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试图回答这样的问题
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完整描述这个物理世界吗？
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试图回答这样的问题：通过视觉理解物理世界

我们能用规则（公式求解、数值模拟、硬编码）

完整描述这个物理世界吗？



视觉直觉学习：从图像反演物理世界规律

l 通过生成、对比、优化，训练神经网络，建模现实世界中难以用方程

刻画的物理规律、物理性质

观测空间

机器学习

状态空间

l 利用神经网络的可微分性质，通过

基于梯度的误差反向传递，实现观

测—状态、状态—状态的迭代优化

𝑠!"# = 𝑓$ 𝑠! , 𝑎! , 𝑧! ; 𝑠! = 𝑔%(𝑜!)



视觉直觉学习：从图像反演物理世界规律

视觉的直觉物理动力学推断

l 显式物理状态空间建模，从图像出发，形成动力学动态的直觉推断

（以符号模型或神经网络的形式表达）

l 主要神经网络技术：神经辐射场（由动力学状态空间转移到图像观测

空间）、可学习的可微分动力学网络（建模动力学状态空间迭代）等

optimize

模拟流体等动力学系统
[1] NeuroFluid: Fluid Dynamics Grounding with Particle-Driven Neural Radiance Fields. ICML2022 Spotlight



视觉直觉学习：从图像反演物理世界规律

视觉观测的物理属性推断

l 显式物理状态空间建模，从图像出发，结合可微分仿真器（MPM）

和渲染模型反演动力学系统中的物理属性（例如Navier-Stokes方程

中的牛顿流体粘滞系数）

牛顿流体的粘滞系数及对应的仿真结果 弹性体的刚度和泊松系数及对应的仿真结果

[2] PAC-NeRF: Physics Augmented Continuum Neural Radiance Fields for Geometry-Agnostic System Identification. ICLR 2023 Oral 



视觉直觉学习：从图像反演物理世界规律
智能体决策的模拟器用于结构设计

l 引入动作空间，支持智能体在世界模型内部进行策略推演和试错

l 主要神经网络技术：变分自编码机、状态空间模型、深度强化学习等

基于神经网络流体模拟，优化固体结构设计

刚体结构

初始状态

奖励函数 流体模拟 流体模拟动力学模型 动力学模型

基于神经网络流
体模拟，优化固
体结构设计

[3] Physical Design using Differentiable Learned Simulators. NeurIPS 2022



视觉直觉学习：从图像反演物理世界规律

视觉观测的物理属性与动态推理问答

l 将视觉感知模块与

物理的动力学模型

和大语言模型相结

合形成视觉物理推

断问答引擎，进行

场景理解。

物理属性问答 动力学推断问答

场景描述片段

视频观测序列

[4] ContPhy: Continuum Physical Concept Learning and Reasoning from Videos. ICML 2024



物理世界视觉直觉学习的价值

From Deep learning, reinforcement learning, 

and world models by Y. LeCun et al.

关键科学问题是，如何通过视觉生
成及环境交互，构建物理世界的神
经网络模拟引擎？

从视觉观测推断物理空间的状态转
移机理

支撑智能体系统高效理解、决策、
设计



流体动力学的视觉直觉学习：研究背景

n 计算流体力学重大需求

船舶
水上高速载具设计

水利
消能及分流设施仿真

海上平台
受风浪侵袭分析

n 传统计算流体力学建模：对流体控制方程的数值求解

刻画流速、密度、压强、黏度、温度等变量间的特定关系，
由对应形式的微分方程组成，给予特定边界条件才可求解

数值模拟的局限
l 物理建模难题（假设/边界）

l 数值计算难题

机器学习方法能超
越传统流体模型的
物理建模能力吗？
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NeuroFluid: Fluid Dynamics Grounding with 
Particle-Driven Neural Radiance Fields

Shanyan Guan, Huayu Deng, Yunbo Wang†, Xiaokang Yang

ICML 2022 Spotlight



基于拉格朗日流体粒子的动力学模型

VGPL, Li, et al. [ICML 2020]DPI-Net, Li, et al. [ICRL 2019]

