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Foreword

The U.S. Navy routinely conducts airborne expendable bathythermograph
(AXBT) surveys of oceanic regions. Hundreds of AXBTs are expended dur-
ing these regional surveys and, naturally, some of the profiles contain con-
siderable noise. Because it was costly to obtain this data, it is unwise to discard
profiles because of noise contamination. Therefore, it is desirable to develop
a cost-effective method for processing noisy data. This report describes a tech-
nique for processing noisy AXBT data that is being used at the Naval Ocean
Research and Development Activity.
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Executive summary

Noise or spikes beyond acceptable levels often occur in data. e'vvn trim
the most carefully planned and executed experiments. A method is dv(srdkd
here for processing noisy temperature profiles obtained from airbornc c\
pendable bathythermograph surveys to a level in which useful informi ,il
can be gained. The technique is simple to apply and can be adapt Id 't
wide range of noisy data.
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* A technique for processing noisy AXBT data

Introduction Physical Oceanography Branch at NORI)A. Ib IIId

* 1 'tcnsis airborne expenldable bathythermograph runstreams were both modular and flexible. After tttiifi

*AXl Ii ure) are- rouLtinelyI ctindU~ted bt, th US Nav. ring the raw data from digital cassette to VAN ,
1 i nh

'I be'st -iirve'%S are often used to describe mesoscale these steps were followed for processing thet raw : H lIi

at aIr~lit.\ we*(stelrn bundari, currents, or tddies. Quasi data.

N\Itil p1 ie (0\Cr~i4 Ot X- (ianic rv~iion is possible wit h 1. Plot raw temperature data versuIs (ICIIIt

* . o cl P arcr : ipig XTs ovecr a period of 2. Auto edit the raw data-, insert bad dai~i 0,11o'

tl(At Ito tI\L full flight days. Temperatare- structure is at 3. Plot edited raw data.

tinllie downvi to iW~ i by using shallowv proibes and down -1. Interpolate bad data records.

M1 '40( Ill l sng decep proibes. 5. Filter raw (edited) data to desired resolunir

Rcj1 wi~ l :\XBi sur\CS csOften expend hundreds (i 0i. Filter raw (edited) data to a degraded kr i

:\.\ is,, and sonme of the p~rofiles commonly contain con-reouin
"IdtIirabl n1oise. Noise Lan originate fromn equipment -7. Interpolate higher resolution data (S tep JI

Itl~dtHinct ii is, el(-Ctrical problemis, rii( interference, rough propriate levels.

,(Ia state, or wecak radio signals (due to transmission range). 8 neplt oe eouindt Se ) ,

Nots\ profiles are often discarded or truncated bccause levels as Step 7'.

cditini seems Impoissible or veryV costly. Much data, which 9. Merge appropriate sections of the inter-ipolated hi.

* \crt taken at considerable expense, are not processed. resolution and the interpolated low% rusiilii o ill,

A pr~c~urcforprocssig sch X13Tdat isde-I Ior the final profile.
A priceurt fo prcesing uchAXB daa i de10t. Plot the final profile.

ribedk. l'he' techiqueI is simple to apply. Very little User Note: idctsoptional.
input contril I is reqluired. Data editing is automatic and

prodk~s onssten edting whih i wel deined Re Each step of the processing is now explained liti iiil

pri fidique s conisteb nt editn whic isd ela fied. s The The example AXI3T raw, unedited proifile slit i\i in [il iiiil

le,0 hNIqueh is teilnd tcdab adpe tomosAX I is used for Ilustrative purposes. Data 4)r tlii pi iil

were collected at S [Hz. which corresponded iti aki 1 in

sampling.

