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7+(< &$1 '(/,9(5 %27+ 7(0325$//< $1' 63$O
7,$//< '(16(/< 6$03/(' '$7$P

c1 (;7(16,9( 29(59,(: 21 &855(17 '(9(/O
230(176 $1' 327(17,$/6 2) $,5%251( $1'
63$&(%251( 75$5,& 021,725,1* 6<67(06 ,6
*,9(1 ,1 7+( &203,/$7,21 2) Jj,1= (7 $/P
TRRXKP k7 6+2:6 7+$7 &,9,/,$1 uct ,6 &855(17O
/< 127 &203(7,7,9( :,7+ 237,&$/ ,0$*(6 ,1
7(506 2) '(7(&7,21 $1' )$/6( $/$50 5$7(6N
6,1&( 7+( uct ,0$*( 48$/,7< ,6 1(*$7,9(/<
,198(1&(' %< u3(&./( $6 :(// $6 /$<29(5 $1'
6+$'2: (5(&76 ,1 &$6( 2) &,7< $5($6 25 58**('
7(55$,1P j2:(9(5N ,1 &2175$67 72 237,&$/ 6<6O
7(06N uct ,6 $1 $&7,9( $1' &2+(5(17 6(1625
(1$%/,1* ,17(5)(520(75,& $1' 32/$5,0(75,&
$1$/<=(6 0$.,1* '$7$ $&48,6,7,21 ,1'(3(1O
'(17 )520 :($7+(5 $1' ,//80,1$7,21 &21',O
7,216P y+,/( 7+( 683(5,25,7< 2) 237,&$/ 6<6O
7(06 )25 75$5,& 021,725,1* ,6 ,1 3$57,&8/$5
(9,'(17:+(1 ,//80,1$7,21 &21',7,216 $5( $&O
&(37$%/(N uct +$6 7+( $'9$17$*( 2) %(,1*
,//80,1$7,21 $1' :($7+(5 ,1'(3(1'(17N
:+,&+ 0$.(6 ,7 72 $1 $775$&7,9( $/7(51$7,9(
)25 '$7$ $&48,6,7,21 ,1 &$6( 2) 1$785$/ +$=O
$5'6 $1' &5,6,6 6,78$7,216P j(1&(N 9$/,'$7,1*
7+( 48$/,7< 2) uct 75$5,& '$7$ $&48,6,7,21
,6 &58&,$/ 72 (67,0$7( 7+( %(1(776 2) 86,1*
uct ,1 68&+ 6,78$7,216P k7 ,6 2) 3$57,&8/$5
,03257$1&( 72 2%6(59( ,1 :+,&+ :$< )$,5 '(O
7(&7,21 5(68/76 ,198(1&( 3$5$0(7(56 2) +,*+O
(5 $%675$&7,21 /,.( 0($1 9(/2&,7< 3(5 52$'
6(*0(17P k1 7+,6 3$3(5N $1 $3352$&+ )25
(9$/8$7,1* 7+( 3(5)250$1&( 2) '(7(&7,21 $1'
9(/2&,7< (67,0$7,21 2) 9(+,&/(6 ,1 uct ,0O
$*(6 ,6 35(6(17('N :+,&+ 87,/,=(6 5()(5(1&(
75$5,& '$7$ '(5,9(' )520 6,08/7$1(286/< $&O
48,5(' 237,&$/ ,0$*( 6(48(1&(6P y+,/( 7+(
81'(5/<,1* ,'($ 2) 7+,6 $3352$&+ ,6 675$,*+7O
)25:$5'N 7+( ',5(5(17 6(1625 &21&(376 ,03/<
$ 180%(5 2) 0(7+2'2/2*,&$/ &+$//(1*(6 7+$7
1((' 72 %( 62/9(' ,1 25'(5 72 &203$5( 7+(
'<1$0,&6 2) 2%-(&76 ,1 %27+ 7<3(6 2) ,0O
$*(5<P

Q l/4)/. c%4%#4)/. ). `)2"/2.%
h-!'%29

QMP u%()#,% u%,/#)4)%3 &2/- n04)#!,
h-!'% r%15%.#%3

v+( *(1(5$/ 0(7+2'2/2*< 72 '(5,9( 9(+,&/(
9(/2&,7,(6 )520 $,5%251( ,0$*( 6(48(1&(6 ,6
6.(7&+(' ,1 h,*P SP c)7(5 ,0$*( $&48,6,7,21N
7+( ,0$*(6 $5( &2O5(*,67(5(' $1' *(2O5()(5O
(1&('P v+,6 352&(66 ,6 &20021/< 6833257('
%< 6,08/7$1(286/< 5(&25'(' 1$9,*$7,21 '$7$
2) $1 kpuOBiruOu<67(0P w68$//<N iku 52$'
'$7$ ,6 $9$,/$%/(N (P *P 67(00,1* )520pcxO
vgs 25 cvmku '$7$ %$6(6P v+(6( '$7$ $5(
0$33(' 2172 7+( *(2O5()(5(1&(' ,0$*(6 $1'
$3352;,0$7( 5(*,216 2) ,17(5(67 Jt2kK $5( 6(O
/(&7('P v+86N 7+( 6($5&+ $5($ )25 7+( )2//2:O
,1* 9(+,&/( '(7(&7,21 &$1 %( 5('8&(' 6,*1,7O
&$17/<P k7 ,6 ,1 $'',7,21 +(/3)8/ )25 )857+(5
352&(66,1* 72 (;75$&7 7+( 52$' $6 :(// $6 7+(,5
/$1(6N 6,1&( *(2O5()(5(1&,1* 0,*+7 127 %( $&O
&85$7( (128*+ $1' iku '$7$ 5$5(/< ,1&/8'(6
7+( 326,7,21 2) ,1',9,'8$/ /$1(6P
y,7+,1 7+(t2kN $ &$5 '(7(&7,21 $/*25,7+0

,6 $33/,(' 7+$7 ,6 683326(' 72 '(/,9(5 326,O
7,216 $1' 237,21$//< $'',7,21$/ $775,%87(6
68&+ $6 %281'$5<N ',5(&7,21 (7&P 2) 7+( &$56P
v+( '(7(&7,21 $3352$&+(6 0267/< ,1&2532O
5$7( 620( .,1' 2) ,0$*( ',5(5(1&,1* 25 23O
7,&$/ 92: 72 %(77(5 ,'(17,)< ,0$*( 5(*,216
:+(5( 029(0(176 0,*+7 +$9( $33($5('P
u8&+352&('85(6N +2:(9(5N /,0,7 7+( $33/,&$O
%,/,7< 2) $1 $3352$&+ 72 675,&7/< 029,1* 2%O
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a) b) c)

e)'M QY s2!#+).' /& 6%()#,%3 /6%2 )-!'% 42)0,%43M e)'M RY q`c`q )-!').' '%/-%429M

-(&76P c)7(5 '(7(&7,21N 7+( &$56 $5( 75$&.('
7+528*+ 0$7&+,1* 7+(0 29(5 7+( )2//2:,1*
,0$*(6P k1 7+( 6,03/(67 :$<N0$7&+,1* ,6 3(5O
)250(' 6(48(17,$//< %(7:((1 &216(&87,9(
,0$*(6N :+,/( $'9$1&(' $3352$&+(6 ,1&/8'(
08/7,3/( ,0$*(6 72 0$.( 7+( 0$7&+,1* 025(
52%867 $1' 72 %5,'*( 7(0325$/ 2&&/86,216P
v+( 75$&.,1* 352&('85(6 868$//< ,1+(5( *(1O
(5$/ DD60227+1(66II &21675$,176 5(*$5',1* 9(O
+,&/( 6+$3(N 9(+,&/( 5$',20(75<N $1' 9(+,&/(
75$-(&725<N ,P (PN ,7 ,6 $6680(' 7+$7 9(+,&/(6
029( 60227+/< $1'N '(63,7( 2) &+$1*,1*
9,(:,1* $1' ,//80,1$7,21 *(20(75<N 7+(,5
,0$*(' *(20(75< $1' 5$',20(75< '2 127
9$5< 9(5<08&+ )52021( ,0$*( 72 7+( 27+(5P
v<3,&$/ $3352$&+(6 %$6(' 21 7(55(675,$/ $1'
$,5%251( ,0$*(6 $5( )281'N )25 ,167$1&(N ,1
Jf5(6&+/(5Hp$*(/ S[ZTN v$1 (7 $/P S[[ZN
j$$* H p$*(/ S[[[N g5167 (7 $/P TRRWN
m$1* (7 $/P TRRWN {8 (7 $/P TRRXN m,5&++2)
H u7,//$ TRRXN v27+Hi5(-1(5Od5=(=,16O
.$ TRRXKP
h520 7+( 5(68/76 2) &$5 75$&.,1* 9$5,286

75$5,& 3$5$0(7(56 &$1 %( &$/&8/$7('N 0267
,03257$17/< ,1',9,'8$/ 9(+,&/( 63(('6 $1'
$&&(/(5$7,216N 9(+,&/( '(16,7< 3(5 52$' 6(*O
0(17N $1' 75$5,& 92:N :+,&+ ,6 75$5,& '(1O
6,7< 08/7,3/,(' %< $9(5$*( 63(('N (9(178$//<
<,(/',1* 7+( 180%(5 2) &$56 3$66,1* $ *,9(1
32,17 21 7+( 52$' 1(7:25. :,7+,1 $ &(57$,1
7,0( ,17(59$/P h,*P T ,//8675$7(6 $ 75$&.,1*
(;$03/( 29(5 ,0$*( 75,3/(76 7$.(1 )520
Jn(1+$57 H j,1= TRRYKP y+,7( 5(&7$1*/(6
,1',&$7( '(7(&7(' &$56 ,1 7+( 7567 ,0$*(P e25O
5(&7/< 75$&.(' &$56 $5( 0$5.(' *5((1 :+,/(
,1&255(&7 75$&. 5(68/76 $5(0$5.(' 5('P d/$&.

