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ABSTRACT

Large marine data possesses several typical characteristics, such aslarge
amount, multisource, multiple dimensions, multi-type and so on. How to
design an optimal quality inspection plan and control the ocean datatimely
becomes more and moreimportant for the application of large marine data.
Based on skyline, it proposed a method to select the optimal quality
inspection plan for the quality inspection of large marine data. Firstly, the
residual of acceptance quality probability of each quality inspection plans
for ocean big datawere cal culated by Hyper-geometric distribution model .
And then, the optimal quality inspection plan was selected based on the
algorithm of block-nested-loops (BNL), which compared the residual of
acceptance quality probability of each quality inspection plans one by
one. Finally, the proposed method is verified by inspecting the quality of
thelarge marinedata, whichiscollected by monitoring sitesin acertain sea
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INTRODUCTION

With thedevel opment of the marineindustry, infor-
mation technol ogy becomesan important way of com-
prehens veunderstanding marineand maritimeresearch.
Currently, thereareawide variety of marine dataac-
quisition means, oceanographic data““quantity” rapid
growth, while oceanographic data“classes” of diversi-
fication, oceanographic datahasbecomebig datamodd .
Ocean monitoring dataprovidesimportant information
resourcefor marineenvironment, marineresources ex-
ploration, marine disaster forecasting and other stud-
ies, but the““quality” of this data really becomes a main

concern.

Taking monitoring amarine aguaculture zonefor
example Thebas cdataincluding longitude, latitudeand
bathymetry; marineenvironmenta datad ementsindude:
temperature, sdinity, wave, current, tidd, etc., dements
of dataacquisition cycleis 10 minutes, marineaquacul-
tureareadtribute dataincludes: typeof farming, breed-
ingarea, farming units. Inthe ocean datalifecycle, from
thecollection, transmission, processing to the applica
tion, arelikely to makethe dataproduced qudity prob-
lems. Becausethedataprior to use, theneed for alarge
batch of marine dataquality inspection. But thetradi-
tional method of dataquality test datacan not be di-
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rectly appliedto marinebig quality inspection, therea-
sonis: (8) marine databel ongsto aclassof spatial data,
thegpatia position dataand attribute datawith the cor-
responding; (b) Ocean DataAcquisition period of 10
minutes, So the dynamic characteristicsof marinedata,
and itssharply accumulation; (c) asaresult of theac-
quisition of meansof different environmental factors,
the dataformat, the accuracy requirementsvary.

Themain contribution of thispaper are: (1) usethe
hyper-geometric distribution model to giveadifferent
set of quality inspection programsresiduals; (2) pro-
poseablock nested loops a gorithm based on skyline
to select the optimal quality inspection programs; (3)
for multi-source, multi-class, multi-dimensond and dy-
namic nature of maritime data, quickly determineits
qudity ingpection optimization.

RELATEDWORK

Qudity inspectionisto extract certain datafroma
batch of marinedatato estimate whether the datameet
the demand accuracy. Asfor dataquality, papert pro-
poses data quality standard to build closed cyclefor
dataquality management. In papert?, it suggests con-
trolling dataqudity intermsof dataveracity, datainteg-
rity, datarepresentativenessand comparability. And test
on existed datawas carried out by statistical sampling.
Dataquality measurement index wasdivided into ob-
jectively dataquality indicator and subjectively data
quality index™. User can choosedifferent index accord-
ing to need to measure data. Whilein paper®, it class -
fied dataquality asinterior qudity, addressable qudity,
context quality and delivery quality. Each classisdi-
vided into specific dimensionfor estimation and widdly
cognition. Paper’® present sampling cal culation method
to quantize thetwo important dimensions (accuracy &
integrity) of dataquality. And it shows concrete analy-
ssontheinfluenceof dataquality tothefour common
relation a gebraoperations (selection, projection, Car-
tesian product, linkage). The above methodsare data
quality ingpection based ontraditiona data. But marine
dataisdifferent from traditional dataand hasitsown
properties. (1) Most marinedataquality inspectionis
irrevergbility duetoitsdifficult to obtain and cost much.
(2) Marinedataare wide reach cover and asymmetry
gpatial and temporal distribution. Given prioritization
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scheme based on different batches and areas of marine
dataiskey problem for marinedataquality inspection.
Asfew marine dataquality inspection reported, pa-
per™ introduced methods including extreme control
method, detection method, Dixon ingpection detection
to control dataquality. According to discontinuous phe-
nomenon caused by GPS buoy side, the researcher
adopted interpol ation method and continuation vaue
to control marine dataquality. Takevelocity informa-
tion obtained by LADCP for example, resultson how
velocity influence qudity datacontrol swere presented
to strengthen theimportance of marinedataquality con-
trol. Various studied on quality inspection of different
marine datahave been reported, however, few studies
focus on how to build quality inspection and how to
control itsquality.

