Geosci. Instrum. Method. Data Syst., 1, 332012 Geoscientific
www.geosci-instrum-method-data-syst.net/1/23/2012/ Instrumentation
doi:10.5194/gi-1-23-2012 Methods and
© Author(s) 2012. CC Attribution 3.0 License. Data Systems

&

Martian dust devils detector over FPGA

E. de Lucag, M. J. Miguel®, D. Mozog', and L. VazqueZ

lUniversidad Complutense de Madrid, Departamento de Arquitectura de Computadores a#esapm
Facultad de Inforratica, Madrid, Spain
2Universidad Complutense de Madrid, Departamento de MatiemAplicada, Facultad de Infoética, Madrid, Spain

Correspondence tdE. de Lucas (enriquedelucas@pas.ucm.es)

Received: 1 November 2011 — Published in Geosci. Instrum. Method. Data Syst. Discuss.: 1 December 2011
Revised: 14 March 2012 — Accepted: 23 March 2012 — Published: 20 April 2012

Abstract. Digital applications that must be on-board space solutions, since they eliminate the overhead due to instruc-
missions must comply with a very restrictive set of require- tion decoding and they include optimized hardware for the
ments. These include energy efficiency, small volume andequested operations instead of carrying out those opera-
weight, robustness and high performance. Moreover, theséons, executing a sequence of predefined generic instruc-
circuits cannot be repaired in case of error, so they must b&ions. However, due to the exigent volume restrictions and
reliable or provide some way to recover from errors. Thesethe complex and expensive design process, it is not always
features make reconfigurable hardware (FPGAs, Field Profeasible to implement all the needed functionalities of an em-
grammable Gate Arrays) a very suitable technology to bebedded system using only a hardware solution based on Ap-
used in space missions. This paper presents a Martian duglication Specific Integrated Circuits (ASICs). Nevertheless,
devil detector implemented on an FPGA. The results showsince embedded systems are targeting more and more com-
that a hardware implementation of the algorithm presentglex applications, it is not likely that a software-based solu-
very good numbers in terms of performance compared withtion will achieve the requested performance. Hence, hard-
the software version. Moreover, as the amount of timeware accelerators for the most complex tasks are needed.
needed to perform all the computations on the reconfigurable puring the last 20 yr, the hardware reconfigurable technol-
hardware is Sma”, this hardware can be used most of the tlmggy has evolved from small uniform deviceS, able to imp|e_
to realize other applications. ment small circuits and are statically reconfigurable, to very
huge heterogeneous devices with capacity to be dynamically
reconfigured. This evolution has produced FPGAs (the most
popular type of reconfigurable hardware) which are used in
a great number of applications, automotive circuits, digital

Digital systems for space applications have some special ré/M2ge processing, video games, etc.
quirements not needed on normal systems. These require- Although FPGAs are very promising to be used in space
ments include energy/power efficiency, small volume, ro-applications, they have several problems that must be fixed
bustness and high performance as well as resistance und#ét the future in order to be a really practical solution. The
extreme conditions of pressure, temperature fluctuations, ramain problem seems to be that the reprogramming feature
diation and mechanical shock. Traditionally, this has beerof the current FPGAs is more sensitive to radiation than the
achieved using embedded microprocessors and dedicatgifogrammed device and might fail at a much lower total ra-
hardware peripherals. But many times the performance ofliation dose than stated by the manufacturers for the pro-
these devices is not enough for the applications. Moreovergrammed device. So, more research must be done in this
many applications have a high degree of internal parallelismissue in order to get FPGAs totally reliable.
that it is not used to improve the performance. In the field of space applications, one additional require-
In general, hardware-based solutions provide better perment is that all the hardware sent in space missions must be
formance and less energy consumption than purely softwareertified for space operation. This is because space-based

1 Introduction
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24 E. de Lucas et al.: Martian dust devils detector over FPGA

several hardware peripherals, carrying out different functions
during different phases of the mission.

The flexibility provided by reconfigurable hardware can
also be used to modify the functionality of the satellite instru-
mentation during the flight, or to automatically recover the
system from malfunction. Moreover, the hardware design-

FPGA cycle for FPGAs is much shorter than the one for custom in-

tegrated circuits, mainly because the design can be tested on

the target platform since the first steps of the design process,
thus, avoiding a complex chip fabrication process. Neverthe-
less, in space applications always exists an additional cost of

the designed circuits dedicated to verify the quality require-
ments of the instrumentation.

