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QIl. lNpeumyLiecTBa N orpaHuyYeHuUs

FAl

NV X

Mniocbl

e Bbicokoe BpeMeHHOe pa3pelueHue
(MrNnucekyHapl)

e Hwuskas cToMMOCTb U NOPTAaTUBHOCTb
Be3onacHocTb U KOM(OPT: HENHBA3MBHbIN
meTon

MuHycbl

Hu3koe npocTpaHCTBeHHOe pa3pelueHue
Huskun SNR

TpeboBaTenbHOCTb K YUCIY UCNbITaHUN
3aBNCUMOCTb OT COCTOSIHUSI KOXKU U
MOHTaX| 3NeKTPoaoB



OcHoBbl GMPT

Korga Tbl YTO-TO Aenaellub — AymMmaeulb, ABUraelbcqa, CMOTpULlb — OﬂpeﬂeﬂéHHble 4acTn Mo3ra
«BKIMKO4YawnTCA» N HAYUHAKOT pa6OTaTb adKTUBHEE.

UTobbl paboTatb, UM HyXXeH KMUCIopo, KOTOPbIN NOCTynaeT ¢ Kposblo. PMPT 3ameyvaer, kyaa
noctynaet 6onblue KpoBU, 1 NOKasbliBaeT aTM 06nacT Ha CHUMKax Mo3ra
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¢dMPT. NMpeunmyiectea n orpaHn4eHus

Mnrocbl

e HeuHBa3MBHOCTb U 6e30NacHOCTb: He TpebyeT
pagnoakTUBHBIX MapKepoB M HE NCMOMb3YET MOHU3NPYLOLLEE
nsnyyeHve

e Bbicokoe npocTpaHCTBeHHOE pa3peLueHue: No3BonseT
NIOKanmM3oBaTb akTUBHOCTb C TOYHOCTLIO 4O MUMIIMMETPOB

e [lonHoe NOKpbITUE MO3ra: perucTpauus curHana no Bcem
obnacTam mo3ra 3a OMH ceaHc

e  YéTknm KoHTpacT pyHKUMOHanNbHbIX ceTen: BOLD-koHTpacT
Harnsi4HO BblAENsAET aKTUBUPOBAHHbBIE YYaCTKM Mpu
BbINOMHEHMM 3aaau

MwuHychbl

e Huskoe BpeMeHHOe pa3peLueHue
e BbICOKasi CTOMMOCTb U OrpaHUYeHHasi 4OCTYNHOCTb
e YyBCTBUTENbLHOCTb K ABUXEHUIO



Nouyemy Bo3HUKNA naea nepesopga 33l B MPT?
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MpocTpaHcTBEHHas
cocTaBnsoLas

93l n PMPT — pgBa
B3auMOZOMNONHAILWMNX MeToaa

e O3l oTnn4HOe BpEMEHHOE
paspelueHne (MUNNUCceKyHabl), HO
Nroxoe NpocTpaHCTBEHHOE

e  HMPT: oTnNMYHOE NPOCTPaHCTBEHHOE
paspeLueHme (MUNNUMETPbI), HO
Nnoxoe BpeMeHHoe

e O3l — péweBo, NOPTATUBHO,
AOCTYMHO

e HMPT — goporo, CnoxHo,
OrpaHNYeHo B KNMHUKE



3apavya EEG2fMRI

e peKoHcTpykumua curHana ¢MPT no 93l (Mier Hasson, NeuroBOLT)
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O3l ucnonb3yeTt HenpepbIBHYO AUCKpeTu3aumo (4actota = 1/At)

