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ǧȌȉǾ ɸŬȍȌȏůǿŬůȄȎ

ÅǥȍȐǽȎ ȈŮȆŰȌȏȍȂǿŬȎ ůȏůŰǾȉŬŰȌȎ GPR

ÅCOST Action TU1208

ÅǨűŬȍȉȌȂǽȎ ůŮ ǽȍȂŬ ůȏȂȇȌȆȊȒȊȆŬȇǾȎ ȏɸȌŭȌȉǾȎ 

ÅǮŮȈȈȌȊŰȆȇǽȎ ɸȍȌȇȈǾůŮȆȎ 
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ǲȌȈȆŰȆůȉȕȎ



ǥȍȐǽȎ ȈŮȆŰȌȏȍȂǿŬȎ ůȏůŰǾȉŬŰȌȎGround Penetrating Radar 
ïGPR

ÅǵȌȂŮȒȍŬȊŰǼȍǾŬȈȈȆȗȎŰȌGround Penetrating Radar (GPR) ŬɸȌŰŮȈŮǿȉǿŬ
ȂŮȒűȏůȆȇǾȉǽȅȌŭȌ.

ÅǦŬůǿȃŮŰŬȆůŰȄȊȄȈŮȇŰȍȌȉŬȂȊȄŰȆȇǾȅŮȒȍǿŬȇŬȆŬɸȌŰŮȈŮǿȉǿŬȉȄ
ȇŬŰŬůŰȍŮɸŰȆȇǾȉǽȅȌŭȌȉŮȉŮȂǼȈȌŮȖȍȌȎŮűŬȍȉȌȂȗȊ.
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ǵŬȐȖŰȄŰŬ ŭȆǼŭȌůȄȎ 
ŰŬȐȖŰȄŰŬ űȒŰȕȎ 
ůŰȌ ȇŮȊȕ

ŭȆȄȈŮȇŰȍȆȇǾ 
ůŰŬȅŮȍǼ ȉǽůȌȏ 
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ǴŰȄȍǿȃŮŰŬȆůŰȄȊŬȊǼȇȈŬůȄȏȑȄȈǾȎůȏȐȊȕŰȄŰŬȎȄȈŮȇŰȍȌȉŬȂȊȄŰȆȇȗȊȇȏȉǼŰȒȊŰŬȌɸȌǿŬ
ŮȇɸǽȉɸȌȊŰŬȆȇŬȆŭȆŬȁȆȁǼȃȌȊŰŬȆ(ŭȆŬȁȆȁŬůȅǽȊůǾȉŬ)ŮȊȗůŰȄȊůȏȊǽȐŮȆŬŬȊŬȇȈȗȊŰŬȆ
(ŬȊŬȇȈȗȉŮȊȌůǾȉŬ)ůŮŬůȏȊǽȐŮȆŮȎȉǽůȒȊ(ŭȆŬűȌȍŮŰȆȇǾŭȆȄȈŮȇŰȍȆȇǾůŰŬȅŮȍǼ/ŬȂȒȂȆȉȕŰȄŰŬ).

ǥȍȐǽȎ ȈŮȆŰȌȏȍȂǿŬȎ ůȏůŰǾȉŬŰȌȎGround Penetrating Radar 
ïGPR
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COST Action TU1208: Civil Engineering Applications of Ground Penetrating Radar

Working Groups:

WG 1: Novel GPR implementation 

WG 2: GPR surveying of pavements, bridges, tunnels and buildings; underground utility and  void sensing 

WG 3: Electromagnetics (EM) methods for near -field scattering problems by buried structures; data 
processing techniques

WG 4: Different applications of GPR and other NDT technologies in Civil Engineering

Website: http :// gpradar.eu/index.html
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ǨűŬȍȉȌȂǽȎ ůŰȄȊ ŬȍȐŬȆȌȈȌȂǿŬ

ǥɸȌŰŮȈǽůȉŬŰŬ GPRŬɸȕ ǽȍŮȏȊŬ

ǪȈŮȇŰȍȌȉŬȂȊȄŰ
ȆȇǾ ȉǽȅȌŭȌȎ 
(ǨǮǫ)

ũŮȒȍŬȊŰǼȍ 
(GPR)

