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Chapter 1Realization and measurement of asea �oating antenna1.1 IntrodutionIn the previous hapters, we have seen that the movements of the buoys of the HFSWRalter the radiation pattern, resulting mainly in the inrease of the SLL. We have pro-posed a orretion method to attenuate these disturbanes.A seond issue introdued by these movements relates to the modulation of the re-eived signal on the moving antennas. In fat, the displaement of every elementarybuoy on the sea surfae, independently of the array deformation, generates some mod-ulations in the reeived signal, introduing a spreading of the Bragg lines. As we haveseen in Chapter 1, these Bragg lines permit to determine some oeanographi parame-ters, suh as the wind speed or the radial veloity of the surfae urrents. If the positionsof the Bragg Lines annot be determine with a good auray, it will be useless to putthe antennas on buoys for oeanographi appliations. In the same way, onsidering themonitoring of a sea area, targets are often deteted by their Doppler shift. But targetsan only be deteted if their radial speed is di�erent from the Doppler frequenies of the�rst order Bragg lines. If the Bragg lines are spread, it means that less targets ouldbe deteted.Some theoretial studies have been arried out on this topi. Based on [4℄, thesignal reeived by one buoy has been modelled in setion 1.2 to give a �rst insight. Anexperimentation is then presented, with one buoy at sea. It has been onduted usingan existing oeanographi radar, replaing one of the reeiving antenna by a buoy.1.2 Simulation of the spreading of the Bragg lines with a�oating antennaThis setion is diretly inspired from [4℄ whih presents the perspetive to use a reeiv-ing array of antennas on barges. This artile presents suitable results with a limited3
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Figure 1.1: Comparison of a Doppler ut between a �xed antenna and a �oating antenna.spreading of the Bragg lines for a sea state 3.The signal reeived on the �oating antenna is studied taking into aount the roll,the pith and the displaement of all the antennas of the reeiving array. The di�erentdegrees of freedom are de�ned using the modelling of the buoy movement presented inChapter 2. The simulation was omputed with a global aquisition time of 20 s, on-sidering a pulsed radar transmitting at 15 MHz. Then, a range Doppler representationof the reeived signal is omputed to quantify the disturbanes.Fig. 1.1 presents a ut of the range Doppler map. It ompares the Bragg lines ofone �xed antenna and the Bragg lines of one �oating antenna. We an learly see forthe �oating antenna a spreading of the positive Bragg line and a strong attenuationof the negative Bragg line. Both e�ets would totally alter the alulations of theorresponding oeanographi parameters. In addition, the spreading of the positiveBragg line would possibly hide some targets for the monitoring appliations.However, ontrary to the modelling of the array in the previous hapters, the timeevolution of the tilt angle is here the most important point de�ned in [4℄. Obviously, itannot be desribed with a �ne auray in our model. As a onsequene, we an onlyonlude that the disturbanes generated by the roll, the pith and the buoys displae-ments an strongly modify the Doppler representation and that a real measurement isneeded.The next parts of this hapter are thus foused on the experimentations we haverealized with a �oating antenna. They permit to quantify the disturbanes generatedby the movement of the sea and more partiularly the spreading of the Bragg lines inreal onditions.



Introdution to the experimentations 51.3 Introdution to the experimentationsNext to the ity of Porspoder in Frenh Brittany (f. Fig. 1.2), on the 'La Garhine'ape, the Frenh navy hydrographi and oeanographi department (SHOM), in ollab-oration with the ompany Atimar, is operating an experimental HFSWR to measurethe urrent in the Iroise sea. It has been in use for two years and will ontinue for atleast two other years. It is therefore a reliable radar, allowing us to fous on the �oatingantenna oneption. Furthermore, this experiment was onduted in ollaboration withProf Pierre Flament, from the University of Hawaii, who already knows the funtioningof this partiular radar. Finally, the logisti was quite easy there, there are many portswith all the neessary marine shops. The radar is a WERA system, built by Helzel

Figure 1.2: Loalization of Porspoder in Frenh Brittanymesstehnik (Hamburg, Germany). It is a phased array system, in a quasi-monostation�guration. The basi idea of this experiment was to replae one of the reeivingantenna by a �oating antenna (f. Fig. 1.3). The term '�oating antenna' refers to theplatform with the antenna and the other equipments. An additional long oaxial ableis used to link the �oating antenna to the position of the �xed turned o� antenna. Thisway, all the radar infrastruture an be reused.
Figure 1.3: Presentation of the experimentation



6 hapter 51.4 WERA desriptionIn the oeanographi domain, two oeanographi HFSWR are usually used: the �rstis the Costal Oean Dynamis Appliations Radar (CODAR) developed by Barrik [2℄.The seond one is the WERA system (WEllen RAdar) whih is a shore based remotesensing phased array system, originally developped at the university of Hamburg byKlaus-Werner Gurgel et al. [3℄. Both an be used to measure the oean surfae urrentsand the wind speed and diretion. SHOM has hosen to operate a WERA.1.4.1 Geometry of a WERA radar

