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1. PYNQ &7t

PYNQ-Z1 FAHRZFF PYNQ I H, X2—MHHAEER, FHRAXNBEEAREBET
BRI T RIEB EEENIE R TR T 2 %1% Xilinx Zyng All Programmable SoC  (APSoC)
HTEE. SEMATRXAENZ, Bid PYNQ, AFTTIMMER Python #4T APSoC 4w#E, If
BRI EEZE PYNQ-Z1 E#ITAAFNIK. B1d PYNQ, TIHEIEZEBIKEIEAEMY
ESAFBEH APl #1747, EARXSSAMEEREEEARER.

PYNQ-Z1 A& HRr= PYNQ FHFAERMEHF S . 7£ ARM A9 CPU HiE1TRVER 6145 ¢

o #HH Jupyter Notebooks & ITEREHIMLE AR 5575
o IPython RiZFREFE
e Linux

o FPGA FYEARTEHFEF] API

< e T e R
B = W |
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2. Jupyter Notebook &7t

Jupyter Notebook —MEF X TR/ T ERREITTEINE . 7EF A Jupyter Notebook 45
ER, XEFETMEERE. @mE. FFE. AN, BRI, 5 PYNQ FAtk LR
TR, FLOTIUTFE Jupyter Notebook BB42#Ai A Python 4iE, fFFRE{FEE K Overlay

EHREFE KX E.

3. B EES

1) BEHER

e PYNQ-Z1 FE R
o DIKMZ
e Micro USB ¥4

e Z¥H MicroSD * (&) 8GB

2) IFER

£)

0%

o BRNEREHLH Jupyter KK

FEav: BA A #8 HIR 5 s a6 M A 7] 3 #F Jupyter Notebook™ :

v’ Chrome

v’ Safari

v Firefox

* 7-ZZ 117 Jupyter Notebook 1Z/#/// WebSockets F1 1] 374 45 FEZE e i

N FF Jupyter HIN) 1 75

X X X X X %X %

* 1EVEE, Safari 75 HTTPS (SSL 1B HIEE X AREEIZ X)) FIAN A (5 0E 15 F B4 1

Safari, MEFHAS

Firefox, T /Hk4£6

Chrome, fItF /413

2 Opera: CSS JEFIRPI-FE, (HAZHITH H A 5E AT L
Internet Explorer ) ii#%, €7/ 10

Internet Explorer X i #%, /4 10 X LI [ (/7 Opera)
HFIE /19360 HI1

T (2 WebSockets T4 IE 7 T1F)
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o FRERFE X
= T# PYNQ-Z1 BB XHEHRE
» B=EMSD FEABRRK (&/)\&8GBARE) , KEHREXMHt
¢ Windows &% . A win32Diskimager 5., Image File £ THIF Y
%@i# %WﬁﬁhSDhmﬁﬁ —R=BahBoh EESF &,

I Ci Downloads/pyng_z1_v2.0.imgfpyng_v2.0.img I[[F:\] S ]I
gri=d-|

REREHEHE
EHEE

[ =e s JJLsa )|l oee =T

¢ Linux RG/MacOS : FAHRSGES dd 7%, EARRERSELES
Micro SD BY#R1E4ETS, TS EHFE Writing the SD card image

4. PYNQ-Z1 {{Hg s

1. MR, EBEEAER O mANEEE L, R E boot Bk (R -ARICAYIP4) FSD
L&, EFEHM SD RIRFN

2. EABIEIT Micro USB 2 3% PYNQ-Z1 #17MtH, SHMEFFEHEFEENR TAFmD
HESt B, REBHEBZ (OP5) F| USB IALE (RO MER 12V SMEREEXT PYNQ-

5


http://www.digilent.com.cn/community/411.html
https://sourceforge.net/projects/win32diskimager/
http://pynq.readthedocs.io/en/latest/appendix.html#writing-the-sd-card
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71 #iTHEB, BEERENR LB S £, REHIREBKZ (0P5) | REG BYfAL
E)