ǪȈŮȇŰȍȆȇǾ 
ȉǽȅȌŭȌȎ (ERT)
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ǧȆŬűȌȍȌɸȌǿȄůȄůȏȐȊȌŰǾŰȒȊ:

ǴŰȄȊɸŮȍǿɸŰȒůȄȐȍǾůȄȎŰȌȏůȏůŰǾȉŬŰȌȎGPRůŮǽȍȂŬůȏȂȇȌȆȊȒȊȆŬȇǾȎȏɸȌŭȌȉǾȎ,ŰŬȁǼȅȄȇŬȆȌȆ
ůȏȐȊȕŰȄŰŮȎɸȌȏȐȍȄůȆȉȌɸȌȆȌȖȊŰŬȆŭȆŬűǽȍȌȏȊŬɸȕŰŬŬȊŰǿůŰȌȆȐŬɸȌȏȈŬȉȁǼȊȌȊŰŬȆůŮǼȈȈŮȎ
ŮűŬȍȉȌȂǽȎ.

ǨűŬȍȉȌȂǽȎ ůŮ ǽȍȂŬ ůȏȂȇȌȆȊȒȊȆŬȇǾȎ ȏɸȌŭȌȉǾȎ
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ǞȈŮȂȐȌȎ ɸȌȆȕŰȄŰŬȎ 
ůŮ ȊǽŬ 

ȌŭȌůŰȍȗȉŬŰŬ 
Quality Control

ǨűŬȍȉȌȂǽȎ ůŮ ǽȍȂŬ ůȏȂȇȌȆȊȒȊȆŬȇǾȎ ȏɸȌŭȌȉǾȎ

ǥȋȆȌɸȌǿȄůȄ GPR ůŰŬ ȌŭȌůŰȍȗȉŬŰŬ
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ǪȈȆȇǿŬ

Ǭ
Ŭ
Ű
Ǽ
ů
Ű
Ŭ
ů
Ȅ

ǥůŰȌȐǿŬ

ǝȍȆůŰȄ 
ǬŬŰǼůŰŬůȄ

ǲȌȆȌŰȆȇȕȎ ǽȈŮȂȐȌȎ ȊǽȌȏ ȌŭȌůŰȍȗȉŬŰȌȎ

ǨűŬȍȉȌȂǽȎ ůŮ ǽȍȂŬ ůȏȂȇȌȆȊȒȊȆŬȇǾȎ ȏɸȌŭȌȉǾȎ
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Ǳ ɸȍȌůŭȆȌȍȆůȉȕȎ ŰȌȏ ɸǼȐȌȏȎ ŰȒȊ ůŰȍȗůŮȒȊ ŬɸȌŰŮȈŮǿ ɸŬȍǼȉŮŰȍȌ ȇȈŮȆŭǿ ȂȆŬ ŰȄȊ 
ŮȇŰǿȉȄůȄ ŰȄȎ űǽȍȌȏůŬȎ ȆȇŬȊȕŰȄŰŬȎŰȒȊ ȌŭȌůŰȍȒȉǼŰȒȊ.

ǨűŬȍȉȌȂǽȎ ůŮ ǽȍȂŬ ůȏȂȇȌȆȊȒȊȆŬȇǾȎ ȏɸȌŭȌȉǾȎ
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ǲŬȍŬŭȌůȆŬȇǼȌɸȍȌůŭȆȌȍȆůȉȕȎŰȌȏɸǼȐȌȏȎŰȒȊȏűȆůŰǼȉŮȊȒȊůŰȍȗůŮȒȊȂǿȊŮŰŬȆȉŮŰȄȊŭȆŬŭȆȇŬůǿŬ
ŰȄȎɸȏȍȄȊȌȈȄȑǿŬȎɸȌȏŬɸȌŰŮȈŮǿȒůŰȕůȌ,ȉǿŬȐȍȌȊȌȁȕȍŬ,ȇŬŰŬůŰȍŮɸŰȆȇǾȇŬȆȇȌůŰȌȁȕȍŬȉǽȅȌŭȌ.

