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InPUt VSENSOR‘I
I—> Sensor Output Range:
Sensor 0Vto0.5V
Sensor Output Noise:
40nV/JHz
Noise Filter ADCCIRIput 5R?Inge:
V, F. =637 kHz to
" ¢ Infinity-Bit Digital Output
- (No Quantization Noise)
2.497k0 Analog-to-Digital
Converter .
- 100 pF Upper 16-Bit (1LSB = 0.066 mV)
v, I
Gain Stage Total Noise at Upper 12-Bit (1LSB =1.22mV)
Output Noise: ADC Input:
~400 nV/{/ Hz 0.4mVrms

M1 ZYvIARE—R - YTF)L - FI—UTR. BE. KDEBE. pH. 71, FBE LT EWVW<OYDYBRRA. BRI/ SSAX—F [CEMMEINFTT
(RMFCFBRADER, FCFBENDEEE) , COEBESIEFZORIERBINTO—/YR - T4 LI TIREN, BICADCICK>TTIIIUESINFT,
FIYIACIBICIF. ADCHREBBTDT VI - T4ILI UV ITHEENDHENHIFT,

2500
10,000 Samples

2000

1500

Occurrence

1000

500

W h OS5 6 M & 1 © N ©® O « o O

0O 0 a2 oo e @B 080 aaoan

[ o T i T R I TR = TR T TER rul re e

EE EE EEEE EEEE B EE

KK EFN KEKEERE EREEK B KKK
Codes (Hex)

350
10,000 Samples
300

250

200

Occurrence

150

100

50

OICNDECEDNO OO @LISLNLW®OWLIALW <

NEOQQSNNMMM~T~TWW@GFE”§§8<

LuLoog 0000000900000 000o

EkEs8888555588888858¢8888¢8¢

KRk 3303l cndana®naaa
Codes (Hex)

2. PGAS A VD1 DG () [FAD7124DH7/ A RF13EDOI— RTHREIN, FERERFH25I—-RTT. EFL/ A XDRSNFITH.
B/ AZXDADNKIEETT, PGATA VN 128DBE () F187BDOI—RTERIN, EF/ A XFRELHUFEA-.
Fleo 1EFE2EOTR MIE Y hEYIUEDTE (BFL/ A XD 2BFHF4BIC83) . BERAKOND I LEHUFEA.

[1DDERDODAS/ A (&, ZDHIERDOES ./ A XK HDIZEF
INELIRFNIER SRV

HHWBVTHIL - Fr—rEARKRIC. ZLDBESIFADCHD

12D/ A ENZEERICIEYF T, Lich'>T. NEw RADC

(/A ZXDBRWVMESHANEINEBEIEIRDOVNT MR E T,

> HAIFTDOO—RFIF2DODBHET 20— RERY, BF
b/ 4 XAHh'ZEHE TR E T, S/NEE (SNR) HY(6.02 N +
1.76)dBKX I KELIRD T ElFHIFEEASC

b HAREEDI— ROADZASTE R, B A DN ZE
BERDET, SNRIFFDRTERINBDELUANITRUET,

Viv (0-p)
20log |~ & ()
V8
Z T,

Vi (pP) E I RT—ILAHES.

ORIV hBRAICRUIcEHI— FORERETI .

CDTLEICHEUVTEHERTDAD/124-8DKDICIERICEN
DERAEZEFRF DOV N—INEFL /A XICK>THBRSINB T &
FHT. IRTDT 1Y/ FHBRETH A AN BT
W, BIEANTEFBICEATI—ROENWRA D AT ER S
NFEI, AD7124-8 24wk - V7<% - FILIADC) DEh
ANERANT S LZH2ICRUET ., CNSIFENEFNRE O
TSR - FA> - FUF (PGA) &1E128(RE UIEBED
KT,

ADC /A4 ADEFIVEEEIE

/A XTHIRS NI ADC D/ A RIEBBICETINETEF T,
JARXD [RBFBES] (HM2(CRT KDIBHADAHH) ZRd
HDT, BHENDADCOEANGEHICOIZW—ECHBHE.
ZDOADCOIERE®EE ./ 1 X (&, H3ITRI KT, ERDMAIC
> CEEZHR T D NumPy” DIER DI > CELMZEM T
DR EFE>TETIMEL., REREZIND T EICK>TRIEY
BTENTEFT,

