Sweden.

Index Terms—Broadcasting, nonhomogeneous media, optimiza-
tion methods, yield optimization.

I. INTRODUCTION

T ERRESTRIAL broadcast of public television has been
around for some time and many countries are in the

process of replacing old analog broadcasting systems with new
digital ones, such as Digital Video Broadcast (DVB) [1]. The
main reason for the switch is a increased image quality and
improved bandwidth efficiency [2], [3]. However, with this
switch the graceful image quality degradation that came, more
or less for free, with the old analog system is easy to lose. The
reason is the thresholding effect of a digital system, “it either
works or it does not” there is no in between. For point-to-point
communication this problem may be easily solved with a rate
adaptive feedback algorithm. However, for a broadcast system,
this is more difficult.

The DVB specification contains a partial solution by allowing
hierarchical modulation making it possible to simultaneously
send two different bit streams. One with base layer quality and
the other with a higher quality stream. This enables receivers lo-
cated with good receiving conditions to receive the high quality
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transmission while receivers with not so good receiving condi-
tions can at least receive the basic quality transmission. Note
however, that with only two quality levels this system does not
provide the graceful degradation of the old analog system. To
get that type of graceful degradation one must use multireso-
lution with several quality steps [4], [5]. With these streams of
multiresolution source data one must decide how to distribute
the transmission energy between them while still making the
best use of the available energy. To simplify the analysis it is as-
sumed that each stream is transmitted over an orthogonal broad-
cast channel [6].

This brings us to the main questions in this paper: “is there
an optimal energy distribution for a multiresolution broadcast
system and can it be found?” The focus is on the distributor’s
perspective where the value represents the possible intake from
customer fees for each received stream. This allows for a simple
objective in the form of a weighted value population product
model. Some previous publications that touch on the subject are
[7]–[9] which address energy distribution between competing
streams or hierarchical modulation with only two layers.

To gain some insight to the optimization problem the paper
begins with analysis using two simplifying assumptions. First, a
simple radio propagation model is used to predict received signal
strength. Secondly, it is assumed that the population within a
radius can be approximated using one of two population distri-
butions, (Uniform or Rayleigh). Some further simplifications are
that all layers require the same bit rate and target bit error proba-
bility. However, the suggested method can easily be expanded to
handle source coders with different bit rates for different layers
by allowing multiple transmission layers with equal weights.
To allow for layers with different target bit error probability
complicates the analysis since each bit error probability class
would require its own population coverage function. Note that
any specific channel coding effects are not taken into account,
as they are viewed as a trade off between error probability and
bandwidth/capacity. Clearly any actual system would need
some channel code to be able to detect errors.

With these simplifications and the value population objec-
tive it is possible to analytically find optimal energy distribution
for the two population distributions. With the insights gained
from the analytical case the paper continues with optimization
of a broadcast system where signal strength and population data
is given numerically as grid data. The goal is a computability
strategy for optimization of real data. The results from the simpli-
fied models are then compared with results from the actual data.
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Fig. 1. N Layer CDMA system where energy portions, a , are used to distribute the total transmitter energy, E , among different layers, i.

II. MULTIRESOLUTION BROADCAST

Introducing multiresolution in a broadcast system mainly af-
fects two parts, source coding and distribution/signaling. This
section gives a short introduction to the different options that
are available, and motivates the selections made for this paper.

A. Source Coding

For efficient transmission of multimedia, data source coding
must be utilized to reduce the amount of data bits that actually
have to be transmitted. Until recently the source coding has been
aimed toward achieving the highest compression ratio possible.
However, with the development of cellular phones to more com-
petent multimedia terminals and integration of the cellular net-
works with the Internet, WAP, and 3G there has been a shift in
focus. The result is a more heterogeneous network with regard
to terminal capabilities and connection speed. Early solutions
that suggested different streams for different quality levels were
soon replaced with more scalable source coders [10]. There are
several ways of achieving scalability: (i) temporal, (ii) resolu-
tion, and (iii) quality to mention a few. One of the most recent
video codec H.264/AVC [11]–[13] only supports temporal scal-
ability at this point but future amendments are likely to include
other types and combinations of scalability.