3. BEREEBR XM SD RIEASD *# (B M=, SDREEFLIRTHFAMNLE)

4. {F P Micro USB 248 PYNQ F4&1kAY PROG UART (J14) B OEEF®EK, XIEH%k
25 PYNQ B U R EAEBEOBE

5. FAMLZRE PYNQ FAMEREZIEAZNERNR (REMZLEONEE BEEESE
AE]) =

6. WEFXILE ON UFTH PYNQ, ERFRZGEF. KA—DHMEBER NEER LED A1
MANEEGE LED BN AR, MEIEE LED %/, NMAERSZEHN LED =, IWINERES

BEIEEE.
* S FHRER UK P2 2 A9 1 4095 BB

PRET UK PYNQ-Z1 A9 RMZE O FIX TR &iERE

o EERF - EEHKIEIRN L, SIRAVERER—MET
o HIEEAHMAMMNAMEDLE

XA, BEIRATABERZR — M EE MUAMIAEAMNE £, X PULIREHR T L
R (75 o] AR BSHT VR B o

o ERFIML
WRIREIT DHCP IRG={EHRE —DEEMNE, REVIRTF=BRE— IP ik, fRa4
AURIER B BERINBRBEME B E R E, BURFIELELES A,

B FR AR/ M 45 224l (DHCP)

BRE A AN IZE O & 2B Hes/ Xyl E
WBid X B 8835 18] http://pyng:9090
BRENEBR REEEFFK)

RENRE (RIEESFK)

Hwbh e

o HIEEEFH

R, RBE—SBAMUAMZEONSER, RNREEREERENZEONDR. BYERE

i, R AEEER PYNQ-Z1 7., ERXEFREIR, RIFIREER IUKM 58 ik -
6
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BE Internet 15[EAZEIZEHTIFE, SR PYNQ-Z1 2 %418 Internet B9, 7E8F
Internet ITEEMNIERT, RABEHNEBMEFTHRGEE,

HIEERRER (B IP)

1. HHRREE—ESH P

2. BIREFIAARMEO SHNEZBE

3. IA08] http://192.168.2.99:9090

R EC B 82 7S IP 155 I Assign your PC/Laptop a static IP address

5. iZEEZ Jupyter 11T RIS

IR PYNQ BT ML &S 7888, PYNQ ¥ BEshaEehit, ¥TFF http://pyng:9090,
AR EZFZALERE xilink,, WA THAMNTRE.

MB PYNQ BT ML EED THIAN, TELESHAN P thif, $:% Assign your
PC/Laptop a static IP address, A/EH+T http://192.168.2.99:9090, EF, WARFABEK
2 xilink, BPEIHANIAT5RE

feim] o) E
<« C f pyng t
Z Jupyter Logout
Files Running Clusters

Select items to perform actions on them.

~

Upload Neww &
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BIAMENRE pyng, ZRIAEES IP HiHEE 192.168.2.99, NIRRT T TH BIRSER
F RS P i, RETERERIGEIAML, F—REER, BRESEHELPD AR
[B] R #AE EHLZ A0 P ik,

PYNQ 1#81d Jupyter Notebook BRI SRIR & FIRBISCAE . FRE] AR BT 20N BT iX £ 7R
BITIE X8y, HEORFEE —PELESTTPYNQ B4R F, RYMNTXERMEEHIZ
fTIX £ Notebook X 44,

YR AFE Jupyter 0T A9 Getting_Started X3 sk 2 o] U {# A A9 Notebook 3X#4.
XBWH G Z RmFI AR RN 5 A& R B &

Z Jupyter

Clusters

M W m W w7

Getting Started x ___ThEme
€ > C # [T pynq9090/tree/Getting Started BOOkSFHS=

Logout

teoh, BUNERM T — BRI £ AR R AR B IMNE R &

(] (o ) ]
— Home _
€ > C (0 |® pynq:9090/tree? ¥r Lo m o O 3
= Jupyter
Fies = Ruming  Clusters  Nbextensions
Select items to perform actions on them
Up New~ &
-~ Name 4 | | Last Modified 4
03 ba: 3 days ago
O col 3 days ago
3 gett t: 3 days ago
03 interf: 20 hours ago
Os 3 days ago
& Weicome to Pyng.ipynb 3 days ago
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BE, FrARMNEXNIEXERFIXEHITT 735

= common: LEXI M overlay B97 15T B

= base: 5 PYNQ-Z1 base overlay 8% 97111 B

= logictools: 5 PYNQ-Z1 logictools overlay 33 897~ 5117 B
BRI A —NEEARFELETER, HEHNITRIBAER, notebook XHEEKSHER .
X B BRFTA—#H notebook BHEF&M. MRIRFBEMREIRIBIRA, RITUM
PYNQ Github T B T1HE £ T3 & & EIEA.

