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ABSTRACT 
 
Some gross errors in mining spatial data may occur during the process of data collection
owning to the natural or human factors. The existence of gross error will affect the result
of measuring, so it is of great necessity to explore an effective detection method to find
out and eliminate the errors. The paper aims to observe the detection of the gross error in
mining spatial data by using the multi-resolution capability of wavelet analysis, and as
well to make an analysis of the influence of different wavelet function and decomposition
upon the gross error by the case study of mine drilling data, and therefore it finally
confirms the use of db2 wavelet decomposition into four layers for gross error detection.
Meanwhile, it accurately pinpoints the existing gross error which should be eliminated
combining with the spatial distribution characteristics of the mine drilling data. It is
proved to be practical by applying the way of wavelet analysis to detecting mining spatial
data and which is of great value to solve the deficiency of traditional gross error detection.
 

KEYWORDS 
 
Wavelet theory; Mining spatial data; Gross error detection. 
 



1

 
 
e
c
h
m
th
s
c
w
p
d
b
 

 
 
M
id

s

q
 
r

f

s
 

 

 

f
 

 

b

12366  

Gross 
error of the ob
certain kind of 
human environ
methods are sim
he data detect

simple, practica
could be decom
wavelet transfo
phenomenon a
dynamic monit
be more applied

Due to
Mallat multires
dea is to put th

signal, the wav

qualcomm outp
The ch

related to the s

factor to start u

shown in Figur
( )F x

()( fAxf j

Amon

between the com

Gr

error, also can
bservation valu
detection meth

nment always m
mple, but need
ion method is 
al, but the prec
mposed, the u
orm of the mu
and show its c
oring[1,2], gas m
d in mine spati

THE

o multi-resolut
solution decom
he wavelet base

velet coefficie

put, as show in
haracteristics o
signal length an

up to synthesis

re 2. 
) is a data mode

)()( xfDx j

ng them, jA f

mponents of 2

oss error detection

n be regarded a
ue, which show
hod to find it a
made some gro
d normal data, 

better, there a
cision is not hig
use of perform
ulti-scale analy
composition. T
monitoring[3], e
ial data for gro

E DECOMPO

tion, the wavel
mposition[6,7], a
e which expres

ent ( jcA ) the

Figure 1. 
of the wavelet 
nd the length o

s of original si

el, use the Mal

F

F

)  

( )x  is the fre

2 j
 and 

12 j 

n method based on

INS

as negligence e
wed big differ
and get rid of it
oss errors. So f

meanwhile, th
are still compl
gh. Because of

mance in differ
ysis, in the hig
These gross err
earthquake[4] an
ss error detecti

OSTION AND

let analysis is
analysis of sign
ssed as a series

e output of th

decomposition
of wavelet bas

ignal, jA mean

lat algorithm, t

Figure 1 : The

Figure 2 : The

equency of the

. The matrix fo

n wavelet theory o

STRUCTION

error or abnorm
rence between
t, for a influen

far the detectio
he calculation
lex faults; Eve
f the low pass f
rent scales cou
gh frequency p
ror detection 

nd foundation p
ion.  

D RECONSTR

easier to impl
nal may be coa
s of high pass a

e low-pass br

n is the largest
se. Refactoring

ns reconstructi

the signal is de

 
e wavelet deco

 

e wavelet recon
 

e signal over t

orm of the wav

of mining spatial d

mal error. Usua
n the observati
nce results. Act

n methods are
are more comp

en the calculat
filter of wavele
uld be separate
part can detect
data of wavel
pit[5], make bet

RUCTION OF

lement also wi
arse almost in
and low pass fi

ranch, branch

t scale, under t
g, contrary to d

ion of wavelet

ecomposed into

 

omposition 

 

nstruction 

the compositio

velet decompos

data 

ally called a bad
ion results and
tually in data c
getting more, 

plicated withou
tion of regress
et analysis func
ed the gross e
t the normal s
et theory whic
tter effect. So t

F WAVELET 

ith better effec
position. Mall

ilter group. Gen

of wavelet de

the limit of iter
decompose, fro

t signals, jD m

o different freq

on of 2 j
, D

sition as the fo

BTAIJ,

d or outliers fr
d true value, th
collection, the n

and the classic
ut strict theory
ion analysis is
ctions, the orig
error from noi
signal transient
ch applicated
the wavelet the

ct, using the al
lat algorithm o
neralization, S

etail coefficien

ration. The lar
om the bottom

means wavelet

quency compon

( )jD f x  is the

llowing:  

J, 10(20) 2014 

om a gross 
hat need a 
natural and 
c detection 
y; although 
s relatively 
ginal signal 
ise. By the 
t abnormal 
from GPS 

eory should 

gorithm of 
of the basic 
 is original 

nts ( jcD ) 

rgest scales 
to 2 times 

details, as 

nents:  

(1) 

frequency 



B

C
 
 
 