Figure 1.4: Air piture of the Porspoder siteThe geometry is illustrated in Fig. 1.4. The transmitting and reeiving array arepositioned along the oast. The radar operates in a frequeny modulated ontinuouswave mode (FM-CW), it thus emits ontinuously a very low power, without any gatingnor pulsing sequene. As a onsequene, the reeiver has to be loated in a null of thetransmitter to suppress the diret signal from the emitter.A transmitting array of 4 antennas (f. Fig. 1.5) is thus used. The shape of thearray and the phases applied to the antennas permit to form a main beam toward thesea with a zero in the orthogonal diretion where the reeiving array is loated. Itsarray fator is plotted in Fig. 1.6.
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Figure 1.5: Transmitting array of a WERA radar.
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Figure 1.6: Antennas positions in wavelength of the transmitting array with its assoiated arrayfator.The reeiving array is a regular linear array of 16 antennas with a half wavelengthspaing. The reeiver is ontinuously swithed on. The signals from 16 antennas areproessed in parallel. It has a typial azimuthal resolution of 3◦.By onvention, antenna 1 is the nearest to the emitter, antenna 16 is the furthest.The loation of the �oating antenna should be arefully hosen. This �oating an-tenna will be linked by a able to the �xed antenna it will replae. This able shouldbe as short as possible. Two loations are therefore possible, marked by a red dot anda white dot in Fig. 1.4. In addition, in order to suppress the diret signal, it must beloated in the null of the transmit array. Only the red dot full�lls this last ondition.



8 hapter 5Consequently, the �xed antenna whih will be disonneted is antenna 16 (to shortenthe additional able).1.4.2 ShelterThe shelter houses all the eletronis of the WERA (f. Fig. 1.7), the reeiving part aswell as the transmitting part.
(a) (b)

()Figure 1.7: Piture of the Shelter (a), aquisition system of the WERA (b) and the input of thetransmitters and the outputs of the 16 reeiving hannels () whih are inside the shelterAll separated reeived signal from the 16 antennas are digitally registered. So thesignals of eah antenna an be observed, independently of the others. In partiular, thesignal oming from the buoy will be extrated.1.4.3 Signal Proessing of WERAThe signal proessing in WERA onsists in a range Doppler analysis of the bak sat-tered signals for eah hannel (or antenna) of the reeiving array.The range Doppler proessing is illustrated in Fig. 1.8 and was explained in the�rst hapter. The transmitting signal is a frequeny ramp. The time length for onehirp is Tr and there are Nchirp hirps. So, the total integration time is TrNchirp. The



Building the �oating antenna 9
FFT in Distance 

0 

...

T
r
 

1 

2 

D
o
p
p
l
e
r
 
F
F
T

Correlation

Correlation

Correlation

Figure 1.8: Range Doppler proessing with a WERAmaximum Doppler frequeny fmax is then:
fmax =

1

2Tr

(1.1)with a Doppler resolution ∆f of:
∆f =

1

TrNchirp

(1.2)The range resolution is c
2B

, with B the bandwidth of the hirp and c the elerity(f. Chapter 1). Normally, a 100 kHz bandwidth is hosen, orresponding to a rangeresolution of 1.5 km. A typial work frequeny is equal to 12.5 MHz. In order to observethe slow oean parameters, the reeived signal is typially integrated over 10 min.1.5 Building the �oating antenna1.5.1 Choie of the antennaThe disonneted antenna of the reeiving array an not be used for the experimentationas it is too large. An ative antenna is hosen instead. It is made by Rhode and Shwartz(f. Fig. 1.9) and it is referened �HE011 Aktivantenne� [1℄. Its output power is thesame as the passive antennas used in the WERA.
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Figure 1.9: HE011 Rohde & Shwarz Aktivantenne1.5.2 The �oating antennaThe �oating antenna is omposed of two main elements, a hermeti box and a smallboat.

(a) (b)Figure 1.10: (a) the hermeti box and (b) the zodia.The hermeti box permits to protet all the eletronis boarded on the �oating an-tenna from the projetions of sea water. Inside, we distinguish a GPS RTK and aninertial entral (presented in the next setion). The ative antenna is attahed outsidethe box (f. Fig. 1.10(a)).The zodia is the platform whih permits the hermeti box to �oat. The zodia isnot diretly anhored to the seabed. A buoy is used to limit the mehanial tensionsgenerated by the sea movement. It has to be noted that using this kind of boat as a



Building the �oating antenna 11measurement platform is not optimum beause it is �oating on top of the waves. Thus,it is subjet to all the sea movements, even the high frequeny ones.1.5.3 The ableA 300 m oaxial able is used to link the �oating antenna to antenna 16 in the reeivingarray. The �rst part of the able is on the ground, between the free onnetor of antenna16 and the edge of the roks along the oast. The seond part is between the roks andthe �oating antenna. This last part will move with the sea elevation and the tide andit must therefore be proteted. To this end, a �oating eletrial sheath is added. Eahof the ends of the eletrial sheath is �lled with polyurethane foam, to prevent the seawater from entering into the sheath.