GNS, Sanchez-Gonzalez, et al. [ICML 2020] DLF, Ummenhofer, et al. [ICRL 2020]



流体动力学视觉推断：NeuroFluid
现有方法的缺陷：需要良好的动力学先验
l 非机器学习的计算物理方法，如SPH（光滑粒子动力学）等，通常采用数值方法求解Navier-Stokes方程

n 要求物理规律可被形式已知的方程刻画
n 场景描述困难，求解困难，泛化性较差

l 机器学习方法，如GNS (DeepMind, 2020)，以流体粒子的后续状态为监督，训练深度预测网络
n 要求严格采集的粒子数据，即粒子标号前后时刻需对应，难以拓展到真实场景
n 仿真数据本身基于SPH等传统方法，学到的物理动态规律无法超越传统流体仿真器上限
n 确定性的仿真预测网络，预测单一仿真序列，无法涵盖自然界的随机影响的效应

How about REAL scenes?

https://yangwc.com/2019/08/29/SPH/


流体动力学视觉推断：NeuroFluid
NeuroFluid:

仅使用视觉空间观测作为优化监督来推断流体动力学。（没有粒子状态空
间的监督）



NeuroFluid [ICML 2022 Spotlight] 

物理状态推断

神经渲染

视觉表观渲染物理推断

现有神经渲染技术不支持流体

NeuroFluid

核心思想：将物理模拟建模为神经渲染的反问题

基本假设：
l 采用流体的拉格朗日描述，通过学习一组有限粒子的运动状态，刻画流体内部的运动规律。拉格
朗日描述具有易于建模动力学特性，且易于描述流体的几何外观的优势（仿真：动力学à图像）

l 流体的内部运动规律，可由三维视觉连续图像序列推测（推理：图像à动力学规律）



流体动力学视觉推断：NeuroFluid

两个网络模块
l 粒子状态转移模型 𝑇!
l 物理粒子驱动的可微渲染器 𝑅". 

PhysNeRF PhysNeRF

Physical
Dynamics

Gradients

Fluid
Dynamics
Grounding

Particles
inferred at time t t+ 1Particles

inferred at

Observed images

𝐼! 𝐼!"#

l 拉格朗日空间的粒子状态转移：
𝒔#$% ⟵ 𝑇!(𝒔#)

l 粒子状态空间到图像的映射： +𝐼#$% ⟵
𝑅"(𝒔#$%, 𝒅)

key bridge

关联光线粒子与流体粒子，从真实观测反推动力学模型



流体动力学的视觉推断：NeuroFluid

模块1：粒子驱动的可微渲染器 PhysNeRF

神经渲染 物理流体粒子规律
结合

加权平均流
体微元中心

流体微元的视角方向流体表面形变

神经渲染网络考虑：
1. 与观测视角相关的流体表征：如视角方向、流体微

元表面切线方向
2. 与观测视角无关的流体表征：如流体微元表面形变、

流体微元位置、流体微元中的粒子密度

流体密度表征

观测
视角

相机原点

粒子

绿色区域为
流体微元



流体动力学视觉推断：NeuroFluid
模块2：粒子状态转移网络 DLF (Deep Lagrangian Fluids ：Ummenhofer et al. ICLR 2020)

l 对三维空间中，球形局部邻域内的流体粒子做卷积，忽略宏观几何信息，可泛化到复杂场景

𝑥! , 𝑣!

时间

𝑥!"#, 𝑣!"#

Δ𝑡

受重力作用
的转移结果
(𝑥!∗, 𝑣!∗)

𝑣!∗ = 𝑣! + 𝑔Δ𝑡
𝑥!∗ = 𝑥! + 𝑣!Δ𝑡

考虑与容器边界粒子 P 以及相邻粒子 𝑋% 的影响

∆𝑥 = 𝐃𝐋𝐅(𝑃, 𝑋%, [𝑥!∗, 𝑣!∗])