7 Running —#= T, MO IXER EAEEZETRIE .

:— Jupyter Logout

Files Running Clusters Nbextensions

Currently running Jupyter processes <

There are no terminals running.

Notebooks +

& base/boardiboard_btns_leds.ipynb seconds ago

o IBEIARE M

EPYNQ R E, BITE—NXMHHEZRS  Samba., ®BidE, T LT ERSTINEDK
KIRFNEF ), EIAFORET UK SO FE AR F F0 B A a) 1% 1

7£ Windows T, 58] PYNQ T B RIRTTIAEA :

\\pyng\xilinx # If connected to a Network/Router with DHCP
\\192.168.2.99\xilinx # If connected to a Computer with a Static IP
NZETLE Linux T :


https://www.github.com/xilinx/pynq
https://www.samba.org/

A DIGILENT

ARESBHETE !

== )
@@'l 4 \\pynqg\xilinx vl <> ‘ l Search xlinx yel [
Organize v New folder 3= v [ I.@
Y Favorites Name Date modified Type Si
jupyter_notebooks 13/07/2017 11:54 File folder
. Libraries ) pynq 7 File folder
|_| REVISION File
/% Computer
€l Network
< 3 m 7 13
3 items Offline status: Online
! Offline availability: Not available
<

Samba AR 525 HY F P 2 AL ER 2 xilinx.
AR NMRME, BEREYIR/IP L,

e T hostname

MRIREZEAE—THE PYNQ-Z1 ARIRTTHELEBEANNMNE T, BIIRIZEIERIRL
FYER. BF, XMELETEIEREFETHEE . PYNQ A98K1A hostname
& pynq, Zimi A EE Jupyter . 7E Jupyter B9 FE TT pynq:9090 5FE HFTFF
New>>Terminal, {R¥& X root FXPR7EN W a& RFTH— 2% ¢

Upload =

Text File
Folder

Terminal

Notebooks

Python 3

& Terminal BB AIUTIES E M hostname (EFRRECHFELIRFIREN T BRKEH#K
NEW_HOST NAME B9 &)

sudo /home/xilinx/scripts/hostname.sh NEW_HOST_ NAME

10
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root@pyng:/home/xilinx# 1s
pyng REVISION scripts
root@pynq:/home/xilinx# cd scripts
root@pynq:/home/xilinx/scripts# 1s
boot.py hostname.sh start_pl server.py stop pl server.py update pynq.sh
root@pynq:/home/xilinx/scripts# ./hostname.sh pynq_cmc

The board needs a restart to update hostname
Please manually reboot board:
sudo shutdown -r now

root@pynq:/home/xilinx/scripts# shutdown -r now

ARFTRER PYNQ T AN (ERFHNEVREMER)

FE MR RIA root NRER, MABEFEH sudo, EE2WRFER xilink #H{TE%, sudo
IR INEIX S Z Bl . MRIRAELEIRAIRF, NIETEAZELBIE micro USB
L RITH %

o AL USB ZEOEZBRRL

MBRFEGSIREBIRE, BEE2LEA0)8IT Jupyter i5(8)%&um, RT] A{EBN USB 0,
BT B AR e H) PYNQ, W FHRITEERE— 1M &LimTHE, bl PuTTY =& Tera Term,
AT HEss, (REBEMEF AR COM i M.