(a) (b)Figure 1.11: The able with its yellow sheath (a) when the sea is high (b) when the sea is low witha lot of roksA piture of the able with its protetion is in Fig. 1.11. We an see that the �oatingable follows the sea elevation, limiting the fritions on the roks generated by the seamovement.1.5.4 The GPSA GPS in RTK mode is used to know with auray the suessive positions of the�oating antenna. It is omposed of two parts. The �rst one, alled base, is �xed andis used as a referene and the seond one, alled mobile, is on the �oating antenna. AUHF link between the base and the mobile permits to improve the auray of a normalGPS down to entimeter. Eah part is omposed of:� a GPS antenna to reeive the signals from the satellites,� an independent battery whih guarantee an autonomy of 10 hours at sea,
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(a) (b)Figure 1.12: (a) Piture of the GPS base near antenna 16 (b) Piture of the GPS module in thehermeti box of the �oating antenna.� an aquisition ard,� a VHF module for the ommuniation between the mobile and the base.An inertial entral is used to measure the roll and the pith of the �oating antennaduring the experimentation.The next setion presents the results of the �rst measurements1.6 First measurements resultsWe will �rst have a look at the movements of the �oating antenna in order to evaluatetheir magnitude.1.6.1 Positions of the �oating antennaFig. 1.13 shows the latitude and the longitude in degree of the �oating antenna measuredby the GPS RTK during all the experimentation, from the departure at the nearestbeah (top right of the �gure) to the return to the same beah. Fig. 1.14 is a zoom ofthe bottom left part of Fig. 1.13, representing the positions of the �oating antenna whenit is anhored during the radar aquisitions. The oordinates have been transformed tometer. The ways in (to deploy the �oating antenna) and out (to bring bak the �oatingantenna to the beah) are indiated. It learly shows that the �oating antenna hasevolved in a 10m*10m square during the 4 hours of measurements.Fig. 1.15 represents the altitude of the �oating antenna. The referene time t=0h iswhen the GPS has been turned on on the beah before losing the hermeti box. Then,3 hours were neessary to anhor the �oating antenna and to deploy the �oating able
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Figure 1.13: Latitude and longitude of the �oating antenna during all the aquisition.
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Figure 1.14: Positions of the �oating antenna around its anhorage during the measurements.for the measurement of the signal of the �oating antenna. When the �oating antennawas alone (after t=3h), it was no longer disturbed by a human ativity, the urve be-omes smooth. At the same time, we have started to reord the signal. The ontinuousinrease of the altitude of the �oating antenna orresponds to the tide e�et whih hasinreased the sea elevation during the experimentation time. At the end of the reording
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Figure 1.15: Altitude of the �oating antenna in meter during all the aquisition.
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Figure 1.16: Pith and Roll of the �oating antenna(t=7h), the urve of the altitude is no longer smooth beause of the human ativity tobring it bak to the beah. The vertial motion during eah measurement movementsappears to have been very low, less than 1 meter.In the same way, the pith and roll were measured. Their urves are represented inFig. 1.16. Their movements appears to be very weak, ±5◦. This point is highly inter-esting for our problem as it implies that the modulation of the reeived signal should



