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o Ry TSR
x(t) = cos(2mfyt) = fo+ Af

Vo COS 6

fe = fot+ . fo

Vo

y(t) = Acos(2mf't + @)
FE

* ¢ ~3.0x10°km/s, vy = 100km/h > =2=9.2x 1075
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e /V)LXL —% (Pulsed Radar)
B PRI(Pulse Repetition Interval)/ULX#&D iR UREIFE
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JVULA L —% (Pulsed Radar) X{EES

PRI = MT
S

B 1

Coherent Processing Interval (CPI)= N PRI

® CPI: UIBDEfN. FvRILDZELIQRL\EHTRTE DERH.
®@CPI = N PRI = N-MT

M-1

x(t) = z p(t —kMT), p(t) = {

k=0

1, 0<t<T
0, otherwise
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JULA L —%  IBERFfE DR
®7(nT) Zilli'ND

Pulse Repetition Interval (PRI) = MT fast time

) HEEEN N x M matrix
O _:
(agm B (kkm) 0<k<N-1
=n B
o Q T
| B 0<m<M-1

= [

L

wn

Data Matrix
T

Z((m + kM)T) = eiZ”fD(m+kM)Tf p(Op(t —ty + 1)et?™Iptdt

o

=0iflt;—7|>T 31
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Pulse Repetition Interval (PRI) = MT fast time Pulse Repetition Interval (PRI)
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Barkerfd=

®+1, -1 D2EDRF

o JFERATH B AR B EZN DB (E

Known Barker codes
Length Codes Sidelobe level ratiol131[14]
2 +1 -1 +1 +1 —6 dB
3 +1 +1 -1 -9.5dB
4 +1+1 -1 +1 +1 +1+1 -1 —-12 dB
5 +1+1 +1 -1 +1 —14 dB
7 +1+1+1-1-1+1-1 —-16.9dB
11 +1+1+1-1-1-1+4+1-1-1+1-1 —20.8 dB
13 +1+1+14+41+1-1-1+1+1-1+1-1+1|-22.3dB

ENOLIIMNN0, £10D31E

AE1: BCHBEREMSOXNRIL, EEREDOH.
FyTS5—ER#EEE > Ambiguity BN EE.

FE2: BRFEL—4 TlE, 248

fFEhb%iE

FFEA~HLER. IRIBZAIZICLTHRLNMET . 36



3.4 FMCW(Frequency Modulated Continuous Wave)

B SR : r
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LoopZ#BITI Do
- Python J—F (https://github.com/jitumatu/)
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Rectangular pulse Gaussian pulse A

1 1 -1 +1
~2 2 t

SS modulation @ SS modulation @

\

A 4

v
v

N-1 N-1
uT(¢) = Z X, z.(Nt — n) u'P(t) = Z Xpzg(Nt —n)
n=0

n=0

INVARZR R ARICERLEZ®&, I6LTRLEHLETLVS. 49
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Frequency Domain
Spread Spectrum

Single pulse

+—> E < > E -
1 N Dennis Gabor
v (1900-1979)
N f A f —
Time Domain | Gabor Division
Spread Spectrum Spread Spectrum
N N
I N
Nf
«—> Z < ; E
1 N

Kohda, J., Aihara ICASSP2011 CIRZE 43
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N-1N'-1

. / TLTC
S =y N Xy Xg(t —nTp)e ™ )

n=0 n'=0
o X, EESRISENATES, X &EHAGERGES SIS,
@FT.=1&£79 3.

FD template
Gabor Division

N!
s\
Spread Spectrum

N
N TD template
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4. Phase Updating Loop (PUL)
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Phase Updating Loop (fiZABEF1)L—7)(1/2)

o #(C. EH—/ULX z(t) (CX T DPULZEREAT D,
AR

T Z(t) Eﬁtd, F‘y7°5—fD T

EIErET I HHEZIERL A
FyT5—BRBDRDOEEEE,ET 5.
c(a|fD) = jr(t)z'(t —0) e_jZ”fD(t_%)dt
T o—%HET HHEERIERE AN
EBIEDRDEEEZ T 5.