ǴŰȄȊɸŮȍǿɸŰȒůȄŮȊȕȎȌŭȆȇȌȖŰȉǾȉŬŰȌȎɸȌȏȁȍǿůȇŮŰŬȆ
ŮȊ ȈŮȆŰȌȏȍȂǿŬŬɸŬȆŰȌȖȊŰŬȆŬȏůŰȄȍǼȉǽŰȍŬ
ȇȏȇȈȌűȌȍȆŬȇȗȊȍȏȅȉǿůŮȒȊ.

ǴŰȌɸȈŬǿůȆȌŭȄȈŬŭǾŰȌȏɸȌȆȌŰȆȇȌȖŮȈǽȂȐȌȏȇŬȆŰȄȎ
ɸŬȍŬȇȌȈȌȖȅȄůȄȎŰȄȎȇŬŰǼůŰŬůȄȎŰȌȏȌŭȌůŰȍȗȉŬŰȌȎ
ŬɸŬȆŰŮǿŰŬȆɸȈǾȅȌȎɸȏȍǾȊȒȊ(ȈǾȑȄŮɸŬȍȇȌȖȎ
ůŰŬŰȆůŰȆȇȌȖŭŮǿȂȉŬŰȌȎ!) .

ǨűŬȍȉȌȂǽȎ ůŮ ǽȍȂŬ ůȏȂȇȌȆȊȒȊȆŬȇǾȎ ȏɸȌŭȌȉǾȎ
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ǲȌȆȌŰȆȇȕȎ ǽȈŮȂȐȌȎ ȇŬȆ ŮȊǿůȐȏůȄ ȏűȆŰǼȉŮȊȌȏȌŭȌůŰȍȗȉŬŰȌȎ

ǱȈȏȉɸǿŬ ȌŭȕȎ: 
ÅǞȈŮȂȐȌȎ ȇŬȆ ŮȊǿůȐȏůȄ ȏűȆůŰǼȉŮȊȒȊ 
ÅǲȌȆȌŰȆȇȕȎ ǽȈŮȂȐȌȎ ůŮ ȊǽŬ ŰȉǾȉŬŰŬ

ǥȊǼȂȇȄ ɸȍȌůŭȆȌȍȆůȉȌȖ ɸǼȐȌȏȎ ůŰȍȗůŮȒȊ 
ȇŬȆ ůŰȆȎ ŭȖȌ ɸŮȍȆɸŰȗůŮȆȎ ŰȉȄȉǼŰȒȊ

ǨűŬȍȉȌȂǽȎ ůŮ ǽȍȂŬ ůȏȂȇȌȆȊȒȊȆŬȇǾȎ ȏɸȌŭȌȉǾȎ



Ǳ ɸȍȌůŭȆȌȍȆůȉȕȎ ŰȌȏ ɸǼȐȌȏȎ ŰȒȊ ůŰȍȗůŮȒȊ ȉŮ ŰȄ ȐȍǾůȄ ŰȌȏ GPR.

15

ǥůűŬȈŰȆȇǼ

ǦǼůȄ

Ǫ1

Ǫ1

ǲǼȐȄ ǴŰȍȗůŮȒȊ 
ǲŬȍǼȉŮŰȍȌȆ 
ǨȆůȕŭȌȏ

ǨűŬȍȉȌȂǽȎ ůŮ ǽȍȂŬ ůȏȂȇȌȆȊȒȊȆŬȇǾȎ ȏɸȌŭȌȉǾȎ
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ǮȌȊǼŭŬ ůȏȈȈȌȂǾȎ ŭŮŭȌȉǽȊȒȊ
ǬŮȍŬǿŬ

ǥɸȌȇȒŭȆȇȌɸȌȆȄŰǾȎ

ǴǾȉŬ ŭȆǼŭȌůȄȎ

ǥȊŬȇŰȗȉŮȊȌ ůǾȉŬ

GPS

ǨűŬȍȉȌȂǽȎ ůŮ ǽȍȂŬ ůȏȂȇȌȆȊȒȊȆŬȇǾȎ ȏɸȌŭȌȉǾȎ
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GPR ȂȍǾȂȌȍȄ ȇŬȆ ŬɸȌŰŮȈŮůȉŬŰȆȇǾ ȇŬŰŬȂȍŬűǾ ɸǼȐȌȏȎ ůŰȍȗůŮȒȊ

