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Research background
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n 面向 生命健康 的 医学影像配准
p 信息融合

p 时序分析

p 微创手术引导

p 图谱构建

信息融合 时序分析 微创手术引导 图谱构建

l 不同的模态 

l 不同的时间  

l 不同的患者 

配  

准
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n 配准的 优化目标 如下 
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n 配准的 优化目标 如下 
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n 传统的基于 优化 方法

高维最优化计算

0j
......

1j Tj2j 1-Tj
Stage 1 Stage 2 Stage T

,-./012#30

01234 564

min𝝋	𝐸" 𝝋; 𝐹,𝑀 𝝋 + 𝛌	𝐸# 𝝋
789: ;<
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n 基于 深度学习 的方法

0j
......

1j Tj2j 1-Tj
Stage 1 Stage 2 Stage TNetwork W/ Loss

…

456780 9:;<=>

One-step变形估计



9

./01

n 国际/国内优秀研究团队
Adrian Vasile Dalca  

（麻省理工学院、哈佛医学院）

Mattias Heinrich

（吕贝克大学）

沈定刚 （上海科技大学）

（香港科技大学）

Tony C.W. Mok

Tom Vercauteren

（伦敦国王学院）

Marc Niethammer
（北卡大学教堂山分校）

Ender Konukoglu

（苏黎世联邦理工学院）



10

%&'()*+,-./

#2%

Bilevel feature learning for image registration 
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[1] Bi-level probabilistic feature learning for deformable image registration. IJCAI. 2020: 723-730.
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[1] Bi-level probabilistic feature learning for deformable image registration. IJCAI. 2020: 723-730.
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l 上层：可变形配准优化； 下层：特征学习（约束）

𝒎𝒊𝒏𝝋 𝑬𝑫 𝝋; 𝒇𝒔, 𝒇𝒕 + 𝑬𝑹 𝝋 ,

𝒔. 𝒕. 𝒇𝒔, 𝒇𝒕 = 𝒂𝒓𝒈𝒎𝒂𝒙𝒇𝒔,𝒇𝒕 𝒑 𝒇𝒔 𝑰𝒔, 𝒇𝒕 𝑰𝒕, 𝝋 .	

𝑓 = 𝑎𝑟𝑔𝑚𝑖𝑛𝒇 𝑙𝑛 𝑝 𝑓 𝐼, 𝜑 	
= 𝑎𝑟𝑔𝑚𝑖𝑛𝒇 𝑙𝑛 𝑝 𝐼 𝑓, 𝜑 + 𝑙𝑛 𝑝 𝑓

!"#$% &'

l 概率特征学习 模块

ü 利用任务特定的配准信息
ü 利用特征的高斯先验

[1] Bi-level probabilistic feature learning for deformable image registration. IJCAI. 2020: 723-730.
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𝑙 𝐼(, 𝐼); 𝜑 = 𝑙*++ 𝐼( ∘ 𝜑, 𝐼) + 𝑙(,--./ 𝜑 .

损失函数

特征域损失：

图像域损失：

l 流程图（以 端到端 方式训练）

[1] Bi-level probabilistic feature learning for deformable image registration. IJCAI. 2020: 723-730.
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Dice score Elastix[1] NiftyReg[2] ANTs[3] VM[4] VM-diff[5] Ours
OASIS 0.709 0.748 0.765 0.765 0.757 0.777

ABIDE 0.699 0.747 0.728 0.754 0.773 0.764

ADNI 0.697 0.737 0.761 0.761 0.768 0.773
PPMI 0.730 0.765 0.778 0.775 0.781 0.787

Runtime (s) Elastix NiftyReg ANTs VM VM-diff Ours
Img-to-Atlas 90 486 4529 0.615 0.512 0.351

[1]  Elastix: A toolbox for intensity-based medical image registration. IEEE TMI 2009.
[2]  Free-form deformation using lower-order B-spline for nonrigid image registration. MICCAI 2014.
[3]  A reproducible evaluation of ants similarity metric performance in brain image registration. Neuroimage 2011.
[4]  Voxelmorph: A learning framework for deformable medical image registration. IEEE TMI 2019.
[5]  Unsupervised learning of probabilistic diffeomorphic registration for images and surfaces. MedIA 2019.

2?3@A

时间低于 半秒！45BC@A

配准性能 领先！



16

56789:;<=>?