In this paper it is assumed that the scalability is done in
layers. Consisting of one basic layer to encode the basic quality
and consecutive refinement layers for higher quality, the source
coder can generate a total of layers. For simplicity it
is also assumed that all layers require the same data rate and
target bit error rate. One possible way to generate such data is
to divide the data generated by an enhanced H.264/AVC codec
for one group of pictures (GOP) into equally sized parti-
tions. This would make the base layer a temporal and resolution
scaled version of the original and the refinement layers would
then contain temporal and resolution refinement information.

B. Distribution/Signaling

With up to concurrent data streams there are several
different ways of transmitting these, some examples are hier-
archical modulation or orthogonality in its various forms such
as, TDMA, OFDM, or CDMA. Since the goal is to investi-
gate how to distribute transmission energy among the different
layers this paper uses QPSK signaling over orthogonal CDMA

channels with only additive white Gaussian noise (AWGN) to
simplify the analysis, similar to the concept used in [14]. To
find the optimal energy distribution for an layer system with
a total transmitter energy (denoted ) it is convenient to let

denote the energy portion used for layer , for ,
then

with and (1)

We have since the transmitted energy must be
nonnegative for each layer and since in the lay-
ered coding layer is useful only if layer is properly re-
ceived. Fig. 1 shows a simple way of using these energy por-
tions to distribute the transmitted energy among the different
layers in a layer system using orthogonal CDMA channels.
This allows concurrent bit streams with just one power amplifier
and transmitter antenna. This arrangement incurs the artifact of
increased peak-to-average ration (PAR) for the weighted and
summed modulated CDMA signals, placing increased demands
on the power amplifier. However, the severity of these problems
is limited if the system uses fewer than ten layers, which also
limits the overall complexity of the system.

III. OBJECTIVE AND METRIC

Selection of an appropriate objective is indeed a subject of de-
bate [5], as it depends on nontechnical issues (subjective perfor-
mance, regulatory constraints and economic pressures). Herein
it is assumed that the main objective for a broadcast system is
to provide a certain service to an area, or part of the population.
With a multiresolution source in the form of different layers part
of the system design is to determine how many layers should be
used and to partition the available transmission energy among
those layers in an efficient way.

Compare with the analog terrestrial broadcast television sys-
tems where the most common metric is the signal strength at
the receiver. As long as it is over a certain level the receiver
will work with a minimum quality. However, this simple “above
some minimum field strength” metric fails to include the scal-
able quality for such an analog system. Receivers closer to the
transmitter will usually have better received quality than the
ones located near the fringe of the covered area.

With the digital system each layer in the multiresolution
transmission represents an increase in received quality and,
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as such represents some value. Therefore the objective is
suggested to be a sum of weighted value population products

(2)

Where the relative population coverage function, , repre-
sents the portion of the population that properly receives layer

assuming energy portion is used for this layer. While
represents the value of (or possible charge for) the increased
quality the layer provides. Note that optimization is only needed
if . Without loss of generality the weights
can be assumed to be normalized so that . While the
actual weights depend on the actual application, we reduce the
number of parameters used in the examples by introducing a
one parameter model to control all weights. With the introduced
weight parameter, , the weights are calculated according to

for (3)

Note that to fulfill the conditions for the weights .
One of the costs associated with the use of multiresolution

broadcast model presented in Section II is the multichannel cir-
cuitry and increased demand of power amplifier linearity due to
the increase in peak to average power ratio. There is also an-
other factor that may affect the objective and that is the level of
required coverage. Governments may have demands that a cer-
tain part of a country’s area or population be covered by a basic
service level, may require additional transmitters for a multires-
olution broadcast system. Both these costs can be accommo-
dated with the simple objective but requires the inclusion of cost
terms representing these additional costs of transmitters and the
associated infrastructure. However, as these will vary on a case
by case basis and are difficult to generalize they are not consid-
ered further in this paper.

By expressing the energy distribution in vector notation, i.e.
, finding the optimal energy distribution for a

system using layers can be expressed as

(4)

This is a constrained and
-dimensional optimization problem that depends on

the population coverage .
For to represent the relative population which properly

receives layer it must depend both on the location of the pop-
ulation and their ability to receive the signal at these locations.
Expressed mathematically it becomes

(5)
where is just a scaling factor chosen such that ,

represents the population density at each lo-
cation, and the ability to receive the signal is represented by

if reception of layer possible at (x,y)
otherwise.