7 Windows b, RO IAZEZ S| EHRFTFF Windows 1% & EIRSSHTEE

n FTEREEERE, BHfmOIm
= 33 USB & OATZE COM i M, a0 COMS5

—B{R&ET COM iw A, ¥TH PUTTY HEATINRE

%% Serial

# A\ COM i 05
BN R

SR = Open B3N

ST A RIE Enter (B1%) HBRIREEBEIH 1T

11


http://www.putty.org/

A DIGILENT

TENZIHREWT

e 115200 baud

e 8 data bits
e 1 stop bit
e No Parity

e No Flow Control

ﬁ PuTTY Configuration |2 |
Category:
=% S_ession | Basic options for your PuTTY session |
i ~ Logging Specify the destination you want to connect to
=) Terminal o
- Kevboard Senal line Speed
 Bell COoM18 <- ﬁﬁﬁ | 115200
- Features Connection type:
=) Window T Raw ) Telnet ) Rlogin ) SSH @ Serial
.ﬂuppea!ance Load, save or delete a stored session
- Behaviour
.. Translation Saved Sessions
- Selection
- Colours "
Default Settings
= Connection com4 Losd
- Prosgy
- Rlogin
#-55H
- Sefial Close window on exit:
) Aways () Newver @ Only on clean exit
About ’ Open ] [ Cancel l

ELRmTZREEE, B xilinx@pyna:~$, BITJBAIESIEH] pyng. ELINHIA hostname
BHFERZR, @A ifconfig &F IP #hibZ,

12
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COM18 - PuTTY —

134053530 (3.4 MB)

o BERE
MBRAFRIEZETINSEARIEBHIMNE G, REEER OEERIERSSE. BBLA
BT &, HEATIGaSHE "0 T
HRECHIRE

13
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6. PYNQ AI'J5FZ5ErE

TEMRMENLEEAGF, FENROETER Jupyter ELFEETER, MUXRWMETH
python IBEE X PYNQ 2. MFTELSHRERGITE, TIMEE : www.pyng.io

IS — : IRgEEH LED

FTFF base>board X {43 EY board btn_leds.ipynb X4, S&F T E#ZA run BirsELE
% Cell->Run =171,

_ jupyter board_btns_leds (autosaved)

File Edit WView Insert Cell Kemel Widgets Help

B <+ = & B s % MW B C| Markdown v | = | CellToolbar

XAMTEH, 2T PYNQ FFARIR EAYRE 0 ol N RR & LED e, 2R 19T BMEGE
ZRRIKAT, %8 2 oI FFBMERIERIRIKLT, %% 3 BHRIE1T.

RALIT -
#S N PYNQ FAMRAY X #5045

from time import sleep
from pynqg.overlays.base import BaseOverlay

base = BaseOverlay("base.bit")

Delayl
Delay2
color = ©

HEX BFi7e8

0.3
0.1

rgbled_position = [4,5]

for led in base.leds:
led.on()

while (base.buttons[3].read()==0):
if (base.buttons[@].read()==1):

14
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color = (color+l) % 8

for led in rgbled_position:
base.rgbleds[led].write(color)
base.rgbleds[led].write(color)

sleep(Delayl)

elif (base.buttons[1l].read()==1):
for led in base.leds:
led.off()
sleep(Delay2)
for led in base.leds:
led.toggle()
sleep(Delay2)

elif (base.buttons[2].read()==1):
for led in reversed(base.leds):
led.off()
sleep(Delay2)
for led in reversed(base.leds):
led.toggle()
sleep(Delay2)

print('End of this demo ...")

for led in base.leds:
led.off()

for led in rgbled_position:
base.rgbleds[led].off()

15
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ST REREINIE

# A base>audio X143, s audio_playback.ipynb

REDL— DI RIBIR, F—ERAEI®RETX—EROIE. [REmTEEZH run BIFRE
FIEFE Cell->Run RRIZTT TEARBER, % i:?:fﬁlﬂﬂ’\lﬁﬁiﬁi%%?)ﬂ%f\fﬂ[*], WE, R
ZERBETER, TRAT I —HRE. BOERE, NaTREF, ZTXEH/LRE
BITHRED, DUERIRRF.

