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(2∆t · t − ∆t2)

)

− VbD
′
m cos

(

2πfm(t − ∆t

2
)
)

sin
(

2πfc∆t +
π∆f

PRI
(2∆t · t − ∆t2)

)

. 9:;<P=

@!0+ 1--&.>021$0.# 0+ ?1/03 %.& +21// ?1/("+ .% Dm; Q0#1//*5 $!" 1--/0
1$0.# .% 1 Q.(&0"&

$&1#+%.&2 &"+(/$+ 0# $!" &"+-.#+"8

Sb(fR) = γVb exp[ j(ϕ1 + ϕ2)]sinc
(

2πγ(fb − fR)
)

+ γVb exp[−j(ϕ1 + ϕ2)]sinc
(

2πγ(fb + fR)
)
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− γVbD
′
m

2j
exp[−jϕ3]sinc

(

2πγ(fm−

b − fR)
)

+
γVbD

′
m

2j
exp[ jϕ3]sinc

(

2πγ(fm−

b + fR)
)

− γVbD
′
m

2j
exp[ jϕ4]sinc

(

2πγ(fm+

b − fR)
)

+
γVbD

′
m

2j
exp[−jϕ4]sinc

(

2πγ(fm+

b + fR)
)

,  !"#$%

&' ()&
)+

fm−

b = fb − fm,  !",-%

fm+

b = fb + fm,  !",#%

ϕ3 = −ϕ1 − ϕ2 − πfm∆t,  !",,%

.'/+

ϕ4 = ϕ1 + ϕ2 − πfm∆t.  !",!%
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78/6/ 4).4 . 9&'892&/.7 9(66: '2'7&'6.1&4; :12/8
69 9:81&289 9&/6<

72569 21  !"#$% $
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&' 16/8
&'=  !"#A% 42  !"#B%@ '.112(5.'/ .'=76 32/87.4&2' (.9 .99836/" C' :1.
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6@ . 9&'8<

92&/.7 9(66: '2'7&'6.1&4; (&77 :12/8
6 .' &'D'&46 '83561 2E ).132'&
9"

F2162?61@ 4)6 .3:7&48/6 2E 4)6 :.&16/ 6
)269 /6:6'/9 8:2' 4)6 4&36 /67.;" G)616E216@ E21

9)214 /67.; 4&369@ 4)6 .3:7&48/6 &9 16/8
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.'47;" G)&9 6EE6
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4 4).4

. :214&2' 2E 4)6 41.'93&446/ 9&='.7 ).9 566' 896/ .9 HI 9&='.7@ .9 (.9 .716./; /&9
8996/ &'

96
4&2' ,","

C' :1.
4&
6@ 4)6 32/87.4&'= E16J86'
; fm (&77 56 ?61; 72( 
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; 2E 4)6 41.'93&446/

9&='.7 
.' 56 6K:16996/ .9+

ft,i(t) = fc − ∆fe +
∆f

PRI
t +

4∆fe
PRI2

t2.  !",L%

G)6 '2'7&'6.1&4; ).9 566' /6D'6/ &' 98
) . (.; 4).4 4)6 3.K&383 /6?&.4&2' E123 4)6 7&'6.1

9(66: 2

819 &' 4)6 3&//76 2E 4)6 9(66:"

G)6 :).96 2E 4)6 41.'93&446/ 9&='.7 E2772(9 .9 4)6 :1&3&4&?6 E8'
4&2' 2E  !",L% 3874&:7&6/ 5;

2π+

ϕt(t) = 2π(fc − ∆fe)t +
π∆f

PRI
t2 +

8π∆fe
3PRI2

t3.  !",M%

G)6 :).96 2E 4)6 6
)2 9&='.7 
.' 56 (1&446' .9 . 4&36</67.;6/ ?619&2' 2E  !",M%+

ϕr(t) = 2π(fc − ∆fe)(t − ∆t) +
π∆f

PRI
(t − ∆t)2 +

8π∆fe
3PRI2

(t − ∆t)3.  !",A%
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ϕb(t) = 2πfc∆t − π∆f

PRI
∆t2 +

2π∆f

PRI
∆t · t

− 2π∆fe∆t − 8π∆fe
3PRI2

(

−3∆t · t2 + 3∆t2 · t − ∆t3
)

. 893:;<

=$(%">."(/*1? /!" &(%/)(/)("$.% @")/ 2+">."(
1 2$**$0% )% /!" ,"+&6)/&6" $2 893:;< ,&6&,", @1

2π7

fb,i(t) = fb −
4∆fe∆t2

PRI2
+

8∆fe∆t

PRI2
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∆fb = fb,i(t = PRI/2) − fb,i(t = −PRI/2) =
8∆fe
PRI