5(&7$1*/(6 ,1',&$7( &$56 :+,&+ :(5( &255(&7/<
0$7&+(' ,1 7+( 6(&21' ,0$*( %87 029(' 287
2) 7+( 7(/'O2)O9,(: 2) 7+( 7+,5' ,0$*(P d/8(
0$5.(' 9(+,&/(6 $5( &255(&7/< 0$7&+(' ,1 7+(
6(&21' ,0$*( %87 &28/' 127 %( 75$&.(' ,1
7+( 7+,5' ,0$*( (9(1 7+28*+ 7+(< :(5( 35(6O
(17P k1 7+,6 75,3/(7N SX 287 2) TR &$56 &28/'
%( 75$&.(' &255(&7/<P q1( &$5 029(' 287 2)
6,*+7 ,1 7+( 7+,5' ,0$*(N 7+(5()25( 7+( &20O
3$5,621 :,7+ 7+( 7+,5' ,0$*( )$,/('P q1( &$5
:$6 ,1&255(&7/< 75$&.('P v:2 &$56 &28/' 127
%( )281' ,1 7+( 7+,5' ,0$*( $/7+28*+ 7+(<
:(5( 35(6(17N 21( 2) 7+26( :$6 $7 /($67 &25O
5(&7/< )281' ,1 7+( 6(&21' ,0$*(P

QMQ u%()#,% u%,/#)4)%3 &2/- c5!,L
b(!..%, r`q $!4!

k1 &2175$67 72 237,&$/ &$0(5$6N tcfct ,6
$1 $&7,9( 6(1625 7+$7 (0,76 )5(48(1&<
02'8/$7(' 6,*1$/6 A 62O&$//(' &+,536 A :,7+
$ 35('(71(' DD38/6( 5(3(7,7,21 5$7(II JrthK
,1 $ 6,'(O/22.,1*N 2%/,48( ,0$*,1* *(20(75<
$1' 5(&25'6 7+( (&+2(6 6&$77(5(' $7 7+( 2%O
-(&76 21 7+( *5281'] 6((h,*P U )25 ,//8675$7,21
2) 7+( tcfct ,0$*,1* *(20(75<P v+(
(&+2(' &+,536 $5( &255(/$7(' :,7+ 7+( 6(17
J5()(5(1&(K &+,53 (9(178$//< <,(/',1* $ &20O
35(66(' 38/6(O6+$3(' 6,*1$/ :+26( :,'7+ ,6
0$,1/< '(7(50,1(' %< 7+( &+,53I6 %$1'
:,'7+ J6(( h,*P VKP v+( 75$9(//,1* 7,0( 2) 7+(
6,*1$/6 ,6 3523257,21$/ 72 7+( ',67$1&( 72 7+(
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filtering

τ

Rρ
point scatterer
response

reference chirp

signal

τ

τ

range resolution

e)'M SY b/-02%33)/. /& 3%.4 #()20 ).4/ 05,3%M

kmR 850≈

mL 10= kmLR 5≈λ

Lλβ ≈

2LSA ≈ρ

factor 1/2 due to
doubling of phase
shifts in two-way

e)'M TY k%&4 > d8!-0,% &/2 2%3/,54)/. /& 2%!, !0%2452%M q)'(4 > e/2-!4)/. /& 39.4(%4)# !0%2452% "9
%80,/)4).' !.4%..! -/4)/.M

2%-(&76 $1''(71(6 7+( ,0$*( ',0(16,213(5O
3(1',&8/$5 72 7+( 9,*+7 ',5(&7,21N 7+( 62O
&$//(' 5$1*( 25 $&5266O75$&. &2O25',1$7(6P
v+( 6(&21' ',0(16,21N $=,087+ 25 $/21*O
75$&.N ,6 6,03/< $/,*1(' :,7+ 7+( 9,*+7 ',5(&O
7,21P y+,/( 7+( 5(62/87,21 ,1 5$1*( ',5(&7,21
|t ,6 '(7(50,1(' %< 7+( &+,53 %$1' :,'7+
$1' ,6 7<3,&$//< ,1 7+( J68%OK0(7(5 $5($N 7+(
5(62/87,21 ,1 $=,087+ ',5(&7,21 2) 7+( 5$:
'$7$ '(3(1'6 21 7+( $17(11$I6 5($/ $3(5785(
&+$5$&7(5,67,&6 J$17(11$ /(1*7+ nN &$55,(5
:$9(/(1*7+ vN $1' 5$1*( tK $1' ,6 ,035$&O
7,&$//< &2$56( )25 *(263$7,$/ $33/,&$7,216P
j(1&(N 72 (1+$1&( 7+( $=,087+ 5(62/87,21N
7+( :(//O.12:1 u<17+(7,& c3(5785( t$'$5

JuctK 35,1&,3/( ,6 $33/,('N ,P (PN 7+( 027,21
2) 7+( 5($/ $17(11$ ,6 86(' 72 &216758&7 9(5<
/21* 6<17+(7,& $17(11$ %< (;3/2,7,1* ($&+
32,17 6&$77(5(5I6 5$1*( +,6725< 5(&25'(' '85O
,1* $ 32,17I6 (17,5( 2%6(59$7,21 3(5,2'P u,1&(
7+( /(1*7+ 2) 7+( 6<17+(7,& $3(5785( ,1&5($6(6
3523257,21$/ :,7+ 7+( 9<,1* +(,*+7N 7+( 5(6O
2/87,21 ,1 $=,087+ ',5(&7,21 |uc ,6 385(/< '(O
3(1',1* 21 7+( /(1*7+ 2) 7+( 3+<6,&$/ $17(1O
1$ *,9(1 $ 685,&,(17/< /$5*( rth 72 $92,'
$/,$6,1*P h,*P W &203$5(6 5($/ $3(5785( $1'
)250$7,21 2) 6<17+(7,& $3(5785( )25 $ 7<3,&$/
63$&(%251( uct &217*85$7,21P
v2 ,'(17,)< $1' 48$17,)< 029(0(176 2)

2%-(&76 21 7+( *5281'N $ 7+2528*+ 0$7+O
(0$7,&$/ $1$/<6,6 2) 7+,6 62O&$//(' uct )2O
&86,1* 352&(66 ,6 1(&(66$5<\
v+( 326,7,21 2) $ t$'$5 75$160,77(5 21

%2$5' $ 6$7(//,7( ,6 *,9(1 %< r6$7J7K 3 L;6$7J7K]
<6$7J7K] =6$7J7Kb :,7+ ; %(,1* 7+( $/21*O75$&.
',5(&7,21N < 7+( $&5266O75$&. *5281' 5$1*(
',5(&7,21 $1' = %(,1* 7+( 9(57,&$/ J6((h,*P XKP
c32,17 6&$77(5(5 ,6 $6680(' 72 %( $7 326,7,21
rJ7K 3 L;J7K] <J7K] =J7KbN $1' 7+( 5$1*( 72 $1
$5%,75$5,/< 029,1* $1' $&&(/(5$7,1* 32,17
7$5*(7 )520 7+( 5$'$5 3/$7)250 ,6 '(71(' %<
tJ7K 3 r6$7J7K2rJ7KP q0,77,1* 38/6( (19(/O
23(N $03/,78'(N $1' $17(11$ 3$77(51 )25
6,03/,&,7< 5($6216N $1' $3352;,0$7,1* 7+(
5$1*( +,6725< tJ7K %< $1 3$5$%2/$N 7+( 0($O
685(' (&+2 6,*1$/ 867$7J7K 2) 7+,6 67$7,21$5<
32,17 6&$77(5(5 &$1 %( :5,77(1 $6 867$7J7K 3
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z

y

tx ∝
( )tR

Moving point scaterer

V

e)'M UY f%/-%429 /& !,/.' 42!#+ -/6).' /"*%#4
7(),% &/2-!4)/. /& 39.4(%4)# !0%2452%M

(;3 b - {ho 7Tc:,7+ho %(,1* 7+( )5(48(1&<
02'8/$7,21 5$7( 2) 7+( $=,087+ &+,53\

ho32
T

v

'T

'7T
tJ7K32

T

vt
96$7 9d

$1' 96$7 $1' 9d %(,1* 7+( 3/$7)250 9(/2&,7<
$1' 7+( %($0 9(/2&,7< 21 *5281'N 5(63(&7O
,9(/<P c=,087+ )2&866,1* 2) 7+( uct ,0$*(
,6 3(5)250(' 86,1* 7+( 0$7&+(' 7/7(5 &21O
&(37 Jd$0/(5H u&+>77/(5 S[[UN e800,1*
H y21*N TRRWKP c&&25',1* 72 7+,6 &21&(37
7+( 7/7(5 0867 &255(6321' 72 6J7K 3
(;3 b2-{ho 7TcP
c1 237,0$//< )2&86(' ,0$*( ,6 2%7$,1('

