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Abstract: This paper presents a framework for the deep integration of Claude Code with MNE-
Python, an open-source platform for neurophysiological data analysis, via the Model Context
Protocol (MCP). By developing a dedicated MCP server (MNE-MCP), the proposed method
enables Large Language Models to drive MNE-Python directly through natural-language
dialogue, performing analyses of electroencephalography (EEG), magnetoencephalography
(MEG), stereo-EEG (sEEG), -electrocorticography (ECoG), and functional near-infrared
spectroscopy  (fNIRS) data. Unlike stateless, batch-oriented statistical —software,
neurophysiological analysis is inherently stateful and visual: a recording is loaded once and then
successively filtered, cleaned via Independent Component Analysis (ICA), epoched, averaged,
and submitted to time-frequency and source analysis on the same in-memory object, with nearly
every step requiring the analyst to “inspect a figure before choosing parameters.” To
accommodate this characteristic, MNE-MCP builds a single persistent in-memory session upon
the FastMCP framework and implements an “automatic plotting—AlI figure interpretation” loop
for every visualization tool. The server provides 38 tools across nine functional categories,
spanning the complete pipeline from data I/O, preprocessing, ICA, event-based epoching,
ERP/ERF averaging, and time-frequency analysis to source localization, connectivity, and
decoding; for needs not covered by a dedicated tool, the general-purpose mne run code tool
executes arbitrary MNE code within the same session. This article elaborates on the system
architecture, core design philosophy, and key technical implementation, reports end-to-end
validation results, discusses the system’s limitations and risks, and offers best-practice
recommendations for neuroscience researchers, aiming to substantially lower the technical
barrier of neurophysiological analysis while enhancing its efficiency, accessibility, and workflow

reproducibility through Al-driven assistance.
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HUE DA TS W SRR T o 12D BRA B T AE DT T SN R IURFE R H . AL IR
e SHIET ISR, Oy )E S5 Uk R R At nT S LA .

TRALERRT B, WE T T DAL s SR A, B EESRXHE A 0.1-40 Hz #5550
Hz [, ¥ B standard 1020 FHC. FRcFIRES T SUBTIS % @R F ]
THE CRERESY 50 Hz) 5 %EcARSE UERGEHEHSH (HER, SZfTaduta
T AU, Bt /s B B T OR B v s o (9 98 1 BN B T i) o Ak,
ICA NAEZ) 1 Hz mill o 98 LS, Re S RERRES LS Hikx.



D L BRBr B, WU A BT I0E ICA. Ll e o R B S I TR e 2, 40 B R IR L
O SO IE Ry JE A H AR . T RGBT ARS8 BRI 45 20 Bk 1 B0a] 2 X
WP EES . BECE A S BT N .

FFr B ERP BB, WEFUE N B RIR (MU IBIEBGER) « Sk F a2 5565
BN E SR, DLAGRIRAIBREE (A1 100 pV EIEED o RSEESINTIE W] 2]
ERP B2 AR 2K K, T EEATEREIN. XTI, REETBK
JE R A2 AT SR AR, BRI A2 7 BUL S BT 52 /N B BERU I, A2 IS

WETT 1 25 X [H] o

TR Rt 5 AR S o, WTSE R full BAMER. B 5T AT B
ZRAG TR FE By 25 MBIk IE MR AT (n dSPMD it B R EVE B HEE
GLURHh Il TR AT PR E AR T S (T e, B0 PR AR R AT I R 43 FEAR D (King &
Dehaene, 2014). FiER, TR (fsaverage) [ EEG J5EMAUNUTL: A AE R
ME MRIL SKRRBGE LS T (BEM) LSR5 SCRIRALTR, 27k (8] EA 51
AR, HEREERRIESE, NFEETEREM T, EUUEHME MRL K5#
() BEM 5257 Aok ik br . X F TREMARBEKFR (0 BIDS 5. A3k
PR (Tas et al., 2017). PR RILEE € X Gt , WiEB Tl mne run code 7E[F—
STE T E R S AL 5E

NRIPAFEVE S PRI, BRI BB AE . mne-analyst KebrifEfiifE . 5L
SE 5 GRS I AL AT BRI AR, IR BB S S5 RS i e 5 AR 22 AR H 3
mne_result/, fH#E5HT ] Z I mne-mep-guard W ZE G IRAT AT B Ak & . BLAL,
AIET HAR H %A CLAUDE.md m DLCIZ /BN Rl 0 H 202058 CAnsRil Bl H .
THE ARG A TIFH. ERP pBSHIER D1, G AE) , HRRAERS 2155
B H B SR S S HOO0E, OV R # THR M AT I WK .