∆t. 893:D<
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√

(

1

PRI

)2
+ ∆f2

b
√

(

1

PRI

)2
≤ 1.1. 8939O<

Q&()**1? @1 .%&(' 893:D<? 8939O< 
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∆fe ≤
√
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'&5

sr(t) =
{

Vr + Vm cos
(

2πfmt
)}

cos
(

2πfc(t − ∆t) +
π∆f

PRI
(t − ∆t)2

)

, 678779

4!"." Vm $& %!" ')+,$%(*" /: %!" -'.$'%$/# '#* fm $& %!" )/*(,'%$#2 :.";("#
<8 =: $% $& '&&()"*

%!'% fm ≪ fc0 %!"# %!" (+>
/#-".&$/# 
/)+/#"#% 
'# 3" *$&
'.*"* '2'$# '#* %!" 3"'% &$2#',

:/,,/4& '&5

sb(t) =
VLO

2

{

Vr + Vm cos
(

2πfmt
)}

cos
(

2πfc∆t +
π∆f

PRI
(2∆t · t − ∆t2)

)

, 6787?9

4!$
! 
'# 3" "@+'#*"* '&5

sb(t) = Vb cos
(

2πfc∆t +
π∆f

PRI
(2∆t · t − ∆t2)

)

+
VLOVm

4
cos

(

2πfc∆t +
π∆f

PRI
(2∆t · t − ∆t2) − 2πfmt

)

+
VLOVm

4
cos

(

2πfc∆t +
π∆f

PRI
(2∆t · t − ∆t2) + 2πfmt

)

. 6787A9
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/#&$*"."* %/ 3" 
/#&%'#%8 E:%". %.'#&:/.)'%$/#

%/ %!" :.";("#
< */)'$#0 %!" ."&+/#&" :/,,/4& '&5

Sb(fR) = γVb exp
[

j(ϕ1 + ϕ2)
]

sinc
(

2πγ(fb − fR)
)

+ γVb exp[−j(ϕ1 + ϕ2)]sinc
(

2πγ(fb + fR)
)

+
γVLOVm

4
exp

[

j(ϕ1 + ϕ2)
]

sinc
(

2πγ(fm−

b − fR)
)

+
γVLOVm

4
exp

[

−j(ϕ1 + ϕ2)
]

sinc
(

2πγ(fm−

b + fR)
)

+
γVLOVm

4
exp

[

j(ϕ1 + ϕ2)
]

sinc
(

2πγ(fm+

b − fR)
)

+
γVLOVm

4
exp

[

−j(ϕ1 + ϕ2)
]

sinc
(

2πγ(fm+

b + fR)
)
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%$/# H8I0 ' )/-$#2 %'.2"% $#*(
"& ' J/++,". :.";("#
< &!$:%8

K!$& J/++,". :.";("#
< &!$:% !'& $%& "::"
% /# %!" ."&+/#&"8

=# %!" 
'&" /: ' )/-$#2 %'.2"%0 %!" %$)" *",'< 
'# 3" "@+'#*"* '&0 LMA℄5

∆t(t) ≈ ∆t0 +
fd
fc

(t − ∆t0), 6787O9
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sr(t) = Vr cos
(

2πfc(t − ∆t(t)) +
π∆f

PRI
(t − ∆t(t))2

)

. 8939:;

4 &# &#' + ) /0 8939<;6 8939:; 
+! 2' .'". &&'! +%7

sr(t) = Vr cos
(

2πfc(µt − µ∆t0) +
π∆f

PRI
(µt − µ∆t0)

2
)

, 8939=;

"#'.' µ = 1 − fd/fc3 >0&'. )'(/)-*+& /! +!) 2, ) %
+.) !1 &#' -?@
/!A'.% /! 
/(?/!'!&

+1+ !6 &#' 2'+& % 1!+* 0/**/"% +%7

sb(t) = Vb cos
(π∆f

PRI
(1 − µ2)t2 +

2π∆f

PRI
µ∆t0 t + 2πfc(1 − µ)t

+2πfc µ∆t0 −
π∆f

PRI
µ2∆t20

)

. 893BC;

D#' 
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sb(t) ≈ Vb cos
(2π∆f

PRI
∆t0 t + 2πfdt + 2πfc∆t0 −

π∆f

PRI
∆t20

)

. 893BK;
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Sb(fR) = γVb exp[ j(ϕ1 + ϕ2)]sinc
(

2πγ(fd+

b − fR)
)

+ γVb exp[−j(ϕ1 + ϕ2)]sinc
(

2πγ(fd+

b + fR)
)
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