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1 Introduction

In this report we present results of a performance studyefrtplatform, a modular stack-based architecture for sensor
nodes. An m-platform node consists of several boards or bérelware modules that have different performance prigsert
but share the same communication interfaces. The main atiotivfor a stack-based architecture is design flexibilitgd a
reconfiguration, and not necessarily least possible powkstest system response. Nevertheless, here we invedtgal
processing and communication properties, i.e., the pmdarce within a single node - a single stack of boards. We tthiisk
is an important analysis, especially considering the highigr cost of radio communication between different nodes.

The report focuses on power minimization, and in partigudartwo aspects related to the power consumption of the m-
platform. First, each processing element allows for indeleat dynamic power management. Namely, each processbecan
programmed to operate in one of the several power modes cdibqpe, by software-controlled voltage (DVS), or opergtin
frequency (DPM), or both. However, the largest power reidads achieved irsleep modes where the processor, some, or
all peripherals are not clocked. Second, an m-platfornkstaa heterogenous architecture, i.e., it consists of tbegssors
of different speed and power properties. Typically, seMera-power processors collect sensor data which is senttb a
processed on a more power consuming processor. The enaergyrned on these two types of processors can vary several
orders of magnitude. In this research we study a high-lenaglgriure that may provide answers to the following question
Can low-power processors also process data in real-tintethars eliminate the need for more powerful processors?riGive
application requirements how many processors are neg@s€&zan pure parallelization, i.e., with homogenous pramsss
reduce total power? What are the optimal operation modesaicin processor?

We present an integer linear programming (ILP) formulatbthe problem. The problem addresses the tradeoff between
system power and latency. Typically, the objective is toimine power consumption while satisfying the period and/or
deadline constraints of the application. In addition, waase application is specified as an acyclic task graph wineedge
represents a data dependency between two tasks, and an eidbétive size of the message communicated between the two
tasks. The resource specification consists of a power modebtth processor (and communication element, i.e., bubgof
node. The solution of the problem encodes both the optinséiHta-processor allocation, processor-to-mode mappiag a
task execution schedule. So, the objective function mimémpower while not violating the resource, precedenceiaridg
constraints. Note that a similar problem of latency miniatian (throughput maximization) under power constraigtalso
tractable in the ILP framework with some modifications.

The proposed procedure is aimed for periodic data-flow tasglgs that are common in signal processing applications.
As such it is assumed to be performed off-line. However,litpot, in the form of a static schedule, can be used as a lmasis f
an on-line scheduler if the application contains also aygicior bursty task requests (for instance, see the on-tineduler
in [17]). Also, the adopted power model does not containggner time costs for transition of operation modes. This ithbo
because mode-transition part of consumed power larglyraspen the dynamic portion of the application, and because fo
the audio applications considered in this study, that ganeqgligible.

The paper is structured as follows. In Sec. 2 we give the ldethithe proposed ILP formalism. The second part of
the report presents two case studies in exploring the pagoce of the m-platform. Sec. 3 describes the procedure on a
simplified application with Fast Fourier Transform comgtiatas and gives some conclusions about power minimizatioa f
typical m-platform stack. Sec. 4 reports on the current atfpim implementation of the sound source localizatiometm.

We also analyze power/latency performance using the véloesthe actual measurements.



Related Work. The details of the m-platform design and objectives can badan [3]. There exists extensive research on
sytem-level low power optimization. A good survey is givarj9]. Most of the techniques, especially analytical onasj
single processor systems. Our ILP formulation integrateliiprocessor allocation and schedule generation withatpey
mode selection. The ILP framework has also recently beafas@ptimization of multiprocessor systems, but with eliéfnt
optimization criteria and without taking into account pava¢ all. So, in [16], [23], and [26] the objective is to max#aj
respectively, the throughput, the minimal task slack, as#f xtensibility. In [19] authors use integer programntmngolve
the problems with more complicated power, but simpler tgninodels. In sensor networks research, ILP formalism was
recently also used to address optimization of global comoation between nodes [25, 20].