dMPT ncnonb3yeT ANCKPETHOE NocnonHoe ckaHnpoBaHue (TR = Bpemsa mexay obbemamm)
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Fig. 2. Details of the post-processing stage. In the EEG, each electrode (a) is converted into time-frequency representation and reduced to 4 Hz. Data-driven bands are selected (b) and the time-frequency matrix (which originally has frequency res-
olution of 1 Hz) is averaged over those bands (c). A window of time in the EEG is considered for each time-point in the fMRI (d). In the fMRI, the extracted ROI (b) is up-sampled to 4 Hz and normalized (c).
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Knaccuyeckue nogxoabl (Meir-Hasson, 2014)
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Fig. 3. Prediction input and output. a) Processed ROl signal and b) processed EEG data of a specific electrode. Two matrices are demonstrated. The left one is an average matrix of the entire EEG data related to lower 25% values of the ROI signal and the
right one is an average matrix of the entire EEG data related to upper 25% values of the ROL. ¢) The EFP derived by the prediction model. Increased activity in the fMRI signal can be indicated by strong red coefficients which relate to increased activity in
that time-frequency range or strong blue coefficients which relate to decreased activity in that time-frequency range. d) The predictor generated using the coefficients found. This predictor contains the same information as the ROI signal but it was
produced using EEG, so it is sensitive to changes in the EEG that occur in higher temporal resolution than the original fMRI signal. e) Map of the prediction error using each one of the electrodes. This map indicates which electrodes were more useful in

the prediction of the specific ROL
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GenAl noaxoabl. NeuroBOLT
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Lenb: co3gatb HenpoceTb ansa npoekumn curHanos 93 Ha BOLD-curHan (pMPT.
PelwieHue:

1. Mopgenb 3axBaTbiBaeT MHOFOMepHbIe Npu3Hakn O3l (Bpemsi, NpOCTPaHCTBO, CNEKTP).

2.  BwmecTO hMKCUMPOBaAHHOW 3a4EPXKKN MeXAY MOA4ANbHOCTSAMU, UCMONb3YOTCS BPeMeHHble OKHa JAIT, COOTBETCTBYOLMNE
anutenbHocTn HRF nepen kaxgon Toukon GMPT (mogenb Sequence-to-One), 4Tobbl y4eCcTb Bapuaumm: MeXay noabMu,
30HaMu Mo3ra, YactToTamm


https://arxiv.org/pdf/2410.05341
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Figure 2: Overall architecture of NeuroBOLT. Our method first divides the input EEG window
into uniform patches (A), and has two modules that are trained simultaneously: the temporal-spatial
representation learning module (B) and the spectral representation learning module (C). The output
embeddings from the two modules are summed and used as input to a regression head, which

generates the final output.
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NeuroBOLT. Multi-scale spectral feature embedding
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Figure 3: Multi-scale spectral feature embedding.
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OnucaHue gaHHbIX

CocTosiHue nokos (C 3aKpbITbIMU rr1asamm)

ModarnbHocmu: ogHoBpeMeHHas 3anucbk 331 n pMPT.

MPT-0aHHbIe: 22 ncnbiTyeMblX, 29 ckaHoB (ckaHep Philips 3T), y 7 ucnbiTyembix — no ABa cKkaHa.

O3l-0anHbie: 32 kaHana (cuctema 10-20), pedepeHc — ACsa (cuctema BrainAmps MR, Brain Products GmbH), yactoTta
aunckpetmsauum = S kly,

AyaunTtopHas 3agayda (C 3akpbITbiMU rnasamu):
ModanbHocmu: ogHoBpeMeHHas 3anucbk 33 n GMPT.

MPT-0aHHbIe: 10 ncnbiTyembix, 16 ckaHoB (ckaHep Siemens Prisma 3T).
O3l -0aHHble: 32 kaHana



Methods. Data splits

For subject-specific prediction (intra-scan), where training and testing occur on the same scan, we split the
scan in an 8:1:1 ratio for training, validation, and testing

Given that the fMRI signal exhibits significant autocorrelation, typically extending from about -10 to 10 seconds,
we implement gaps of 20 seconds between the training and validation sets, as well as between the

validation and testing sets, to prevent data leakage.

For the inter-subject analysis in resting-state data, we randomly divided the datasets into
training/validation/testing sets by approximately 3:1:1 (18 scans : 5 scans : 6 scans). For the task data, we split
the scans by 9 scans : 3 scans : 4 scans.