%< &203/(;O9$/8(' &255(/$7,21 2) 867$7J7K $1'
6J7KP v2 &216758&7 6J7K &255(&7/<N 7+( $&78$/
5$1*( 25 3+$6( +,6725< 2) ($&+ 7$5*(7 ,1 7+(
,0$*(0867 %( .12:1N:+,&+ &$1 %( ,1)(55('
)520 6(1625 $1' 6&$77(5(5 326,7,21P w68$//<N
$ 7,0( '(3(1'(1&( 2) 7+( 6&$77(5(5 326,7,21
,6 ,*125(' <,(/',1* rJ7K 3 rP v+,6 &21&(37
,6 &20021/< 5()(55(' 72 $6 67$7,21$5<O:25/'
0$7&+(' 7/7(5 JuyohKP d(&$86( 2) 7+,6 '(7O
1,7,21N $ uyoh '2(6 127 &255(&7/< 5(35(O
6(17 7+( 3+$6( +,6725< 2) $ 6,*1,7&$17/<029O
,1* 2%-(&7P

v2 48$17,)< 7+( ,03$&7 2) $ 6,*1,7&$17/<
029,1* 2%-(&7 :( 7567 $6680( 7+( 32,17 72
029( :,7+ 9(/2&,7< 9;R ,1 $=,087+ ',5(&7,21
J$/21*O75$&.N 6(( h,*P XKP v+( 5(/$7,9( 9(/2&O
,7< 2) 6(1625 $1' 6&$77(5(5 ,6 ',5(5(17 )25
7+( 029,1* 2%-(&7 $1' 7+( 6855281',1* 67$O
7,21$5< :25/'P v+86N $/21* 75$&. 027,21
&+$1*(6 7+( )5(48(1&< 02'8/$7,21 5$7( ho
2) 7+( 5(&(,9(' 6&$77(5(5 5(63216(P h2&86,1*
7+( 6,*1$/ :,7+ $ uyoh &216(48(17/< 5(O
68/76 ,1 $ %/855,1* 2) 7+( 6,*1$/P k7 ,6 81)25O
781$7(/< 127 3266,%/( 72 (;35(66 7+( $02817
2) '()2&86,1* (;$&7/< ,1 &/26(' )250P
{(7N :+(1 &216,'(5,1* 7+( 67$7,21$5<

3+$6( $3352;,0$7,21 2) 7+( h285,(5Ov5$16O
)250N 7+( :,'7+ V7 2) 7+( )2&86(' 3($. &$1
%( $3352;,0$7(' %<

V7. Tvc

9;R
9d

L6b

:,7+ vc %(,1* 7+( 6<17+(7,& $3(5785( 7,0(P
c6 &$1 %( 6((1N 7+( $02817 2) '()2&86,1*

'(3(1'6 67521*/< 21 7+( 6(1625 3$5$0(7(56P
c &$5 75$9(/,1* :,7+ ZR.0B+N )25 ,167$1&(N
:,// %( %/855(' %< $3352;P UR0:+(1 ,16(57O
,1* v(55$uctOz 3$5$0(7(56P j2:(9(5N ,7
+$6 72 %( .(37 ,1 0,1' 7+$7 7+,6 $3352;,O
0$7,21 21/< +2/'6 ,) 9;R+ RP k7 ,6 )857+(5O
025( 2) ,17(5(67N 72 :+,&+ (;7(17 %/855,1*
&$86(6 $ 5('8&7,21 2) 7+( $03/,78'( + $7 32O
6,7,21 73R J7+( 326,7,21 2) 7+( 6,*1$/ 3($.K
'(3(1',1* 21 7+( 32,17I6 $/21*O75$&. 9(/2O
&,7<P v+,6 &$1 %( &$/&8/$7(' %< ,17(*5$7,1*
7+( 6,*1$/ 63(&7580 $1' 0$.,1* $*$,1 86(
2) 7+( 67$7,21$5< 3+$6( $3352;,0$7,21\

+ J73RN 9;RK.
d

vc

9d
96$7

:,7+ d %(,1* 7+( $=,087+ %$1':,'7+P
y+(1 $ 32,17 6&$77(5(5 029(6 :,7+ 9(/2O

&,7< 9<R ,1 $&5266O75$&. ',5(&7,21 J6(( h,*P YKN
7+,6029(0(17 &$86(6 $ &+$1*(2) 7+( 32,17I6
5$1*( +,6725< 3523257,21$/ 72 7+( 352-(&7,21
2) 7+( 027,21 9(&725 ,172 7+( /,1(O2)O6,*+7
',5(&7,21 2) 7+( 6(1625 9/26 3 9<R 6,1JsK :,7+
s %(,1* 7+( /2&$/ (/(9$7,21 $1*/(P k1 &$6( 2)
&2167$17 027,21 '85,1* ,//80,1$7,21 7+(
&+$1*( 2) 5$1*( +,6725< ,6 /,1($5 $1' &$86(6
$1 $'',7,21$/ /,1($5 3+$6( 75(1' ,1 7+( (&+2
6,*1$/P
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Closest ap-
proach

Correct position of point

Moving point scatterer

e)'M VY f%/-%429 /& !#2/33 42!#+ -/6).' /"*%#4
7(),% &/2-!4)/. /& 39.4(%4)# !0%2452%M

t

!H

"H #H

e)'M WY !H r`q )-!'% /& ! ()'(7!9 3%#4)/. 7)4( $)30,!#%$ #!2 $5% 4/ !#2/33 42!#+ -/4)/. G'2%%.
!22/7HM "H c%4!),Y c%&/#53%$ #!2 7(%. 02/#%33%$ 7)4( ! rvleM #H r!-% 0!24 02/#%33%$ 7)4( &),4%2
#/22%30/.$).' 4/ 4(% #!2F3 !,/.' 42!#+ 6%,/#)49M m/7 4(% #!2 )3 )-!'%$ 3(!20,9 7(),% 4(% "!#+'2/5.$
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+$1'N 7+,6 &$5 ,6 ,0$*(' %< 7+( uct $7
f233/(5O=(52 326,7,21 zJ73 7uctRKN ,P (P
:+(1 7+( $17(11$ ,6 &/26(67 72 7+( 2%-(&7P
h,*P SV ,//8675$7(6 7+$7 (;$&7 0$7&+,1* 7+(
&$5 ,1 %27+ '$7$ 6(76 ,6 127 3266,%/( %(&$86(
2) 7+( ',5(5,1* $&48,6,7,21 7,0(6P v+(5()25(N
$ 7(0325$/ ,17(532/$7,21 $/21* 7+( 75$-(&O
725< ,6 0$1'$725< $1' 7+( 63(&,7& uct
,0$*,1* (5(&76 0867 %( &216,'(5('P j(1&(N
285 675$7(*< )250$7&+,1* ,1&/8'(6 )2//2:,1*
67(36\

$K t(&216758&7,21 2) $ &217,18286 &$5 75$O
-(&725< )520 7+( 237,&$/ '$7$ %<3,(&(:,6(
,17(532/$7,21 J(P *P %(7:((1 &21752/
32,176 zJ73 7eSK $1' zJ73 7eTK ,1
h,*P SVKP h,*P SW '(3,&76 $1 (;$03/( 2) 5(O
&216758&7,1* 7+( 75$-(&725< 86,1* j(5O
0,7( 63/,1(6P c/7(51$7,9(/<N iku 52$'
$;(6 &28/' %( 86(' ,) 7+(< :(5( $&&85$7(
(128*+P

%K e$/&8/$7,21 2) $ 7,0(O&217,18286 9(/2O
&,7< 3527/( $/21* 7+( 75$-(&725<N $*$,1 86O
,1* 3,(&(:,6( ,17(532/$7,21P

&K f(5,9$7,21 2) $ 0$;,080 9(/2&,7<O9$5,O
$1&( 3527/(P v+( 9(/2&,7< 9$5,$1&( $7 7+(
&21752/ 32,176 '(3(1'6 385(/< 21 7+(
,0$*,1* $1' 0($685(0(17 $&&85$&< J6((
u(&7,21 VPSKP v2 3523$*$7( 7+( 9$5,$1&(
,172 7+( ,17(532/$7(' 5(*,216N :( (03/2<
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e)'M PTY r0!4)!, ).4%20/,!4)/. "%47%%. #/.42/,
0/).43 G#)2#,%3HY b5")# 30,).%3 G$!3(%$H 63M g%2L
-)4% 30,).%3M

e)'M PUY d8!-0,%3 &/2 %6/,54)/. /& 6%,/#)49 6!2)L
!.#% $%0%.$).' /. $)34!.#% "%47%%. #/.42/,
0/).43 G/. (/2):/.4!, !8)3HM
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$ 6,03/( $1' (03,5,&$//< 7(67(' '<1$0,&
02'(/ '(71,1* 7+$7 7+( 9$5,$1&( %(7:((1
&21752/ 32,176 )2//2:6 $ 3$5$%2/,& 6+$3(
$6 (;(03/,7(' ,1 h,*P SXP v+,6 02'(/ $&O
&2002'$7(6 7+( )$&7 7+$7 9(/2&,7< ,17(5O
32/$7,21 *(76 /(66 $&&85$7( :,7+ *5($7(5
',67$1&( 72 7+( $'-$&(17 &21752/ 32,176P
v2*(7+(5 :,7+ 7+( 9(/2&,7< 3527/(N ,7 '(O
71(6 $1 81&(57$,17< %85(5N ,P (P $ 0,1,O
080 $1' 0$;,080 9(/2&,7< )25 ($&+
32,17 $/21* 7+( 75$-(&725<P