CQulty) = f R(NZ(f — w el 2 gy
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Phase Updating Loop (fiZABEF1)L—T)(2/2)

=R g xtE
Algorithm 1 Simplified Phase Updating Loop DESHR
1: Set initial fg) ' 0. Setr « 0. Set £ > 0 arbitrarily. The maximum s f
delay 74 max and the maximum Doppler shift f5 max are given. D
2: repeat fD
plirtl arg  max |c(0'|f[r])| (10)
d age r, D 0
»b e ,max
fo —arg  omax o jC(uiil™) (11) -
HE[_fD,maXst,max] td fd
t —t+1
4-
~ Al T— “ * l\%;.,ﬁ _C-IZ\?_
3: wntil 7 - 72 < gand | £ - £ < e holds
4: returnc;[t] an(:i.f[r] ’ I: 71&@&'1%%
- d D - BHE SHloE—S

[

FBRZELAHD
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o XEESZRNEIL, REESLOHEEZHD
o NElSNITESZET>TL— hEMR

FD template |, D 7oL —kEN{E
N \ ~ FD 7oL —MENTE
Iﬁ TD template
NI

~ V

@ 25> —bDORT, HEGEDOHINTRDEDZE
R9D. 18



GDSS®MPUL (N = N’)

e NE®DTUTL—IRT7ZEFELY, PULZELT,
« MHEEIAFREREVNVEDEZEEDHTEELT
%g)C)

MEE 7% oBUA
1 f

FD templates
=
N
it

Algorithm 2 Phase Updating Loop in GDSS (revised)

1: Set initial f‘_r[)o] [n] « 2f[}'%(n - NT_l), i < 0 and set

€ > 0 arbitrarily. The maximum delay 7, n.x and the
maximum Doppler shift 5 nax are given.

2: repeat

~li+l GD(FD ~li
A ) — argmax | (e 71 )|
(TE[Oafd,max]

(44)
.f,_r[;H] [n] < arg max
PE[_,fD,maXafD,max]
GD(TD Ali+1
C;),p(’,n’) ('u |f([j - [H])) (45)
N «— arg max max
n HE[=fD max. fD,max ]
GD(TD Ali+1
Cp,p(",n’) (/,l |f([;+ : [1?])) (46)
I —i+1

3 until |75 (] =70 Al < e, 1A A1 - 7L Al < &

holds
4: return fg] [A] and fg] [7A]

Tokyo Tech
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5. I#REEOTFSDLEER

OTFS: Orthogonal Time Frequency Space
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5. OTFS

® OTFS(Orthogonal Time Frequency Space) & ;i
B TDMA, CDMA, OFDM®DE#(6G)ZIH> TL VD,
O EElETREjI—//D(JﬁL\c‘: NDNTLB,
B 20104 Patent, Ronny Hadani and Shlomo Rakib
m 20118 X>F+ —1bZ Cohere Technologies Inc

BiEXELUTE. WCNC2017 “Orthogonal Time Frequency
Space Modulation”H'#Jt. Goldsmith, Molisch5hY
CalderbankZ=H]

@ 4 IEAE-DopplertBigi (L

BHEISE | OFDM___|____ OTFS

IFEMEEE\  EREGREEFL B - Ry TS —mEEEL
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OTFS (Orthogonal Time Frequency Space)

¢ 2EEIRHIT—>UBER (RIS —ROFE
=TRVBER) DOF{b% delay-DopplertBlig TT2D,

W X

e X[k, O] —

@

Heisenberg

AN}
jj\ !
1
VAR NY

Transform

R

£: frequency
k: time

<—Y;f[k,€] «—

Wigner

A 4

doubly
selective
channel

Transform

OTFS> X5 LD
5 — 45 @
X[n,m|—| ISFFT
. m: delay
o SFFT: VLT 4y OFFT
8 ISFFT: Inverse SFFT
-
Y[n, m] «—/| SFFT
@7

@ it
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OTFSZH D> TFLUF 1w IFFT

0> TFLUF 1w IFFT ¢ frequency
Y[n,m] = SFFT[X,][n, m] = \/;W ]:Z: A:ZOI X, ¢ [k, Oe 27 (%~ 57) ;E:
X[k, £] = ISFFT[X][k, €] = \/J\lriM]:Z:]:Z:X[n,m]ej%(%rﬁ) SFET @
® Il (k) (CRAL T — U ITZ&HA 5 M delay
® () ICRAL T#ET — U T&M] 8
y

OFDMIZ, M = 112 HT 3. X./[k,0] = =Y N2 X[n,0]e/ N "™
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OTFSZ i @Heisenberg& Wigner Transforms

£ frequency

® Heisenberg Transform

((b)
N—1M-1 E
s(t) =3 3" Xislk, f)g(t — kT)eI2mAS R &
k=0 (=0
1
- Af — T
® \Wigner Transform
. Jlg®?dt =1
c )
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— 1 fmt, 2T
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