2 Integer Linear Programming Formalism

We assume that the system specification, i.e.inhet of the problem consists of:
e A set of processor® communicating through a shared Hugsing a TDMA protocol. Lef;, denote seP U {b}.

e For each processor or bys e P, a power model, i.e., a set of operating modes, specified with powet’,, ,,
consumed in each mode € M,,. AlImost all microcontrollers support frequency scaling, ®r instance, each mode
in M, may be related to a particular processor operating frequémaddition, and to simplify the notation, for each
p € Py the sleep mode which is entered wheneydrecomes idle is treated separately frart,. Let s denote this
mode andP, , the (relatively small) amount of power consumed in it.

e For eaclp € P an uper bound on processor utilization

o Adirected acyclic task grapti = (7, E) with a set of task§ andE C 72. Letr € 7 denote a task, and let a pair
(1:,7;) € E denote data dependency, i.e. precedence, between tworfasicr;.

e A period T of the execution of the task graph. Here we present the pureddr a single-rate applications. In a
multi-rate case, different task subgraphs may have diftgseriods, the constraints are written for multiple inses
of subgraphs, and’ is defined as the least common multiple of all subgraph psriod

e Arelease time; for each source node @f and a deadline timé; for each sink node ofr. A source (resp. sink) node
is each node of7 with input (resp. output) degree equal to 0. We assdme T for each sink node.

e Foreachtask c 7, processop € P and moden € M,, a worst-case task execution tirag, ,,. This value can be
measured or estimated by computing worst-case task nurhbgcles.

e For each task € 7 and moden € M, of a shared bus, a worst-case task output communicationdjme This
value can be measured or estimated by determining the tasigesof the output of task.

The procedure can also take into account energy per seretingeor energy per memory read or write operation. Al-
though this does not make the corresponding ILP more compiexio not present it here to keep the presentation simpler.

2.1 ILP Variables

The solution of the problem informally described in Sec. mhsists of allocation (task-to-processor) and operatiodeno
(processor-to-mode) mappings, but also of a static timedie for the tasks. Since the number of processors and modes
is finite and relatively small, the mappings could be encadlithd binary variables. However, this is generally not troe f
the schedule part of the solution and therefore the rightopation formalism is integer linear programming fornsafi. In
principle, a correct ILP solver will always find an optimalion, whenever there exists a feasible schedule thatfisetiall
constraints. For the CPLEX solver [15] that was used in thidys all constraints have to be of the fodm), a; - X; < b; or
> ai - X; > by, where coefficients; andb; are real constants and; are program variables that can be of either binary or
integer type.

The set ofcore variables of the ILP program, which is also thigput of the procedure, consists of:

o Binary task-to-processor allocation mattix For each task € 7 and each processpre P let X , be 1 if taskr is
allocated top, or O otherwise.



e Binary processor-to-mode mapping matfik For each processor or bpuse P, and each mode: € M, let M), ,,,
be 1 if processor or bysis to operate in mode:, or O otherwise.

e Integer task execution and communication start time indists S and C'. For each task € 7 let S, denote the time
instant whenr is ready to start executing, and €t denote the time instant whenis ready to start communicating
its output.

Depending on a problem instance, for a suliBedf tasks7 allocation may be determined directly by the problem
specification. For instance, a data sampling task may es@rly on certain processor boards connected with a paaticul
sensor. Let the pre-allocation functighbe defined or¥ and given as an additional input to the problem. Similarkiaset
P, of P, may have pre-assigned modes of operation. Let the pre-mgyfpnction/ be defined orP, and given as an
additional input to the problem.

Since some constraints cannot be represented as linearssigns of core program variables, additional variables ar
needed for the linear form of the program. For that purposédtowing binary variables arderived from the core variables
described above:

o W, p,m. Foreachr € 7, p € P,andm € M, let W, , ,,, be 1 if taskr is allocated to processgrand processop
is mapped to mode:, and 0 otherwise. Far = b let W ,,, be 1 if the output of the task is communicated over the
bus and if bus is mapped to modg and 0 otherwise.

e V. -,p- FOreach pair of tasks andr; of 7, let V., ;. , be 1ifr; andr; are both scheduled for execution on the
processop, and 0 otherwise.

e N, -,. This variable is taken into account only when the two taskandr; are allocated to the same processor. Let
N;, -, be 1if taskr; executes before;, and O otherwise.

e B, ;.. For each pair of tasks and7; of 7, let B,, -, be 1 if 7; andr; are allocated to the same processor and both

J

tasks have to send their outputs using the bus, and 0 otteerwis
2.2 ILP Constraints

The ILP problem is defined with the following set of consttain

e Atask can be allocated to only one processor. For all tasks/

d Xep=1

peEP

e A processor or a bus can operate in only one mode (at a timé whi in a sleep mode). For alle P,