'K v5$16)250,1* 7+( 75$-(&725< ,172 7+(
uct ,0$*( *(20(75< $1' $'',1* 7+( ',6O
3/$&(0(17 '8( 72 7+( $&5266 75$&. 9(/2O
&,7< &20321(17P k1 7+( 6$0(:$<N 7+( 81O
&(57$,17< %85(5 ,6 75$16)250('P

(K k17(56(&7,21B0$7&+,1* 2) &$56 '(7(&7(' ,1
7+( uct ,0$*( :,7+ 7+( 75$-(&725< %< $3O
3/<,1* 1($5(67 1(,*+%285 0$7&+,1*P e$56
127 %(,1* 0$7&+(' $5( '(71(' $6 )$/6(
$/$506P

c6 5(68/7N ($&+ &$5 '(7(&7(' ,1 7+( uct '$7$
J$1' 127 /$%(/(' $6 )$/6( $/$50K ,6 $66,*1('
72 $ 75$-(&725< $1'N 7+(5(%<N 81,48(/<
0$7&+(' 72 $ &$5 )281' ,1 7+( 237,&$/ '$7$P
h,*P SY 9,68$/,=(6 ,17(50(',$7( 67(36 2)
0$7&+,1*\ $ *,9(1 +,*+:$< 6(&7,21 J0$*(17$
/,1(K] 7+( &255(6321',1* ',63/$&(0(17 $5($
&2/25 &2'(' %< $1 ,62O9(/2&,7< 685)$&(] $ ',6O
3/$&(' 75$&. 2) $ 60227+/< '(&(/(5$7,1* &$5
J*5((1 /,1(K] $1' $ &87O287 2) 7+( ',63/$&('
81&(57$,17< %85(5P v:2 &$56 &255(&7/< '(7(&O
7(' ,1 7+( uct ,0$*( $5( 0$5.(' %< 5('
&5266(6 ,1 7+( &87O287P v+( /2&$/ tcfct
&2O25',1$7( $;(6 $5( ,1',&$7(' %< 0$*(17$
$552:6P

S `##52!#9 `30%#43K u!,)$!4)/. !.$
q%35,43

k1 25'(5 72 9$/,'$7( 7+( 0$7&+,1* $1' (67,O
0$7( 7+( $&&85$&<N /2&$/,=$7,21 $1' 9(/2&,7<
'(7(50,1$7,21 +$9( %((1 ,1'(3(1'(17/<
(9$/8$7(' )25 237,&$/ $1' uct ,0$*(5<P

SMP `##52!#9 /& 6%()#,%
-%!352%-%.43 ). /04)#!, )-!'%3

v+( %$6,& &21&(37 2) '(7(50,1,1* 7+( $&&8O
5$&< 2) 9(+,&/( 0($685(0(176 ,1 237,&$/ ,0O

$*(6 ,6 7+( &203$5,621 2) 7+(25(7,&$//< '(O
5,9(' $&&85$&,(6 :,7+ (03,5,&$/ $&&85$&,(6
0($685(' :,7+ $,5%251( ,0$*(6 2) 5()(5(1&(
&$56P
x(+,&/( 9(/2&,7< 9kTOS '(5,9(' )520 7:2

&216(&87,9( &2O5(*,67(5(' 25 *(2O&2'(' 23O
7,&$/ ,0$*(6 kS $1' kT ,6 6,03/< &$/&8/$7('
%< 7+( ',63/$&(0(17O6 29(5 7+( 7,0( (/$36('
O7P v:2 :$<6 2) &$/&8/$7,1* 7+( ',63/$&(O
0(17 $5( 3266,%/(N 7567 %$6(' 21 7+( 75$16O
)250(' &225',1$7( ',5(5(1&(6 ,1 7+( 2%-(&7
63$&( ,1 *(2O&2'(' ,0$*(6 $1' 6(&21' %$6('
21 7+( 3,;(/ ',5(5(1&(6 08/7,3/,(' :,7+ $
6&$/( )$&725 0 ,1 &2O5(*,67(5(' ,0$*(6P

9kTOS3
V6

V7

3
|JzkT2zkSK

T1J{kT2{kSK
T

7kT27kS

3 0
|J5kT25kSK

T1J&kT2&kSK
T

7kT27kS

:+(5( zk, $1' {k, $5( 2%-(&7 &225',1$7(6N 5k,
$1' &k, 7+( 3,;(/ &225',1$7(6 2) 029,1* &$56N
$1' 7k, 7+( $&48,6,7,21 7,0(6 2) ,0$*(6
,3 SN TP
v+( $'9$17$*( 2) 7+( 6(&21' :$< ,6 7+(

6(3$5$7,21 2) 7+( ,0$*( *(2O&2',1* 352&(66
J5(35(6(17(' %< )$&725 0K )520 7+( 352&(66
2) &$5 0($685(0(176N :+,&+ 6,03/,7(6 7+(
&$/&8/$7,21 2) 7+(25(7,&$/ $&&85$&,(6P v+86N
7+5(( 0$,1 (5525 6285&(6 21 7+( $&&85$&< 2)
&$5 9(/2&,7< $5( 63277('\ 7+( 0($685(0(17
(5525 %r ,1 3,;(/ 81,76N 7+( 6&$/( (5525 %0 $6O
680(' 72 %( &$86(' 0$,1/< %< fgo (5525
%jN $1' 71$//< 7+( 7,0( (5525%'7 2) 7+( ,0$*(
$&48,6,7,21 7,0(P
h,*P SZ 6+2:6 $&&85$&,(6 2) 9(+,&/( 9(/2&O

,7,(6 '(5,9(' )520 326,7,216 ,1 7:2 &216(&8O
7,9( $&48,5(' ,0$*(6 %$6(' 21 &$/&8/$7,21
2) (5525 3523$*$7,21P h25 7+,6N ',5(5(17 $6O
68037,216 $%287 7+( (5525 6285&(6 0867 %(
0$'(P v+( 0($685(0(17 (5525 %r ,6 '(71('
$6 SPR 3,;(/ ,1&/8',1* &2O5(*,675$7,21 (55256N
7+( 7,0( ',67$1&( (5525 %'7 $6 RPRT 6N :+,&+
&255(6321'6 72 7+( 5(*,675$7,21 )5(48(1&< 2)
7+( $,53/$1( 1$9,*$7,21 6<67(0N $1' 71$//<
$ fgo (5525 %j 2) SR0 ,6 $6680('P v+(
6,08/$7,21 ,1h,*P SZ 6+2:6 '(&5($6,1* $&&8O
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e)'M PWY `##52!#9 /& 6%()#,% 6%,/#)4)%3 $%2)6%$ &2/- 0/3)4)/.3 ). 47/ #/.3%#54)6% !#15)2%$ )-!'%3
&/2 4(2%% 4)-% $)&&%2%.#%3 OMR 3K OMV 3K !.$ PMO 3M e/2 %!#( 4)-% $)34!.#%K &/52 !)20,!.% (%)'(43 &2/-
POOO- 50 4/ QTOO- !.$ #!2 6%,/#)4)%3 &2/- O 4/ WO +-?( 7%2% #/.3)$%2%$M

Emp. Theor.