ŪǽůŮȆȎ ɸȏȍȄȊȌȈȄȑǿŬȎ ŬȊǼ 4km 

ǨűŬȍȉȌȂǽȎ ůŮ ǽȍȂŬ ůȏȂȇȌȆȊȒȊȆŬȇǾȎ ȏɸȌŭȌȉǾȎ
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ɲʽʰˋˍʱˋʶʽˌ ˉˎˊʺ˄ʰ ʰˉˈ ˍˇ ˊʰ˄ˍʱˊ ˋʶ ƴǎʃˊʰʴ˃ʰˍʽˁʷˌ ʵʽʰˋˍʱˋʶʽˌ ˉˎˊʺ˄ʰ

ɳˉʽ˒ʱ˄ʶʽʰ ʁʵˇˋˍˊ˗˃ʰˍˇˌ

ǨűŬȍȉȌȂǽȎ ůŮ ǽȍȂŬ ůȏȂȇȌȆȊȒȊȆŬȇǾȎ ȏɸȌŭȌȉǾȎ
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ǶȈȆȇȕ ǧȆȄȈŮȇŰȍȆȇǾ ůŰŬȅŮȍǼ

ǥǽȍŬȎ 1

ǯŮȍȕ 81

ǥůűŬȈŰȕȉȆȂȉŬ 3-10

ǝůűŬȈŰȌȎ 3

ǥůȁŮůŰȕȈȆȅȌȎ 5-9

ũȍŬȊǿŰȄȎ 4-6

ǥȇȕȍŮůŰȄ ǼȉȉȌȎ 3-5

ǬȌȍŮůȉǽȊȄ ǼȉȉȌȎ 20 -30

ǫȈȖȎ 5-30

ǝȍȂȆȈȌȎ 5-40

ǨűŬȍȉȌȂǽȎ ůŮ ǽȍȂŬ ůȏȂȇȌȆȊȒȊȆŬȇǾȎ ȏɸȌŭȌȉǾȎ

19

ǨȊŭŮȆȇŰȆȇǽȎ ŭȆȄȈŮȇŰȍȆȇǽȎ ůŰŬȅŮȍǽȎ ȏȈȆȇȗȊ ɸȌȏ ȉŮȈŮŰȗȊŰŬȆ ůŮ ǽȍȂŬ ůȏȂȇȌȆȊȒȊȆŬȇǾȎ ȏɸȌŭȌȉǾȎ 
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ǥɸŮȆȇȕȊȆůȄ ůŰȌȆȐŮǿȒȊ

ǨűŬȍȉȌȂǽȎ ůŮ ǽȍȂŬ ůȏȂȇȌȆȊȒȊȆŬȇǾȎ ȏɸȌŭȌȉǾȎ

20

Ʉɞɛˊɧɠ ȹɏəŰɖɠ

ȰŭɟŬůɖ

ȸɎůɖ

ȷůűŬɚŰɘəɎ

ȷɏɟŬɠ

ɇɎůɖ

ɉɟɧɜɞɠ

ɆɎɟɤůɖɅŬɜŰɎɟ
Ʉɞɛˊɧɠ ȹɏəŰɖɠ

ȰŭɟŬůɖ

ȸɎůɖ

ȷůűŬɚŰɘəɎ

ȷɏɟŬɠ

ɇɎůɖ

ɉɟɧɜɞɠ

ɆɎɟɤůɖɅŬɜŰɎɟ

ɾʹ ʶˉʶ˅ʶˊʴʰˋ˃ʷ˄ʰ ˋˍˇʽ˔ʶʾʰ

ɳˉʶ˅ʶˊʴʰˋ˃ʷ˄ʰ ˋˍˇʽ˔ʶʾʰ
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ǥɸŮȆȇȕȊȆůȄ ůŰȌȆȐŮǿȒȊ ǽɸŮȆŰŬ Ŭɸȕ ŰȄȊ ŮɸŮȋŮȍȂŬůǿŬ

