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Function Description

Function chirpZ_recSTFT(x,t,f,B) in file chirpZ recSTFT.py: Implement STFT
by Chirp-Z Transform Method

Xx: input

t: samples on time-axis

f: samples on frequency-axis

B: Bandwidth

Function chirpZ_WDF(x,t,f,B) in file chirpZ WDF.py: Implement Wigner
Distribution Function by Chirp-Z Transform

Xx: input

t: samples on time-axis

f: samples on frequency-axis

B: Bandwidth

Function plot_transform_result(y,t,f) in file plot transform_result.py: Plot the
Result of each transform

y: output result of time-frequency analysis(STFT or WDF)

t: samples on time-axis

f: samples on frequency-axis



2. Execute Method

STEP1: EFTEEAIAEZE chirpZ_recSTFT.py / chirpZ WDE.py /
plot_transform_result.py & EAEE—(HE R - I emd N T 5 EZE
YIS

< > TFW test 8 = o= g:.;.; N @ £ Q
iRE /R mnA B8 ;i BE
E% ~ {ERHHA K fE3
> B0 __pycache__ SR TF2:27 - EER
| chirpZ_recSTFT.py SR TF2:17 1KB #MXFEXH
. chirpZ_WDF.py SK T42:18 1KB #MXFXH
_ plot_transform_result.py SK T 2:54 769 byte #EXFXH
o O 0 TFW_test — -zsh — 80x22

Last login: Thu Jan 5 14:55:24 on ttys000
(base) minniechou@ip151-157 ~ % cd TFW_test

(base) minniechou@®ip151-157 TFW_test %

STEP2: fi A$5< python3 LASA{T python &2

® ® TFW_test — python3 — 80x22

Last login: Thu Jan 5 14:55:24 on ttys000

[((base) minniechou@ip151-157 ~ % cd TFW_test

[((base) minniechou@ip151-157 TFW_test % python3

Python 3.8.8 (default, Apr 13 2021, 12:59:45)

[Clang 10.0.0 ] :: Anaconda, Inc. on darwin

Type "help", "copyright", "credits" or "license" for more information.
>>>

STEP3: import the functions we need

XK ) TFW_test — python3 — 80x22
Last login: Thu Jan 5 14:55:24 on ttys000
((base) minniechou@®ip151-157 ~ % cd TFW_test
((base) minniechou@®ipl51-157 TFW_test % python3
Python 3.8.8 (default, Apr 13 2021, 12:59:45)
[Clang 10.0.0 ] :: Anaconda, Inc. on darwin

Type "help", "copyright", "credits" or "license" for more information.
>>> from chirpZ_recSTFT import *

>>> from chirpZ_WDF import *

>>> from plot_transform_result import *

STEP4: input the signal and sample points on time/frequency to chirpZ_recSTFT
and chirpZ_WDF function. (More details in next section)




3. Examples

Case 1
1-1 Original Signal on time domain (one component: Gaussian Function)

x(t) = et

from chirpZ_recSTFT import * ece Figure 0
from chirpZ_WDF import *

from plot_transform_result import *
dt = 0.05

df = 0.05 081

t = np.arange(-5,5+dt,dt) 06
f = np.round(np.arange(-5,5+df,df),2)

X e**(—pl*(t**Z)) 0.4
>>> plt.figure(0) ”
<Figure size 640x480 with @ Axes> 00
>>> plt.plot(t,x) a ) 0 2 1
[<matplotlib.lines.Line2D object at @x7fbd
>>> plt.show()

A €>PpQ= *=3.91y=0.956

1-2 Time-Frequency result after doing recSTFT by Chirp-Z Transform Method
® Low time/frequency resolution, FE &5 F/fEMTE K

Figure 1

>>>

>>> B =1

>>> y = chirpZ_recSTFT(x,t,f,B)

>>> plt.figure(l)

<Figure size 640x480 with @ Axes>
plot_transform_result(y,t,f)