σv km/h] <5.0 ∼3.0

σa [m/s2] <4.0 ∼2.0

Aerial image

GPS measurement

e)'M PXY u%()#,% 0/3)4)/.3 G02/*%#4%$ 42!#+3HK 6%L
()#,% 6%,/#)4)%3 G4/0 &)'52%HK !.$ !##%,%2!4)/.3
G"/44/- &)'52%H $%2)6%$ &2/- !)2"/2.% )-!'%3
!.$for-%!352%-%.43M d-0)2)#!,,9 -%!352%$
!.$ 4(%/2%4)#!,,9 #!,#5,!4%$ !##52!#)%3 !2% ,)34L
%$ ). 4(% 4!",%M

5$&< $7 +,*+(5 &$5 9(/2&,7,(6 $1' 6+257(5 7,0(
',67$1&(6N $6 7+( ,198(1&( 2) 7+( 7,0( ',6O
7$1&( (5525 *(76 67521*(5P q1 7+( 27+(5 +$1'N
7+( $&&85$&,(6 '(&5($6( :,7+ +,*+(5 9,*+7
+(,*+76 $6 7+( ,198(1&( 2) 0($685(0(17 (5O
5256 ,1&5($6(6P n$67 ,6 &219(56( 72 7+( (5(&7N
7+$7 :,7+ /2:(5 9,*+7 +(,*+76 7+( ,198(1&(
2) 7+( fgo (5525 *(76 67521*(5P
i,9(1 7+5(( &216(&87,9( ,0$*(6N 7+( 9(O

+,&/( $&&(/(5$7,216 $kUOTOS &$1 %( &$/&8/$7('
%< 7+( 4827,(17 2) 0($685(' 9(+,&/( 9(/2&,7<
',5(5(1&( $1' 7+( 7,0( ',67$1&(P h25 (48,O
',67$17 $&48,6,7,21 7,0(6N 7+( 7,0( ',5(5(1&(
,6 +$/) 7+( 7,0( ',67$1&( %(7:((1 ,0$*( U
$1' SP

$kUOTOS3
9kUOT29kTOS
RPWJ7kU27kSK

v+( 6,08/$7,21 :$6 3(5)250(' %$6(' 21
7+5(( $&&(/(5$7,216 SPR0B6TN TPR0B6TN $1'
UPR0B6T $1' &$5 9(/2&,7,(6 )520 R 72 XR .0B+P
v+( 5(67 2) 7+( 3$5$0(7(56 $5( 7+( 6$0( $6
%()25(P k1 *(1(5$/N 7+( $&&85$&< /(9(/ 2) $&O
&(/(5$7,21 0($685(0(176 ,6 816$7,6)<,1*N $6
7+( 67$1'$5' '(9,$7,21 ,6 29(5 SPR0B6T )25
1($5/< $// &217*85$7,216P
v+( 7+(25(7,&$//< &$/&8/$7(' $&&85$&,(6

:(5( 9$/,'$7(' :,7+ 0($685(0(176 ,1 5($/
$,5%251( ,0$*(6 $1' :,7+ '$7$ )520 $ 5()O
(5(1&( 9(+,&/( (48,33(' :,7+iru 5(&(,9(56P
v+( 7,0( ',67$1&( %(7:((1 &216(&87,9( ,0O
$*(6 :$6 RPY 6P g;$&7 $66,*10(17 2) 7+( ,0O
$*( $&48,6,7,21 7,0( 72iru 75$&. 7,0(6 :$6
$ 35(5(48,6,7( )25 7+,6 9$/,'$7,21 $1' :$6
$&+,(9(' %< &211(&7,1* 7+( &$0(5$ 9$6+ ,1O

7(5)$&( :,7+ 7+( 9,*+7 &21752/ 81,7P v+86N
($&+ 6+227 &28/' %( 5(*,67(5(' :,7+ $ 7,0(
(5525 /(66 7+$1 RPRT 6P d$6(' 21 21%2$5'
iruBkow 0($685(0(176N 7+( ,0$*(6 :(5(
*(2O&2'(' $1' 71$//< 5(6$03/(' 72 $ *5281'
3,;(/ 6,=( 2) UR &0P h,*P S[ ,//8675$7(6 7+( 5(O
68/76 2) 7+( 9$/,'$7,21 )25 21( &$5 75$&.P v+(
(03,5,&$//< '(5,9(' $&&85$&,(6 $5( 6/,*+7/<
:256( 7+$1 7+(25(7,&$/ 9$/8(6 '8( 72 ,1$&&85O
$&,(6 ,1 7+(iruBkow '$7$ 352&(66,1*P {(7N
,7 $/62 6+2:6 7+$7 7+( (03,5,&$/ 67$1'$5' '(O
9,$7,21 ,6 %(/2: W .0B+:+,&+3529,'(6 $ 5($O
621$%/( +,17 )25 '(71,1* 7+( 9(/2&,7< 81&(5O
7$,17< %85(5 ,1 u(&7,21 UPTP v+( 9$/,'$7,21
(;(03/,7(6 21 7+( 27+(5 +$1' 7+$7 9(+,&/(
$&&(/(5$7,216 &$1127 %( '(5,9(' )520 7+(6(
,0$*( 6(48(1&(6 :,7+ 685,&,(17 $&&85$&<P

RQPr4%&!. g).: %4 !,MK d6!,5!4)/. /& s2!&&)# l/.)4/2).'



s!"M PY b/-0!2)3/. /& 6%,/#)4)%3 &2/- for !.$
r`qM

v$5*(7 = 9iruv1 L.0B+b 9',63v1 L.0B+b R9 L.0B+b

V WPTT WPVY RPTW

W [PTV [PSV RPS

X SRPRU [PVW RPWZ

Z TPSX TPUU RPSY

[ VPYZ VPZX RPRZ

SR UPRR TPRS RPRS

SS XPUS XPTZ RPRU

e)'M QOY s25% for 0/3)4)/.3 G'2%%.H /& #!23K $)3L
0,!#%$ 0/3)4)/.3 $%2)6%$ &2/- for 6%,/#)49
G2%$HK $)30,!#%$ 0/3)4)/.-%!352%$ ). 4(% )-!'%
G9%,,/7HM

SMQ `##52!#9 /& 6%()#,%
-%!352%-%.43 ). r`q )-!'%3

u(9(5$/ 9,*+7 &$03$,*16 +$9( %((1 &21'8&7O
('N 72 (67,0$7( 7+( $&&85$&< 2) 9(/2&,7< '(O
7(50,1$7,21 )520 uct ,0$*(6N 7+(5(%< $/62
9(5,)<,1* 7+( 9$/,',7< 2) 7+( $%29( '(5,9('
7+(25<P c1 $'',7,21$/ *2$/ 2) 7+( 9,*+7 &$0O
3$,*16 ,6 72 6,08/$7( v(55$uctOz '$7$ )25
35(',&7,1* 7+( 3(5)250$1&( 2) 7+( (;75$&7,21
352&('85(6P v2 7+,6 (1'N $1 $,5%251( t$'$5
6<67(0 +$6 %((1 86(' :,7+ $ 180%(5 2)
02',7&$7,216N 62 7+$7 7+( 5(68/7,1* 5$: '$7$
,6 &203$5$%/( :,7+ 7+( )8785( 6$7(//,7( '$7$P
f85,1* 7+( &$03$,*1 Z &21752//(' 9(+,&/(6
029(' $/21* 7+( 581:$< 2) $1 $,57(/'P c//
9(+,&/(6 :(5( (48,33(' :,7+ $ iru 6<67(0
:,7+ $ SRj= /2**,1* )5(48(1&< )25 0($685O
,1* 7+(,5 326,7,21 $1' 9(/2&,7<P u20( 60$//
9(+,&/(6 :(5( (48,33(' :,7+ &251(5 5(9(&O
7256 72 0$.( 7+(0 9,6,%/( ,1 7+( ,0$*(P v+(
(;3(5,0(176 +$9( %((1 92:1 :,7+ 9$5<,1*
$1*/(6 %(7:((1 7+( +($',1* 2) 7+( $,5&5$)7
$1' 7+( 9(+,&/(6P v+( 9(+,&/(6 +$9( %((1
'5,9(1 :,7+ 68&+ 9(/2&,7,(6 9v1 7+$7 7+(,5 $3O
3($5$1&( ,1 7+( J$,5%251(K uct '$7$ $3352O
;,0$7(/< 0$7&+(6 75$5,& 6&(1$5,26 $6 5(O
&25'(' %< 6$7(//,7(6 J6(( v$%P SKP

v2 (67,0$7( 7+( $&&85$&<N 7+( 35(',&7('
,0$*( 326,7,21 2) $ 029,1* 2%-(&7 ,6 '(5,9('
)520 7+( 2%-(&7I6iru 326,7,21 $1' ,76 0($6O
85(' 9(/2&,7< $1' &203$5(' :,7+ 7+( 326,O
7,21 0($685(' ,1 7+( ,0$*(P v+( 326,7,216
2) ',63/$&(' 9(+,&/(6 '(7(&7(' ,1 7+( ,0$*(
J<(//2: '276 ,1 h,*P TRK $5( &203$5(' :,7+

7+(,5 758(iruO326,7,21 J*5((1 '276K $1' 7+(
7+(25(7,&$/ ',63/$&(0(17 &20387(' )520 7+(
iruO9(/2&,7,(6 J5(' '276KP c6 &$1 %( 6((1N
<(//2: $1' 5(' '276 0$7&+ 9(5< :(//N 62 7+$7
7+( 7+(25(7,&$/ %$&.*5281' 2) '(7(&7,21 $1'
9(/2&,7< (67,0$7,21 6((06 -867,7('P c/O
7+28*+ 7+(5( 0,*+7 %( 620( ,1$&&85$&,(6 ,1O
&/8'(' ,1 7+( 0($685(0(176 J9$5<,1* /2&$/
,1&,'(1&( $1*/(N iruO7,0( 6<1&+521,=$7,21N
(7&PK 7+( 5(68/76 6+2: $ 9(5< *22' 0$7&+ 2)
7+(25< $1' 5($/ 0($685(0(176P
v2 2%7$,1 $ 48$17,7$7,9( (67,0$7( 2) 7+(