 

 

 

C
 
 
 

 
 
f
o
id
d
 

 

 
o
a
d
s
 

 

BTAIJ, 10(20) 201

,1 DHCC jj 

Type: 
H --- L
G --- H

After t

~~
1

* CHC jj

Amon

GRO

The di
faults,) the loca
objects, and mu
dea is: First, th

decomposed af
The st

(1) The w
decom
must b
wavel
situati
otherw

(2) the thr
correc
proces
thresh

(3) The w
decom
signal

The us
obtain the data 
analysis of diff
detection measu
spatial data as s

14 

(1 GCD jj 

J --- The layer
Low pass filter
High-pass filter

the Mallat deco

(
~

1
*  jDG j

ng them, the co

OSS ERROR D

istribution of u
ation of the di
utation is refle
he wavelet dec
fter threshold p
teps of outlier d
wavelet decom
mposition layer
be on the ana
et decomposin
on, to determi

wise, would be 
reshold value 

ction method, 
ssing is for a 

hold can be the 
wavelet recon

mposition and t
.  

se of wavelet a
of 56 drilling 

fferent wavelet
ure adopted by
shown in Figur

),,2,1( Ji 

rs of wavelet d
r,  
r,  

omposition, ne

,1,  JJ

njugated H* an

DETECTION

underground sp
iscontinuous p
ected in the hig
composition of 
processing; fina
detection based

mposition. The
rs, according to
alysis of differ
ng mutation wa
ine whether it
identified as g
of high frequ
it can be to e
threshold proc
default thresho

nstruction. To 
threshold de-no

THE E

analysis for gro
grouting eleva

t functions and
y the wavelet fu
re 3.  

 Chen Ling

)  

ecomposition;

ew filtering seq

)1,  

nd G* were H

N OF MINING

pace object has
henomenon. If
gh frequency s

f the original si
ally the signal r
d on wavelet d
 key of wave
o the character
rent decompos
as found in the
t is true or no
gross error[8]. 
uency coefficie
each layer of h
cessing exceed
old and soft thr

reconstruct t
oising treatmen

EXPERIMENT

oss error detec
ation coordina
d scale signific
unctions and sc

Figure 3

g-Xia and Zhang J

 

quence 1jC 
  an

and G 

G SPATIAL D

s a certain cont
f using wavele
signal. So dete
ignal; then the
reconstruction
ecomposition a
elet decompos
ristics of data,
sition level dat
high frequency
t due to signi

ent quantificati
high frequency
ds the threshol
reshold and co
the last layer
nt after the lay

T AND RESU
 

ction, need to s
ates, for examp
cance in gross
cale size (deco

3 : Original sig

Jun-Li 

nd 1jD 
  be for

DATA BASED

tinuity, in the p
et analysis, dat
ection of gross
wavelet coeffi
to eliminate th

and reconfigur
sition is on th

the choice of
ta, to determin
y part of the po
ficant changes

ion. If the reje
y coefficient o
ld value; on th
mpulsion is th

r of the low
yers of high fre

ULT ANALYS

select the type
ple, the use of
s error detectio
omposed layers

gnal 

rmed, Mallat al

 ON WAVEL

presence of geo
ta trend is low
s error on mini
icients of the h
he gross error. 
ration is: 
he selection of
f wavelet funct
ne the decomp
osition, and the
s in the enviro

ection of gross
of N layer firs
he other hand,
e high frequen

frequency co
equency coeffi

SIS 

of wavelet fun
Matlab softwa

on, and then d
s). The original

 

lgorithm recon

LET THEORY

ological structu
w frequency pa
ing spatial data

high frequency

f wavelet fun
tion, decompos
position level
en according to
onment of norm

s errors is the
st, processing.
, is not proces

ncy coefficient
oefficient afte
cient, coarse s

nction and scal
are by wavelet
determine the g
l signal images

 12367 

(2) 

nstruction. 

(3) 

Y 

ures (folds, 
art of these 
a the basic 
part of the 

ctions and 
sition level 
N. By the 

o the actual 
mal value; 

e choice of 
Threshold 

ssing. This 
of 0[9]. 
er wavelet 
ent out the 

le. Used to 
tools, first 

gross error 
s of mining 



1

 
m
g
w
 
T
 
s
d
m
4
 

 

 
 
b
s
m
p
p
 
T
 
d
 
b
la
r
C
 

12368  

From 
method, must b
gross error det
wavelet functio

The influence 
Differ

stability recons
decomposition 
moments better
4 layers DB2, d

From 
but the db2, db
some outstandi
mutations part 
point is remark
part, select the 