Method Ra,t" unedite.d temlperature data are ph i \ k-l ti" it p!1

HANC~k 11 11,111CI-11C~l' o tlt'1)'k( -J T-Cd~k I~d in Step 1, Tbis step is Used as an edit iw ttci i l f,

11, sie iA li . m-d t ain e l m ents cut tie ! ilt e diire dest ribed 1 M eans of intero m n parisiin w ith a final plh ()t i - J

K re niseilit ntiillik llyediti~thedat. tlteing data (Step-1 10).
j 1,. 1,11, J,, i' Iluin bight andl lowi, arnd then oom Autii-editing lin Step 2' consisted otc! n lit1\14 1111

i 1lli1 Owi lipipriatt- portions of the hiwresolution profile, WC data \alIes and tOen straight line fitiiiW ,t ,;i; ii I
a0t l. iiik data~ tkuritr nuiils with the high resoIlution ile( data using a leist squares mlethod. I ai lhi . ilt

0, ii ik ire ra~t data qu1ality w~as giiod. Stibsamlpli ot, by more than a spcitiedl tiilerancV With OW tile l d t'

, rwde it t-iuil intervals in the resulting profilc. ibis were replacd with bad data flags. D~ata Jwhti In I it w

*ii I is detel ,pitl at the N,4\Jl Ocean Rescart h and I wvere fitted in Itt in segments, beginning it t !,pi
I )t *\tb i lit Acti it% v NORI).-\ un a V'AX 11, 750 digital I (t tin, and were replated with bad data flaL i ii it.\ iii

nipitcr. andI was first applied to at data set consisting tered by more than t0.5"C from the straight line tit I h
4 iiiIi t t X~I31 prtifiles 01Ci llttd duiring two airt raft resuilting profile is, shown in Figure 2 iStep ' I liimmII

I rutratlIts ADl routines used in the processing scheme was begun at li ) m ti avoid removiting Jgi it J11.1 m

-AtC u-l rilus cpl earlicr as, iencral titility programs fur ap regions containing strong gradients. TIhe ItI ,Il li TI

iewitti n ,u st tandard filc fu~rnat . whit h incorporates all and 0t5uC tiulerances were tdetermrined aftrliii , \1
lie pfiWI( ii (K u-3rni'grA111iiC profile' data1 holding of theC mentation. Segmnrt length and tlinperatiii i I it



I lOt nee'd adjusti'nt for application in region% containing tor techniques, based olln anuJl editinug or kill1-
grdcns fo par*.tic~ully nos profiles, different terences to work.

l~eitIngths and tolerances could be required within Manual editing of the profle~s wuutld hase Ikuiii,
ill( saine pro~file. Step 2 would be skipped if inspection impossible due to the time and labor required foi muli

ot the profile shown in Figure 1 (Step 1) indicated that editing. In many cases good data were not
1it editing was necessary. Then only Steps 5, 7, and 1o distinguishable from bad data. In fact, the true enqrlr ii1l~l

oWUld h, required. This editing technique also worked seemed to he the mean of the noise. This ch~iait iii .- ,
cIn rno Iisolated data spikes and was found to is probably essential if the method is to work: ' ki i \%

% twal)4- tor geuerai editing oft A XBT data. the data Lould he biased by the 11ia, in the ii i
1< 'r klialit c ontrol, it was important that thle edited The severity oft the noise problem was further 1ii .iik.1

wecre plotted in Step 3; betore missing data records by the spectrumn iFig. 0) of the auto-edited profic Ne '
t inter-polated. Gaps evident In the protile shown in missing data interpolated and the spectrum (1','.7 1

I-iow2 resulted from cons~c utive bad data records. It final combined profile, both a: raw resolution. lw;
ti. cz~ps %%eic too) large or too numerous, the profile would trum for the edited profile was unacceptable. I I) c ti i I
:1.1Cc i't-Cn (cut short prior ito the gaps. In Step 4, the gaps energy was confined to one energy decade tor all ti1t1ii i
1: il e edilted protile were interpolated. This step was re- cies. For the final profile the spectrum was typical Eni L,
.i~irk'd prior to, tittering thle data. was down by more than five decades at I 1 I/.

*I )a t.i in thle lower noise regions (0- 300 m for the pro- Subsets of this technique were used on all the jprolt,

* ~ ~ I bi i 1 1:1 . 2? were considered good to at least 'Pm resolu - Manual labor was approximately the same for esli
* ii.In Step 5. the p)rofile was low-pass filtered to 4-in clean raw data as for very noisy raw data. A little ittk

r*lution using a filter with a half-width of 21 points, computer time was needed for the messy data. Maitil
liti i Itt taper, and a cutoff frequency of 0.25 c/in (Fig. editing of data spikes was not required for any% iortli

