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ABSTRACT 

The design of detection systems in the shallow geophysi­

cal investigations is presented and discussed. 

An i.proveMent of the crosscorrelation system is 

attempted "olhich is based on the inherent properties of the 

autocorrelation function of predefined signals. Hence, the 

exploitation of the autocorrelation function as a measure of 

absolute likeness is studied. 

A detector based on polarity coincidence array and 

another based both on crosscorrelation and semblance are 

presented. 

All the presented systess are classified to nOD paraaet­

ric ones. Comments are aade on paraaetric systellS where 

econometric magnitudes lIight be involved. 

1. INTRODUCTION 

Recognition of specific patterns in the presence of 

stochastic and coherent noise is probably the 1I0st severe 

and challenging topic in the shallow geophysical investiga­

tions. Especially when dealing with high resolution Geophys­

257 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



ics (Wynn 1986), i.e. witb archaeological site search, tbe 

overall efficiency of the eaployed aethods is auch dependent 

on this aatter. 

The present study is focussed 00 the design of detection 

systems in "archaeological geophysics". However, the devel­

oped sys teas are applicable aore or less in all cases of 

shallow geophysical investigations such as engineering prob­

leas, cavity and Karst exploration, aineralization e.t.c. 

An illustrative case study was chosen fro~ the explora­

tion of tbe arcbaeological site of Dioo (Pieria. H. Greece). 

It is a sallple of 20x50 • which was explored by .agnatic 

aeaos. Figure (l) shows the total aagnetic field distribu­

tion within this bit of land. 

~m 

Fig. 1. Magnetic total field values froB an area in the 

archaeological site of Dian (H. Greece). Measurelllents were 

reduced with respect to the diurnal variatioD of the earth"s 

field and a first order regional was reaoved. Tbe locations 

of trial pits have been aarked. Already revealed antiquities 

have been also drawn. 
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3. THEORETICAL FOUNDATIONS 

By casting the proble. of detection of specific pat­

terns, several efforts have been .ade in the pas.t conserning 

Bain1y radar and acoustic signal detection. In those fields, 

the need for develop.ent of such systems is Bore pronounced 

since, for instance, several proble.s of seislllic prossecing 

and interpretation can be attacked. 

In Geophysical search of archaeological sites, proce­

dures based on the properties of the crosscorrelation func­

tion, have been succesfully applied (Bernabini et al. 1986, 

Brizzolari et a1. 1986, Alder 1988). Tsokas (1988) and Tso­

kas and Kiriakidis (1988) pointed out a severe li.itation of 

the detection abili ty of such procedures. This is the fact 

that different signals which have the sallie wavelenght con­

tent in one direction produce large values of the crosscor­

relation function ~isleading the interpretation. 

An atte.pt to overcome that specific drawback has been 

presented by Tsokas and DiBitropoulos (1989). The unwanted 

wavelenght content was suppressed by filters which were based 

upon the archaeological - historical infonllation. Such fil­

filters are opti.ua in the sense that they reflect the char­

acteristics of a specific signal. 

The forBer researchers co..ented also OL the dependance 

of the aJIlplitude of the crosscorrelation function on the 

burial depth of the target. They proved that when either the 

siBulation of a structure, which is used to produce a spe­
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cific pattern, or the structure itself is buried deeper than 

expected, the values of the crosscorrelation function are 

reduced. 

This is a considerable instabillity of the detection 

system since burial depth lIlay vary 1 or 2 grid units what­

ever Slllall the searched area .ight be. 

Bernabini et al. (1988) applied a crosscorrelation 

procedure to enhance the signal to noise ratio in resisti ­

vity profiles. They employed as "mat-ched filt-er" the dis­

tance - reverse of the signal. In case of Gaussian noise, 

such a filter ia an absolute opti.um (Robinson 1967, Kulha­

nek 1976). In case of autocorrelated Doise the distance ­

reverse f il tering will again resul t in dUXlping of the pre­

valent noise frequencies. However, the noise autocorrelation 

function lIlust- be known and noise should be considered sta­

tionary. FurtherllBore the noise should not be in a level 

close to the signal one. 

A detection systeE which weights the sa e weak and 

strong events was presented by Tsokas (1989). It was based 

on a sing - se.blance statistic and proved to give fairly 

good results in cases of s.a11 signal to Doise ratio. In 

addition the probability of falee alarms can be evaluated. 

3.	 IMPROVEMENT OF THE CROSSCORRELATION SYSTEM USING 

THE AUTOCORRELATION OF THE SIGNAL 

It is well known that the crosscorrelation function 

(CRF) between two functions, one considered as operator and 

the other as signal, is a lIleasure of similarity between 
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the•• 

If one can built up a realistic .adal of the wanted 

structrure and calculate its effect, this can be used as 

signal. By correlating such a signal with the .easured field 

a detector can be developed since the CRF possesses high 

values wherever the signal recognizes itself. I,n particular 

a high degree of resemblance to the signal autocorrelation 

function (ACF) should be perfor.ed wherever the specific 

signal is present. 

