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What is PyPalmSens?

Open-source Python library
e automate experiments

e analyze data method = ps.ChronoAmperometry(

interval_time=06.1,
potential=1.0,
run_time=5.0,

pip install pypalmsens

)

measurement = ps.measure(method)

Platform support
Windows, MacOS, Linux (arm/x64)

dev.palmsens.com/python/latest


https://dev.palmsens.com/python/latest/_attachments/index.html

Impedance Spectroscopy
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Why Impedance Spectroscopy?

The question EIS answers Typical band
Corrosion how fast, and is the coating still holding? 10 mHz - 1 MHz
Batteries which resistance grew (SEI)? 1 mHz -1 MHz
Fuel cells / PV ohmic, kinetic or mass-transport loss? 10 mHz — 100 kHz
Biomedical is the tissue/cell barrier intact? 100 Hz — 1 MHz
Food & environment s it fresh, wet, fouled? 10 Hz — 1 MHz

Materials bulk, grain boundary, or contact? 1 Hz - 10 MHz



Impedance spectroscopy with PyPalmSens

from pypalmsens import (
ElectrochemicalImpedanceSpectroscopy as EIS,
GalvanostaticImpedanceSpectroscopy as GEIS,
FastImpedanceSpectroscopy as FastEIS, fixed frequency,
FastGalvanostaticImpedanceSpectroscopy as FastGEIS, } 1 ms latency

)

from pypalmsens import MixedMode # impedance stage

Supported instruments

e Nexus e EmStat Pico
e EmStat 4 series e Sensit Smart / Wearable
e PalmSens 4 series e PalmSens 3 & v

EmStat4T



Randles Circuit

imag

Charge transfer

560 Q ”

AN—1 ——

R_, mass transfer
e e Z
yd ™ w o
\ ’
\
\ /’
\ ’
\ ’
<
R +R Zreal

Simplified Randles Circuit



Demo: EIS in 3 lines

import pypalmsens as ps

method = ps.ElectrochemicalImpedanceSpectroscopy(
dc_potential=0.0, #V
ac_potential=0.01, # 10 mV RMS
n_frequencies=51,
min_frequency=10,
max_frequency=200_000,
max_equilibration_time=3.0, # s
min_sampling_time=0.5, # s
general={"'power_frequency': 50},

)

measurement = ps.measure(method, callback=print)




Demo: plot and export data

eis = measurement.eis_data[@]

# export to CSV
df = eis.dataset.to_dataframe()
df.to_csv('eis.csv', columns=['Frequency', 'ZRe', 'ZIm'])

# make Nyquist plot Nyquist
import matplotlib.pyplot as plt > S
plt.plot(df['ZRe'], df['ZIm'], 'r.") _
plt.xlabel('Z (real)')

3000 A

(real)

plt.ylabel('Z (imag)')
plt.title( 'Nyquist') .
plt.show() i o
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Galvanostatic EIS

method = ps.GalvanostaticImpedanceSpectroscopy (
applied_current_range="10uA",
dc_current=0.0,
ac_current=0.01,




Measurement modes

Scan frequency (default)

ps.ElectrochemicalImpedanceSpectroscopy(
frequency_type="scan',
n_frequencies=51,
min_frequency=20,
max_frequency=200_000,

ps.ElectrochemicalImpedanceSpectroscopy(
scan_type="time",
run_time=600, # S

Fixed frequency

ps.ElectrochemicalImpedanceSpectroscopy(
frequency_type="'fixed',
fixed_frequency=10_600, # Hz

ps.ElectrochemicalImpedanceSpectroscopy(
scan_type="'potential’,
begin_potential=-0.5,
end_potential=0.5,
step_potential=0.1,
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quivalent circuit fitting

) Equivalent Circuit Analysis - FixedPotential at 71 fregs [2]

Circuit View Help

AMA- HF M %F ’ ’ M -Imaginary Impedance (Z") / Real Impedance (Z')

Advanced Options

General Settings

_@_ @ . . ° . Maximum Number of lterations 500 -3

Minimum Delta Sum of Squares '1.000E-5]
Minimum Parameter Step Size 1.000E-12

Selected Fit Algorithm Levenberg-Marquardt

7/
Fit from frequency (Hz):  0.100 to 1.000E+6 Levenberg-Marquardt Settings
Start Value Lambda

Results

Bement Fitted Value | Min Value Max Value | Unit Emor%
R1 134.1 1.00E6| 1.00E+12| Q 1.624
R2 1.068E+4 | 1.00E6| 1.00E+12| Q 2218 Ne|der_Mead Seﬁings
w1 3027 100E9| 1.00E+9 ko 11.51
c 2696| 10063| 1,006+ InF 1938 Convergence Tolerance 1.000E-4