ǨűŬȍȉȌȂǽȎ ůŮ ǽȍȂŬ ůȏȂȇȌȆȊȒȊȆŬȇǾȎ ȏɸȌŭȌȉǾȎ

21

ǥůűŬȈŰȆȇǼ

ǦǼůȄ

ǲȏȅȉǽȊŬȎ ǦǼůȄȎ

ǲȏȅȉǽȊŬȎ ǲȈǼȇŬȎ ǴȇȏȍȌŭǽȉŬŰȌȎ ǥȍȉȌǿ
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ǴȏůŰǾȉŬŰŬɸȌȏȐȍȄůȆȉȌɸȌȆȌȖȊŰŬȆ:

ǴȖůŰȄȉŬȉŮŬȊȏȑȒȉǽȊŮȎȇŮȍŬǿŮȎï Air -coupled
(ŬɸȕůŰŬůȄɸŮȍǿɸȌȏ0,5 m ŬɸȕŰȄȊŮɸȆűǼȊŮȆŬŰȌȏ
ŮŭǼűȌȏȎ)

ǨűŬȍȉȌȂǽȎ ůŮ ǽȍȂŬ ůȏȂȇȌȆȊȒȊȆŬȇǾȎ ȏɸȌŭȌȉǾȎ

22

NTUA

ǴȖůŰȄȉŬȉŮȇŮȍŬǿŮȎŮűŬɸŰȕȉŮȊŮȎůŰȄȊŮɸȆűǼȊŮȆŬŰȌȏ
ŮŭǼűȌȏȎ- Ground - coupled

ǴȖůŰȄȉŬŰȍȆůŭȆǼůŰŬŰȄȎȇŬŰŬȂȍŬűǾȎ(3d)
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ǴȏȐȊȕŰȄŰŮȎɸȌȏȐȍȄůȆȉȌɸȌȆȌȖȊŰŬȆ:

ǨűŬȍȉȌȂǽȎ ůŮ ǽȍȂŬ ůȏȂȇȌȆȊȒȊȆŬȇǾȎ ȏɸȌŭȌȉǾȎ

23

1GHz

2GHz 1.5GHz

500 MHz
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ǴȖůŰȄȉŬŰŬ ɸŬȍŬȐȗȍůȄȎïPablic Private Partnership (PPP)

ǨűŬȍȉȌȂǽȎ ůŮ ǽȍȂŬ ůȏȂȇȌȆȊȒȊȆŬȇǾȎ ȏɸȌŭȌȉǾȎ
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ǲŬȍŬȇȌȈȌȖȅȄůȄ 
ŮȊ ȈŮȆŰȌȏȍȂǿŬ 
ȌŭȌůŰȍȒȉǼŰȒȊ