48$/,7< 2) 9(/2&,7< '(7(50,1$7,21 uct ,0O
$*(6N 7+( 9(/2&,7< &255(6321',1* 72 7+(
$/21*O75$&.',63/$&(0(17 ,1 7+( uct ,0$*(6
9',63
v1 +$6 %((1 &203$5(' 72 7+( iru 9(/2&,7<
9iru
v1 J6((v$%P SKP v+( 180(5,&$/ 5(68/76 6+2:
7+$7 7+( $9(5$*( ',5(5(1&( %(7:((1 7+( 9(/O
2&,7< 0($685(0(176 ,6 6,*1,7&$17/< %(/2:
S .0B+P y+(1 (;35(66,1* 7+( $&&85$&< 2)
9(/2&,7< ,1 )250 2) $ 326,7,21$/ 81&(57$,17<N
7+,6 ,03/,(6 7+$7 7+( ',63/$&(0(17 (5(&7 ,1O
98(1&(6 $ 9(+,&/(I6 326,7,21 ,1 7+( uct ,0O
$*( 21/< 83 72 $ )(: 3,;(/6 '(3(1',1* 21
7+( 5(63(&7,9( 6(1625 3$5$0(7(56N $6 &$1 %(
6((1 )520 h,*P TRP
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e)'M QPY d8!-0,% /& 6%()#,%3 42!#+%$ ). /04)#!,
)-!'% 3%15%.#%M

e)'M QQY b!23 $%4%#4%$ ). r`q )-!'%M c)30,!#%$
0/3)4)/./& $%4%#4)/. G2%#4!.',%HK"!#+02/*%#4)/.
/.4/ 2/!$ G42)!.',%HK %34)-!4%$ 6%,/#)49 G#/,/2
/& 42)!.',%HM

s!"M QY s2!&&)# 0!2!-%4%23 &/2 6%()#,%3 -/6).'
/. 4(% 500%2 ,!.% &2/- 2)'(4 4/ ,%&4M

v5$5,& 3$5$0(7(56 uct '$7$ 237,&$/ '$7$

0($1 9(/2&,7< SRV.0B+ SRR.0B+

9(/2&,7< 5$1*( T[AST[.0B+ ZSASUW.0B+

180%(5 2) 9(+,&/(6 ST US

'(7(&7,21 5$7( U[@ SRR@

SMR q%35,43 &2/- &,)'(4 #!-0!)'.

v+( $3352$&+ +$6 %((1 7(67(' 21 5($/ '$7$
67(00,1* )520 fntI6 gOuct $1' Um 23O
7,&$/ 6<67(0P v+( 9,*+7 &$03$,*1 $,0(' $7
021,725,1* $ )5((:$< 1($5%< n$.( e+,(0O
6((N $3352;P ZR.0 ,1 7+( 6287+O($67 2)
o81,&+P v+( )5((:$< ,6 +($',1* 1($5/< ,1
$&5266O75$&. /($',1* 72 /$5*( ',63/$&(0(176
2) 7+( &$56 ,1 7+( uct ,0$*(P f85,1* 7+(
9,*+7N $/62 237,&$/ ,0$*(6 2) 7+( 6$0( 6&(1(
+$9( %((1 $&48,5(' 72 (1$%/( 7+( 9(5,7&$7,21
2) 7+( '(7(&7,21 5(68/76P h25 (1685,1* (5525O
)5(( 5()(5(1&( '$7$N 9(+,&/( '(7(&7,21 $1'
75$&.,1* +$6 %((1 &$55,(' 287 0$18$//<P
u20( 75$&. 6(&7,216 $5( (;(03/,7(' ,1
h,*P TSP
v2 '(7(&7 9(+,&/(6 ,1 7+( uct '$7$N $1

(;,67,1* 02'8/$5 75$5,& 352&(6625 +$6 %((1
$33/,('N :+,&+ 352&(66(6 uct '$7$ 63(&,7O
&$//< :,7+ 7+( 2%-(&7,9( 2) 029,1* 9(+,&/(
'(7(&7,21N 6(( Ju8&+$1'7 (7 $/P TRRXNy(,+O
,1* (7 $/P TRRYK )25 '(7$,/6P f,5(5(17 '(O
7(&7256 JcvkN frecN /,.(/,+22' 5$7,2 '(O
7(&725K $5( ,17(*5$7(' )25 71',1* 9(+,&/(6
$1' &$1 %( 6(/(&7(' ,1',9,'8$//< 25 &$1 %(
&20%,1('P h,*P TT 6+2:6 $1 (;$03/( 2) 9(O
+,&/( '(7(&7,21 :,7+ 7+( /,.(/,+22' 5$7,2 '(O
7(&725 Jy(,+,1* (7 $/P TRRYKP f(7(&7(' 9(O
+,&/(6 $5(0$5.(' :,7+ 5(' 5(&7$1*/(6 $7 7+(,5
',63/$&(' 326,7,216P v+( 75,$1*(/6 5(35(6(17
7+( 326,7,216 2) 7+(6( 9(+,&/(6 :+(1 %$&.O
352-(&7(' 72 7+( $66,*1(' 52$'P v+(6( 75,O

$1*/(6 $5( &2/25O&2'(' 5(*$5',1* 7+(,5 (6O
7,0$7(' 9(/2&,7< 5$1*,1* )520 %/8( 72 5('
JR 72 SYR.0B+KP j$9,1* 7+(6( '(7(&7,216
352-(&7(' %$&. 2172 7+( 52$' $;,6N ,7 ,6 326O
6,%/( 72 '(5,9( 3$5$0(7(56 '(6&5,%,1* 7+(
6,78$7,21 21 7+( 52$' $1' )((',1* 7+(0 ,172
75$5,& 6,08/$7,216 $1' 75$5,& 35(',&7,21
02'(/6P
v+( 75$5,& '$7$ )520 7+( 237,&$/ $1' 7+(

uct 6<67(0 +$9( %((1 &2O5(*,67(5(' $6 '(O
6&5,%(' $%29( 72 (9$/8$7( 7+( 3(5)250$1&(
2) 9(+,&/( '(7(&7,21 $1' 9(/2&,7< (67,0$7,21P
k1 v$%P T 7+( 75$5,& 92: 3$5$0(7(56 '(5,9('
)520 7+( '(7(&7,216 :,7+ 7+( /,.(/,+22' 5$7,2
'(7(&725 $5( &203$5(' 72 7+26( (67,0$7('
)520 7+( 5()(5(1&( '$7$P v+( 9(+,&/(6 029O
,1* 21 7+( 833(5 /$1( )520 5,*+7 72 /()7 $5(
&216,'(5(' ,1 7+,6 &$6(P q1 7+( 23326,7( /$1(
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21/< 7:2 9(+,&/(6 +$9( %((1 '(7(&7(' :+,&+
0$.(6 7+( '(5,9$7,21 2) 5(/,$%/( 3$5$0(7(56
,03266,%/(P

k7 &$1 %( 6((1 )520 v$%P T 7+$7 7+( '(7(&O
7,21 5$7( ,6 48,7( )$,5N $6 (;3(&7(' )520 27+(5
678',(6 J(P *PN o(<(5 (7 $/P TRRXKP j2:(9(5N
7+( 5(68/76 2%7$,1(' )25 025( *(1(5,& 75$5,&
3$5$0(7(56 $5( 9(5< (1&285$*,1*N (P *P :+(1
&203$5,1* 7+( 9$/8(6 2) 7+( (67,0$7(' 0($1
2) 9(/2&,7<N $ *22' &255(6321'(1&( &$1 %(
6((1P j(1&(N (9(1 )25 $ /2:(5 3(5&(17 2) '(O
7(&7,216 ,1 7+( uct '$7$N 5(/,$%/( 3$5$O
0(7(56 &$1 %( (;75$&7('P c6 +$6 %((1 6+2:1
,1 Ju8&+$1'7 (7 $/P TRRXK 21( &$1 '(5,9(N
)25 ,167$1&(N '5,9(O7+528*+ 7,0(6 )25 $ 52$'
6(&7,21 )520 7+(6( '$7$ :,7+ +,*+ $&&85$&<P
u8&+ ,1)250$7,21 ,6 +,*+/< 86()8/ )25 1($5O
5($/7,0( 75$5,& 0$1$*(0(17 6,1&( ,7 $//2:6
72 $'9,6,1* 7+( '5,9(56 ,1 &+226,1* 7+( %(67
5287(P

r266,%/( )$/6( '(7(&7,216N /,.( 7+( 9(+,&/(
0$5.(' %/8( J(67,0$7(' 9(/2&,7< ,6 T[ .0B+KN
&28/' %( (/,0,1$7('N ,) &216,'(5,1* $'',O
7,21$/ ,1)250$7,21P k1 &$6( 2) )5(( 75$5,&
68&+ $ /2: 9(/2&,7< ,6 9(5< 81/,.(/< 62 7+$7
,7 &28/' %( 5(-(&7(' %< $1 287/,(5 7(67 %$6('
21 7+( 9(/2&,7< ',675,%87,21 ,1 $ &(57$,1
1(,*+%25+22'P

S r5--!29 !.$ b/.#,53)/.