3.3 BRESRZERH
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WY, T AESK B S I S

[RF]

hn#L sub-01_raw.fif, AL — 5 oddball JEXH) ERP 734, LLEL target Al
standard PAAP I . JCEBEIRE N

[ Claude]

B, e BRI B .

[ ] mne check status — MNE 1.7 (rfi]) WA, scikit-learn 7] F [ ]
mne_load raw(“sub-01_raw.fif”) — 64 T EEG, XFEZE 1000 Hz, BFK2) 12 7580

[ FH] mne_plot_psd(“raw”) — &]: results/psd_01.png

ThZRBEAE 50 Hz A0 BB THlE, BAh T7 Wl BAThEmeE, SRS, 8l
0.1-40 Hz #7i# + 50 Hz [&3E, FHE T7 b R T a4 .. EIEX A7 RAL B ?

[HF1]
Al B, AR BEIR, SECEARE 64 T
[ Claude)

[ 8 A ] mne set montage(“raw”, “standard 1020”) [ i A ] mne_filter(“raw”,
1 freq=0.1, h_freq=40, notch=50) [ 1] mne mark bad channels(“raw”, bads=“T7")

— [ ] mne_interpolate_bads(“raw”) [} 1] mne_set_reference(“raw”, “average”)

COERIER . W RIES TS % . R ICA EIRE—Z BB EL 1
Hz i@ MR EIA LG, DLIRAS A E )

GiiPad
o, HEIRERT.

[ Claude]



[VH] mne_run_code (f£ 1 Hz mil#EIA EHLE) — [AH] mne_fit ica — [H]
mne plot ica components — [&: results/ica components 01.png
By 0 RATAU IR A IS SRZIR —3 AWy ERE (ZIRD By
RF IR BRI F AU A AT ) 5 sy 4 (ISR P51 2 5 08 — 301

JAEAYE, SBElOH. IR 0 CHRHELD
[ F] mne_apply_ica(exclude=“0") — i\ Z:FRHR HL R 4T o

[FHF]
PUAER Sy BE RN B, target A1 standard #2, & P300.

[ Claude]

[ 1 A ] mne find events(“raw”) — k& %] 480 A~ = 4 [ I H ]
mne _make epochs(event id="“target:1,standard:2”, tmin=-0.2, tmax=0.8,
reject_eeg=100e-6) — 4 B 23 AN @ H W kK, & 457 N [ H ]
mne_average evoked(condition="target”, evoked name=‘“evoked target™) [ i H ]
mne_average evoked(condition=*“standard”, evoked name=“evoked standard”) [ii ]
mne_plot_evoked(“evoked target”, style="joint™) — 3]

results/evoked target Ol.png [ I H ] mne plot topomap(“evoked target”,

times="0.17,0.35”) — K&: results/topo_01.png
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GiiPad
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Ao AT 75 B A I B LA QU oy, FRAGAE —0.5 &£ 1.0 s FEHE, &
it Morlet 25,

[ ] mne make epochs(..., tmin=-0.5, tmax=1.0, epochs name=*“epochs_tfr”) [
F1] mne_tfr_morlet(“epochs_tfr”, fmin=4, fmax=40) — K|: results/tfr Pz _01.png [

F] mne_save(“evoked target”, “sub-01 target-ave.fif”’) 5

A (T, PSR R Th ) BoRRlBE 6 5B (4 4-7 Hz) £E2) 300-500
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FRATTE 3 BOD 2 MR 52 /AN BE RS I, R P 2 X ). 45 L 5 55 g
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(FEHHEL 71%) . ¥ Linux/macOS/Windows 5% Python/NumPy A (K FFS:4E i, LUK
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