(6)

Finding the truly optimal energy distribution is difficult since
both the functions and are
not generally available. However, one option is to use approxi-
mations. The best available approximation for the two functions
are grid data of population generated from population statistics
and signal strength data in grid format generated from advanced
signal propagation models. With this approximation for
it is possible to use a variety of numerical optimization algo-
rithms [15]–[17]. One such example is gradient ascent. How-
ever, depending on it may be possible to end up in an local
(yet nonglobal) maximum if the objective function is not con-
cave (equivalent to the negative of the objective function being
convex). Another approach is to use simplifying assumptions
that would allow analytical expressions for signal strength and
population, as introduced in the next section.

IV. SIMPLIFYING ASSUMPTIONS

The difficulty with the objective (2) is the unknown relative
population coverage function, . In this section some
simple analytical models for signal strength and population
estimation are presented that result in analytical expressions
for . Using these expressions the next section describes
a mathematical method to find unique optimal energy distribu-
tions for these specific cases.

A. Broadcast Channel

Assuming broadcast from an omnidirectional antenna, cal-
culation of the coverage ranges of the broadcast transmitter
requires a propagation loss model. Here a simple model similar
to [18] is used in favor of more recent and accurate models
[19], [20] to enable mathematical analysis. However, the more
advanced models may be used to generate grid data in the more
complicated design example, to be presented in Section VI.
With the simple model, the received signal energy is calculated
as

(7)

Where is the transmitted energy and is the distance
to the transmitter in km while the system scaling coefficient,

, and the path loss exponent, , are constants that depend on
the carrier frequency and transmitter antenna height through the
parameters and described in [18],

The system is assumed to use orthogonal transmission
channels (for example CDMA), one for each layer, where sig-
naling is done using QPSK over an AWGN channel. Employing
such an approach, for each stream the bit error probability as a
function of is

(8)
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Fig. 2. Illustration of difference in coverage range for single layer R and multilayer (three R , R , R ) transmission using the illustrated nonuniform energy
distribution for � = 3:95.

where

(9)

and is the channel noise variance.
Using all energy on the base layer, (e.g.

), will define the maximum reachable radius,
which is denoted . Given some assumed target system bit
error probability, , can be expressed as

(10)

where is the solution to . Consideration of
this one channel case provides, , as a useful reference point
which allows generalization for later optimization.

For a receiver to properly receive the information sent in a
layer the received bit error probability must be less or equal to
the designated system bit error probability, . Thus the covered
range by layer is

for (11)

Fig. 2 illustrates a three layer, , contrived example of
how the different layers will have different coverage ranges if a
nonuniform transmitted energy distribution is used.

B. Population Distribution

With the simple path loss model introduced in the previous
section it is possible to calculate the reach of a broadcast trans-
mission. In this section two population distributions are intro-
duced that make it possible to estimate what part of the pop-
ulation is reached by the broadcast transmission. The first is
a uniform model and the second is a Rayleigh model. Both
were chosen since they are easily computable and have different
properties.

A uniform population distribution yields that the population
covered is proportional to the covered area. Under this assump-

tion the relative population receiving a layer transmitted using
energy portion can be written as a closed from expression

(12)

The second population distribution considered is Rayleigh.
Here a population spread factor, , is used to control the popu-
lation concentration around the transmitter. Valid values for the
spread factor are , but already for the concentration
is almost uniform within . Using Rayleigh distribution for the
population receiving layer transmitted using energy portion
one gets the following closed form expression for the relative
population coverage function

(13)

In the next section it is shown that with the path loss model
and described population models it is possible to reduce the op-
timization from what seems to be an constrained -dimensional
optimization problem to a number of line searches.

V. ANALYTIC RESULTS

Possible locations for an extreme value for a constrained mul-
tivariate nonlinear function are critical points within the interior
or points on constraining edges. With an objective according to
(2) and the constraint from (1) the partial derivative
for the general case with layers can be written as

...
...

(14)
By solving for internal critical points (i.e. ) requires
solving the equation system
one gets a equation system with equations with unknowns.
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However the last unknown term, , is present in all
equations and by denoting this term one gets following equa-
tion system

for (15)

In general this equation system and the constrains in (1) allow
us to find the critical points, but finding these points may require
an -dimensional search. However, if the function
is concave then will be strictly decreasing and therefore
have an inverse and the complexity can be reduced considerably.
Let denote the general inverse for the equations in
(15). With this it is possible to do a linear search over for a
valid energy distribution, i.e.