> Mym=1

meM,

o By definition of a derived variabléV- , ,,,, we haveW, , ,, = 1 ifand only if X , = 1 and M, ,, = 1. Since the
variables are binary, this constraint can be expressed as

OSXT,p+M,m_2'WT,p,m§1

e Each source task € 7 cannot start execution before the release time instant
r’i S ST,;

Similarly, each sink task; € 7 has to complete execution before the deadline time instant

STi + Z Z €rip,m Wn,p,m S dz

pEP meM,



Each processar cannot be utilized above its maximum alowed utilizatign For eactp € P

Z Z er,;,m . W_ﬁp’m < Up

TET meM,

A task may be scheduled for execution only after all of itsdeeessor tasks complete. For each dependent task pair
(Ti,Tj) el
Sﬂ - S‘rj + Z Z 6‘ri.,p.,m : Wn,p,m S O

PEP meM,

Similarly, the output of a task may be communicated onlyrdfte task completes. For eache 7

Sﬂ - CTi + Z Z €ri,p,m * Wn,p,m <0

PEP meM,

By definition of a derived variablé”, -, ,, we haveV., -, , = lifand only if X, , = 1 andX;, , = 1. Since the
variables are binary, this constraint can be expressed as

0<Xpp+Xe;p—2-Virp <1

If the two tasks in a dependent task p@ir, 7;) € E are assigned to different processors, then the start tistarinof

7; is constrained by the completion of the communication ofaligput of ;. In the following constraint, the number

Z is a positive constant with a large value. If the two tasksamsigned to the same processor the leftmost element
of the sum takes a large value. The given constraint stitifi@ind the constraint is automatically satisfied, so the
communication time is ignored. However, if the two tasksrarkassigned to the same processor the leftmost element
is zero and the communication time is taken into accounteBioh dependent task péit, 7;) € £

Cr — STj + Z Criom Weym — 2 Z VTi-,ijp <0
meMy pEP

A task can begin its execution anytime but its execution oapmerlap with the execution of other tasks. Recalling
large constanf as in the previous constraint, the following constraintas automatically satisfied only if the tasks
7; andr; are allocated to the same processiy, (-, , = 1 for somep) and if ; executes before; (N, -, = 1). For
each dependent task péit, 7,) € E

iyTj

Sry — S"'j + Z Z eripm - Wrpom + Z Z - VTw‘Fp,’D +7Z- NTiaTj <2-Z
PEP meM,, pEP

Similarly, if 7; executes before; (NV;, ,, = 0) the constraint takes the form

ST]‘ - Sﬂ + Z Z 6‘rj,p,m : WTj,p,m + Z Z : VT.,;,Tj,p - Z : Nn,Tj S Z
pEP meM, peP

By definition of a derived variabl8,, ., we haveB,, ., = 1if and only if the tasks; andr; are allocated to the same
processor, if there exists;; € 7 such thaf{r;, 7;41) € F and the two tasks are not allocated to the same processor,

and if respective relations hold fey and7;;. Since the variables are binary, this constraint can beessed as

—2< E VTi,ij_ E VT'LaT'H»lap_ E VTj,Tj+1,P_3'BTi7Tj <0
peP peEP peP

Since the bus is shared through a TDMA protocol additionaelrmanication constraint is that two transmissions from
the same processor board cannot overlap. The followingi@nsis not automatically satisfied only in caBg ., = 1
andN,, -,
Cri—Coit > Com Weom+2Z - Bro+Z Nyry <22
meM,



Similarly, if 7; executes before; (N-, ,. = 0) the constraint takes the form

iyTj
Coy—Crit Y Com Wom+Z-Byr—Z2-Npyr <2

meM,

e The preallocated tasks generate the following constremtall T € 7

Xop = XT-,p

e The premapped processors generate the following constRainall p € P,

My = My m,
2.3 Objective function

In this paper we minimize the system power while satisfyingirtg and dependency constraints described above. We
assume that the total system power consists of power comsbynsomputation and communication element®gfi.e., by
processor® and bush. The simplest power model corresponds to the operation iohwélement ofP, remains in the same
mode all the time, i.e., even when it is idle. In this case ttaltsystem power, written as a linear expression of program
variablesM,, ,,, and power coefficient®, ,,, is

P=>"> Ppm -Mpm

pEP meM,

However, to save energy, in a typical implementation, a@ssor or a bus goes into the sleep mode of operation, as soon as
no task is ready for execution or communication. In this cegest-case execution and communication times must batake
into account to compute duty cycle, ,,, of a processop in modem and duty cycleD, ,, of busb in modem. Recall that

P, s represents the power consumed in the sleep mode. The systeen is given with the expression

P = Z Z (Ppym'Dp7m+Pp,s'(1_Dp,m))

pEPy mEMp

where

eT,p,m cT,m
Dy = E —r Wrpm and Dy = E T Wrm
Te€T Te€T

In the rest of the paper we assume the latter, more realistio, of power model.