Recently skylinecd culaionisfavored domesticand
overseas. Study on using skylinecalculationin static
environment and using spatial index for quick skyline
query isreported. Paper’*? put forward anew skyline-
based cluster stricter and appliesthismethod inwire-
lesssensor network. Skylinequery ismultiplegod pro-
gram problemsand it balances severa factorsfor bet-
ter decisonmaking.

Inthispaper, traditiona percentagemethodisused
to propose dataquality inspection method for marine
datainspection. Residual collectionsof all quality in-
spection method are cal cul ated based on hyper-geo-
metric distribution model. We use skyline bl ock-nest-
ing circul ation method to optimize theexisting quality
inspection methods. By making balance betweenin-
spection accuracy and cost, top-notch quality inspec-
tion method for the marine datawas provided.

OCEANDATAQUALITY INSPECTION
PROGRAM AND PROGRAM RESIDUALS

Ocean dataquality inspection plan

Quality inspection of marinedatadenoted S(N, n,
c), where N isthevolume, that isto betested for the
total number of marine data; nisthe samplevolume,
thevolumeextracted from marinedatasamplesto check
quantity; cto receivethe number of samplesthat ap-
pear to dlow themaximum number of ocean datafailed.
Oceanographic datafrom theinspection ot to betested
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inN nsamples, oneby onecheck their quality; remem-
ber ocean sampledatanumber of nonconformingitems
isd, if the number of ocean datafailed to receiveless
number ¢, the batch datareachesthe ocean accuracy
requirements are considered not to befound in ocean
dataquality problems, and viceversaexplanation batch
ocean dataquality problems.

Thisartideusestheinspection ot rgect rateto mea:
surethelevel of ocean dataquality standards, with the
averagelevel of quaity marine dataused to measure
the average quality of the data. Oceanographic data
whichrgect rateiscdculated as (1) shownintheaver-
agequdity level of marinedataiscd culated as(2) shown
beow:

p= % x100% (1)

p = 100%x =

Amongthem, for thei-th samplebatchindividudly
check oceanographic data, we found that the number
of nonconformingdata; nisthei-inspectionlot oceano-
graphic dataon asamplevolume; m represents ocean
datafor thebatch to be tested.

Ocean data quality solution residuals

For each batch oceanographic datato betested,
thereisan acceptancequality limit itsAQL (acceptance
quality level) and the ultimate quality limit LQL (limit
qudity level). Acceptance quality limit (AQL)™ isto
be submitted when the number of data sequences ac-
ceptancetesting, the processallowed theworst aver-
agequality level, itispossibleto receiveandrg ect the
process average limit value. Ocean dataon anumber
of quality inspection beforethe required dataquality
requirementsaccordingto thetimesgiven AQL inspec-
tion processvalue, namely inspection lot permissible
nonconforming ratep. Limiting quality limit (LQL )14
refersto sampling, probability of acceptanceislimited
toalow leved of qudity, it isinthesampling inspection
for not receiving theminimum batch quality.

Based on the hyper geometric distribution model,
the probability of receiving quaity ingpection program

————, FyurL PAPER
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1(p) = Z (/,\7/: c[/)](ﬂ

& (NJ ©)
n

D=Nxp 4

Therefore, based onthereception qudity limit AQL
residual probability of reception Ea, and the ultimate
qudity limit LQL residual probability of reception Eb,
isgiven by thefollowing formula:

[N —round(N - pa)j[round(N . pa)]
n-d d
-1-a
N
[n)
N —round(N - p, ) round(N - p,)
n—d d

R

n

E- -ILp)--a] g

*ﬂ:L(pb)*ﬁ (6)

Wherea for theproduction of risk, whenthequality of
datato meet quality marinereceiving limit AQL, its

probability of acceptance /( p,)should be (1 -o)

nearby, E, for the acceptance quality limit acceptance
probability residuals; 3 for the use of risk, when the
qudity leve inferior limit qudity limit LQL, itsprobabil-

ity of acceptance /( p, ) should B nearby, E istheulti-
mate quality limit acceptance probability residuas.