*I )ata in thle higher noise- regions were considered good Processing progressed quickly and smoothly, and e. ,1

be hst. 2) 0~) mn resolution. Fortunately, the higher to document. User input control was minimal.
ircs u'all " otcurrud only' below thle thermocline Filter parameters (Steps 5 and 0) and edit p'llralit' I,

i \scsrtical structure here Could be adequately de- (Step 2) were determined for the entire data set ater th
lht.d wA't loweAr resolution data. Therefore. the profile raw data had been plotted. When the processniL of I.1l

\is tiltcred to a '0t m resolution in Step 6 by using a filter file required all 10 steps. as determined from the ras% Illi 41.
i ot ft a hialt- Aidth ot 201 points, a Bartlett taper, and a plot in Step 1. the only parameters to be determincd v.,

W141 cIt tieu( y of 0,025 LM (Fig. -4). This filter effec- the depth range over which to apply the auto edJitl Ir 11-I
* i .5 onsruCted the temperature profile tihrough the 2) and thL depth at which to recombine thy, iltercf

k iitr It the htigh noise region. lower resolution profiles (Step 9). if the profile,; reqiil,
It vri- ivantawoi% to have the final proes,"i data spike editing (Step 2) but did not require degradillA 114.

* 1 11dtiiit-e it I ill iii depith. 1-) i th- filtered pro- resioliitiiu (Step (i'. then Steps 0i. 8, and ') could1 Ilk 4,1i;
2iil d pi mttrJs Lioc rretspo nded to the N vquist Then. only' where to apply thle editor needed tilie (it
;iipti intters a ti r the 'I eI dCOUtion data. In Steps minedc. If the profiles did not require edit wi. ill( n N,

tii S Ow *i lit .hi o pri i I and the ((tnt resolu 2. 3. "l, 0,b 8, and 9 Could be skipped. 1)aramectersnI ii
;, T1 i j ire~ %I subshamlpied at 2-in levels. In Step 9 the for processing clean lprofiles were the( saute
1 1 14 theIil( in ri-soui t in proile I were merged with

it~ 'in the( ii lt resolution profile below .100 m.

I i siriiliiv A the pri tile ii. etrred below iJ0H ill. The Summary and conclusion
011it C prt tilt is sit w~n inl Figure 5 (Step 10;. Complete processing consistedl ot t hi ee pii,is I

he AXBi data were tranrferred front ditita i : t
the VAX II )!750) computer. depth and] teinpeClt lnt- 0 1,

DIiscussion computed. and the d tta were written in thle stitidit I
( , 1OWSieliiti UIt ri t Wotuld not have been at- format. Then, raw data were! plotted for all prolil fI r i

miIici ih it lage mnmbers ot prolfiles had been rejected based onl the informatio n gained fromi the rims l i
,I !111.1d \\ltltl t a thiqueL similar t0 l the one- (for nolisv raw data) or part (fo~r l. l rAW ddit,f 'It
i hc11 here . .ipproximiatclv W1- IS~of the prolfiles 2 10) were, executed in a single cnput'i- jofills

t ild IO- tll nttttl liu daiti wcre far too noiisy inCIlIud itw eitiuc filtering, initrpi 11,ki 1itC. ill, I ii 11

.~2
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ot the data. A ditferent filtering procedure was applied AXBT data. Similar techniques can be applied to ,H(i,
to OIh noisier portions of the profiles. If this filtering pro- data types.
t cdurc was applied, final processed profiles were at a lower Six general, nondata-specific utility programs mr d ,,, I

* rcsolution over the depth range where noise was a problem in Steps 2-10. Conceivably, these steps could be cot'nllintJ1
than over the depth range where noise was not a problem. into a single program (or two, if plotting programs weft
)Otten. noisy areas were limited to portions of the profile separate). However, such a program could he quitc laxI'4,

that could be adequately described at lower resolution, complicated, and data specific. Fully automating this pruf
This technique salvaged many questionable profiles. The cedure is possible. Decisions concerning where tu, ,ll

0 procesing was quite flexible, simple, and easy to use. In the editor and where to recombine the profiles can he madc
Lgcncral, it can be used in processing a wide variety of via programming logic. More work is required in thi' .Xt.c
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Figure 1. Exampic of a very noisy unedited A XBT profile.
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