3 FFT Model

In this section we demonstrate the optimization procedura simple FFT-based application model. We first present
model parameters, some of them measured in previous résearne only estimated to be as close as possible to the turren
m-platform implementation.

Two processor boards are currently developed for the nigplat ARM - medium-power ARM7TDMI-based OKI
ML67Q5003 board [7], and/ S P - low-power MSP430-based TI MSP430F1611 board [6]. Notettl@powers consumed
by the two boards in their fastest active mode differ aboutr@@s (total current fod RM being about 70mA, and fav/ S P
about 2mA). Future m-patform configurations will also havegh-power Intel PXA based board. Each board also contains
a low-power CPLD [8] that implements a TDMA based shared Hiet. a stack of oneARM and two M SP boards be
available for the application discussed in this section.a8oording to the notation described in the previous seeti® may
write P = {ARMO0, M SP1,MSP2}andb = CPLD.

The maximum clock frequency of theR M processor is 60MHz. A software controlled divider can slbwoiwn 2,4,8,16,
or 32 times [7]. ThereforeM 4 g0 contains 6 modes defined by the operating frequency. Forahes ofP4rao,m We
use the results of extensive power measurements preseni&8]i Similarly, theM SP processor used in the current m-
platform design can operate with 4 different frequencies fastest being 6Mhz [6]. The data Bi/sp1,m = Prysp2,m IS
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Figure 1. (a) Task graph for the Sec. 3 example (b) Optimal solution, N, =8

taken from [22]. Finally, the” PL D bus is nominally clocked at 16MHz, but can also be slowed dmoperate in one of
the five different frequencies. This enables adjustmentiseof’ P L. D power consumption according to the processor which
it is connected to. Power dafa-pr.p.», can be computed from the curves given in [8]. In this exam@eagsume that the
utilization bound for each processpis u, = 1, i.e., we assume full processor utilization.

As shown in Fig. 1(a) the application task graph consist)dhsks, where PRE denotes preprocessing, FFT Fast Fourier
Transform, PROC processing, and POST postprocessing tadks graph was constructed as a simplified version of a
beamforming application task graphs used in [10] or [24]e Tdur audio channels are sampled (denoted with S) at the same
time. The symbolf; denotes the frequency with which data is sampled at eachnehaRor audio applications the value
for f, is typically taken from the range 4-8KHz. The symtd] denotes the size of the processing block of samples. For
FFT applications it is equal to a power of 2, typically lartfean 128. Under the assumption that every sample is going to b
processed, the period of the task graph is equdl te &=. Even though it is not necessary, here we assume that theseele
time of all PRE tasks is 0, and that the deadline for each gpaph i.e., of the POST task is equalfo Finally, the values
for the task execution and communication times are detexthfrom the values reported in research papers [14] and [13],
and application notes [1] and [5].

In this example we also assume that the m-platform impleatiemt demanded preallocation of some tasks. Namely, as
shown with dashed line in Fig. 1(a) the two PRE tasks are redub execute on th&/ S P1, the two other PRE tasks on
the M S P2, and the POST task on theR M processor. Using the notation described in Sec. 2 we majp$tance, write
XposT,ArM = 1.

After all these application parameters are determinednitg of the problem is specified, and the constraints anembj
tive are fully defined. We used the CPLEX ILP environment tivasdor the optimal variable values, and then interpreted th
core variablesX. ,, M, ., S-, and C-, for the allocation, mode mappings and the static schedifieexperimented with
different parameter values and also with other task graphtaming up to 30 tasks. In most cases the optimizationquhore
takes 0-20 seconds on a 2GHz server running Windows XP. Qarlgraphs it may take up to a couple of minutes, but a user
may specify cutoff time after which the solver outputs thetl®lution found.