OCEANDATAQUALITY INSPECTION
SCHEMEOPTIMIZATION SELECTION
ALGORITHM

Block nested |oop (block-nested-loops, BNL)!14
isaproperty value hastwo data points pairwise com-
parison method isan optimization agorithm, by itsvery
natureisamulti-objectivedecison-making a gorithms.
Inthispaper, the percentage of quality inspection pro-
gramson ocean dataquality inspection solution S(N,
N, ¢) datainspection, quality ingpection program for the
useof BNL intheacceptancequality limit and thelimit
probability of acceptance quality limit resdualsEare-
sidual probability of acceptance Eb optimized selec-
tion, in both the producer and the consumer’s risk ex-
posure under conditions selected to optimizethe qual-

s LBioTechnology

An Tudian Yourual



236

FULL PAPER o

An algorithm in quality inspection of large marine data based on block-nested-loops

BTAIJ, 8(2) 2013

ity of theingpection program.

Input: marine datasetsto betested O, |O|=N;

Output: optima maritimedataquality ingpectionpro-
gram S(N, n, ¢).

Step 1 Fnd maritimedataqudity verification scheme
set Q,|Q[=N2

Step2for(i=1;i<=N;i++){

Usingtheformula(5) Findtheresdudsai, and put
itintheresdualsset Ea;

Using theformula(6) request residua shi, and put
itintheresduasset Eb;

/1 Usingtheformula(5) and (6) request residuals
set Eaand Eb;} Step 3 sets Ea and Eb residuals as
input, called skylineblock nested loop agorithm; through
theblock nested |oop dgorithmto ca culatetheoptimal
solution (ak, bk) (O<k | Eal);

Step 4 (ak, bk) Q from the program chooses the
optimal solutionset S(N, n, ©).

AlgorithmAnadyss: Inthisagorithm, seeking mari-
timedataquality verification schemeset Qisthetime
complexity isO (N2); seeking residual s set time com-

plexityisO (N2); block nested loop adgorithmtimecom-
plexity isO (N2); from the program choosesthe opti-
mal solution set Q thetimecomplexity isO (N). There-
fore, thetimecomplexity of thealgorithmisO (N2).

EXPERIMENTALANALYSIS

Experimental data

Taking aportion of farmed seaareamonitoring Ste
data, for example, which includes monitoring points
within thestudy areaN is 1392 bits of data, each data
point bitsincludethree categories, namdy, spatia loca
tion data, marineand aguacultureinformation dataele-
ment data

Four different samplingratio f of marinedatafor
quality testing, ocean datafor batch N, samplesizen,
N batch were taken at 5%, 10%, 15% and 20%, the
number of c take different receiver valueslisted in
TABLE 1 as a percentage of ocean data quality in-

spection program.

TABLE 1: List of the percentagesampling plan

f n Co C C2 Cs Ca Cs Cs C7 Cs Co Cio Cn C2 Ci3 Cus Ci5
5% 69 0 1 2 3 4 5 6 7 / / / / / / / /
10% 139 0 1 2 3 4 5 6 7 8 9 10 / / / / /
15% 208 0 1 2 3 4 5 6 7 8 9 10 11 12 13 / /
20% 278 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

Optimization of quality inspection program

Accordingtotheabovefour different percentages
sampling method, using the hyper-geometric distribu-
tion model, based on AQL and L QL val ue correspond-
ing reject rate, reject rate weretaken Pa=0.02, Pb =
0.1, the calculated probability valuereceived L (Pa)
and L (Pb), and the corresponding residual value Ea
and Eb.

BNL agorithmsusedifferent sampling fractions
generated ocean dataquality inspection program to
choose. First of marine datasampling planisdefined
asacollection of residua handicap, qudity inspection
program for all residuesinteract almost set twenty-
two comparison to filter out the balance between the
optimal solution residuals, After repeated
comparisonsyand the optimal quality inspection pro-
gramwill turnout.
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CONCLUSION

Thisarticleintroducestheideaof skylineto opti-
mi ze ocean dataquality inspection scheme sel ection.
Using the hyper-geometric distribution model to calcu-
lateresiduds, and then choosesthe optimum ocean data
quality inspection program viaablock nested loop al-
gorithm, the experimental resultsthefeasibility of the
method. This paper demonstrates how to choosethe
best quality ingpection programsof oceanographic data
rgpidly, improvesthetheoretica system of marinedata
quality inspection.
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