
tumor…     

ethnoid.

bone

x y k

140 85 385

140 86 380

140 87 373

140 88 367

140 89 375

140 90 395

140 91 408

140 92 410

140 93 413

140 94 416

140 95 413

140 96 387

140 97 369

140 98 389

140 99 410

140 100 424

140 101 432

140 102 408

140 103 388

140 104 364

140 105 339

140 106 349

140 107 359

140 108 360

140 109 362

140 110 365

140 111 371

140 112 380

140 113 385

140 114 370

140 115 358

140 116 356

140 117 357

140 118 369

140 119 384

140 120 420

140 121 464

140 122 485

140 123 499

140 124 542

140 125 604

140 126 639

140 127 634

140 128 600

140 129 566

140 130 560

140 131 573

140 132 568

140 133 546

140 134 505

140 135 427

140 136 379

140 137 376

140 138 409

140 139 566

140 140 668

140 141 643

140 142 628

140 143 548

140 144 477

140 145 520

140 146 561

140 147 659

140 148 794

140 149 743

140 150 689

140 151 593

140 152 482

140 153 457

140 154 446

140 155 439

140 156 427

140 157 414

140 158 405

140 159 385

140 160 358

140 161 356

140 162 367

140 163 368

140 164 366

140 165 372

140 166 390

140 167 419

140 168 450

140 169 460

140 170 458

140 171 462

140 172 466

140 173 460

140 174 445

140 175 423

140 176 388

140 177 356

140 178 339

140 179 326

140 180 323

140 181 316

140 182 294

140 183 278

140 184 287

140 185 302

Figure 2 demonstrates a sample of 101 

voxels taken in a straight (purple) line 

across a section of brain & tumor.  A 

voxel in this MRI is about .5 x .5 x 1mm.  

The grayscale value of each voxel has 

been translated to color.  The tumor 

region (yellow) is statistically tested 

against a gray matter region in Figure 3.
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Manual Segmentation is Variable

During diagnosis, radiologists segment, or paint, 

different parts of the human body like glioblastomas 

multiforme (GBM) in magnetic resonance images 

(MRI).  Manual segmentation is:

* radiologist dependent 3 - 5 hours †

* radiologist variable DICE score = 61% ‡

* requires threshhold adjustment

Accuracy Sensitivity Specificity

Manual 80% * *
AGU-Net 85% 90% 80%
nnU-Net 50% 70% 30%

† Kaus MR, Warfield SK, Nabavi A, Black PM, Jolesz FA, Kikinis R. Automated segmentation of MR images of brain tumors. 

Radiology. 2001 Feb;218(2):586-91. doi: 10.1148/radiology.218.2.r01fe44586. PMID: 11161183. 

https://pubmed.ncbi.nlm.nih.gov/11161183/

‡ Helland, R.H., Ferles, A., Pedersen, A. et al. Segmentation of glioblastomas in early post-operative multi-modal MRI with 

deep neural networks. Sci Rep 13, 18897 (2023). https://doi.org/10.1038/s41598-023-45456-x  Also, find it here: 

https://www.nature.com/articles/s41598-023-45456-x

⸸ Otkay, Ozan Dr., Attention Gate. Cornell University, arXiv:1804.03999 (2018).  

https://paperswithcode.com/method/attention-gate
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Stochastic Methods are More Precise and 

Minimize the Need for Training

In contrast, stochastic methods (random, natural & 

normal) work mostly opposite to deterministic 

methods (weighted, forced, biased). 

Stochastic modelling of a random variable means 

using statistical inference tests, like 2 sample t-tests.

Statistical inferences shall objectively render each 

voxel (‘volume + pixel’) to its most likely region of the 

brain. 

Proof of Concept

In Figure 3, the null hypothesis (Ho: μTumor = μGrey Matter,

p-value = 0.0000, α = .05) is rejected, displaying a clear 

difference between samples taken on the border edge 

of a cell.  This, and the skewness metrics demonstrate 

the viability of stochastic inference to detect borders.

Table 1: The accuracy rates noted here† represent the balance 

between sensitivity and specificity rates.  Gray values were 

interpolated.
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Figure 1: Which method would you want for your brain tumour ? 

Next Steps

Develop code to search in a 

spiral pattern, sampling in 

concentric circles as Regions of 

Interest (ROI) are discovered 

via statistical inferences.
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Figure 3: The circles represent voxel samples.  Region samples will be more 

uniform, normal, with a tight standard deviation, σ.  Border samples shall skew 

left (dark) or right (light) or, shall be bimodal.

     Tumor Group

             μT   563

              σ   99

       mode   566

skewness   .075

Ho: μT = μG 

α = .05

p-value = 0.000

Reject Ho, samples 

are different.

     Grey Matter

            μG   391

              σ   59

       mode   356

skewness   -.286

U-Net Automatic Segmentation

U-Net artificial intelligence (AI) is faster than manual 

segmentation.†  No new U-Nets (nnU-Nets) utilize 

different image resolutions to identify regions of 

interest (ROI).  Attention gates U-Nets (AGU-Nets) 

search using additive attention weights⸸.  Both U-Nets 

are inherently deterministic processes. 

*..radiologist time 5-10 minutes †

*..validation (best mode)  DICE score = 61% ‡

*..nnU-Net requires requires image prre- and post-

processing.

*..nnU-Net is much less precise by consensus 

ground truth than AGU-Net.

*..nnU-Net lacks the minimum specificity for a 

robust statistical test (30% << 80% min).

*..On average, AGU-Net meets the minimum 

sensitivity (90%) and minimum specificity (80%) 

for a robust statistical test.
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