-A198 639 A TECMHIDUE FOR PROCESSING NOISY AXBT (AIRBORNE

E NDRBLE BATHVTHERMOGRAPH) DATACU) NAVAL OCEAN
ARCH AND DEVELOPMENT ACTIVITY NSTL STRTION HS
UNCLASSIFIED H J TEAGUE JUN 86 NORDA-1358




¥

;;

3

%

I

9%

L

’_’l

:' “\“_‘?O_ lL-' | X3 m\\z.z

{ ] I:-:- |?£

’ Il E s
3 = s

: \\\\\' 25 fLd s,

MICROCOPY RESOLUTION TEST CHART
NaT.ONAL BUREAU OF STANDRWDS =363 " '

-~ e o
T 2

L -

e NN R

Oc ° . ° .
1 v"ol

l’.'.".l‘t > | ‘ .

oi.l‘! 3 y ‘ ] .

"l'. .'.‘

'i‘ .! ,q

*"n’ . )




Q) i
AD-A190 639
Naval Ocean Research and Development Activity

June 1986 Report 150

TIYY g Ty e
c CC i b L2 1-,' e
R s 2

A Technique for Processing
Noisy AXBT Data

LTIC
ELECTE
FEB1 11988

O

"

TN .

-t .

I..-N.

m, VT
- " a

Cee eee -

W. J. Teague OCiE
Oceanography Division :
Ocean Science Directorate

Approved for public release; distribution is unlimited. Naval Ocean Research and Development Activity, NSTL, Mississippt 39524 H(0) 4

o

e

L
et N LT e T T e T LT T e e ., Ce T B T S -\
e e e e e T e e - B AR N e e A e e e e e e e e e e T
.......... W “ “ Nt e . SRR AN S N T A
ot el at et L e e "" PRSI o o i NS AGREAT S FONS i



,, . O - D - A TR TR R T W R e -

A 4, 0,8,
I N )
’

AR SR

[y

Foreword
m

-

Iy
L3

NNy

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
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Noise or spikes beyond acceptable levels often occur in data, even trom
the most carefully planned and executed experiments. A method is described
here for processing noisy temperature profiles obtained from airborne ox
pendable bathythermograph surveys to a level in which useful informuation
can be gained. The technique is simple to apply and can be adapted 1o
wide range of noisy data.
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A technique for processing noisy AXBT data

Introduction

Fxtensive  wirborne  expendable  bathythermograph
CAXBT) survess are routinely conducted by the US Navy,
These survevs are otten used to describe mesoscale
vartability, western boundary currents, or eddies. Quasy-
sAnoptic coverdage of 47 oceanic region 1s possible with
Goamele P 3 rer s pping AXBTs over o period of
three to e tull flight davs. Temperatare structure 1s at
tantable down 1o 100 m by using shaliow probes and down
to R0 by using deep probes.

Regronal AXBT surveys otten expend hundreds ot
AXBTS and somie of the protides commonly contain con-
siderabie notse. Nowse can onginate trom equipment
nudtunctions, electrical problems, radio interterence, rough
sedstate, or weak radio signals (due to transmission range).
Nowsy protiles are often discarded or truncated because
aditing seems impossible or very costly. Much data, which
were taken at considerable expense, are not processed.

A procedure tor processing such AXBT data is de-
scribed. The technique is simple to apply. Very little user
mput control s required. Data editing is automatic und
produces consistent edinng, which 1s well defined. The
technique s Hexible and can be adapred to most AXBT
Jata owhether or not the data are notsy),

Method

Basically - the mam clements o the procedure deseribed
here connasted of automancally editng the data, tiltening
e datn o two resolutions thigh and low i, and then com
Finmg the appropriate portions of the low -resolution protile
where raw duta were very nosy with the high resolution
protide where raw data quality was good. Subsampling oc
curted at equal intervals inthe resulting profile. This
ticthod was developed at the Ngval Ocean Rescarch and
Developuent Activity INORDA; ona VAX 11750 digital
computer. and was first applied to a data set consisting
St about 500 AXBT profiles collected during two dircratt
opcrations. Al routines used in the processing scheme
were developed carlier as general unlity programs tor ap
ehication on 4 standard tile tormat, which incorporates all
‘he phivaical aceanograptine profile data holdings of the
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Physical Oceanography Branch at NORDA. Thus. tl
runstreams were both modular and flexible. Atrer transtes
ring the raw data from digital cassette to VAN disk 1iles
these steps were followed for processing the raw ANHB
data.