2 SYIARE—R-YTFI-FI—VD /A RBAFICPythonEER T BEERITE


https://www.analog.com/jp/products/ad7124-8.html

Raspberry Pi 4

Network Connection

- Direct Ethernet Cable

- USB-Ethernet
Host PC with Python 3.7, - Wireless

Pyadi-iio, Libiio

USB Connection

ADALM2000

(As Signal Source)
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Raspberry Pi 4(F, AD7124 &R S - AVE2—9EDY Y FIVBTUwIE U THEELE T,

# Model Gaussian Noise

# See AD7124 datasheet for noise levels per mode

import numpy as np

offset = 0.000

rmsnoise = 0.42e-6 # AD7124 noise

noise = np.random.normal (loc=offset, scale=rmsnoise,
size=1024)

measured_noise = np.std(noise)

print ("Measured Noise: ", measured_noise)

X3 NumPyZfESTEHDR - /A XDETIUE,
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BE v IFrUCHOERERL2HEZ. B5CRLET,

# AD7124-8 Basic Data Capture

import adi # pyadi-iio library

# Connect to AD7124-8 via Raspberry Pi

my_ad7124 = adi.ad7124(uri="ip:analog.local")
ad_channel = 0 # Set channel

# Set PGA gain
my_ad7124.channel[ad_channel].scale = 0.0002983
my_ad7124.sample_rate = 128 # Set sample rate

# Read a single "raw" value

v0 = my_ad7124.channel[ad_channel].raw

# Buffered data capture

my_ad7124.rx_output_type = "SI" # Report in volts
# Only one buffered channel supported for now
my_ad7124.rx_enabled_channels = [ad_channel]
my_ad7124.rx_buffer size = 1024
my_ad7124._ctx.set_timeout (100000) # Slow

data = my_ad7124.rx() # Fetch buffer of samples

print ("A single raw reading: ", vO0)
print ("A few buffered readings: ", data[:16])
del my_ad7124 # Clean up
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B8 ADALM2000 R _iL F—EEED Y A VI HERHREENT DIc
SN, AD7124-8D IVIMBZEBRATETEER T, AJUT D
YA VEDRBEA 72w b %ﬁ@ﬁb’\)bluﬂﬁb TkQDIEFIIRES
%EH%I;ADNM 8=EFELZT ., (ADALM2000 DHEAEFEH L -5V
~+5V T, AD7124-8 DiEERAHBRIEE-0.3V & +3.6VCT)
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ADALM2000 MiRREFEREN 10Hz DY 1 ViR ZEER L. 1024
BOKRET—9 - RAVNEFvIFvUT IMsEESTE
L. BICZDRRZUINIEINTDKRIICHEELE T, send_
sinewave&capture_dataldd—7 « UF «BEC. A&
ADALM2000(CT « vigZEixl) . %&EFAD7124h 57 —79 -
TOvI=EZITRIET 2, BICEFEREZABNS120HZFT
BUZEZBIRLT, HI10ICRT KISICZDR/REZTOY MU
F9,

# AD7124-8 Filter Response
import numpy as np
import matplotlib.pyplot as plt
resp = []
fregs = np.linspace(l, 121, 100, endpoint=True)
for freq in fregs:
print ("testing ", freq, " Hz")

send_sinewave (my_siggen, freq) # Set freqguency
time.sleep(5.0) # Let settle
data = capture_data(my_ad7124) # Grab data
resp.append (np.std(data)) # Take RMS value

if plt_time_domain:
plt.plot (data)
plt.show ()
capture_data (my_ad7124) # Flush
# Plot log magnitude of response.
response_dB = 20.0 * np.loglO0(resp/0.5+np.sqgrt(2))
print ("\n Response [dB] \n")
print (response_dB)
plt.figure(2)
plt.plot (fregs, response_ dB)
plt.title('AD7124 filter response')
plt.ylabel('attenuation')
plt.xlabel ("frequency")
plt.show ()

B9 ADALM2000D T« )LIINETOv T - FOT S L

AD7124 Sinc4, 64 SPS Filter Measured Response
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# AD7124 Filters

import numpy as np

f0 = 19200

# Calculate SINC1 oversample ratios for 50, 60Hz
osr50 = int (£0/50) # 384

osr60 = int (£0/60) # 320

# Create "boxcar" SINC1 filters
sincl_50 = np.ones (osr50)

sincl 60 = np.ones(osr60)