In this paper we are going to present a space application
that shows that the use of FPGAs is a good alternative in
this kind of situations. The application is used to detect dust
devils on the Martian surface. A dust devil is a hot whirlwind

systems must operate in an environment in which radiationqenerated by a huge contrast between the atmospheric air and

effects have an adverse impact on integrated circuit operat_he surface in contact. This phenomenon has been studied on

tion (Thomson 2009. lonizing radiation can cause soft er- Earth ant()j Me;)rlsRengno et a(Ij.ZOO(Cj) ar_lld |é|sfwell-rl1<n0\;]vn. we d
rors in the static cells used to hold the configuration data. avr:e t.od €a e.to etect. lljsfrh_ew S ehore:] €y happen due
This will affect the circuit functionality and ultimately re- o their destructive potential. This weather phenomenon can

sult in system failure. This requires special FPGAs that pro-224S¢ great damage (o instrumentation and human beings. It

vide on-chip reconfiguration error detection and/or correc—'hsa\ljgot\)":a r:argh?etpi)?{zs bi(gndll\J/lS;rges\glr?eagS:tt c}elilrirllsorfar\]/zigbkgén
tion circuitry. High-speed, radiation-hardened FPGA chips, - . - .
y. Fign-sp b dentified with a height over 10 km. Apart from that, the fric-

with million gate densities have recently emerged to supporf, db ded icles bri h ic load
the high throughput requirements for space applications. IrFIon caused by suspended particles brings a huge static loa

fact, radiation-hardened FPGASs are in great demand for mil°V€" dangerous'levels. _

itary and space applications. For instance, companies such as 1he dust devils are detected as sudden changes in tem-
Actel Corporation or Xilinx have been producing radiation- Perature and pressure. The need to have an automatic system
tolerant anti-fuse FPGASs for several years, intended for high_that detects these phenomenon is due to the dl.stance between
reliability space-flight systems. Actel FPGAs have been on-Earth and Mars. The key to propose a dust devil detector over
board more than 100 launches and Xilinx FPGAs have bee@n FPGA is that (1) an application like this is cheap in terms

used in more than 50 missions (for instanGtnx , 2003ab of space in an FPGA, (2) we can implement a lot of differ-
andGraham et a).1999. ent applications in the FPGA at the same time, (3) we can

reprogram it if we need to and (4) there are FPGAs tested for
space for other applications.

flexibility

performance

Fig. 1. Trade-off flexibility performance for different technologies.

FPGAs are an intermediate solution between software de
velopments (highly flexible, but power consuming and with
performance problems) and ASICS (static applications, with
good numbers in performance and power consumption), as
we can see in Fig. 1. 2 System description

FPGAs are now fully reconfigurableDéHon and
Wawrzynek 2009 Hauck and DeHon2008, a technolog- To develop the design many ideas have been studied. We
ical feature that allows a control station on Earth to adap-have studied several approaches to the STA/LTA algorithm
tively select a data processing algorithm (out of a pool ofand have implemented a software version in order to obtain
available algorithms implemented on the FPGA) to be ap-a first approach to the solution. STA and LTA mean Short
plied on-board. The idea is that FPGAs can be reconfiguredime Average and Long Time Average, respectively. The
on the fly. This approach is called run-time reconfigurationidea about having STA and LTA is that STA represents the
(Resano et al.2008. Basically, the FPGA (or a region of recent changes and LTA represents the long time changes in
the FPGA) executes a series of tasks one after another byome parameters. If we detect changes between the behavior
reconfiguring itself between tasks. The reconfiguration pro-of the temperature and pressure parameters in the short and
cess updates the functionality implemented in the FPGA, andarge time, we will declare an event that could be a dust devil.

a new task can then be executed. This time-multiplexing apin order to achieve a better realism, we used real data from
proach supports the reduction of hardware components onMars Pathfinder (PF) mission to test our design. Once the
board since one single reconfigurable module can substitutalgorithm has been validated in software, we implemented a
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1
cheracteristic CV=PVFTHR?
Temperature sample function Yes, declare
Dust Devil CV and PV Syl
Pressure

Fig. 3. Data flow diagram STA/LTA algorithm.