Fig. 1(b), Fig. 2(c), and Fig. 2(d) graphically show the oml schedule for the cases whéh = 8, N, = 32, and
N, = 128, respectively. The graphs show how power-optimal taskcation (i.e., optimal value foX ,) changes by
changing the sample block si2é;. The direct consequence of increasiNg is increase in execution and communication
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Figure 2. Sec. 3 example (c) Optimal solution, Ny = 32 (d) Optimal solution, N, = 256

times of all tasks. We see that for small values\af i.e., for the values o, , andc, , small enough to be executed on an
M S P processor, the optimal assignement tries to utilizeh&P’s as much as possible. For larger values\afmost of
the tasks tend to be allocated on th&M processor.

What the graphs do not show is the power-optimal processarede mapping, i.e., the optimal value fdf, ,,,. However,
for this mapping the optimization procedure usually resitthe fastest possible mode for all processors and thedfus (
course, under the assumption that each processor goespasisoon as it becomesidle). This is so because in thisiadpl
application model that uses estimated or calculated pongtiming parameters, the processor power in a mode is arlinea
function of mode frequency, and the execution times aregahg proportional to the frequency. This is true for therently
used m-platform processors, because they can only manage goough frequency scaling. However, this does not Hold i
a processor exhibits dynamic voltage scaling, as in the afabee Intel PXA processor. In such processors, DVS can educ
power consumption quadratically, while reducing exeausipeed only linearly. This also means that the same perfarena
can be achieved with reduced power by the distribution ofctiraputation load even using homogenous processors [24].
To conclude, if for the m-platform processors DVS is not atiap the power optimization has to leverage heterogenous
character of the platform. This typically means to execstmany tasks as possible at low-pow&f § P) boards.

4 SSL Implementation

In the final section of the report we describe the sound sdapadization algorithm, study its computational comptexi
discuss its implementation, and analyze its performanddem-platformARM board. This is just an intermediate step
in the project since the goal is to have an end-to-end logaliGgiion that takes the advantage of both low and high power
processors of the platform.

Sound source localization implementations are becomingneoon in teleconference, intelligent environment, and othe
applications with human-computer interactions. Severthwods have been developed for source location estimafioa.
SSL algorithm studied here, the SRP-PHAT algorithm [11§susn array of precisely positioned microphones to determin
the location of an acoustical source. It is primarily desigjifior a single active sound source at a time. Compared to othe
algorithms, SRP-PHAT is simple and efficient, yet robustiagtaroise and reverberation. For more complex algorithems s
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| Parameter | RingCam| m-platform]
sampling frequency 16KHz 8KHz
sample block siz&V g g1 640 512
number of hypotheses;, 20 12
number of microphone®d,,, 8 4
window sizeN,, 240 240
(b)

Figure 3. (a) Task graph for the SSL application (b) Parameter values in two SSL implementations

the discussion ifi2].

In SRP-PHAT and similar algorithms the location is determmliby computing delay between times of audio signal arrival
to different microphones. This delay could, in principle, éstimated from the signal cross-correlation functionthVein
array of microphones, the sum of correlation functions @lguairs of microphones has to be considered and maximiged.
the number of used microphones\¥s, such a sum would naturally requié¥ V2,) computational complexity. However, by
assuming a certain suitable weighting function to take &@oount the noise, the complexity can be reduced®@,,,) [2].

In practice, the maximization of the correlation functisrachieved through hypothesis testing. Namely, multiplec®
location hypotheses are tested and the one that result®itatpest correlation is declared as the source location. Fo
teleconference applications the location is commonlyesg@nted in spherical coordinates, so each hypothesisponds to
a spherical segment at a certain distance from the centbeaftene. The selection of the number of hypoth@ées also
important and directly affects computational complexégd [21] for improvements).

The signal processing algorithms like SRP-PHAT are usyedijormed in the frequency domain because of more efficient
processing and noise filtering. The algorithm is performardaf window of frequencies, i.e., for a window of,, discrete
frequencies. For audio applications this window is usuailyin 0.2-4KHz. Moreover, since hypothesis testing iscuse
the SRP-PHAT algorithm, the frequency domain allows fortéegtavith a phase shift for each hypothesis to be computed off-
line, thus reducing the number of operations performedrma-Fig. 5(a) shows the task graph of the SRP-PHAT algorithm
Shown for four audio channels, it resembles the task grapiginl(a). The SC task performs noise power estimation.én th
simplest variants of the algorithm the noise level is usetldssify the currently processing block of samples, iceddcide
whether the currently processed sound is noise or voicéelbtock is classified as a block of voice samples the SSL task
is executed to determine source location through coroglatiaximization. In more complex algorithm variants the pow
level itself is used in the expression for correlation. Th&GAtask is executed only after a certain number of the SSL task
executions. It perfroms the averaging of the location outfthe SSL task.