B 1

y = chirpZ_WDF(x,t,f,B)
plt.figure(2)
plot_transform_result(y,t,f)
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1-3 Time-Frequency result after doing WDF by Chirp-Z Transform Method
© High time/frequency resolution, F&&EEJ/fENTE =

Figure 2

>>>

>>> B
>>> Yy =
>>> plt.
<Figure
>>> plot

i

chirpZ_WDF(x,t,f,B)
figure(2)

size 640x480 with @ Axes>
_transform_result(y,t,f)

Frequency(Hz)
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Case 2:
2-1 Original Signal on time domain (multiple components)

>>>
>>>

>>> 1.00
np.arange(0,10,dt) 075
np.arange(10,20,dt)

np.arange(20,30+dt,dt)

>>>
P d
>>>
>>>
>>> t = np.arange(0,30+dt,dt) 000
>>> f = np.round(np.arange(-5,5+df,df), 2 et
>>> -0.50
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>>
>>> np.append(x1,x2)

>>> np.append(x,x3)

>>> plt.plot(t,x)

[<matplotlib.lines.Line2D object at @x7fbed96092b@>]

np.append(tl,t2)
np.append(tt,t3)

np.cos(2*pi*tl) A €IPQ=
np.cos(6*pi*t2)
np.cos(4*pi*t3)

x=3.49 y=-0.688

2-2 Time-Frequency result after doing reeSTFT by Chirp-Z Transform Method
® Low time/frequency resolution

© but there’s no cross term in this result

eoce Figure 1

Generate the transform result
1
chirpZ_recSTFT(x,t,f,B)
>>> plt.figure(l1)
<Figure size 640x480 with @ Axes>
plot_transform_result(y,t,f)

Frequency(Hz)

B=1

y = chirpZ_WDF(x,t,f,B)

plt.figure(2) 0 15 30
plot_transform_result(y,t,f) Time(Sec)

A€>IPQ=ER

2-3 Time-Frequency result after doing WDF by Chirp-Z Transform Method
© High time/frequency resolution
® but the cross term exists, caused by multiple components—WDF is not suitable for

dealing multiple components’ signal

|o0 0 Figure 2
>>>
>>> B =1
>>> y = chirpZ_WDF(x,t,f,B)
>>> plt.figure(2)
<Figure size 640x480 with @ Axes>
>>> plot_transform_result(y,t,f)
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Case 3
3-1 Original Signal on time domain (multiple components)
s(t)=e107°" for —9<t<1, s(t) =0 otherwise

jez . . —(t—4)?
+j6t
r(t) =ez /%% 10

f@®) =s@® +7()

np.arange(-10,1+dt,dt)
e**(1j*(t1**2)/10-1j*3*t1) 03
np.arange(1,10,dt)

np.zeros(len(t2)) 0.0
np.append(sl,s2)
np.append(tl,t2) 05

e¥*(1j*(t**2)/2+1j*6*t)*(e**(-((t-4)**2)/10)

-100 -75 =50 -25 00 25 50 75 100
S+r

A€IPQEB

np.round(np.arange(-2,4+df,df),2) ' s

3-2 Time-Frequency result after doing recSTFT by Chirp-Z Transform Method
® Low time/frequency resolution—add window might be better (Gabor Transform)
© but there’s no cross term in this result

>>> # Generate the transform result
>>> B al

>>> y hirpZ_recSTFT(x,t,f,B)

>>> plt.figure(l)
<Figure size 640x480 with @ Axes>
>>> plot_transform_result(y,t,f)

B=1 :

y = chirpZ_WDF(x,t,f,B) L —
plt.figure(2) o o
plot_transform_result(y,t,f) Time(sec)

Aa€>IPQ =N

3-3 Time-Frequency result after doing WDF by Chirp-Z Transform Method
© Better time/frequency resolution
® but the cross term exists

(XX} Figure 2

B=1

y = chirpZ_WDF(x,t,f,B)
>>> plt.figure(2)
<Figure size 640x480 with @ Axes>
>>> plot_transform_result(y,t,f)
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