
Technical detailsFORCtool – online service for FORC

processing

• Based on state-of-the-art methods: FORCtool 

utilizes the VARIFORC algorithm [Egli, 2013] to 

generate FORC distribution diagrams, and the 

machine learning approach used in FORCsensei 

[Heslop et al., 2020] to automatically determine the 

optimal VARIFORC parameters.

• Efficiency: Deep optimization of the calculations 

and offloading to a Graphics Processing Unit (GPU) 

significantly reduced the FORC processing time.

• Flexibility: FORCtool offers a broad range of 

options for data pre-processing, processing, and 

visualization of the final FORC diagrams.

• Easy to use: FORCtool does not require installation 

of any additional software, offers an intuitive, user-

friendly interface, and provides a detailed easy-to-

access help system.

• OS independent: FORCtool works on any device 

with an Internet browser and Internet connection.

• Multi-format: FORCtool supports common FORC 

file formats, including MicroMag 2900/3900, and 

LakeShore 7400 and 8600 series. Additional/new 

formats can easily be added.

• Data visualization: FORCtool plots most of the raw, 

pre-processed, and processed data to inform the 

user’s decisions when processing and analyzing 

FORCs.

• Transferability: The data can be saved as ready-to-

publish images or in numerical formats.

• Future work: We continue working on the 

development of the service to make it more 

functional, convenient, and faster. We will 

appreciate your feedback!
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to use the service,

follow the link:

https://forctool.com

or scan this QR code

The first-order reversal curve (FORC) analysis has been widely used in rock magnetism, physics, material science, biomedicine, and other fields, to characterize

magnetic hysteresis properties and magnetic interactions in natural and synthetic materials. Modern software tools for processing FORC data into density distribution

diagrams utilize the VARIFORC (variable FORC smoothing) algorithm [Egli, 2013], which utilizes several parameters to optimize smoothing by creating non-regularly

distributed smoothing values over different regions of the FORC distribution. Manual selection of the VARIFORC parameters, however, may be a challenging task,

especially when no a priori information about the magnetic make-up is available. To automatize the selection process, a recently developed FORCsensei software

[Heslop et al., 2020] utilizes a machine learning approach to determine the optimal parameters and to construct maximally informative FORC diagrams. This powerful

tool, however, is compute-intensive and calculation durations may be inconveniently long (using both personal computer and cloud-based services). Here, we present

FORCtool, a new online service for FORC analyses. While it uses the same approach as FORCsensei, the service has extended functionality with a number of

additional tools for detailed FORC analysis and offers a convenient intuitive interface. Importantly, the efficiency and speed of the analysis have been substantially

increased by optimizing the calculation process and using a general-purpose graphics processing unit.
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Data overview:

• Raw measurements plot

• Field accuracy plot

• Distribution of moment calibration points

• Mean deviation of the first 10 points (field and moment)

• Mean deviation of the last 10 points (field and moment)

Preprocessing options:

• Normalization

• First/Last point correction:

– Do nothing

– Remove the first points and/or the last points

– Extrapolate both field and moment

– Extrapolate field or moment (separate options)

• Drift correction (LOWESS method: variable smoothing window, 0 

- 0.50)

• Slope correction (0-100%)

• Curve smoothing (Savitzky–Golay method: variable averaging 

window, 3 - 51)

• Setting of Hopen (via coefficient ω)

• Lower branch subtraction

• Frequency of curves shown in the pre-processed data (every 

curve to every 100th)

Regression options:

• Processing presets (Pike, Optimal, Expert)

• Manual entry or automatic search for the optimal smoothing 

parameters

• Plot of the selected parameters fitting the distribution

• Plot of the selected smoothing distribution over the FORC 

measurements

FORC diagram:

• Selection of plotting parameters for the FORC diagram 

• 2D FORC density diagram

• Horizontal and vertical profiles (selectable positions)

• 3D view of the FORC density distribution

• Download the FORC diagram in a numerical (CSV) format

• Post-processing (additional smoothing of FORC diagram)

Overview

Preprocessing

Results

The comparison of the calculation time required to process different FORCs with FORCtool and FORCsensei

prx_4b 2 (synthetic magnetite) 249 46,999 7:41 5:17 1:41 0:34

E27 3 (baked clay) 375 118,199 14:49 12:07 1:50 0:59

og-2un_b 4 (diabase) 623 315,311 44:13 36:44 6:02 1:54
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Examples of earlier published results

1 – we re-worked original FORCsensei code to accelerate it and to make it more convenient for testing and comparison.
2 – synthetic sample with Magnetite 3006 (1% by mass) in Pyrex matrix.
3 – sample of Bulgarian clay backed at 800°C [Kostadinova-Avramova et al., 2022]
4 – sample of untreated diabase [Bezaeva et al., 2016]

Measurement 
parameters

Plot of the applied field accuracy distribution across 
FORCs measured in percentage of increment value

Raw FORCs measured Averaged deviations of applied field values and 
moment measured at first (last) points

Distribution of the automatically estimated smoothing parameters

Correction of the calibration values of  
magnetic moment

Final FORC distribution diagram4

Correction of applied field values and 
moment measured at first (last) points

OS: Ubuntu 22.04

CPU: Intel Core i5-10600 @ 12x 4,8GHz

GPU: NVIDIA GeForce RTX 3080 12GB

Software: Python 3.10.4

Libraries: Numpy 1.23.3, Numba 0.56.2

Lower branch subtraction diagramNormalized corrected FORCs with the 
first/last points corrected and Hopen value

FORC distributions after zero field 
cooling (ZFC). PSD magnetite, 
sample P1 [Smirnov, 2006].

Sample of Bulgarian clay backed at 800°C 
[Kostadinova-Avramova et al., 2022].

Synthetic sample of Magnetite 3006
in Pyrex matrix [unpublished].

Profile along Hb = 0 3D version of FORC distribution 

Jänisjärvi tagamites [Sergienko et al., 
2017].
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