We implemented the algorithm on the m-platfori® M/ board with the ARM7TDMI 60MHz processor, 512K of Flash
ROM, and 32K RAM. The SRP-PHAT algorithm puts such an archites close to its performance bounds. In comparison,



the similar algorithm was implemented in the scope of theggRemm project [12]. There, the system was also used for audio
archiving, but the hardware consisited of two dual cpu (Rem#}) 2.2GHz machines. To give a sense of the difference in
performance of the two implementations we show the valuaswwie SSL parameters in Fig. 5(b). One of the problems with
the ARM solution is that the ARM7TDMI processor does not have DSRufea [4]. The most serious drawback for signal
processing is that the floating-point arithmetic is not supgd in hardware. The application was implemented anédest
using the ArmGnu suite of open tools. The new versions ofdabkdhain do not emulate floating-point operations, bugadt
have efficient software libraries. This difference alone oske the execution times of the SSL algorithm smaller ntoaa t
ten times. Another drawback is that the DMA transfer avddain theA R board is not suitable for multiple-channel audio
applications neither in burst nor in cycle-stealing mode Therefore, sampling had to be done through interrupt£katin

our case, resulted in overhead of about 5%.

On the other hand, the parameter space of the SSL algorithangis, which enables tuning the performance even for
embedded implementations as in the m-platform case. Bek&ldasic signal processing parameters such as sampling
frequencyf,, the sample block siz& 7, and the window sizév,,,, there are several SSL-related parameters such as the
number of microphone#/,,,, the number of hypothese$,, the classification threshold for the SSL execution, theopler
of the AVG task, and various noise related parameters fardhgn modifications. The effect of each of these parameters
on the application time and memory complexity can be trernaadFor instance, the size of the constant look-up tabte tha
stores phase-shift values for all location hypotheséYi§;, - N,,, - N,,). Since each value is a complex number, even for the
parameter values given in Fig. 5(b) the requirement easityssup to 200KB. The RAM requirements adéNppr - Npp,)
which may also be critical since théR M board has only 32KB of RAM.

250 250
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Figure 4. Task execution times in us as a function of number of hypotheses (a) and frequency window
size (b)
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Figure 5. Measured task execution times values for Fig. 4
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The time complexity analysis of the SSL algorithm is impottiédwe want to have timing guarantees for the application.
The tasks in basic variant of the algorithm perform the follgy order of operations (usually multiply operation@);Ngpr -

Np,) for FFT,O(N}, - N,) for SC, andO(N}, - Ny, - N,,) for SSL. So, the dominant part of the time is required for tB& S
task, which becomes even worse if noise correction algostare implemented)(/N?2)). However, the code for all the
tasks typically consists of nested loops of arithmetic afiens, so the execution times are highly deterministicanubst
data independent. We measured the task execution times€@0MHz mode, and studied the dependence with respect to
application parameters. Fig. 4(a) and (b) show the resulth& parameterd’;, andN,, respectively. The values for the FFT
and SC tasks are shown for all four task instances. The sesuifirm the linear dependence, which also enables ILPdbase
procedures if performance optimization over a certainpatar is desired.

Assuming the sampling frequengy=8KHz and sample block siz&rr7=512 the block of samples is collected in time
Ty = N*JZ.SFT =64ms. When the total execution timg,; = errr + esc + essy, for the entire task graph is taken into
account, we see that th&RM processor can process every sample in real-time only fomibst conservative values of
other parameters. Namely, Fig. 6(a) and (b) show the @%’Fowhen the parameters;, and N,, are varied respectively.
Ideally, this ratio should be less than 1. So, for instarfcd/;,=12 (i.e., location resolution of 30 degrees) afig=240, we
havee%—?:2.6, which means that only every third sample can be predesalthough we did not implement the algorithm
on the entire m-platform, i.e., distributed on bottRA and M SP processors, we have enough data about execution and
communication times (c.f. [3]) to estimate the performanfen m-platform stack consists of foud S P processors and
one ARM processor, we would like to have eathS P executing FFT and SC tasks, and th& )/ executing the SSL and
AVG tasks. With the same values of the parameters as beferarthlysis shows that all processors can complete their load
in about 140ms (including communication usi@@ L D). This results ine%—;':Z.Z . However, this analysis assumes that the
SSL task is executed in every periég which is not the case, since some blocks of samples arefeldss noise.
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