Fig. 2. A dust devil implies a temperature rise and a pressure drop.
respect to a threshold value (THR), we will report an event

(see Fig. 3).
hardware design in an FPGA and a communication strategy
between PC and FPGA. 2.3 Software approximation
2.1 Inputdata Different possibilities have been studied with software built

) . . around STA/LTA algorithms and their configuration param-
In order to recreate appropriately the Martian environment,gia g (number of STA and LTA samples and THR value).
we have used real data from the experiments in Mars PF misonCe tested, they were implemented on an FPGA. To exe-
sion (Schofield 1997). In 1997 this mission, which included o\ ,e the variants of these algorithms, these are needed (1) a
the PF lander and a surface rover, the Sojourner completed, iiapje storage structure for STA and LTA sets, (2) a specific
a successful landing on Mars. This mission recovered datgyniementation of primary characteristic function (PCF) and
from the red planet for more than 3 months. (3) the definition of a THR value and its associated charac-

The sensors of the PF lande3¢(ffet et al. 19979 mea-  (4/istic function.

sured pressure at one height and temperature at three differ- The STA and LTA sets have a finite and static number of

ent heights (0.25m, 0.5m and 1 m over the surface). The PE,amples. We have decided to use a circular array to handle

ulthe refreshing of the STA and LTA sets efficiently. That cir-

it experienced problems and its data are not available in th%ular array, which stores the samples as we see in Fig. 4, is a

tF\’AIIanetft:lry Data ISystem \;veb pg%ﬁ. The. nommallpgrlod bleéontiguous memory zone with two more variables to manage
€en two samples was = s and the minimum period was £ . (a) an auxiliary pointer, that points to a position in mem-
for periods no longer than 1 h.

Data from this mission can be accessed by anybody i ory where is stored the oldest element of the array; and (b) an

KSR ety Dot Syem v pagash POS(997. | SO e et e e
where we can find Mars PF mission data in a tabulated texb v th i d tion is th ithmeti f.
plain format containing sensor lectures and date information. sually, the most used operation s the arnthmelic average o

During the mission was detected certain number of dust dev-each set, but we can make more complex calculations. Other

ils (Renno et al.2000 that we used to test our system. usugl fll,lmcnonhs are LOOt mean square anq d|spers!0n. h
For our interest and with the purpose of dust devil detec- T nally, we have the THR concept and its associated char-

tion, we needed to study data from temperature and a,[rm.)z_atcteristic function (ACF). In our case we want to detect rise

spheric pressure, because these are the variables involvé’rﬂ]'d descr:]ent events on temperaiure gnddpressu(;(_a values. For
when a dust devil runs over a surface. Specifically, a dusfhat we have a rising THR (THY and a descending THR

devil produces a temperature rise and a pressure drop (sé-e(Hl_RD)' To detect variations between STA and LTA sets, we
Fig. 2). In order to minimize the temperature error induced'€@liZ€ a division between STA average (S¥8) and LTA

for the heat of the PF lander, we only take into account the?Verage (LTAve) and thenwe compare its result with TgR

temperature data of the higher temperature sensor. and THR, as we show in Fig. 5. STé is equivalent to
CV and LTAayc is equivalent to PV.

2.2 Algorithm
2.4 Hardware

STA/LTA algorithms were developed for the first time lbge
and Stewar{1981) and therefore were improved for seismic Once we tested the different variants of STA/LTA algorithms,
detection byAllen (1982. These algorithms are based on we implemented the hardware version. We used a Virtex |l
two sample sets: a short time set (STA) and long time sefPro to develop our designs and all the logic was implemented
(LTA). with CLBs (Configurable Logic Blocks)(see in Fig. 6 the

With these two sample sets, we can do different opera-board used to realize this implementation). Each CLB con-
tions to achieve the current value (CV) and predicted valuetains four slicesXilinx, 2007). In a Virtex Il the time used to
(PV) results of our algorithm, which are compared with eachreconfigure one fifth of the total reconfigurable area is around
other and if we get significant changes between them withd ms.
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) 4. As we said we have two sample sets, STA and LTA,
level is 0 being STA the set used to compute SJA (STA aver-
aUX age) and LTA used to compute L) (LTA average).
In order to calculate efficiently the arithmetic average
a occupation and the root mean square, we introduce an integer vari-
LoeGlE able for each set, which represents the sum of all values
aux in each set. So when we introduce a new sample, we do
: not have to sum up all samples again; we only have to
alb| | ... occupation subtract the least recently used sample from this integer
level is 2 . .
variable and add the new sample obtaining the sum of
aux n-3 steps all samples at O(1) time,
Al ke occupation atazt..tay
level is n-1 n
aux T ar+ax+...+a, +an+1—a1
n n
alb|c| ... [dle|f] RO az+...+ap +an41
level is n n (1)
aux
ol Tdle[ 1 T 5. E_V(_er_ltually, we studied th_e viability_of chqnge inte_ger
level is n division by binary right shift. Each right shift of an in-
aux teger represents a division by two; so if we can utilize
this replacement, the division would be done in a single
Fig. 4. Circular array occupation. clock cycle instead of several. This produces an impor-
tant reduction in area and execution time.
2.4.1 Hardware improvements 2.4.2 Hardware communication