Pe3yneraTthl (resting-state)

Metrics: Pearson correlation

Table 1: Model performance () in intra- and inter-subject experiments. Bold: the best performance;
the underlined: the second-best performance

Model Primary Sensory High-level Cognitive Subcortical - Avg. RY
Cuneus Heschl’s Gyrus | Middle Frontal Precuneus Anterior Putamen Thalamus Global Signal .

g BIOT[59] 0.531+£0.223  0.518+0.207 0.490+0.162 0.459+0.110 0.410£0.205 0.411+0.231 | 0.493+0.133 0.473
0 LaBraM[22] 0.540+0.176  0.519+0.197 0.493+0.153 0.490+0.176 0.411£0.179  0.449+0.177 | 0.487+0.167 0.484
- BEIRA [25] 0.357+£0.241  0.396+0.240 0.294+0.228 0.320+0.220 0.234+0.194 0.328+0.197 | 0.456+0.240 0.341
e Li, etal. [31] 0.460+£0.228  0.5154+0.207 0.376+0.169 0.457+0.204 0.324+0.183  0.398+0.194 | 0.583+0.170 0.445
5 NeuroBOLT (ours)  0.588+0.166  0.566-0.183 0.502+0.168 0.559+0.141 0.437+0.184 0.480+£0.213 | 0.587+0.162 0.531
FFCL [29] 0.326+0.094  0.412+0.039 0.327+0.078 0.437+0.091 0.243+0.125 0.373+0.082 | 0.512+0.048 0.376

£ CNN Transformer [44] 0.218+0.204  0.412+0.114 0.298+0.097 0.316+0.153 0.232+0.086 0.180+0.106 | 0.282+0.185 0.273
2 STT Transformer [48] 0.269+0.197  0.188+0.056 0.226+0.130 0.280+0.143 0.074+0.126  0.142+0.101 | 0.347+0.124 0.218
5 BIOT [59] 0.457+0.123  0.512+0.039 0.393+0.128 0.445+0.084 0.299+0.063 0.413+0.073 | 0.529+0.110 0.435
2 LaBraM [22] 0.177£0.116 ~ 0.211£0.105 0.153+0.132 0.170+0.152 0.047+0.111  0.147£0.122 | 0.150£0.152 0.151
3 BEIRA [25] 0.421£0.112  0.482+0.063 0.384+0.147 0.452+0.149 0.241£0.135 0.410+£0.097 | 0.492+0.106 0.412
S Li, et al. [31] 0.505+0.063  0.430+0.048 0.415+0.114 0.416£0.076 0.217£0.139  0.424+0.072 | 0.529+0.092 0.419
NeuroBOLT (ours)  0.482+0.100  0.561+0.046 0.423+0.115 0.496-+0.136 0.335+£0.144  0.453+£0.106 | 0.5640.115 0.473
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PesynbTraTthl

Metrics: MSE

Table 6: MSE in intra- and inter-subject experiments on resting-state data.

Primary Sensory High-level Cognitive Subcortical -
M Cuneus Heschl’s Gyrus | Middle Frontal Precuneus Anterior | Putamen Thalamus | Global Signal Avg. MSE}

g BIOT[59] 0.271 0.249 0.237 0.287 0.238 0.274 0.249 0.258
9 LaBraM[22] 0.276 0.249 0.255 0.273 0.236 0.247 0.277 0.259
& BEIRA [25] 0.249 0.244 0.260 0.288 0.239 0.241 0.222 0.249
B Li, et al. [31] 0.261 0.226 0.275 0.275 0.249 0.229 0.226 0.249
& NeuroBOLT (ours) 0.272 0.242 0.263 0.274 0.238 0.225 0.221 0.248
FFCL [29] 0.225 0.212 0.230 0.205 0.250 0.230 0.189 0.220