As already referred to, such a syste. e.ployed in shallow 

geophysical investigations is unstable. It is .ainly an 

aaplitude based system, therefore it weights .ore the strong 

events. Additionally noise aight correlate wi th the signal 

if the wevelenght content is the sase in one direction. 

An effort to i_prove the sysLe. consists in using Lhe 

characteristics of the ACF of the signal. These are:the .ean 

and the .axiDUUI values and the distance between the .axi.W11 

and first zero crossing. Alternatively, the two di.ensional 

pat tern of the ACF can be used directly in a Qualitative 

.anner. 

In order to illustrate the foraer considerations, a 

signal has been calculated by the,si.ulation of a NS ranging 

wall (figure 2a) and shown along the :l - di.ensional ACF 

(figure 2b). The resulted correlogram of the considered 

signal and the operator of figure (11 is shown in figure (3). 

261 

Ψηφιακή Βιβλιοθήκη Θεόφραστος - Τμήμα Γεωλογίας. Α.Π.Θ.



··,
,

, .. 
·,,·,
,·
,·
 ·
 ·
 ·
 

o 2 4m 

o 

D 

o 2 4m 

Fig. 2. 

A vertical sided rectan­

gular prism BUIDulates the 

re.ains of a foundation 

wall. It has been plotted 

along with the calculated 

eftect in (a). The .odel 

wag conatructed with 

dilllenaions O.~xl0xl 

Lurial depth of 0.5 • and 

susceptibility contrast 

-O.43xlO- 4 CGS units. The 

forlllul a used was that of 

Bhattacharyya (1964). The 

ACF of the produced efect 

is shown are (b). Con­

tours are in nT in la) 

and nTS in {bl. 
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Pig. J. Correlogram beLween the signal of figure (2a) and 

the operator of figure (l) . Contours are in n'f2. 

The numerical characteristics of the ACF of the example 

·are listed below: 

1. Mean value : 1.15 

2. Maximus value : 104 

3. Distance between maximum 

and first zero crossing: 4 grid units 

The ACF was realized in a particular window. Using the 

saile window dimemJions, the distribution of the nuserical 

characteristics can be calculated. This is illustrated in 

figures (4a), (4b) and (4c) respectively for the 1,2 and 3 

characteristics. We can now consider that a safe detection 

has been .ade at the locations where the evaluated charac­

teristics are within some li.its around the respective ones 

of the considered ACF. The interpretation has to be based on 

the archaeological - historical infor.ation as well. Never­
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tbeless. the last factor is always taxen into account. The 

resulted .ap of the locations where silllilar to the structure 

of figure (2a) are buried is shown in figure (5). 

The treat.ent of the problem in the performed manner is 

equivalent to the consideration of the numerical 

characteristics as statistics. Since no assumption on the 

distribution function of signal and noise has been .ade the 

syste. is classified to non parametric detectors. The proble. 

was essentially posed as one of the -decision .aking theoryM 

in the following conlext. 

Ho Signal is not present in the particular window. 

HI Signal is present in the particular window. 

Or. quantifying the hypotheses: 

Ho fi<foi - c or fi>foi +c (l) 

HI foi -c < fi < foi +c 

where, fi, a particular statistic. 

Since no distribution function considerations were .ade. 

error probabilities can not be calculated. 

The norEalized correlogra.s with respect to the .aximum 

of the ACF can be used for depth esti.ations (Alder 1988). 

However, such a treataent is applicable in silllple cases. 
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Pig. 4. Spatial distribution of the .ean value of the CRP 

realized in lOxl? grid units window (a). Spatial distribution 

of the .axi.u. value (bl and of the distance between the 

.axi.u. and the first zero crossing (c). 
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Fig. 5. Final proposal of the locations where features 

si.ilar to the ODe of figure (2a) are expected. It was pre­

sented after the evaluation of features of figure (3) and 

(4) • 

4. DETECTION BASED ON POLARITY COINCIDENCE ARRAY 

KanefsKY (1966) proposed a statistic based on the sign 

function which was proved powerful in seisllic exploration. 

Since its evaluation was based only on the sign bi l of the 

bytes which store the value of a sa.ple of the seis.ograll. 

it was reasonably ter.ed sign - bit semblance. This is def­

ined as .., ,., 
f= 1/4.2... ([agn (Fij) )1 (2) 

, ... , J.t 
where, _ and n are the disensioDB of the data window. The 

sign function 1s defined as 

.r:~ ~O(" t~~-t- 0 

\t~~\ (~)"'00" (~(~ '); l
0 ~o (" t~~ :;. 0 
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~he detector is developed by shifting a window on the 

data and .ake a decision on the existence of the signal. 

This decidion is based on the co.parison of the calculated 

each tiae f wi tb a predeterained threshold fo as shown by 

relation (1). 