The influence 
Choos

decomposition,
From t

but for three lay
ayer 1 and lay

remarkable. In 
Comprehensive

Gr

the original sig
be adopted to ju
tection of the 
on, and the othe

of different w
rent regularity o
struction wavel

and reconstru
r dbN wavelet 
db3, DB4, db5 

Figur

Figur

Figure 4 to Fig
b3, db3, but in
ing high freque
is consistent, 

kable. Consider
db2 wavelet fo

of different de
se the right db
, the results are
the Figure 8 an
yers of decomp

yer 2 and layer
different deco

e consideration

oss error detection

gnal graph, it c
udge outliers. B
wavelet theory
er is a scale sel

wavelet functio
of different wa
let coefficients

uction effect. C
function as th
respectively, a

re 4: Db2 wav

re 6 : Db4 wav

gure 7 db2, db
n these wavelet
ency part. In d
and very obvio
ring various w
or gross error id

ecomposition 
b2 regularity w
e shown in Figu
nd Figure 9, Fi
position, in the
r 3 mutation p

omposition laye
n, the choice of

n method based on

can be seen th
By using the m
y, there are tw
lection. 

ons for gross e
avelet function
s, so for the dif
Considering th
e basis functio
as show in Figu

velet 

velet 

b3, db3 and db
t low resolutio

db2 four layers
ous. Other wav

wavelet function
dentification 

level of gross 
wavelet includ
ure 8 and Figu
igure 10 and Fi
e second and th
point clear; In
ers, the third la
f db2 4 layer w

n wavelet theory o

hat there exists
method of wave
wo important p

error detection
s, regular high
fferent wavelet

he characteristi
on. The followi
ure 4, Figure 5

 
 

 

 

5 wavelet, in d
on of the fourt
s of decompos
velet mutation
n in the perfor

error detectio
ding gross erro
ure 9, Figure 10
igure 11 learn t
hird layer muta
the fifth and s
ayer of the sing

wavelet decomp

of mining spatial d

in peak signal
elet theory for
problems need

n  
her smoothness
t functions, the
ics of mine da
ing use of crud
, Figure 6 and

Figure 5

Figure 7

d1, d2, d3, the
th floor. In db3
ition, high-freq

n have reflected
rmance of the l

on 
or signal respe
0 and Figure 11
that gross error
ation point obv
sixth floors dow
gular point is v

position to loca

data 

l, this value is 
gross error det

d to be identifi

s make better fu
e regularity of 
ata, select the 
de difference s
Figure 7. 

5 : Db3 wavele

7 : Db5 wavele

high frequenc
3, db3 wavelet
quency layer 1
d, but not as g
low frequency

ectively for 2 
1.  
r in the high fr
viously; Decom
wn in the third
very obvious, 
ate the gross er

BTAIJ,

the gross erro
tection and reje
ied, one is the

function. Effect
different, diffe
regularity and
ignal is decom

et 

et 

cy part of point
t low frequenc
1 and layer 2 a
good as the db2
y part and high

layer, 3, 5 an

requency part i
mposition is fou
d layer mutatio
can accurate p

rror. 

J, 10(20) 2014 

or detection 
ection. The 
e choice of 

t of regular 
erent signal 
d vanishing 
mposed into 

 

t mutation, 
cy part and 
and layer 3 
2 mutation 

h frequency 

nd 6 layer 

s reflected, 
ur layer on 
on point is 

positioning. 



B

 

 
T
 
b
 
T
 
s
d
 

 

BTAIJ, 10(20) 201

The gross erro
From 

bigger, show th

The gross erro
As the

said, drilling ca
data, determine

14 

Figure 8 :

Figure 10 

or detection  
Figure 4, can 

hat the data ma

or elimination
e sixth point da
an be seen from
e the abnormal 

: Decomposing

: Decomposin

be precise the
ay be a gross er

ata in the signa
m the graph, th

data values, sh

Figur

 Chen Ling

g 2 layer 

ng 5 layer 

e positioning o
rror.  

al, and It is the
here is no geolo
hould choose o

re 12 : The gr

g-Xia and Zhang J

 

 

f singular poin

borehole, CH4
ogical structure
out.  

ross error elim

Jun-Li 

Figure 9 : De

Figure 11 : D

nt, which be fo

4-1 in Figure 1
e, and its surrou

mination graph

ecomposing 3 

Decomposing 6

ound in the six

12, the fault is s
unding after co

h 

layer 

 

6 layer 

xth data values

shown in black
omprehensive

 

 12369 

 

s change is 

k and point 
analysis of 



12370  Gross error detection method based on wavelet theory of mining spatial data  BTAIJ, 10(20) 2014 

CONCLUSIONS 
 
 Drilling data mining analysis of borehole data based on whether is gross error, by using the multiresolution of 
wavelet analysis, to study the different layer number of wavelet function and wavelet decomposition in the gross error 
detection.  
 With the experimental analysis, make sure to use db2 4 layer wavelet decomposition, determine the borehole data is 
gross error, and pinpoint the existence of gross error data. In combination with the practical situation of data distribution, the 
gross error should be removed. If data anomalies are reasonable, should be adopted based on the theory of wavelet threshold.  
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