£ CNN Transformer [44]  0.261 0.226 0.236 0.223 0.246 0.248 0.282 0.246
2 STT Transformer [48]  0.240 0.295 0.299 0.244 0.258 0.255 0.245 0.262
35 BIOT [59] 0.217 0.186 0.220 0.201 0.239 0.220 0.196 0.211
2 LaBraM [22] 0.247 0.239 0.256 0.246 0.259 0.255 0.246 0.250
9 BEIRA [25] 0.231 0.194 0.242 0.197 0.250 0.230 0.201 0.221
o Li, et al. [31] 0.193 0.218 0.214 0.219 0.263 0.212 0.196 0.216
NeuroBOLT (ours) 0.192 0.171 0.215 0.188 0.235 0.208 0.171 0.197
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Pe3ynbraThl (task)

Table 3: Performance of NeuroBOLT in inter-subject prediction in resting-state and auditory task
fMRI. Mean R values between prediction and g.t. are shown. RS: Resting-State, AT: Auditory Task,
RS-p+AT-f: Pretraining on RS and finetuning on AT, RS+AT: joint training of RS and AT.

Trainin Testin Primary Sensory High-level Cognitive Subcortical - Avg. Rt
g g Cuneus Heschl’s Gyrus | Middle Frontal Precuneus Anterior Putamen Thalamus Global Signal &

RS AT 0.387+0.087  0.43140.026 0.41940.099 0.45140.050 0.240+0.202 0.361+0.164 | 0.372+0.087 0.380
AT AT 0.428+0.141  0.479+0.084 0.40740.058 0.460+0.071 0.187£0.253 0.362+0.166 | 0.287+0.120 0.373
RS-p+AT-f AT 0.446+0.033  0.54740.060 0.437+0.089 0.471+0.065 0.241£0.188  0.401+0.177 | 0.385+0.098 0.418
RS+AT AT 0.461+0.101  0.51640.044 0.434+0.106 0.4760.041 0.248+0.194 0.401+0.220 | 0.404+0.070 0.420
RS RS 0.482+0.100  0.561+0.046 0.423+0.115 0.496+0.136 0.335+0.144 0.453+0.106 | 0.564+0.115 0.473
RS+AT RS 0.478+0.110  0.56040.049 0.437+0.086 0.494+0.107 0.330+0.140 0.443+0.074 | 0.540+0.119 0.469
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OrpaHun4yeHus metopa (1)

Non-specific region of interest (ROI) definition for the task dataset

No explicit link for DMN resting state
Declared regions are surface based regions

Trained separately for each brain region

own =

Small Sample Size?
Up to 22 participants were used for model training
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Kak pelwiaeTcs ocHOBHOM YenneHax: codyetaHne 3D-natyen, representative token, mogyna Domain Matching n U-Net-gekogepa
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Methods. Dataset description

NODDI

17 300pOBbIX B3POCIbIX B COCTOSAHWUM MOKOSA (eyes-open); nocre yaaneHus AByX Y4aCcTHUKOB nonyyeHo 15
cyobvekToB — 4 110 nap EEG—fMRI

— EEG: 64-kananos (10-20), auckpetnsaums 250 Hz (MmunnucekyHaHoe paspeLueHume)

— fMRI: Siemens Avanto 1.5T, TR =2.16 s, 06béM 30%x64x64 voxels

Oddball

— 3anucun EEG—fMRI y 17 3g0poBbix B3pocnbix Bo BpeMsa «oddball» napagurmel (ayguo + Budyan) — 14 688 nap
EEG—MRI

— EEG: 43 kaHana, 1000 Hz anckpeTtnsauma ans 3axesaTa ObICTpbIX kKonedaHun, CBA3aHHbIX C BHAMaHNEM

— fMRI: Philips Achieva 3T, TR = 2 s, 06béM 32x64%64 voxels Ha 0QHOCKaHUPYIOLEN KaTyLLKe

CN-EPFL (npononHutenbHo):
— OpgHoBpemMeHHble 3anncy y 20 y4acTHMKOB BO BpeMsi Bu3yanbHon 3agayn, EEG: 64 kaHana, 5000 Hz; fMRI:

TR =1.28 s; Bcero 6 880 nap



PesynbTraTthl

Ground ~ NT-ViT i Ground ~ NT-ViT " Ground  NT-ViT : Ground  NT-ViT >
truth w/o DM NT=ViT truth w/o DM BTN truth w/o DM NETe N truth w/o DM NT-ViT

2no 500 Eoo A

(a) Reconstructions of two samples on NODDI: (b) Reconstructions of two samples on Oddball:
subjects #32 and #36. subjects #1 and #2.