— Jupyter audio_playback Last Checkpoint: 08162017 (unsaved changes) @ Lo
File Edit View Insert Cell Kemel Widgets Help Trusled ‘ Python3 @

+ 8 A B4+ ¥ m. C' || Markdown v ER | L

Step 1: Preprocessing 1|

In this step, we first convert the 32-bit integer buffer to 16-bit. Then we divide 16-bit words (16 1-bit samples each) into 8-bit words with 1-bit sample each

0[] s

import numpy as np

start = time. time()
af_uint8 = np.unpackbits (pAudio. buffer. astype (np. int16)

. byteswap (True) . wiew(np. uint8) )
end = time. time()

print("Tine to convert {:,d} FDM samples: {:0.2f} seconds”
. format (np. size [phudio. buffer}#16, end—start))
print("Size of audio data: {:,d} Bytes”
. format (af_uint8.nbytes))

~' Jupyter audio_playback Last Checkpoint: 03/16/2017 (autosaved) [ o Logout
File Edit View Insert Cel Kemel Widgets Help Trusted |P;:th::|n 30
B+ %= @B 4 v M B C Code v il

Plotting PCM data
Users can display the audio data in notebook:

1. Plot the audio signal's amplitude over time.
2. Plot the spectrogram of the audio signal.

Amplitude over time

In [T]: #matpletlib inline
import numpy as np
import matplotlib. pyplot as plt

plt. figuwre (num=Hone, figsize=(15, 5))

time_axiz = np. arange (0, ((len(af dec))f32000), 1/32000)
plt. title( Audio Signsl in Time Domain’ )

plt. xlabel  Time in ="

plt. ylabel { Anplitude’)

plt.plot (time_sxis, af_dec)

plt. show ()
audio Signal in Time Domain

N

02
e
) |

£ 00
X

02

04

T T T T
0o s 1 5 20 5 30 is

Time mn s
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Python X#EBZ0T :

#EE N HTHIE N R

from pynqg.overlays.base import BaseOverlay
base = BaseOverlay("base.bit")

pAudio = base.audio

# S A =R B S I ORAT
pAudio.record(3)
pAudio.save("Recording_1.pdm")

# RIS A SR O

pAudio.play()

# N AT S 1B O IR
pAudio.load("/home/xilinx/pynq/lib/tests/pynq_welcome.pdm")
pAudio.play()

#TALHE

#1908 32 (B GRh AR L 16 2. ARJERE 16 AL N — AR FER 8 AL
import time

import numpy as np

start = time.time()

af_uint8 = np.unpackbits(pAudio.buffer.astype(np.intil6)
.byteswap(True).view(np.uint8))

end = time.time()

print("Time to convert {:,d} PDM samples: {:0.2f} seconds"
.format(np.size(pAudio.buffer)*16, end-start))

print("Size of audio data: {:,d} Bytes"
.format(af_uint8.nbytes))

B U 77 20 POM 15 5 4 PCM A% 3, SRFEZE 3MHZ FEH 32kHz.
import time
from scipy import signal

start = time.time()

af_dec = signal.decimate(af_uint8,8,zero_phase=True)
af_dec = signal.decimate(af_dec,6,zero_phase=True)
af dec = signal.decimate(af_dec,2,zero_phase=True)
af dec = (af_dec[10:-10]-af dec[10:-10].mean())

end = time.time()

print("Time to convert {:,d} Bytes: {:0.2f} seconds"”
.format(af_uint8.nbytes, end-start))

print("Size of audio data: {:,d} Bytes"
.format(af_dec.nbytes))

del af _uint8

HAE ) 285 Hh RBTBU 52 1 5 S 2
from IPython.display import Audio as IPAudio
IPAudio(af_dec, rate=32000)

17
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#2211 PCM 2504

# {55 B A HER IR TE
%matplotlib inline

import numpy as np

import matplotlib.pyplot as plt

plt.figure(num=None, figsize=(15, 5))

time_axis = np.arange(0, ((len(af_dec))/32000),1/32000)
plt.title('Audio Signal in Time Domain')
plt.xlabel('Time in s")

plt.ylabel('Amplitude")

plt.plot(time_axis, af_dec)

plt.show()

#HE S HIPNE RIE /N
from scipy.fftpack import fft

fft(af_dec)
= yf[1:1en(yf)//2]

yf
yf_
xf = np.linspace(0.0, 32000//2, len(yf_2))

N

plt.figure(num=None, figsize=(15, 5))

plt.plot(xf, abs(yf_2))

plt.title('Magnitudes of Audio Signal Frequency Components')
plt.xlabel('Frequency in Hz')

plt.ylabel('Magnitude"')

plt.show()