First measurements results 15not be too strong. We an also notie that the pith is entered around zero while theroll has a small shift, around 2◦.1.6.2 Radar measurements by the �oating antennaA �rst run was done with the standard parameters of the radar: 4096 hirps of 0.26s.Using Eq. 1.1 and Eq. 1.2, this orresponds to a maximum Doppler frequeny fmaxof 1.92 Hz and a Doppler resolution ∆f of 9.40.10−4Hz. The entral transmittingfrequeny was 12.48 MHz (automatially hosen by looking for a free part of the spe-trum) with a bandwidth equal to 100 kHz. The 16 signals were proessed as previouslydesribed. The range Doppler representation of the �oating antenna is plotted in Fig.1.18. The result of antenna 15 is also provided as a referene.
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(b)Figure 1.17: Range Doppler representation (a) of antenna 15 and (b) of the �oating antenna.A �rst look at the results shows that the signal of the �oating antenna has a lowermagnitude. As expeted, we an see the �rst order Bragg lines and a zero Doppleromponent. Fig. 1.18 shows a ut at 70 km of these two results, along with the result ofantenna 1. The di�erene in magnitude between antenna 15 and antenna 1 is also large.The signal (de�ned as the maximum of the negative Bragg line) to lutter (de�ned asthe signal outside the Bragg lines) ratios of antenna 1 and of antenna 15 are roughly25 dB while for the �oating antenna it is only 15 dB. A 8-dB attenuation of the lutterbetween antenna 15 and antenna 1 is represented. The shelter is atually loated nearantenna 1, so there is some additional able to link antenna 15 to the shelter. Thisexplains the di�erene in magnitude between antenna 1 and antenna 15.Considering the �oating antenna, there is a 14-dB di�erene of the magnitude ofthe lutter with antenna 15 and a 22-dB di�erene of the level of the Bragg lines. Oneagain, the able explains some of the di�erene: a 300 meters able is used to link theposition of antenna 16 to the �oating antenna. This able has an attenuation of about 12dB (1.2 dB for 100 feets in a able RG 213 at 30 MHz). There is also a few additionnalmeters of able between antenna 15 and antenna 16. But this does not explain the
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Figure 1.18: Doppler plot at 70km for antenna 1, antenna 15 and the �oating antenna.loss of signal to lutter ratio. The onnetions of the �oating able were not properlysoldered and the edge onneted to the �oating antenna has been oxydized. Anotherpossible reason we hadn't time to hek is that the signal of the �oating antenna mightbe too low for the radar, in other words the signal outside the Bragg lines is not thelutter but the radar noise.So regarding the magnitude of the signal, the �oating antenna shows some losses.But it seems to be able to orretly detet the Bragg lines. We have then normalizedthe signal of antenna 15 and of the �oating antenna to the same referene for a thoroughstudy of these Bragg lines. This is plotted in Fig. 1.19.
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(b)Figure 1.19: (a) Normalized Doppler ut at 70 km, and (b) zoom on the �rst order Bragg lines.



First measurements results 17A small spreading of these Bragg lines is visible (partiularly on the negative line)but it is very limited. The positive line seems to be slightly splitted. But globally, theBragg lines are found in both ases at fb = ±0.36 Hz, orresponding to a frequenyequals to 12.34 MHz, with roughly the same maximum. So, it appears that the �oatingantenna an �nd the orret loation of the Bragg lines, along with the orret ratioof these two lines. It is therefore suitable for oeanographi appliations. These Bragglines are not broaden too muh by the sea surfae movements, so the �oating antennaan also be used for monitoring appliations. However, for the latter appliation, anindepth study has to be arried out on the signal to lutter ratio.
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(b)Figure 1.20: (a) Normalized Doppler ut at 100 km, and (b) zoom on the �rst order Bragg lines.
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(b)Figure 1.21: (a) Normalized Doppler ut at 200 km, and (b) zoom on the �rst order Bragg lines.Fig. 1.20 and Fig. 1.21 show two other uts, at 100 km and 200 km respetively.The onlusions of the ut at 70 km also apply. It is interesting to note that the �oatingantenna performs still well at 200 km: although the signal to lutter ratio is only 5 dB,the Bragg lines an still be learly identi�ed.
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(b)Figure 1.22: For run 2, Range Doppler representation (a) of antenna 15 and (b) of the �oatingantenna.Several other runs were realized, with the same onlusions. In partiular, the hirplength has been varied. In Fig. 1.22, the hirp length is 0.1733s. Following Eq. 1.1 andEq. 1.2, the derease of Tr permits to see higher Doppler frequenies fmax = 2.89Hz,but with a lower Doppler resolution ∆f = 1.41.10−3Hz. The Bragg lines are found atthe same position.This �rst measurement has validated the feasibility of the �oating antenna. Mea-surements with stronger sea states are however needed. It will also be interesting todo them with improved platforms, suh as the one on Fig. 1.23. The latter, realizedduring the Porspoder experimentation, is designed to ut the high frequeny waves. Buta heavy sea state has prevented us from putting it at sea.

(a) (b)Figure 1.23: Floating platform and a tube of the platform whih �lled with polyurethane foam



Conlusion of Chapter 5 191.7 Conlusion of Chapter 5These experimentations have validated the feasibility of a sea �oating antenna. A simpleand heap sea �oating antenna has been realized and measured, with a alm sea. Themeasurements have shown that the sea �oating antenna was able to orretly measurethe Bragg lines and that it was thus suitable for oeanographi appliations. It has alsoshown that the Bragg lines are only very slightly spread by the sea surfae movements.The monitoring appliation an therefore be also envisaged. However, the signal tolutter ratio issue has to be further investigated. Other measurements with improvedplatforms and di�erent sea states must be done. These future measurements have alsoto inlude the omplete array of �oating antennas.
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