(16)

Note that value for the constant solving the (16) is unique,
let this value be represented with the constant . This constant
represents the energy distribution for a critical interior point, and
the corresponding energy distribution is calculated using

for (17)

This means that if the relative population coverage function
is concave it is possible to find the unique critical inte-

rior point for an N layer system using a simple line search.
Two cases for which the general inverse exists

in closed analytical form are for uniform and Rayleigh popula-
tions densities when used together with the simplified broadcast
transmission model in Section VII. The following subsections
show how the described method works for the two cases.

A. Analytical Optimization for Uniform Population
Distribution

With a uniform population distribution and the simple broad-
cast model the relative population coverage function takes the
form of (12) with first derivative

(18)

Using this with the results from the general optimization, (15),
one obtains

(19)

and as constants do not affect the actual optimization it can be
simplified to

(20)

In the general analytic results it was shown that if there exists
an general inverse for (20) it can be used to find the
optimal constant that solves (16) for a fixed . In this case

Fig. 3. Uniform optimization example, shows relative population coverage
function P (a ) in (12).

Fig. 4. Uniform optimization example, shows the effect of w on the general
inverse q (C =w ) in (21) for some layers i = 1; . . . ; 5.

Fig. 5. Uniform optimization example, shows how the optimal constant C is
found by solving (16) for some values ofN . The marker on each curve indicates
the solution and the optimal constant C .

the general inverse can be written as a closed from
expression

(21)

This makes it possible to find the optimal constant using a
single line search and through (17) it is possible to calculate the
corresponding optimal energy distribution.

An illustrative example, where the following values are used
for system parameters: maximum number of layers ,
objective weight parameter , and broadcast propaga-
tion exponent . Fig. 3–8 are used to illustrate how the
optimization is done and to show the results. Fig. 3 shows the
relative population coverage function for the uniform example,
i.e. what part of the population within that is reached with
layer depending on the energy portion used on that layer.
Fig. 4 shows the effect of the different layer values weights in
(21), the top curve is for the base layer and the curves below are
for successive enhancement layers (with progressively smaller
value weights ). While Fig. 5 shows how the optimal con-
stant is found by solving (16) for some different values of
N. The marker on each curve indicates the solution and the cor-
responding optimal constant . The optimal constants for 1
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Fig. 6. Uniform optimization example, optimal constant C for different
values of N .

Fig. 7. Uniform optimization example, optimal energy distributions for some
values of N .

Fig. 8. Uniform optimization example, optimized objective, V as function
of N .

to 10 layers are shown in Fig. 6, note that it becomes flat here
above five layers. With the optimal constants and (21) one
can use (17) to calculate the corresponding optimal energy dis-
tributions, some of which are shown in Fig. 7.

With these optimal energy distributions it is possible to eval-
uate the objective (2) for all possible values of . These results
are shown in Fig. 8 and a multilayer system shows a possible
27% gain compared to a single layer system. Note that the ob-
jective function is a monotonic increasing function of , (most
likely due to the fact that ). However, with the pa-
rameters in this example ( , ) the gain becomes
negligible for more than five layers.

B. Analytical Optimization for Rayleigh Population
Distribution

Also for the Rayleigh population distribution, even though the
relative population coverage function (13) is a bit more compli-
cated, there is a closed form expression for the first derivative

(22)

Fig. 9. Rayleigh optimization example, shows relative population coverage
function P (a ) in (13) for the two cases. Population coverage function for the
uniform case is included for comparison.

Using this with the results from the general optimization, (15),
and by including all scaling in the constant one gets

(23)

Also in this case the general inverse for (23) can be
written as a closed from expression

(24)
Where is the solution to , and is known
as Lambert’s -function [21], [22]. Once again a simple line
search may be used to find the unique critical interior point, by
solving (16).

For the Rayleigh distribution two cases are used to illustrate
the procedure. Both use the same assumptions for , and

as for the uniform distribution. The difference between the
two cases lies in the population spread factor used. For case
one making it almost uniform and for case two

which is a more concentrated population distribution. The
results of the optimizations are shown in Fig. 9–14. Fig. 9 shows
the relative population coverage function for the two Rayleigh
cases. For case one with population spread the func-
tion is similar to the uniform case, from Fig. 3, also shown in the
figure for easy comparison. Fig. 10 shows how the optimal con-
stant , indicated by marker on each curve, for different values
of is found for the two cases by solving (16). As for the uni-
form case the optimal constant levels out for high values of

the main differences is the range of the values and at which
the curve becomes flat, see Fig. 11. Also in these cases the

values of the optimal constant and (24) can be used in (17)
to calculate the corresponding optimal energy distribution. some
of which are shown in Fig. 12 and Fig. 13 for the two cases re-
spectively.

