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What is registration ? ZALIVIA

Intraoperative 3D reconstruction Q

laparoscopic image Registration (T)

Augmented laparoscopic
image with the mesh P

Preoperative imagery Mesh P
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Why registration struggles at test time ?

Train : Test :

Target data

Source data, label
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Why registration struggles at test time ?

Train : Test :

Target data

Source data, label
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Domain
shift

(Acharya et al., 2019) Al
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Why registration struggles at test time ?

EALIVIA
Train : Test :
Source data, label Target data
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Camera localisation % gl omain
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Synthetic images
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Registration in surgery
(Zhou et al., 2025)
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Synthetic point

Real point clouds
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How to adapt the model to domain shift ?

> Test time adaptation (TTA)

Synthetic pairs

L-

Model trained on
synthetic data
T={R, t}

Nina Bodelot https://github.com/ninaa-git/survey_pc_registration_tta 6



How to adapt the model to domain shift ?

> Test time adaptation (TTA)

ﬁc\ v ) - ’76\ L N

Synthetic pairs Real data 1

Model trained on . Model adapted with
synthetic data real data
T={R #} T={R #
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How to adapt the model to domain shift ? ZELIVIA

> Test time adaptation (TTA)

N A ) -

Synthetic pairs Real data 1 Real data 2

Model trained on . Model adapted with |- Model adapted with
synthetic data real data real data
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How to adapt the model to domain shift ? ZELIVIA

> Test time adaptation (TTA)

N A ) -

Synthetic pairs Real data 1 Real data 2

Model trained on . Model adapted with |- Model adapted with |
synthetic data real data real data
T={R:l} T={R7t} T={R’t}
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How to apply TTA to registration in laparoscopy 7 =YL

> TTA for registration in literature:

X For one input only

Domain
Nl shift

Y Uses specific mechanisms of classification or segmentation

Contributions:

"4 Compared and modified 3 TTA families for registration:

A) Model, B) Normalisation and C) Input adaptation
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Method : comparison of three TTA families

A) Model adaptation
- Point-TTA (Hatem et al., 2026):

Adapts the weights of the encoder

A) Fo,F
Q5P Auxiliary

* Head

\ 4

P> N

0 Encoder 1 Decoder —l
-

B) Normalisation adaptation
- LN (Yazdanpanah et al., 2026):
Adapt normalisation layers

Y

Registration >{R,t}
Head

B
) Registration head
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C) Input adaptation:
- C1) Purge-Gate (Yazdanpanah et al., 2026),
- C2) PEA (Ma, et al., 2026), PEA-MA

Adapt features
C) |
C1
) Before purge After purge
“"*~«Threshold
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Synthetic — Corrupted synthetic shift

RMSE (mm)

Y 15.5 14.8 (-4.5%) 13.8 (-11.0%) 13.8 (-11.0%)

10.1 (-34.8%)

11.2 (-27.7%)

P2P-Synthetic

0.0
Source-Only Point-TTA(A) LN (B) Purge-Gate (C1) PEA (C2) PEA-MA (C2)

RMSE (mm) 47.3 (+22.2%)

38.7
P2ILReg-Synthetic :-
00 n/a

Source-Only Point-TTA(A) LN (B) Purge-Gate (C1) PEA (C2) PEA-MA (C2)

37.1(-4.1%) 36.9 (-4.6%) 31.9 (-17.6%)

67.5 (-6.1%) 72.97 (+1.5%) 72.85 (+1.4%) 74.5 (+3.7%)

n/a
Source-Only Point-TTA(A) LN (B) Purge-Gate (C1) PEA (C2) PEA-MA (C2)
Source-Only: PARE-Net (Yao et al., 2024)
Time per frame : 162 — 1226 ms (A); 184-414 ms (B,C)
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Conclusion

"/ Test time adaptation can improve laparoscopic registration
e Input adaptation : robust and fast
e Normalisation adaptation : unstable across datasets

e Model adaptation : too slow for the operating room
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