With a hardware design we can achieve a better performanc€&he data to be analyzed was sent from a PC to the FPGA.
than with a software design for several reasons. This communication was performed through a serial port us-
A hardware design in an FPGA allows a high degree ofing RS232 protocol at 115200 baud rate without hardware
parallelism. We can implement a system with a module forflow control, one stop bit and no parity. The reason to use
each magnitude without overhead on time execution. Alsothis method is that we do not need a system that computes a
with this alternative, we can have different modules with huge amount of data in the minimum possible time; we need
arithmetic average, root mean square, dispersion or any other system that computes a single piece of data in the mini-

functions as we want. mum number of cycles, because the maximum frequency of
For all hardware algorithms we have taken the following new data is 1 Hz. So this strategy (see Fig. 7) is enough for
design decisions: our requirements. We have defined not only a sample four

bytes frame to send data to the FPGA, but also for test pur-
{poses we have defined a four bytes return frame that contains
execution information.

1. We work with fixed point numbers. The reason is that
the hardware required to execute integer division is no
as expensive as float point division hardware. So we
send data to the FPGA in fixed point format. Also, 5 43  Arithmetic average version
the studied magnitudes such as pressure and tempera-
ture are presented in millibar and kelvin units, respec-This algorithm calculates STfg and LTAavg (see Fig. 9),
tively, which allows us to work with unsigned integers. being the PCF the arithmetic average, and then executes the
The use of integer arithmetic is not always possible; in ACF (Associated Characteristic Function), which obtains the
most situations it will be necessary to work with floating result of the algorithm, i.e. declares or does not declare an

point numbers. event. The core ACF is composed by a division between
2. We have defined a four byte-wide data for each in- tShTAAVG .Itlos)tha'rlla LTA\V(;;T(See F'%‘ 8). dThlen, Wﬁ compare
sample and return value. IS result wi R an Ry and we declare the event as

appropriate or not. The reason to multiply S\i& by one
3. In order to achieve a better performance, we have im-hundred is that we are using fixed point arithmetic and we
plemented a circular FIFO RAM to access and computewant two digit precision to compare with the THRs.
data samples. This FIFO RAM has an integer occupa- About cycles of execution we have to comment that when
tion variable and a least recently used pointer to run.  we receive a new sample until we finish the execution for that
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generate STAvg
and
LTAxvG

generate

STAava/ LTAv
IF (PFCpressure < THRp)
and
(PFCtemp > THRy) THEN
declare event;

samples ‘

generate STAxvg generate

)

@ State Purpose
S1 Reset
Yes No S2 Receive data
$3 Wait end algorithm
execution
Signaling new _four S4 Send return data
bytes data received.

Y.
Quotient 3 bytes for sample number
I [ ]
@ 3130...2423 ees 0

—‘ \—1 Event bit

(a) (©)

No (b)
1 Byte 1 Byte 1 Byte 1 Byte
€s
Yes No

Fig. 6. XUPV2P30 Development System. Fig. 7. (a)Data flow diagram of system’s communicatigh) Table
of states(c) Frame sample and return value format.

sample, we consume 79 clock cycles. A big amount of those
cycles are due to the two divisions of the algorithm (36 clock2.4.4  Arithmetic average optimized version
cycles per division): one division to calculate STA and LTA
averages and other division to calculate STA average and\s we said if we can achieve a configuration with a number
LTA average quotient. So if we are able to eliminate theseof samples power of two by each sample set, we can replace
divisions, we would accelerate rather the whole algorithm.the division by a right shift. This shift will be of positions,
We cannot eliminate the second division, because we canndieingx = log,(number of samples). The algorithm is sim-
guarantee that LTAyg is a power of two, but the number of ilar to the original algorithm, being the only difference the
samples of STA and LTA sets can be a power of two; it de-substitution of the divider by a right shifter. Due to this right
pends on if we are able to achieve configuration parametershift, it will be necessary a new initial stage to initialize the
with this characteristic and if that fulfills our requirements.  content of the FIFO RAMs before we start to divide. Only
Eventually, we have to speak about FPGA utilization. Thewhen we have filled the FIFO RAMs, we can start to divide;
final report provided by Xilinx shows us an utilization of otherwise, we will obtain several incorrect initial values (up
29 % of slices, with a number of samples of 64 for the STA to the number of LTA samples). With this variation we save
set and 128 for the LTA set. 36 clock cycles. The final report provided by Xilinx shows us
an utilization of 11 % (instead 29 %) of slices, with a number
of samples of 64 for the STA set and 128 for the LTA set.