DiceDEFGHI

C
erebral-W

hite-M
atter

C
erebral-C

ortex

C
erebellum

-W
hite-M

atter

C
erebellum

-C
ortex

3
rd-Ventricle

4
th-Ventricle

H
ippocam

pus

A
m
ygdala

Brain-Stem

C
horoid-Plexus

C
SF

Lateral-Ventricle

C
audate

Thalam
us-Proper

Putam
en

Pallidum

大部分解剖部位上 更准确 的对齐！

[1] Bi-level probabilistic feature learning for deformable image registration. IJCAI. 2020: 723-730.
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Optimization learning for deformable image registration 
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[2] Learning deformable image registration from optimization: perspective, modules, bilevel training and beyond. IEEE TPAMI. 2021.
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[2] Learning deformable image registration from optimization: perspective, modules, bilevel training and beyond. IEEE TPAMI. 2021.
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𝒎𝒊𝒏
𝒗

𝑴𝒂𝒕 𝝋 ∘ 𝒔, 𝒕 + 𝛌 𝑹𝒆𝒈 𝒗 ,

𝒔. 𝒕.
𝛛𝝓 𝒕
𝛛𝒕 = 𝒗 𝝓 𝒕 , 𝝓 𝟎 = 𝑰𝒅, 𝝋 = 𝝓 𝟏 .

+,-' ./0

123456

Block 1 Block 2 Block N ,v j,s tf f

l 微分同胚可变形 配准的基本优化公式

l 基于第二章特征空间，进行 深度传播

[2] Learning deformable image registration from optimization: perspective, modules, bilevel training and beyond. IEEE TPAMI. 2021.
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Block 1 Block 2 Block N ,v j,s tf f
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l JKLMNOF!EPQ1!RS

l JKTUVF!WXI!RS

l ;<!=>!RS

𝒖𝒌2𝟏 =𝓜 𝝋𝒌, 𝒇𝒔𝒌2𝟏, 𝒇𝒕𝒌2𝟏, 𝒆𝒌2𝟏; 𝒘𝓜𝓴$𝟏 ,

𝒗𝒌2𝟏 = 𝓡 𝒖𝒌2𝟏; 𝒘𝓡𝓴$𝟏 ,

𝝋𝒌2𝟏 = 𝓒 𝒗𝒌2𝟏; 𝒘𝓒 .

56AB;<=CDE>?

[2] Learning deformable image registration from optimization: perspective, modules, bilevel training and beyond. IEEE TPAMI. 2021.
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l 基于特征空间 从 优化 中 学习配准

Block 1 
Block k 

Block K 

[2] Learning deformable image registration from optimization: perspective, modules, bilevel training and beyond. IEEE TPAMI. 2021.
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l 双层自调整训练 策略，自动 学习 𝛌

传播网络

超参数学习 𝛌 超参数

模型权重
上层优化目标

下层优化目标

𝒍 𝒘 𝝀 , 𝒔𝒊, 𝒕𝒊 =T
𝟎

𝑲
𝝀𝒔𝒕𝒂𝒌 𝒍𝑲𝑳 𝝁𝒌, 𝜮𝒌 + 𝝀𝒎𝒂𝒕𝒍𝒎𝒂𝒕 𝒔𝒊 ∘ 𝝋𝒌, 𝒕𝒊 + 𝝀𝒓𝒆𝒈𝒍𝒓𝒆𝒈 𝒗𝒌

FGHI

𝑚𝑖𝑛
𝝀

𝐹 𝝀,𝒘 , 𝑠. 𝑡. 𝒘 ∈ 𝒞 𝝀 with 𝒞 𝝀 ≔ 𝑎𝑟𝑔𝑚𝑖𝑛
	𝒘

	 𝑓 𝝀, 𝒘

[2] Learning deformable image registration from optimization: perspective, modules, bilevel training and beyond. IEEE TPAMI. 2021.
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12YFZ[\]
𝓜 𝓡 𝓒

^_;<=>F`aDb 减少场的不合理 折叠！

[2] Learning deformable image registration from optimization: perspective, modules, bilevel training and beyond. IEEE TPAMI. 2021.
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[2] Learning deformable image registration from optimization: perspective, modules, bilevel training and beyond. IEEE TPAMI. 2021.
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Automated learning for medical image registration 
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[3] Automated Learning for Deformable Medical Image Registration by Jointly Optimizing Network Architectures and Objective Functions.
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[3] Automated Learning for Deformable Medical Image Registration by Jointly Optimizing Network Architectures and Objective Functions.