Pavement 
Monitoring

ǞȈŮȂȐȌȎ 
ɸȌȆȕŰȄŰŬȎ ůŮ 

ȊǽŬ 
ȌŭȌůŰȍȗȉŬŰŬ 

Quality 
Control

ǨűŬȍȉȌȂǽȎ ůŮ ǽȍȂŬ ůȏȂȇȌȆȊȒȊȆŬȇǾȎ ȏɸȌŭȌȉǾȎ



26

ǥůűŬȈŰȆȇǽȎ ůŰȍȗůŮȆȎ

ǦǼůȄ - ǶɸȕȁŬůȄ

ǴŰȍȗůȄ ǽŭȍŬůȄȎ
ǪȈȆȇǿŬ

Ǭ
Ŭ
Ű
Ǽ
ů
Ű
Ŭ
ů
Ȅ

ǥůŰȌȐǿŬ

ǝȍȆůŰȄ 
ǬŬŰǼůŰŬůȄ

75% ȃȒǾȎ ŰȌȏ ȌŭȌůŰȍȗȉŬŰȌȎ

40 % ɸŰȗůȄ

40 % ɸŰȗůȄ

12% ȃȒǾȎ ŰȌȏ ȌŭȌůŰȍȗȉŬŰȌȎ

ǬȕůŰȌȎ 
ǨɸǽȉȁŬůȄȎ 

4-5 Ȑȍ. ȉȌȊǼŭŮȎ

ǬȕůŰȌȎ 
ǨɸǽȉȁŬůȄȎ 

1 Ȑȍ. ȉȌȊǼŭŬ

ǨűŬȍȉȌȂǽȎ ůŮ ǽȍȂŬ ůȏȂȇȌȆȊȒȊȆŬȇǾȎ ȏɸȌŭȌȉǾȎ

ǪȈȆȇǿŬ
Ǭ
Ŭ
Ű
Ǽ
ů
Ű
Ŭ
ů
Ȅ

ǥůŰȌȐǿŬ

ǝȍȆůŰȄ 
ǬŬŰǼůŰŬůȄ
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ǲŬȍŬȇȌȈȌȖȅȄůȄ ȇŬȆ ŮȊǿůȐȏůȄ ȏűȆŰǼȉŮȊȌȏȌŭȌůŰȍȗȉŬŰȌȎ

ǨűŬȍȉȌȂǽȎ ůŮ ǽȍȂŬ ůȏȂȇȌȆȊȒȊȆŬȇǾȎ ȏɸȌŭȌȉǾȎ
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ǨȖȇŬȉɸŰŬ ȌŭȌůŰȍȗȉŬŰŬ:

ÅǥȊǿȐȊŮȏůȄ ɸŬȍŬȉȌȍűȗůŮȒȊ ůŮ ȏɸȌȇŮǿȉŮȊŮȎ ůŰȍȗůŮȆȎ

ÅǥȊǿȐȊŮȏůȄ ȏȂȍŬůǿŬȎ ȏɸȌȇŮǿȉŮȊŮȎ ůŰȍȗůŮȆȎ

ÅǥȊǿȐȊŮȏůȄ ȉŮŰŬȁȌȈǾȎ ůŰȄ ŭȌȉǾ ŰȌȏ ȌŭȌůŰȍȗȉŬŰȌȎ (ůŰȍȗůŮȆȎ) 

ÅǨȇŰǿȉȄůȄ ɸǼȐȌȏȎ ůŰȍȗůŮȒȊ (ɸŬȍǼȉŮŰȍȌȎ ŮȆůȕŭȌȏ ȂȆŬ 
ŮȇŰǿȉȄůȄ ŭȏůȇŬȉȑǿŬȎ) 

ÅǞȈŮȂȐȌȎ ɸȏȇȊȕŰȄŰŬȎ ŬůűŬȈŰȌȉǿȂȉŬŰȌȎ

ǧȖůȇŬȉɸŰŬ ȌŭȌůŰȍȗȉŬŰŬ ȇŬȆ ȇŬŰŬůŰȍȗȉŬŰŬ ȂŮűȏȍȗȊ:

ÅǮǽŰȍȄůȄ ɸǼȐȌȏȎ ɸȈǼȇŬȎ ůȇȏȍȌŭǽȉŬŰȌȎ

ÅǥȊǿȐȊŮȏůȄ ȇŮȊȗȊ ȇǼŰȒ Ŭɸȕ ŰŬ ȁȈǾŰȍŬ(ǽȈȈŮȆȑȄ ůȏȊǼűŮȆŬȎ)

ÅǥȊǿȐȊŮȏůȄ ȌɸȈȆůȉȌȖ 

GPR

ǨȖȇŬȉɸŰŬ 
ȌŭȌůŰȍȗȉŬŰŬ

ǧȖůȇŬȉɸŰŬ 
ȌŭȌůŰȍȗȉŬŰŬ

ǬŬŰǼůŰȍȒȉŬ 
ȂǽűȏȍŬȎ

ǨűŬȍȉȌȂǽȎ ůŮ ǽȍȂŬ ůȏȂȇȌȆȊȒȊȆŬȇǾȎ ȏɸȌŭȌȉǾȎ
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29

ǥȊǿȐȊŮȏůȄ ȏȂȍŬůǿŬȎ

ǲŬȍŬȇȌȈȌȖȅȄůȄ ȇŬŰŬůŰȍȗȉŬŰȌȎ ȂǽűȏȍŬȎ

ǨȊŰȌɸȆůȉȕȎ ȍȄȂȉŬŰȗůŮȒȊ

ǨűŬȍȉȌȂǽȎ ůŮ ǽȍȂŬ ůȏȂȇȌȆȊȒȊȆŬȇǾȎ ȏɸȌŭȌȉǾȎ
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ǥůűŬȈŰȆȇǽȎ ůŰȍȗůŮȆȎ