The threshold can be either deter.ined by the ~iqnal or 

be set in order to have a wanted probability of type I error 

(Cochran 1973). 

Kanefsky (1966) proved that if we accept that noise is 

equally probable to be positive and negative, the sign bit 

sellblance is normally distributed under Ho. The .ean value 

is then an/4 and the variance mn (n - 11/8. 

In our example, such an assumptIon for the noise dis­

tribution function is reasonable. Hence I the application of 

the proposed detection syste. yields figure (6). 

The false alar. probability is given by.., 
(J·n00 =: f -pC ~o)6~ 

~~ 

where, P(l/Hol, is the probability density function of f 

given that Ho is true. 

The relation (4) results in a negligible probability for 

our case. 
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Fig. 6. Locations where the sign - bit se.blance systea 

pointed detection. 

DISCUSSION 

Two differently generated detectors were presented in 

tbe preceding pages. Obviously, an infinite number of detec­

tors can be developed with respect to the considered statis­

tic or strategy or the aatbeaatical operation. The efficiency 

of each syste5 is aucb related to the considered problem. In 

particular. it is aucb dependant on the noise characteris­

characteristics. 

Tbe sign bit seablance draws an advantage over the cross-

correlation. Since no aaplitude consideration is involved, 

weak and strong signals are weighted the sa-e. 

Models have to be constructed for either the CRF or tbe 

seablance system, consequently, the systems are equally 

easily applied. However, the dergree of rapidness that the CR 

syste produces s~e results depends on bow .any characteris­
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teristics of the ACF are used. 

The seablance is aore insensitivo to the possession of the 

saae wavelen9ht content in one direction between signal and 

noise than the CR one. This is due to the fact that signs are 

averaged out in two directioos. It is illustrated in the pre­

presented example by the nega tive resultat loca tion C of 

figure (1), where coherent noise is present which is posi­

tively correlated in the EW direction with the signal. 

Statistical detection theory states that parametric 

detectors are generally the aost powerfull (Helstroa 1968). 

In any particular detection cane, one could develope a bet­

ter para.etric syste. than the presented ones or a specific 

non parametric. However, these procedures lack of general­

ity and require knowledge or assuptions on both the statis­

tical characteristics of signal and noise. 

I! this can be achieved and siaul taneously the cost 

matrix is given, the detection system can then be optiaized 

in the econo.etric seose as well. In other words. to find 

the optimu~ possibilities in terlls of the iovolved costs in 

any decision. 

Any of the presented systells can be used separately or 

in cojunction each with other. The last case is suitable for 

application to systeaatlc excavations ....here tiae liai ts are 

aore flexible. In case where swift operation is required and 

boise can be considered Gaussian the sign semblance proposed 

by Tsokas (1989) is lIuch lIore convenient to be applied. 

Figure (7) shows the results of a detection systea 
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applied on the correlogra. of figure (3). The polarity coin­

cidence array of relation (2) was calculated from the ACF of 

figure (2b). ~his system gives the locations where detection 

is al.ost confident but the practically evaluated ".issed 

detection" probability exceeds 0.8. The practical use of 

such a systell is confined to the cases where a confident 

detection is required in order drilling or excavation acti­

vity to be com.enced. 

It llIUSt be noticed that usually we are dealing with the 

detection of more than one signal. Hence, noise varies each 

tiRe a detection run is at telllpted. In other words, the 

ef feet of other signals, than the wanted one each tillie, is 

counted as noise. 

In large sites, where several different structures are 

expected, and the data sa~pla is quite large, experience has 

pointed out that the Gaussian approxi.ation of noise condi­

tions is usually fullfiled. This fact facilitates the design 

of the suitable detection systelll. 
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Fig. 7. Results of a detector which was based on sign 

bit semblance and applied on the correlogram of figure (3). 

Finally, the di~ensions of the Boving window contribute 

to the efficiency of the detection systems. 

This is reasonable since parameters are calculated 

within this window. Thus, it must be designed in such a 

manner that the signal vani9hes out at the bounds. 

CONCLUSIONS 

Several detection systems were presented in the preced­

ing pages. However, it is emphasiz.ed that the best detector 

in each exploration case is the one designed upon the spe­

cific features of the problem. 

The efficiency of the CR system is much enhanced if the 

numerical characteristics of the ACF are taken into account. 

The use of polarity coincidence arrays is recommended 

wherever we deal wi th weak events. In addi tion, they are 

le9s sensitive to coherent noise in one direction. 

Detectors could be classified with respect to geological, 
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geoDorphological. archaeological and historical aspects. 

Such an attempt could be supple.ented with the esti.ation of 

econo~etric ~agnitudeB which are important in case of resque 

excavations. In other words. one could have a rough idea 

about the expected antiquities in a particular geographical 

region and the cost of each decision. Therefore, if sOlIe 

other features could be rapidly evaluated the optiMum solu­

tion can be given to the archaeologists. 
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