k1 7+,6 $57,&/(N $1 $3352$&+ )25 63$7,2O7(0O
325$/ &2O5(*,675$7,21 2) '<1$0,& 2%-(&76 ,1
uct $1' 237,&$/ ,0$*(5< +$6 %((1 35(6O
(17('P k7 :$6 86(' 72 (9$/8$7( 7+( 3(5)250O
$1&( 2) 9(+,&/( '(7(&7,21 $1' 9(/2&,7< (67,O
0$7,21 )520 uct ,0$*(6 &203$5(' 72 5(O
)(5(1&( '$7$ '(5,9(' )520 $(5,$/ ,0$*( 6(O
48(1&(6P v+( (9$/8$7,21 6+2:6 7+( &+$/O
/(1*(6 2) 75$5,& 021,725,1* :,7+ uct ,1
7(506 2) '(7(&7,21 5$7(P j2:(9(5N 7+( 75$5,&
92: 3$5$0(7(56 '(5,9(' )520 7+(6( 5(68/76
6+2: $ *22' &255(6321'(1&( :,7+ 7+( 5()(5O
(1&( '$7$N (9(1 )25 $ /2: '(7(&7,21 5$7(P
j(1&(N 75$5,& 02'(/6 &$1 0$.( 86( 2) 68&+
'$7$ 72 6,08/$7( $1' 35(',&7 75$5,& 25 72
(9(1 9(5,)< &(57$,1 3$5$0(7(56 2) 02'(/6P

q%&%2%.#%3

d$0/(5N tP H u&+>77/(5N dPN S[[U\ uct f$7$
c&48,6,7,21 $1' k0$*( h250$7,21P A k1\
u&+5(,(5N iP Jg'PK\ i(2&2',1*\ gtuOS uct
f$7$ $1' u<67(06P A y,&+0$11Ox(5/$*P

d(7+.(N mPOjPN d$80*$571(5N uPN i$%(/(N oPN
j281$0N fPN m(0371(5N gPN m/(0(17N fPN
m5,(*(5N iP H g5;/(%(1N tPN TRRX\ c,5O $1'
63$&(%251( 021,725,1* 2) 52$' 75$5,& 86,1*
uct 029,1* 7$5*(7 ,1',&$7,21P A r52-(&7
vtcotcfP A kurtu l2851$/ 2) r+272*5$0O
0(75< $1' t(027( u(16,1* XS JUBVK\ TVUATW[P

e+,8N uP H n,9,1*6721(N ePN TRRW\ c &203$5,621
2) ',63/$&(' 3+$6( &(175( $17(11$ $1' $/21*O
75$&. ,17(5)(520(75< 7(&+1,48(6 )25 tcfctO
ucvOT *5281' 029,1* 7$5*(7 ,1',&$7,21P A
e$1$',$1 l2851$/ 2) t(027( u(16,1* US JSK\
UYAWSP

e800,1*N kP Hy21*N hPN TRRW\f,*,7$/r52&(66,1*
2) u<17+(7,& c3(5785( t$'$5 f$7$P A c57(&+
j286(N d26721P

f5(6&+/(5N nP Hp$*(/NjPOjPN S[ZT\ x2/80(75,&
02'(/ $1' 75$-(&725< 2) $ 029,1* &$5 '(5,9('
)520 0212&8/$5 vx )5$0( 6(48(1&( 2) $ 675((7
6&(1(P A e20387(5 i5$3+,&6 $1' k0$*( r52O
&(66,1* TR\ S[[ATTZP

g5167N kPN j(76&+(5N oPN v+,(66(1+86(1N mPN
t8+(E N oPN d?51(5N cP H |8(9N uPN TRRW\ p(:
$3352$&+(6 )25 5($/ 7,0( 75$5,& '$7$ $&48,6,7,21
:,7+ $,5%251( 6<67(06P A k17(51$7,21$/c5&+,9(6
2) r+272*5$00(75<N t(027( u(16,1* $1' u3$O
7,$/ k1)250$7,21 u&,(1&(6N x2/P UX JUByTVK\
X[AYUP

i,(58//N ePN TRRS\ u7$7,67,&6 2) uct ,17(5)(52O
*5$06 :,7+ $33/,&$7,21 72 029,1* 7$5*(7 '(7(&O
7,21 A v(&+1,&$/t(3257ftgqOvtOTRRSARVWN
f()(1&( tHf e$1$'$P

i,(58//N ePN TRRT\o29,1*v$5*(7f(7(&7,21 :,7+
c/21*Ov5$&. uct k17(5)(520(75<\ c v+(25(7,O
&$/ c1$/<6,6P A v(&+1,&$/ t(3257 ftfeOqvO
vcycOvtOTRRTARZVN f()(1&(tHfe$1$'$P

i,(58//N ePN TRRV\ u7$7,67,&$/ c1$/<6,6 2) o8/7,O
/22. uct k17(5)(52*5$06 )25ehctf(7(&7,21
2) i5281' o29,1* v$5*(76 A kggg v5$16$&O
7,216 21 i(26&,(1&( $1' t(027( u(16,1* VT\
X[SAYRSP

j$$*N oP H p$*(/N jPOjPN S[[[\ e20%,1$7,21
2) g'*( g/(0(17 $1' q37,&$/ h/2: g67,0$7(6
)25 UfOo2'(/Od$6(' x(+,&/( v5$&.,1* ,1 v5$)O
7& u(48(1&(6P A k17(51$7,21$/ l2851$/ 2) e20O
387(5 x,6,21 UW JUK\ T[WAUS[P

j,1=N uPN d$0/(5N tP H u7,//$N wPN TRRX\ v+(0(
,668( DDc,5%251( $1' 63$&(%251( 75$5,&
021,725,1*IIP A kurtu l2851$/ 2) r+272*5$0O
0(75< $1' t(027( u(16,1* XS JUBVKP
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j,1=N uPN o(<(5N hPN g,1('(5N oP H d$0/(5N tPN
TRRY\ v5$5,& 021,725,1* :,7+ 63$&(%251( uct
A v+(25<N 6,08/$7,216N $1' (;3(5,0(176P A
e20387(5 x,6,21 $1' k0$*( w1'(567$1',1*N
x2/P SRX JTBUK\ TUSATVVP

m$1*N lPN e2+(1N kPN o(',21,N iP H {8$1N ePN
TRRW\ f(7(&7,21 $1' v5$&.,1* 2) o29,1* q%O
-(&76 )520 $ o29,1* r/$7)250 ,1 r5(6(1&( 2)
u7521* r$5$//$;P A k17(51$7,21$/e21)(5(1&( 21
e20387(5 x,6,21N x2/P k\ SRASYP

m,5&++2)N oP H u7,//$N wPN TRRX\ f(7(&7,21 2)
029,1* 2%-(&76 ,1 $,5%251( 7+(50$/ 9,'(26P A
kurtu l2851$/ 2) r+272*5$00(75< $1' t(O
027( u(16,1* XS JUBVK\ SZYAS[XP

n(,7/2))N lPN j,1=N uP H u7,//$N wPN TRRX\ f(7(&O
7,21 2) x(+,&/( s8(8(6 ,1 s8,&.%,5' k0$*(6 2)
e,7< c5($6P A r+272*5$00(75,( A h(51(5.81O
'81* A i(2,1)250$7,21N V JXK\ USWAUTWP

n(1+$57NfPHj,1=N uPN TRRX\ c8720$7,&x(+,&/(
v5$&.,1* ,1 n2: h5$0( t$7( c(5,$/ k0$*( u(O
48(1&(6P A k17(51$7,21$/ c5&+,9(6 2) r+272O
*5$00(75<N t(027( u(16,1*N $1' u3$7,$/ k1O
)250$7,21 u&,(1&(6N x2/P UXOU\ TRUATRZP

n,9,1*6721(N ePOgPN u,.$1(7$N kPN i,(58//N ePN
e+,8N uPN d($8'2,1N cPN e$03%(//N lPN d($8O
'2,1N lPN i21*N uP H m1,*+7N vPOcN TRRT\ c1
c,5%251( u<7+(17,& c3(5785 t$'$5 JuctK g;O
3(5,0(17 72 u833257 tcfctucvOT i5281'
o29,1*v$5*(7 k1',&$7,21 JiovkKP Ae$1$',$1
l2851$/ 2) t(027( u(16,1* TZ JXK\ Y[VAZSUP

o(<(5N hPN j,1=N uPN n$,.$N cPN y(,+,1*N fP H
d$0/(5N tPN TRRX\ r(5)250$1&(c1$/<6,6 2) 7+(
v(55$uctOz v5$5,& o21,725,1* e21&(37 A
kurtu l2851$/ 2) r+272*5$00(75< $1' t(O
027( u(16,1* XS JUBVK\ TTWATVTP

u+$50$N lPN i,(58//N eP H e2//,16N oPN TRRX\
e203(16$7,1* 7+( (5(&76 2) 7$5*(7 $&&(/(5$7,21
,1 '8$/O&+$11(/ uctOiovkP A kgg t$'$5N u2O
1$5N $1' p$9,*$7,21 SWU JSK\ WUAXTP

u8&+$1'7N uPN g,1('(5N oPN o8(//(5N tPN
n$,.$N cPN j,1=N uPN o(<(5N hP H r$/8%,16.$6N
iPN TRRX\ f(9(/230(17 2) $ iovk r52&(66,1*
u<67(0 )25 7+( g;75$&7,21 2) v5$5,& k1)250$O
7,21 )520 v(55$uctOz f$7$P A r52&((',1*6 2)
g8523($1 e21)(5(1&( 21 u<17+(7,& c3(5785(
t$'$5\ 21 efP