#2 HIA% SE HO BE IS TR HERS FO45 5 300 &
import matplotlib

np.seterr(divide="ignore',invalid="ignore")
matplotlib.style.use("classic")
plt.figure(num=None, figsize=(15, 4))
plt.title('Audio Signal Spectogram')
plt.xlabel('Time in s')
plt.ylabel('Frequency in Hz')

_ = plt.specgram(af_dec, Fs=32000)

18
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526 = : {¥F PmodOLED

base>pmod XL ERMET ZF Pmod REMNERF, HEXEIFAIA PmodOLED A4,

4B

£ PYNQ &b F X HIRZSHY, ¥ PmodOLED 3 PYNQ M JA 50, ME, REH L8,
FONEEZE LED =i, WHHE B3,

SRIEFTFF pyng:9090, #ZF| base>pmod X443 T Y pmod_oled.ipynb X4FHiE17.

KALAT
#E N o EX

from pynqg.overlays.base import BaseOverlay
from pynqg.lib import Pmod_OLED

base = BaseOverlay("base.bit")

19
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HAME1L, SERE PmodOLED F) PmodA

pmod_oled = Pmod_OLED(base.PMODA)

#i5 Bt AT

pmod_oled.clear()
pmod_oled.write('Welcome to the\nPyng-Z1 board!')

#BR, WHFNFS (THUEdhEEWER)

pmod oled.clear()
pmod_oled.write('Python and Zyng\nproductivity & performance')

LA ip bk I

def get_ip_address():
ipaddr_slist = !hostname -I
ipaddr = (ipaddr_slist.s).split(" ")[0]
return str(ipaddr)

pmod oled.clear()
pmod oled.write(get_ip_address())

20
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SIS P : EEBIRA

B PYNQ FF&1RAY HDMI IN 3E#EF| B IRNAY HDMI 0, PYNQ FAREY HDMI OUT &
B BoRes,

FTFF base>video X {43 T opencv_face detect_hdmi.ipynb, 1%EBIZ R KIZFTIAD,

from pynqg.overlays.base import BaseOverlay
from pynqg.lib.video import *

base = BaseOverlay("base.bit")
hdmi_in = base.video.hdmi in
hdmi_out = base.video.hdmi_ out

#H5R 1L

hdmi_in.configure(PIXEL_RGB)
hdmi_out.configure(hdmi_in.mode, PIXEL_RGB)

hdmi_in.start()
hdmi_out.start()

HRANFRUNER (BR)

import PIL.Image

frame = hdmi_in.readframe()

img = PIL.Image.fromarray(frame)
img.save("/home/xilinx/jupyter_notebooks/base/video/data/face_detect.jpg")

img

#1$ F opencv F{TE RGN

import cv2
import numpy as np

frame = hdmi_in.readframe()

face_cascade = cv2.CascadeClassifier(
'/home/xilinx/jupyter notebooks/base/video/data/"
"haarcascade_frontalface_default.xml')

eye_cascade = cv2.CascadeClassifier(
'/home/xilinx/jupyter_notebooks/base/video/data/"
"haarcascade_eye.xml")

21
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gray = cv2.cvtColor(frame, cv2.COLOR_BGR2GRAY)
faces = face_cascade.detectMultiScale(gray, 1.3, 5)

for (Xx,y,w,h) in faces:

cv2.

rectangle(frame, (x,y), (x+w,y+h), (255,0,0),2)

roi_gray = gray[y:y+h, Xx:x+w]

roi_

eyes
for

color = framel[y:y+h, X:x+w]

= eye cascade.detectMultiScale(roi_gray)
(ex,ey,ew,eh) in eyes:
cv2.rectangle(roi_color, (ex,ey), (ex+ew,ey+eh), (0,255,0),2)

#1 OpenCV EEPIR A E R H 2| B 7~es

hdmi_out.writeframe(frame)

#7E Jupyter B B 7~ OpenCV EEBIRB4E R HR1F A IPEG ERE A

img = PIL.Image.fromarray(frame)

img.save("/home/xilinx/jupyter notebooks/base/video/data/face detect.jpg")

img

#% [ HDMI

hdmi_out.stop()
hdmi_in.stop()
del hdmi_in, hdmi_out
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',_ [SRE————, () AW " od =

= Jupyter
opencyv_face_detect_hdmi

Step 5: Show results
on DMI?utput 1

Output OpenCV results via
HDMI
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