# Calculate higher order filters

sinc2_50 = np.convolve(sincl_ 50, sincl _50)
sinc3_50 np.ceonvolve (sinc2_50, sincl_50)
sinc4_50 np.convolve (sinc2_50, sinc2_50)

# Here's the SINC4-ish filter from datasheet
# Figure 91, with three zeros at 50Hz, one at 60Hz.
filt_50_60_rej = np.convolve(sinc3_50, sincl_60)

13 AD7124-8 D 50Hz/60Hz sinc 7 4 JLYDI— Rpl,
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50 Hz Sinc1, 2, 4 and 50/60 Hz Sinc4 Impulse Responses
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50/60 Hz Reject Filter Response
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# AD7124 Frequency Response

import numpy as np

from scipy import signal

f0 = 19200

w, h = signal.freqgz(filt_50_60_rej, 1, worN=16385,
whole = False, fs = f0)

fregqs = w x £0/(2.0xnp.pi)

hmax = abs(max(h)) # Normalize to unity

response_dB = 20.0 * np.loglO(abs (h)/hmax)
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# Noise Source Measurement
import numpy as np

navgs = 32 # Avg. 32 runs to smooth out data

ns = 2%%16

vsd = np.zeros(ns//2+1) # /2 for onesided

for 1 in range (navgs):
chl = np.asarray (data[0]) # Extract ch 1 data
chl —-= np.average (chl) # Remove DC

fs, psd = periodogram(chl, 1000000,
window="blackman",
return_onesided=True)

vsd += np.sqgrt(psd)

vsd /= navgs

20 ADALM2000F® Python / + ZFERAIE I— R,
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def integrate_psd(psd, bw):
import numpy as np
int_psd_sqd = np.zeros(len(psd))
integrated_psd = np.zeros(len(psd))
int_psd_sqd[0] = psd[0]*x2.0
for i in range(l, len(psd)):
int_psd_sqgd[i] += int_psd_sqgd[i-1]\
+ psd[i-1] #» 2
integrated_psd[i] += int_psd_sqd[i]*%0.5
integrated_psd *= bwx+0.5
return integrated_psd
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def time_points_from freqg(freq, fs=1, density=False):
import numpy as np
N = len(freq)
rnd_ph_pos = (np.ones(N-1, dtype=np.complex) *
np.exp (1j*np.random.uniform

(0.0, 2.0%np.pi, N-1)))
rnd_ph_neg = np.flip(np.conjugate (rnd_ph_pos))
rnd_ph_full = np.concatenate(([1l], rnd_ph pos, [1],

rnd_ph_negqg))
r_s_full = np.concatenate((freq, np.roll
(np.flip(freq), 1)))

r_spectrum_rnd ph = r_s_full *« rnd_ph full
r_time_full = np.fft.ifft (r_spectrum_rnd_ph)

if (density is True):
# Note that this N is "predivided" by 2
r_time_full += Nsxnp.sqrt(fs/(N))

return (np.real (r_time_full))
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TMV/y Hz /A XDV READERUET,

# Push Noise Time-series to ADALM2000
import numpy as np
n = 8192
# create some "bands" of ImV/rootHz noise
bands = np.concatenate((np.ones(n//16),
np.zeros (n//16),
np.ones (n//16),
np.zeros(n//16),
np.ones (n//16),
np.zeros(n//16),
np.cnes(n//16),
np.zeros(n//16)))+«1000e-6
bands[0] = 0.0 # Set DC content to zero
buffer2 = time_points_from freq(bands, fs=75000,
density=True)
buffer = [bufferl, buffer2]
aout.setCyclic (True)
aout.push (buffer)
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import numpy as np

def arb_enbw (fresp, bw):
int_frsp_sqgd = np.zeros(len(fresp))
int_frsp_sqd[0] = fresp[0]x*2.0
for i in range(l, len(fresp)):

int_frsp_sqgd[i] += (int_frsp_sqgd[i-1] +
fresp[i-1] *» 2)

return int_frsp_sqgd[len(int_frsp_sqgd)-1] +«bw

fc =1 # Hz

bw_per_point = 200/65536 # Hz/record length

frst_ord = np.ndarray (65536, dtype=float)

# Magnitude = 1/SORT (1 + (f/fc)"2))

for i in range (65536):

frst_ord[i] = (1.0 /

(1.0 +
(i+bw_per_point)*«+2.0)%x0.5)

fo_enbw = arb_enbw (frst_ord, bw_per_point)
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