v$1N vPN u8//,9$1N iP H d$.(5N mPN S[[Z\o2'(/O
d$6(' n2&$/,6$7,21 $1' t(&2*1,7,21 2) t2$'

x(+,&/(6P A k17(51$7,21$/ l2851$/ 2) e20387(5
x,6,21 TY JSK\ WATWP

v27+N ePmPN H i5(-1(5Od5=(=,16.$N fPN TRRX\
g;75$&7,1* '<1$0,& 63$7,$/ '$7$ )520 $,5%251(
,0$*,1* 6(16256 72 6833257 75$5,& 92: (67,0$O
7,21P A kurtu l2851$/ 2) r+272*5$00(75< $1'
t(027( u(16,1* XS JUBVK\ SUYASVZP

y(,+,1*N fPN j,1=N uPN o(<(5N hPN n$,.$N cP H
d$0/(5N tPN TRRX\ f(7(&7,21 2) c/21*Ov5$&.
i5281' o29,1* v$5*(76 ,1 j,*+ t(62/87,21
u3$&(%251( uct k0$*(6P A k17(51$7,21$/ c5O
&+,9(6 2) r+272*5$00(75<N t(027( u(16,1*
$1' u3$7,$/ k1)250$7,21 u&,(1&(6N x2/P UXOY\ 21
efP

y(,+,1*N fPN j,1=N uPN o(<(5N hPN u8&+$1'7N uP
H d$0/(5N tPN TRRY\ c1 k17(*5$/ f(7(&7,21
u&+(0( )25o29,1*q%-(&7 k1',&$7,21 ,1f8$/O
e+$11(/ j,*+ t(62/87,21 u3$&(%251( uct
k0$*(6P A r52&((',1*6 2) kgggOkurtu y25.O
6+23 wtdcp TRRYN r$5,6N h5$1&(N 21 efP

{8N sPN e2+(1N kPN o(',21,N iP H y8N dPN TRRX\
d2267('o$5.29 e+$,1o217(e$5/2f$7$c6O
62&,$7,21 )25 o8/7,3/( v$5*(7 f(7(&7,21 $1'
v5$&.,1*P A k17(51$7,21$/ e21)(5(1&( 21 r$7O
7(51 t(&2*1,7,21N x2/P kk\ XYWAXYZP

c''5(66(6 2) 7+( $87+256\

f5POk1*P u7()$1 j,1=N f,3/POk1*P f,$1$ y(,+O
,1*N r52)P f5POk1*Pt,&+$5' d$0/(5N v(&+1,6&+(
w1,9(56,7>7 o@1&+(1N n(+5678+/ )@5 o(7+2',.
'(5h(51(5.81'81*NfOZRUUUo@1&+(1N v(/P\ RZ[O
TZ[ TTXYSN h$;\ RZ[OTZR [WYUN (O0$,/\
0$,/yt(027(u(16,1*OvwoP'(

f5POk1*P h5$1= m85=N f,3/POk1*P u7())(1
u8&+$1'7N r52)P f5POk1*P t,&+$5' d$0/(5N
f(876&+(6|(17580 )@5 n8)7O 81't$80)$+57N k1O
67,787 )@5o(7+2',. '(5 h(51(5.81'81*N fOZTTUR
y(66/,1*Bq%(53)$5(1+2)(1N v(/P\ RZSWUOTZTXYTN
h$;\ RZSWUOTZSVVXN wtn\ :::P&$)P'/5P'(

f5POk1*P h5$1= o(<(5N w1,9(56,7< 2) c/$6.$
h$,5%$1.6N c/$6.$ u$7(//,7( h$&,/,7<N h$,5%$1.6N
cm [[YYWN v(/P\ 1SO[RYOVYV YTSSN (O0$,/\
)0(<(5y$6)P$/$6.$P('8

o$186.5,37 (,1*(5(,&+7\ c35,/ TRRY
c1*(1200(1\ l81, TRRY
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e2!#4!, `,'/2)4(- &/2 n), r0),, c%4%#4)/. &2/-
q`c`qr`sLP r`q c!4!

l`fdc l`qfg`mxK `qsgtq oM bq`jmdkk E l`yk`m g`rghlK r+5$!)K ingnqd a`gL

qtK l!,!93)!

m(<:25'6\ q,/ 63,//N /22.O$/,.(6N tctctucvOS uctN )5$&7$/ $/*25,7+0

u800$5<\ v+,6 3$3(5 ,1752'8&(6 $ 1(: $3352$&+
)25 02',7&$7,21 2) 7+( )2508/$ 2) 7+( )5$&7$/ %2;
&2817,1* ',0(16,21 :+,&+ ,6 %$6(' 21 7+( 87,/,O
=$7,21 2) 7+( 352%$%,/,7< ',675,%87,21 )2508/$ ,1
7+( )5$&7$/ %2; &2817P v+( 385326( 2) 7+,6 0(7+2'
,6 72 86( ,7 )25 7+( ',6&5,0,1$7,21 2) 2,/ 63,// $5($6
)520 7+( 6855281',1* )($785(6 (P *PN 6($ 685)$&(
$1' /22.O$/,.(6 ,1tcfctucvOS uct '$7$P v+(
5(68/7 6+2:6 7+$7 7+( 1(: )2508/$ 2) 7+( )5$&7$/
%2; &2817,1* ',0(16,21 ,6 $%/( 72 ',6&5,0,1$7(
%(7:((1 2,/ 63,//6 $1' /22.O$/,.( $5($6P

|86$00(1)$6681*\ g,1 )5$.7$/(5 c/*25,7+086 =85
f(7(.7,21 921 ~/9(56&+087=81*(1 $86 tcfctO
ucvOS uctf$7(1Pf,(6(6 r$3,(5 67(//7 (,1(1 1(8O
(1 c16$7= )@5 ',( o2',7.$7,21 '(5 h250(/ '(5
)5$.7$/(1 NNd2; e2817,1*DD f,0(16,21 925N '(5
$8) '(5 p87=81* '(5 y$+56&+(,1/,&+.(,76Ox(57(,O
/81*6Oh250(/ %(,0 )5$.7$/(1 NNd2; e2817DD %$O
6,(57P f,( o(7+2'( :,5' (,1*(6(7=7N 80 h/>&+(1
0,7 ~/9(56&+087=81*(1 921 80*(%(1'(1 q%O
-(.7$57(1N:,( =P dP '(5o((5(62%(59>&+( 81' >+1O
/,&+ $866(+(1'(1 q%-(.7(1 ,1 tcfctucvOS
uctf$7(1 =8 817(56&+(,'(1P f$6g5*(%1,6 =(,*7N
'$66 ',( 1(8(h250(/ )@5 ',( )5$.7$/( NNd2;e2817O
,1*DD f,0(16,21 =:,6&+(1 ~/9(56&+087=81*(1
81' >+1/,&+ $866(+(1'(1 h/>&+(1 817(56&+(,'(1
.$11P

P h.42/$5#4)/.

u<17+(7,& $3(5785( 5$'$5 JuctK +$6 %((1
5(&2*1,=(' $6 $ 32:(5)8/ 722/ )25 2,/ 63,//
'(7(&7,21P u(9(5$/ $/*25,7+06 +$9( %((1 ,1O
752'8&(' )25 7+( $8720$7,& '(7(&7,21 2) 2,/
63,//6 ,1 uct ,0$*(6P v+(6( $/*25,7+06 +$9(
,192/9(' 7+5(( 67(36\ J,K '$5. 6327 '(7(&7,21N
J,,K '$5. 6327 )($785( (;75$&7,21N $1' J,,,K
'$5. 6327 &/$66,7&$7,216P x$5,286 &/$66,7&$O
7,21 $/*25,7+06 )25 2,/ 63,// '(7(&7,21 +$9(
%((1 87,/,=('N ,1&/8',1* 3$77(51 5(&2*1,7,21
$/*25,7+06 Jh8.81$*$ S[[RKN 63$7,$/ )5(O
48(1&< 63(&7580 *5$',(17 Jn20%$5',1, (7
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Mittelständisches, solides Unternehmen auf schuldenfreier Basis (GmbH)
sucht Nachfolge in der Geschäftsführung sowie als Hauptgesellschafter
(52,5 Prozent; ohne Sperrklauseln).

Das Unternehmen ist tätig im Bereich Geo-Informationssysteme, Vermessung
und Photogrammetrie.

Mitarbeiter: 10.

Jahresumsatz, Bilanzen und alle weiteren Daten auf Anfrage.
Z. Zt. volle Auslastung (bis 31.12.2007).

Sitz: Nordrhein-Westfalen.

Übernahme (52,5 % des Hauptgesellschafters) gegen einmalige Zahlung oder
auf „Rentenbasis“ verhandelbar.

Schriftliche, diskrete Anfragen unter Chiffre RSH 24108
an den Verlag:
E. Schweizerbart’sche Verlagsbuchhandlung (Nägele u. Obermiller),
Johannesstraße 3A, 70176 Stuttgart


