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Abstract

Abdominal multi-organ segmentation requires the integration of coarse semantic
context and fine spatial detail. This thesis proposes Swin-TransKalman (Swin-TK), a
SwinUNETR-based model with learnable Kalman-style feature fusion. Its decoder
propagates positive states across scales and uses elementwise gains to combine
predicted features with skip observations. State summaries also enter feature refinement,
while a learned readout produces voxelwise uncertainty. The encoder incorporates gated
feature updates, query-dependent attention temperatures, and propagated log-state
biases. Five-fold internal cross-validation was conducted on 50 labeled CT volumes
from FLARE22Train, covering 13 abdominal organs and background. Each fold used
40 volumes for training and 10 for validation. Both models were trained for 1,000
epochs and evaluated with full-volume sliding-window inference; the complete Swin-
TK additionally used deep supervision and an uncertainty objective. The complete
method increased mean Dice from 0.8649 to 0.8755 and normalized surface Dice from
0.8917 to 0.9063, while the parameter count increased from approximately 62.2 M to
63.6 M. Dice improved in all five folds and in 39 of 50 cases in the primary evaluation.
In a supplementary fold-1 experiment without deep supervision for either model, Swin-
TK achieved 0.8769 compared with 0.8706 for the baseline. Enabling deep supervision
increased its Dice to 0.8808. The learned uncertainty achieved an error-detection
AUROC 0of 0.776 + 0.039 across folds, compared with 0.609 + 0.041 for image
gradients. These results support improved segmentation and useful error ranking under
the evaluated conditions. The single-fold ablation shows that the gain does not depend
entirely on deep supervision, but does not isolate every module. The uncertainty scores
are evaluated as ranking signals rather than calibrated error probabilities. Further
module ablations, repeated training, and external evaluation are needed to establish

broader robustness.

Keywords: abdominal multi-organ segmentation; SwinUNETR; Kalman-style fusion;

uncertainty; deep supervision.
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  Attention ( Q , K , V )   =   softmax (   Q  K T   d ) V


   x t   =   F  x  t − 1   +    w t ,          z t   =   H  x t   +    v t


        x ^ t −   =   F    x ^  t − 1    P t −   =   F  P  t − 1  F T   +   Q


   K t   =    P t −  H T   ( H  P t −  H T   +   R )  − 1


        x ^ t   =      x ^ t −   +    K t (  z t   −   H    x ^ t − )    P t   =   ( I   −    K t H )  P t −


      x −   =   T ( x )    P −   =   softplus (  W P U ( P ) )   +   softplus ( q )


     z   =    W z e ,         R   =   softplus (  W R e )   +   ε   K   =      P −   P −   +   R    x +   =    x −   +   K   ⊙   ( z   −    x − ) ,          P +   =   ( 1   −   K )   ⊙    P −


   P ¯   =    1 C   ∑  c = 1 C   P c + ,          x out   =   φ ( Concat (  x + ,    P ¯ ) )


     P   =   softplus ( p )   +   ε ,         R   =   softplus (  W R y )   +   ε   K   =    P  P   +   R ,          x new   =   x   +   K   ⊙   ( y   −   x )


      τ ih   =   clip ( 1   +   softplus ( α )   tanh (  W τ  X i ) ,   0 . 2 ,   5 )    A ij h   =        q i h   (  k j h ) T   d   +    B ij h   τ ih   −   μ  ℓ j   +    M ij


   ℓ −   =   logaddexp ( ℓ ,    q log )


     n   =       ∑  c = 1 C    stopgrad (  δ c ) 2 C ,          n ^   =    n  mean ( n )   +   ε   z   =    ℓ −   −   log (  n ^   +   ε )   +   b    ℓ +   =   clip (  ℓ −   +   logsigmoid ( − z ) ,   − 6 ,   6 )


  s   =    W s  P out   +    b s ,         σ   =   exp (  s 2 )


   L unc   =    1  | Ω |   ∑  v ∈ Ω  [  e  −  s v stopgrad (  CE v )   +      s v 2 ]


       ∂ L  ∂ s   =   −  e  − s CE   +    1 2   =   0    s ∗   =   log ( 2 CE ) ,          σ ∗   =    2 CE


      L seg   =    L DC ( logits ,   Y )   +     ∑  r = 1 3   w r  L DC (  a r ,    Y r )   (  w 1 ,    w 2 ,    w 3 )   =   ( 0 . 5 ,   0 . 25 ,   0 . 125 )


  L   =    L seg   +   λ ( e )  L unc ,         λ ( e )   =   0 . 1   min ( 1 ,    e 100 )


  η ( e )   =   0 . 01   ( 1   −    e E )  0 . 9 ,         E   =   1000


  DSC ( A , G )   =     2 | A   ∩   G |  | A |   +   | G |
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