ǦǼůȄ - ǶɸȕȁŬůȄ

ǴŰȍȗůȄ ǽŭȍŬůȄȎ ǬȍǿůȆȉȌȎ Ȍ ǽȈŮȂȐȌȎ ŮɸǼȍȇŮȆŬȎ ȂȆŬ ŰȄȊ 
ŬɸȌűȏȂǾ ŬůŰȌȐǿŬȎ ůŰȆȎ ůŰȍȗůŮȆȎ

ǱŭȌůŰȍȗȉŬŰŬ ǥŮȍȌŭȍȌȉǿȒȊ

ǨűŬȍȉȌȂǽȎ ůŮ ǽȍȂŬ ůȏȂȇȌȆȊȒȊȆŬȇǾȎ ȏɸȌŭȌȉǾȎ
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ǧȆŮȅȊǽȎ ǥŮȍȌŭȍȕȉȆȌ ǨȈŮȏȅǽȍȆȌȎ ǦŮȊȆȃǽȈȌȎ: ǴǼȍȒůȄ ŭȆŬŭȍȕȉȌȏ ȗůŰŮ ȊŬ ȂǿȊŮȆ ȂȍǾȂȌȍȌȎ ȇŬȆ ŬůűŬȈǾȎ ɸȍȌůŭȆȌȍȆůȉȕȎ ŰȒȊ ɸŬȐȗȊ

ʱ˅ˇ˄ʰˌ ʵʽʰʵˊˈ˃ˇˎ
ɺ˔˄ˇˌ ˁʰˍʰʴˊʰ˒ʺˌ

ǨűŬȍȉȌȂǽȎ ůŮ ǽȍȂŬ ůȏȂȇȌȆȊȒȊȆŬȇǾȎ ȏɸȌŭȌȉǾȎ
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ǨűŬȍȉȌȂǽȎ ůŮ ǽȍȂŬ ůȏȂȇȌȆȊȒȊȆŬȇǾȎ ȏɸȌŭȌȉǾȎ
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ǨűŬȍȉȌȂǽȎ ůŮ ǽȍȂŬ ůȏȂȇȌȆȊȒȊȆŬȇǾȎ ȏɸȌŭȌȉǾȎ

ǲȈǾȅȌȎ ůŰȌȆȐŮǿȒȊ 
ůŮ ȉȆȇȍȕ ȐȍȌȊȆȇȕ 
ŭȆǼůŰȄȉŬ

ũȍǾȂȌȍȄ ŬȋȆȌȈȕȂȄůȄ 
ůŰȌȆȐŮǿȒȊ ȂȆŬ ǽȂȇŬȆȍȄ 
ȈǾȑȄ ŬɸȌűǼůŮȒȊ
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ǨűŬȍȉȌȂǽȎ ůŮ ǽȍȂŬ ůȏȂȇȌȆȊȒȊȆŬȇǾȎ ȏɸȌŭȌȉǾȎ

ǥȋȆȌȈȕȂȄůȄ ȏűȆůŰǼȉŮȊȄȎ ȇŬŰǼůŰŬůȄȎ

ǥȊŬȁǼȅȉȆůȄ

N
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ǨűŬȍȉȌȂǽȎ ůŮ ǽȍȂŬ ůȏȂȇȌȆȊȒȊȆŬȇǾȎ ȏɸȌŭȌȉǾȎ

ǴȆŭȄȍȌŭȍȌȉȆȇǾ ǶɸȌŭȌȉǾ

ǥȋȆȌɸȌǿȄůȄ ůȏůŰǾȉŬŰȌȎ GPR

ǲŬȍŬȇȌȈȌȖȅȄůȄ 
ȏɸȌŭȌȉǾȎ 

ǴȏȊŰǾȍȄůȄ 
ȏɸȌŭȌȉǾȎ
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ǨűŬȍȉȌȂǽȎ ůŮ ǽȍȂŬ ůȏȂȇȌȆȊȒȊȆŬȇǾȎ ȏɸȌŭȌȉǾȎ

ǴȆŭȄȍȌŭȍȌȉȆȇǾ ǶɸȌŭȌȉǾ
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