With the energy distributions it is possible to evaluate the ob-
jective, (2), for all possible values of . Fig. 14 shows the objec-
tive for both of the Rayleigh cases and the previous uniform ex-
ample for easy comparison. Note especially the possible perfor-
mance gain from using multilayer transmission. In cases where
concentration of the population is high around the transmitter,
as in the case where , a 60% gain is possible with only
two layers and using more layers show a possible 150% gain.
However, to achieve this high gain one has to use seven layers.
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Fig. 10. Rayleigh optimization example, shows how the optimal constant C is found for some values of N by solving (16) for the two cases. The marker on
each curve indicates the solution and the optimal constant C .

Fig. 11. Rayleigh optimization example, optimal constant C for different N for the two cases.

Fig. 12. Rayleigh optimization case one  = 1:00, optimal energy
distribution for different values of N .

Fig. 13. Rayleigh optimization case two  = 0:33, optimal energy
distribution for different values of N .

Fig. 14. Rayleigh optimization examples, optimized objective,V as function
of N .

For the first Rayleigh case, with , the performance is
just a little better than the uniform example.

VI. GRID DATA

Having signal strength and population data in grid form it be-
comes a simple matter to generate an approximation of the rel-
ative population coverage function . After determining a
reasonable threshold value for the signal strength which allows
reliable reception of the QPSK signal, a numerical approxima-
tion of (5) can be used to generate data pairs , corre-
sponding to samples of the estimated function. To use this rep-
resentation in optimization calculation it should be interpolated.

VII. COMPUTABILITY STRATEGY

With the approximation of an approximation of
can be found numerically and with these there are some options
to find the optimal energy distribution:

Numerically: For this method a numerical search algo-
rithm is used [15]–[17], perhaps the most common is gra-
dient ascent.
Model approximation: It may be possible to approximate
the sampled using one of the simplified models. De-
pending on the model one needs to find an propagation
exponent for the broadcast propagation model and an
population spread for the Rayleigh distribution model
if used. With these parameters one can find the corre-
sponding unique optimum using the search for optimal
constant method described below.
Search for constant: This case uses the same technique
that was used to find the optimum for the uniform or
Rayleigh approximations. However, it is only if the
approximation is concave that it is possible to find the
general inverse used in the line search to
find the optimal constant . Note that, depending on
the values of , even if the general inverse
is found it may still be impossible to find the optimal
constant due to insufficient domain of .
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Fig. 15. The signal strength for an example transmitter on Mjölkuddsberget
(located in the center of the image).

When grid data has been used to generate data pairs
as an approximation and the is almost

concave it might be possible to generate an accurate enough
concave approximation by using only the data pairs that form
an concave approximation [23]. However, this technique is not
investigated further in this paper.

VIII. ACTUAL DATA EXAMPLE—CITY OF LULEÅ, SWEDEN

In this section it is shown how the optimal energy distribution
can be found for an example transmitter in Luleå, a small coastal
city in the north of Sweden with a population of about 70 000.
The transmitter is located on Mjölkuddsberget, a small moun-
tain close to Luleå city center, and the transmission is done at
850 MHz. The transmitter uses an omnidirectional antenna with
an 72 meters effective antenna height and a receiver is assumed
to have an effective antenna height of 1.5 meters. The transmitter
has an effective radiated power of 1.0 kW and it is assumed
that the receivers require a received signal strength of at least
50 for correct reception of each layer. The weighting
of each layer in the objective functions is according to the one
parameter weight function with . The results from two
optimization methods are compared. The first is a numerical gra-
dient ascent the second uses a simple Rayleigh approximation.

To generate the approximation of the actual relative popula-
tion coverage function, , grid data for both signal strength
and population is needed. Both were made available through
Ericsson Research AB and Progira Radio Communication AB.
The signal strength data was generated using GiraPlan [24]
which combines advanced propagation models with geograph-
ical data [25]. A map of the estimated signal strengths data
with a 50 50 meter grid is shown in Fig. 15. The transmitter
is located in the middle and the calculation was limited to a
15 km radius (hence the outer circular limit of signal strength).