1. Plot raw temperature data versus depth.

2" Auto edit the raw data: insert bad dats tlaes
3.* Plot edited raw data.

4.7 Interpolate bad data records.

5. Fiter raw (edited) data to desired resolution

0.° Filter raw (edited) data 10 g degraded b
resolution,

Interpolate higher resolution data (Step 50 1o
propriate levels,

8" Interpolate lower resolution data (Step o 1o wan
levels as Step 7.

9.* Merge appropriate sections of the interpolated higls
resolution and the interpolated low resolution files
for the final profile.

10. Plot the final profile.

Note: * indicates optional.

Each step of the processing is now explamed m deral
The example AXBT raw, unedited protile shown i Freun
L1y used for illustrative purposes. Data for this profil
were collected at 8 Hz, which corresponded to abwonn 0 m
samphng.

Raw . unedited temperature data are plottied versus depth

~

mn Step 1. This step is used as an editing wnde o
a means of intercomparison with g tinal plot of proces o
data (Step 103,

Autoediting in Step 2 consisted ¢t removing vy
ble data values and then steaight line itang scmon
the data using o least squares method. Data tha dire; o
by more than a speaitied tolerance with the tioed e
were replaced with bad data flags. Data shown m b
I were fitted 1n 104m segments, beginning a o dopthe
150 m, and were replaced with bad data tlaes o ey
fered by more than 0.5¢C trom the straight hne e (T
resulting protile 1s shown in Figure 2 (Step 3 The hunn
was begun at 150 m to avoid removing good dats o
regions containing strong gradients, The 1O sepmnon
and 0.5°C tolerances were deternuned atter sonmc oo
mentation. Segment length and temperature koo

o
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maeht need adjustment tor application in regions containing
strotie gradients: tor particularly noisy protfiles, different
seementt lengths and tolerances could be required within
the same protile. Step 2 would be skipped if inspection
ot the protile shown in Figure 1 (Step 1) indicated that
no cdiing was necessary. Then only Steps 5. 7, and 10
would be required. This editng technique also worked
well i removing isolated dats spikes and was found to
Vo ostitable tor general ediing of AXBT data.

For gquality control, i was important that the edited
Jat were plotted v Step 3 betore missing data records
worenterpolated. Gaps evident in the profile shown in
Fiaure 2 resulted tfrom consecutive bad data records. If
the paps were too large or too numerous, the profile would
Lave been cut short prior to the gaps. In Step 4. the gaps
i the edited protile were interpolated. This step was re-
quired prior to tiltering the data.

[atan the lower noise regions (0-300 m for the pro-
hle w Frg. 2y were considered good to at least 4-m resolu-
non. o Step 3. the profile was low-pass filtered to 4
resclution using a tilter with a half-width of 21 points,
« Bartlett taper, and a cutoft trequency of 0.25 ¢/m (Fig.
. Datain the higher noise regions were considered good
tosat beste 20010 moresolution. Fortunately, the higher
norse areas usially occurred only below the thermocline
rewonss vertical structure here could be adequately de-
wnibed with fower resolution data. Therefore, the profile
was hltered 1o a-Hm resolution 1n Step 6 by using a filter
with o halt-width ot 201 poims a Bartlett taper, and a
cutott requency of 0.025 ¢im (Fig, 4). This filter etfec-
uveiy conscructed the temperature profile through the
venter ot the high notse region.