www.geosci-instrum-method-data-syst.net/1/23/2012/ Geosci. Instrum. Method. Data Syst., 1,28-2012
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@ State Purpose
’ﬂ ready? No S1 Reset
2 Wait until finish STA Ay and
Calculate
No 83 STAAvG*100/LTAvg
Yes Count=36 —— 4 Signaling end and declare or
% not an event
|
Clock .
®&—»  Mult100 uotient
> Sample(31:0) STA [—> ™ Numerator Quot. —®
®—> NewSample ready - LTA Denom. Rest [ X
> Clock ModuleSTA division
®—>| Reset —»| Clock
o Sample(31:0) LTA |-lg Quotient Event >
&—» | if((QUOTIENT>THRr)or
@®—» NewSample ready —@ (QUOTIENT<THRAJ))
then Event<='l" else
®—> (Clock ModuleLTA Event<="0’;
®—» Reset STA ready
——— 2 endExec
LTA ready Z:=aandb —@
———1 7

Fig. 8. (a)Data flow diagram of arithmetic average versi¢n). Ta-
ble of states(c) Interconnection.

—»EWrite Occupation ——p Suﬂb N Quot. ez
um. uot. [—@
—»{Sampleln SampleOut _»Occupatﬁa Den Rest —X
fifoRAM el
division
—»{Clock
S > Clock
ampleln
> FSM EWrite
—>
Clock | Sum=(Sum+Sampleln | Ready
- SampleOut)
SampleOut Suny
—>

Fig. 9. Core arithmetic average version.

2.4.5 Root mean square version

E. de Lucas et al.: Martian dust devils detector over FPGA

—» EWrite Occupation ——p Sum [ Num, Quot. Evega
—>»{SampleSqr  SampleOut —>OCCUPHER Den. Rest L —x
fifoRAM division
—¥{Clock —» Clock
Sampleﬂ FSM EWrite —| Sampleln SampleSqr PY
. C . . R—E
(Joc_k> bum—(bum+b?mplc5qr eady multiplier
- SampleOut) Sum
SampleOLt’
—pf Clock
Fig. 10. Core root mean square version.
Table 1. Algorithm parameters.
Parameter Pressure  Temperature
No STA samples 8 4
No LTA samples 1024 32
THRR 0.997 -
THRp - 1.01

Regarding the FPGA occupation, now, we have two new
32-bit multipliers so the size of the design grows signifi-
cantly. Each multiplier occupies 1088 LUTs of the FPGA.
Due to the fact that we have similar results with this algo-
rithm and the first algorithm, we have decided not to imple-
ment it in hardware.

2.4.6 Dust devils detector version

This algorithm consists of two copies of the first algorithm
(arithmetic average algorithm), one for each magnitude to
analyze, in our case a module for pressure and the other for
temperature. The difference to the first algorithm is the fi-
nal part of the ACF, which is the condition to determine if
we signal an event or not. In our study of the data with the
software version of this algorithm, we obtained the configu-
ration parameters contained in Table 1. These parameters are
the number of samples for each set for pressure and temper-
ature and the values for THFRand THRy.

As we can see we achieved, for a number of samples,
power of two for each sample set, so the dust devil detec-

This variation of the algorithm calculat_es the root mean s, will be implemented with the optimized version of the
square of the samples. When we receive the new samplgj-st aigorithm. So we have the same number of clock cycles
we calculate the square of it and this is what we send to the,s the first algorithm: 79 for normal algorithm and 43 for

FIFO RAM of STA and LTA modules (see Fig. 10). The rest

the optimized version. Regarding the FPGA occupation, we

of the algorithm is the same as the arithmetic average algogpained a rate of 59 % of slices for the normal version and

rithm. As we have to calculate the square of each sample, We3 o4 tor the optimized version. The number of samples of

have introduced a multiplier in the design.
Each multiplier adds 5 clock cycles in parallel with execu- tion of the algorithm, using larger sets when it is necessary

tion time and due to that we need to store the new samplemore sensitivity.

to calculate the square we add one more clock cycle. Then,

we have an algorithm that can compute a new sample each

79+ 5+ 1 =85 clock cycles.