ü nopqrst

ü uvwx./
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29

56G34H;<=>?

𝑠. 𝑡.

𝑚𝑖𝑛 𝝀 ℒ𝓋𝒶ℓ
𝓈ℯℊ 𝜆, 𝛼∗, 𝜔∗; 𝑠, 𝑡 ,

𝜶∗ 𝜆 = 𝑎𝑟𝑔𝑚𝑖𝑛I ℒ𝓋𝒶ℓ
𝓇ℯℊ 𝛼, 𝜔∗ 𝛼 ; 𝜆, 𝑠, 𝑡 ,

𝑠. 𝑡. 𝝎∗ 𝛼 = 𝑎𝑟𝑔𝑚𝑖𝑛K ℒ𝓉𝓇
𝓇ℯℊ 𝜔; 𝛼, 𝜆, 𝑠, 𝑡 .

l AutoReg 的 三层优化 问题建模
7"0'(89

7:;<=>?

@A'(

>?

[3] Automated Learning for Deformable Medical Image Registration by Jointly Optimizing Network Architectures and Objective Functions.
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toFrom

l 1×1×1 Conv (1-Conv)
l 3×3×3 Conv (3-Conv)
l 5×5×5 Conv (5-Conv)
l 3×3×3 Separable Conv (3-SConv)
l 5×5×5 Separable Conv (5-SConv)
l 3×3×3 Dilation Conv (3-DConv)
l 5×5×5 Dilation Conv (5-DConv)
l 7×7×7 Dilation Conv (7-DConv)

JKLM

3-Conv 3-Conv
? ?

l 神经网络搜索：从手工设计到 自动搜索

[3] Automated Learning for Deformable Medical Image Registration by Jointly Optimizing Network Architectures and Objective Functions.
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Method Brain T1-to-T1 Brain T2-to-T2 Knee T1-to-T1 Brain T2-to-T1

All-1-Conv 0.700 (0.035) 0.610 (0.009) 0.395 (0.110) 0.579 (0.005)

All-3-Conv 0.769 (0.025) 0.636 (0.010) 0.605 (0.131) 0.617 (0.006)

All-7-Conv 0.761 (0.025) 0.610 (0.009) 0.614 (0.091) 0.613 (0.007)

AutoReg 0.778 (0.023) 0.646 (0.010) 0.616 (0.150) 0.622 (0.007)

,-./

Strategy AutoReg + Training Manual + Training

Runtime 48 + 23 hour 23 * n 

()*+,-./01

[3] Automated Learning for Deformable Medical Image Registration by Jointly Optimizing Network Architectures and Objective Functions.
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Method Brain T1-to-T1 Brain T2-to-T2 Knee T1-to-T1 Brain T2-to-T1

VM 0.757 (0.035) 0.638 (0.012) 0.440 (0.132) 0.579 (0.013)

VM + AutoReg 0.761 (0.010) 0.640 (0.013) 0.482 (0.151) 0.596 (0.006)

[3] Automated Learning for Deformable Medical Image Registration by Jointly Optimizing Network Architectures and Objective Functions.
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Summary and outlook
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l将 深度学习 与 双层优化 相结合，从配准框架的三个方面
出发，提出三个配准算法

l JK����ijF12R�

l ��F��3�����g�����E

l gh{I���[�ijRS���E���y%F��
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𝑠. 𝑡.

𝑚𝑖𝑛 𝝀 ℒ𝓋𝒶ℓ
𝓈ℯℊ 𝜆, 𝛼∗, 𝜔∗; 𝑠, 𝑡 ,

𝜶∗ 𝜆 = 𝑎𝑟𝑔𝑚𝑖𝑛I ℒ𝓋𝒶ℓ
𝓇ℯℊ 𝛼, 𝜔∗ 𝛼 ; 𝜆, 𝑠, 𝑡 ,

𝑠. 𝑡. 𝝎∗ 𝛼 = 𝑎𝑟𝑔𝑚𝑖𝑛K ℒ𝓉𝓇
𝓇ℯℊ 𝜔; 𝛼, 𝜆, 𝑠, 𝑡 .

l klmnojpq,

l NO2PQMRSTUVWX

l Y$Z[\]^_`a

p 配准自动化学习
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