b was advanrageous to have the tinal processed data
cantearal mulhples of T depeh For the tiltered pro-
siess 2 depth imtervals corresponded to the Nyquist

dnpling mtecval tor the tm resolution data. In Steps

md N the 4moresolution protile and the 10-m resolu
wi protle were subsampled at 2:m levels. In Step 9 the
tit s ot the s meresolution protile were merged with
e rom the 4 m resolution protile below 300 m.
Ororsamphing ob the protile oceurred below 300 m. The

suftng protle s shown an Figure S (Step 105,

Discussion

Groals ot the sacntitic progect would not have been ac:
o mplished it large numbers of protiles had been rejected
orincated. Without a4 technique similar to the one
ioscrtbed here s approximately 10-19% ot the profiles

coald huve been repecred The data were far too noisy

"

el o C A

L2}

N st Y A R ST
.Q 0~Q O.CQ -‘:“e" l‘ e, .:‘l:.“. .\.. .. ‘g ."‘.'l.g ..'Q“'.‘g ‘.\'..I 3 .

tor techniques bused on manual cditing or on by oo
terences 1o work.

Manual edig of the profiles would have becii i
impossible due to the time and labor required tor surh
editing. In many cases good data were not sisualiv
distinguishable from bad data. In fact, the true temperacan,
seemed to be the mean of the notse. This character s
is probably essential if the method is to work: otheivase,
the datu could be biased by the bias in the noise

The severity of the nose problem was turther lusriat
by the spectrum (Fig. 6) of the auto-edited profife wirh:
missing data interpolated and the spectrum (Fig. 7ot 1l
final combined profile, both a: raw resolution, The .
trum for the edited profile was unacceptable. Here spectr i
energy was confined to one energy decade tor all trequo
cies. For the final profile the spectrum was typical Encig
was down by more than five decades at 1 Hz.

Subsets of this technique were used on all the pronle:
Manual labor was approximately the same for processimy
clean raw data as for very noisy raw data. A litde muor
computer time was needed for the messy data. Manuial
editing of data spikes was not required for anv protile
Processing progressed quickly and smoothly, and was v
to document. User input control was minimal.

Filter parameters (Steps 5 and 6) and edit parametoo
(Step 2) were determined for the entire data set atter Al
raw data had been plotted. When the processing ot a1 pr.
file required all 10 steps, as determined trom the raw pron.
plot in Step 1, the only parameters to be determined wr
the depth range over which to apply the auto editor - Ste
2) and the depth at which to recombine the higher o
lower resolution profiles (Step 9). If the profiles requiec
spike editing (Step 2} but did not require degrading il
resolution (Step O3 then Steps 6, 8, and 9 could be by e

1

Then. only where to apply the editor needed v be dor
mined. It the protiles did not require editng, then S
2.3,4,0.8, and 9 could be skipped. Parameters requ
for processing clean profiles were the same

Summary and conclusion

Complete processing consisted ot three phases 15
the AXBT data were transterred from digital casse i
the VAX 117750 computer. depth and tempecature o
computed. and the duta were written in the standard @
format. Then. raw data were plotted for all profiles b
based on the information gained trom the raw ploag
(for notsy raw data) or part (for dean raw data of St
210 were executed ina single computer job These o
included auto-editing, filtering, interpolanng. and ploe
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ot the data. A ditterent filtering procedure was applied
to the notsier portions of the profiles. I this filtering pro-
cedure was applied. final processed profiles were at a lower
resolution over the depth range where noise was a problem
than over the depth range where noise was not a problem.
Otten, noisy areas were limited to portions of the profile
that could be adequately described at lower resolution.

This technique salvaged many questionable profiles. The
processing was quite flexible, simple, and easy to use. In
general, it can be used in processing a wide variety of

\‘\‘,.
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AXBT data. Similar techniques can be applicd 1o cihicr
data types.

Six general, nondata-specific utility programs were used
in Steps 2-10. Conceivably, these steps could be combined
into a single program (or two. if plotting programs were
separate). However, such a program could be quite larpe.
complicated, and data specific. Fully automating this pro
cedure is possible. Decisions concerning where to apph
the editor and where to recombine the profiles can be made
via programming [ogic. More work is required in this area
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Figure 1. Example of a very noisy unedited AXBT profile.
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