Lambda Scaling Factor

Chi-Squared 0.0069 | tterations Simulation Semngs
Simulation

Frequency Range 1.000E+5
« » Copy Results

@) Circuit Snapshot Show Batch Fitting Advanced Options ® Fit Cancel

Edit Mode




Demo: Equivalent circuit fit

eis measurement.eis_data[@]

560 Q

Nyquist plot
cdc 'R(RC)" # circuit description code 5000 1 e —
model = ps.fitting.CircuitModel(cdc=cdc) Tt o
result = model.fit(eis) 10007 //// ™
—. 3000 - /;; \\
result.plot_nyquist(eis) > "3 4
result.plot_bode(eis) “20001 X
£ A
| 8 1
print(result.parameters) o § — Fit: -Z Imaginary / Z Real f
# [55835, 999843’ 3326—88] od 1§ . Measurement: -Z Imaginary / Z Real
20'00 40I00 GOIOO 80'00 10600

print(result.error) # %
# [0.103, 0.097, 0.114]

Z'(Q)
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Set starting parameters

# set fit algorithm
model = ps.fitting.CircuitModel(cdc=cdc, algorithm='leastsq')

# set starting parameters
result = model.fit(eis, parameters=[10000, 10000, 0])

# re-fit parameters
result = model.fit(eis, parameters=result.parameters)

# fixing parameters

parameters = model.default_parameters()
parameters[@].value = 560 # Ohm
parameters[@].fixed = True

result = model.fit(eis, parameters=parameters)
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Impedance.py

Community Python package for reproducible
electrochemical impedance spectroscopy (EIS) analysis

pip install impedance

Pure Python

Scikit-learn like API
Open-source (MIT licence)
Community-driven

Preprocessing

Data validation (Kramers-Kronig)
Equivalent circuit fitting
Visualizations

impedancepy.readthedocs.io
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Demo: impedance.py (1)

import numpy as np
from impedance.models.circuits import CustomCircuit

eis = measurement.eis_data[@]
print(ret)
F = np.array(eis.dataset| 'Frequency']) # Circuit string: RO-p(R1,C1)
Zre = np.array(eis.dataset|['ZRe']) # Fit: True
Zim = np.array(eis.dataset['ZIm'])
Initial guesses:
RO 1.00e+63 [Ohm]
R1 1.00e+63 [Ohm]
C1 0.00e+00 [F]

Z = Zre - 1j * Zim

circuit = CustomCircuit(
'RO-p(R1,C1) ",
initial_guess=[1000, 1000, O] Fit parameters:
RO 5.59e+02 (+/- 4.18e-01) [Ohm]
R1 1.00e+04 (+/- 6.39e-01) [Ohm]

C1 3.32e-08 (+/- 6.59%e-12) [F]

)

ret = circuit.fit(F, Z)

#
#
#
#
#
#
#
#
#
#
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Demo: impedance.py (2)

from impedance.visualization \
import plot_nyquist

Z_fit = circuit.predict(F)

fig, ax = plt.subplots()
plot_nyquist(Z, fmt='o', ax=ax)
plot_nyquist(Z_fit, fmt='-', ax=ax)

plt.legend(['Data’,
plt.show()

'Fit'])
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More information

{} PalmSens pypaimsens

For Developers

Getting Started

Getting Started
Installation

Working with Files
Working with Data
Connecting and Measuring
Methods

Event handling

Internal Storage
Communication protocol

Digital 1/0 (GPIO)

Examples
Source code ~

Issues ~

Q search

Equivalent Circuit Fitting

fits the equivalent circuit specified with the CDC descriptor code.
Optional settings are fixing the value of a parameter, setting the min/max bounds for a parameter,
specifying the frequency range to fit, limiting the number of iterations, delta error term or delta

parameter term.

Example usage for fitting an equivalent circuit:

measurements = ps.load_session_file(
eis_data = measurements[2].eis_ €

cdc

> model ps.fitting.CircuitModel(cdc=cdc)
result = model.fit(eis_data

> result

result is an instance of pypalmse

t, a dataclass with fit values, errors, and other

fitting data:

> result.cdc

GitHub
Opython-2.20 17 ¥4

On this page
Parameters
Re-fit EIS data
Plotting
Default values

Impedance.py

dev.palmsens.com/python/latest
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https://dev.palmsens.com/python/latest/_attachments/index.html

Questions, issues, feedback?

support@palmsens.com

Python for PaimSens Webinar

e Session | - Getting started (Oct 7, 2026)
e Session Il - Impedance Spectroscopy (Nov 4, 2026)

e Session lll - Advanced topics: Become a pro (Dec 2, 2026)
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mailto:support@palmsens.com

Circuit description codes + element
library

R(RC) Simplified Randles (no diffusion)
R(RQ) With constant-phase element (real electrodes)
R(RWQ) + Warburg

R([RT]Q) + finite-length Warburg
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