Geosci. Instrum. Method. Data Syst., 1, 2334, 2012

each set could change dynamically depending on the evolu-
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Table 2. Hardware and Software comparative.

29

Arithmetic Average

Software Hardware Optimized Hardware
Samples freq. (Hz) 94931.0070 1327311.9241 2383127.2727
Gain 1.0 13.9819 25.1037

Dust Devils Detector

Software Hardware Optimized Hardware
Samples freq. (Hz) 91819.5936 1327311.9241 2383127.2727
Gain 1.0 14.4562 25.9543

* Results obtained supposing that we have a new data every time we need it.

Table 3. Test 1. Dust devils detected each sol.

Algorithm parameters Test 1

Parameter Pressure Temperature
No STA samples 8 4
No LTA samples 1024 32

THRR 0.997 -

THRp - 1.01

Results for Test 1

Sol Local Hour Detected
25 13:10 Yes
25 13:53 Yes
34 09:52 No
34 11:32 Yes
34 11:38 Yes
38 12:32 Yes
39 11:31 No
39 13:47 Yes
49 11:02 Yes
52 12:03 No
55 14:19 Yes
60 10:09 No
62 12:31 No
62 12:34 Yes
62 14:06 Yes
68 11:42 No
68 13:29 Yes
69 12:54 Yes
70 14:25 Yes

3 Results

In this section we show the performance of the dust devil

Table 4. Test 2. Dust devils detected each sol.

Algorithm parameters Test 2

Parameter Pressure Temperature
No STA samples 4 4
No LTA samples 1024 32

THRR 0.998 -

THRp - 1.01

Results Test 2

Sol Local Hour Detected
25 13:10 Yes
25 13:53 Yes
34 09:52 No
34 11:32 Yes
34 11:38 Yes
38 12:32 Yes
39 11:31 Yes
39 13:47 Yes
49 11:02 Yes
52 12:03 No
55 14:19 Yes
60 10:09 No
62 12:31 Yes
62 12:34 Yes
62 14:06 Yes
68 11:42 No
68 13:29 Yes
69 12:54 Yes
70 14:25 Yes

The data provided from Mars PF mission is a suitable data

detector with the data provided and also we comment on theet to test the algorithms implemented in this work since in

pros of the hardware system versus a software system.

www.geosci-instrum-method-data-syst.net/1/23/2012/

that mission were detected several dust devils. Using that
data we have tuned our dust devils detector. The tuning pro-
cess was done with the software alternative and once some
suitable parameters were achieved, we incorporated these in

Geosci. Instrum. Method. Data Syst., 1,28-2012
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Table 5. Dust devils detected. Future work

Test Number of dust devils detected In a real scenario the dust devils detector should be used to
increment or decrease the measuring frequency of sensors.
This would allow a system to not lose events and to preserve
power consumption. We would not need to have a high mea-
suring frequency all the time to record all the events, but we

- . ould only need a minimum initial measuring frequency and
glnedh4ardware system, obtaining the results shown in Tables %Iapacity to modify that frequency, in order to avoid the loss

. .. of events. Also, in order to minimize the false positives in the
We can see that when we improve the pressure variationg : . :
S ; . . detection of events, we could add to the system information
sensitivity, we have an increment in the number of dust devil

. . bout the normal values of the parameters involved in the de-
detections (Table 5), but we also increment the number ofa P

ossible detections that are not reported in the original dat tection. This will be possible as soon as we have an accurate
gs dust devils P 9 haracterization of the Martian surface lay®taftinez et al,

The software algorithm was run over an Intel Q8200 Core22008'
Quad, with 2.33 Ghz frequency, 4 GB RAM at 1333 Mhz and acknowledgementsThis research was supported by “Particigaci
Ubuntu 10.04LTS operative system. The FPGA clock used inen |a Misbn a Marte Meiga-Metnet-Precursor AYA 2009-14212-
this comparative has a frequency of 100 Mhz. Table 2 showsC05-05/ESP”, TIN2009-09806 and AYA2009-13300. We want to
us the number of samples per second that the hardware antdank Gernan Marfnez and Carlos Goiatez for their scientific
software algorithms can run. We observed that the perfor-and technic support.
mance of the hardware of the not optimized version is about
15 times higher than the software algorithm performance andrdited by: M. Genzer
the performance of the hardware of the optimized version is
about' 25 tlme§ higher. Also, we optgln a decrease of abouﬁeferences
61 % in area with the hardware optimized version.

Test 1 13 (of 19)
Test 2 15 (of 19)
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