The population data shown in Fig. 16 is a combination of data
from population databases [26], one for population centers and
one for sparsely populated areas. Both use different grids (250

250 meters) and (500 500 meters) respectively and were
interpolated to get a 50 50 meters grid. There is a small offset
within 25 meters between the signal strength and population

Fig. 16. Geographical distribution of population around the transmitter located
on Mjölkuddsberget. Note that a logarithmic scale is used.

Fig. 17. Shows population coverage function P (a ) estimated from actual
grid data and the closest Rayleigh approximation.

Fig. 18. Shows objective performance of optimization for both actual data and
Rayleigh approximation.

grid data but the difference is less than one half grid (50 50
meters) and is therefore believed to be negligible.

Combining the signal strength and the population data it is
possible to get an estimate of the relative population coverage
function using the method described in Section VI, the
result is shown in Fig. 17. It was not a priori expected that the
estimated function would be almost concave. However, it was
found to compare closely with the concave approximation using
Rayleigh distribution with and the path loss exponent

(found using curve fitting).
For the Rayleigh approximation it was shown in Section V

how an unique optimal energy distribution could be found. Un-
fortunately the same technique can not be used in this case since
the relative population coverage function estimated from
grid data only is guaranteed to be increasing and not necessarily
concave. Therefore a gradient ascent method was used to find
optimal energy distributions for some values of . The resulting
objective is shown in Fig. 18. Note especially the achievable per-
formance increase. The use of two layers realizes a 60% gain
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Fig. 19. Shows optimal energy distribution for actual data for some values
of N .

Fig. 20. Coverage map for the different layers for a four layer system using
the optimal energy distribution.

compared to the one layer solution while the use of more layers
can provide more gain. However, for this system there is little
to be gained by use of more than seven layers which yields a
180% gain. The figure also shows the expected performance if
the optimal energy distribution of the Rayleigh approximation is
used in the estimated system, and as expected the difference in
performance is small. The reason that the gradient optimization
works so well in this case is most likely to the almost concave

estimate from grid data.
The resulting optimal energy distribution among the layers

for the gradient search on the grid data example for some
number of transmitted layers are shown in Fig. 19. While
Fig. 20 shows the coverage map of the different layers for a
four layer system when the optimal energy distribution is used.
Note how most of the area is covered with all four layers and
that it is only close to areas with no reception (black) that
one may notice the different shades of gray. The explanation
for this can be found in the Rayleigh approximation model,
which implies that the population is concentrated close to the
transmitter and the propagation loss is large due
to the high propagation loss exponent . This leads
to a optimum with many layers using almost uniform energy
distribution. When this energy distribution is used with the
actual signal strength map, where path loss is based on more
accurate models, the energy used for the four layers is enough
to cover the shown area with all four layers and only locations
with bad reception appear as black.

IX. CONCLUSIONS

With increasing deployment of digital broadcast systems
there is an increasing interest to maximize value of trans-
mission and to increase network and service flexibility for
such systems. One possible way is through the use of mul-
tiresolution broadcasting. Since multiresolution source coding
is moving beyond research interest only and beginning to
appear in international standards, this paper investigates the
performance improvements available to digital multiresolution
broadcast systems. In such a system it is assumed that the mul-
tiresolution source coder is used to generate source data in the
form of different layers, one base layer and successive refine-
ment layers, thereby making it desirable to maximize system
performance by optimizing the energy distribution among the
layers in the transmitter. With available layers this may ini-
tially appear to be a constrained -dimensional problem, but
it is shown here that for many cases it may be simplified to

line searches.
For systems where the objective can be formulated using a

weighted value population product it was demonstrated that
an optimal energy distribution can considerably increase the
performance compared to a single layer system. By introducing
the relative population coverage function , it has been
shown that there exists an unique optimal energy distribution
for a fixed number of layers , when is concave.

Function construction of using analytical models for
signal strength and population distributions (Uniforms and
Rayleigh) or from grid data generated by more advanced signal
strength models and population databases, has been introduced.
A related example for a transmitter located in Luleå where grid
data for signal strength estimates and population were available
was presented demonstrating significant system performance
increases.

The methods presented in this paper show that physical layer
optimization of multiresolution broadcast systems provide per-
formance enhancements. Maximization of the value popula-
tion objective (and thereby possible revenue) provides best re-
turn on invested resources. Furthermore this provides a valuable
tool in broadcast network planning to allow flexible rollout of
new or tiered services.
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