Fig. 2: Examples of reconstructions made by the two configurations of our model
NT-ViT. The results are represented in both PC and MIP formats. In both visual
representations, areas appearing redder indicate higher oxygenation levels and greater
activity, whereas the bluer regions signify lower oxygenation and reduced activity.



Dataset Method Validation ‘ RMSE | SSIM 1 PSNR 1
LP [5] Fixed split| 0.51 +0.05 0.433 +0.005 z
TALP (5] Fixed split| 0.41 +0.04 0.472 +0.010 .
FP [5] Fixed split| 0.43 + 0.05 0.462 + 0.003 -
TAFP [5] Fixed split| 0.40 + 0.02 0.462 + 0.020 .
NODDI CNN' [29] Fixed split| 0.46 + 0.08 0.449 + 0.060 -
o Fixed split| 0.1 0.516 19.56
NT-ViT w/o DM, ours | /g 0.0940.01 0.557 +0.050 21.51 + 1.206
. Fixed split| _ 0.10 0.534 20.05
NI-VAT; outs LOSO  |0.08 +0.01 0.581 =+ 0.048 21.56 + 1.056
LP [5] _ Fixed split| 0.74 + 0.03 0.183 + 0.033 ;
TALP (5] Fixed split| 0.77 + 0.12 0.158 + 0.041 s
FP (5] Fixed split| 0.73 + 0.05 0.196 + 0.039 -
TAFP [5] Fixed split| 0.70 + 0.09 0.200 + 0.017 =
Oddball CNNT [29] Fixed split| 0.86 + 0.03 0.189 + 0.038 s
; Fixed split| _ 0.07 0.595 22.98
NT-ViT w/o DM, ours 1 1oy ™16 07 4 0.008 0.602 + 0.047 23.05 + 0.923
. Fixed split| _ 0.07 0.613 23.09
NT-ViT,.quzs LOSO  |0.07 & 0.008 0.627 + 0.051 23.33 + 1.040

Table 1: Results of our proposed model NT-ViT on the two benchmark datasets. The
"Fized split" validation scheme uses 2 and 4 subjects for the test sets of the NODDI
and Oddball datasets, respectively. The model demonstrates a substantial improvement
in performance metrics: the biggest improvement, on the Oddball dataset, is a 10-fold

enhancement in RMSE and more than 3-fold in SSIM. ¥ Reimplemented by [El]
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Fig. 1. The overview of our proposed E2fNet model for EEG to fMRI translation.
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PesynbTraTthl

TABLE I

PERFORMANCE COMPARISON OF DIFFERENT EEG-TO-FMRI GENERATION MODELS ON THE NODDI, ODDBALL, AND CN-EPFL DATASETS

NODDI Oddball CN-EPFL
Model

SSIM PSNR SSIM PSNR SSIM PSNR
CNN-TC [8] 0.449 + 0.060 — 0.189 + 0.038 — 0.519 —
CNN-TAG [10] 0472 + 0.010 — 0.200 = 0.017 — 0.522 —
NT-ViT [11] 0.581 + 0.048 21.56 = 1.06 0.627 + 0.051 23.33 + 1.04 N/A —
E2fGAN (proposed) 0.576 £ 0.047 18.535 + 1.345 0.583 + 0.034 18.711 £ 1.754  0.607 18.172
E2fNet (proposed) 0.605 £ 0.046 20.096 = 1.280 0.631 = 0.042 22.193 +1.013 0.674 22.781
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LlLlarn ycnexa

1. MoHMMaHue faHHbIX (BbIOOP permMoHoB)

2. Pabotac npu3HakamMmum n natTeéHTHbIM NPOCTPaHCTBOM

3. Banugauusa n nHtepnpetauus

tg channel link