𝑥!"# = 𝑥!∗ + ∆𝑥
𝑣!"# =

𝑥!"#− 𝑥!
Δ𝑡

修正 𝑥!∗ 并
计算 𝑣!"#

DLF：
粒子状态：(1)粒子位置 𝑥；(2)粒子速度 𝑣

① 与容器边界粒子 P 的相互作用
② 与相邻粒子 𝑋% 的相互作用
③ 粒子 𝑥!∗ 本身的特征

三维规则网格点

球面空间点

𝑥!∗

CConv通过映射，得到球形空间任意一点的卷积核参数



流体动力学视觉推断：NeuroFluid

端到端的训练两个网络模块
l 粒子状态转移模型 𝑇!
l 物理粒子驱动的可微渲染器 𝑅". 
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Physical
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Gradients
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l 拉格朗日空间的粒子状态转移：
𝒔#$% ⟵ 𝑇!(𝒔#)

l 粒子状态空间到图像的映射： +𝐼#$% ⟵
𝑅"(𝒔#$%, 𝒅)

key bridge

关联光线粒子与流体粒子，从真实观测反推动力学模型



流体动力学视觉推断：NeuroFluid

实验结果：当前视觉观测下流体粒子动态反演 +
未来状态预测
l DLF 在大规模粒子状态数据上进行有监督训练；

DLF†表示在测试场景的粒子状态上进行模型微调

l NeuroFluid 反演结果的粒子运动更加自然，更贴近
真实情况，能更好地匹配真实流体动态

optimize

未来状态预测误差更小。DLF*表示在与测试场
景物理属性相近的粒子数据上进行模型微调

多视角流体观测的粒子推断。



实验结果：流体场景的新视角图像渲染

PhysNeRF 在域外流体场景（训练所未见）上
的泛化效果，证明可良好响应粒子分布

NeuroFluid 可以更好地渲染出流体表面细节（如溅起的水珠、水面的波纹）
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物理场景理解的复杂性

“物理场景理解需要的不仅仅是定位和识别物体，它还需要

了解物体可能具有不同的潜在特性（例如质量或弹性），以及

这些特性会影响物理动态的结果。”[1]

[5] Physion++: Evaluating Physical Scene Understanding that Requires Online Inference of Different Physical Properties



流体动力学概率式视觉知识迁移

NeuroFluid或其他的动力学模型依赖于当前观测场景的物理属
性，推断当前观测场景或相同属性的物理动态。

核心问题：真实世界中数据稀少，如何避免模型过拟合至当前
视觉观测？如何有效利用仿真先验？

最终目标：仿真视觉可观测的、属性未知的、初始状态与边界
条件可变的流体场景



流体动力学概率式视觉知识迁移：Latent Intuitive Physics

p(x | x1, z)
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概率式粒子状态转移先验概率式视觉状态后验

知识迁移思考：我们能在对物理属性了解有限的情况

下预测物理系统吗？是否有可能将容易获取

的视觉观测中隐藏的物理信息转移到基于神

经网络的物理模拟器中？

引入概率式隐变量动力学系统，将大规模仿真数据中的预训练知识与真实流体场景
快速适配



流体动力学概率式视觉知识迁移
概率式流体动力学模型的优势：
l 将不同物理属性分布理解成隐变量概率式分布，它允许我们在不知道真实物理
参数的情况下预测流体动力学。

l 概率式流体动力学模型依赖于从连续输入中推断潜在特征。

l 当提供视觉观测时，我们可以通过潜在隐变量空间将概率式流体动力学仿真集
成到视觉场景的变分推理方法中。

推断流体的隐藏属性，作为仿真域与现实域之间的桥梁

Particle Space

z
t1 t2

t3 t4

Visual Observation Space

Particle Space

Latent Space



Latent Intuitive Physics: Learning to Transfer 
Hidden Physics from A 3D Video

Xiangming Zhu∗, Huayu Deng∗, Haochen Yuan∗, Yunbo Wang†, Xiaokang Yang

ICLR 2024



流体动力学概率式视觉知识迁移：Latent Intuitive Physics
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<latexit sha1_base64="qTsoSuZ+ClDsOyDQr5XmGC+BEn8=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiTia+Gi4MZlBfuAJpTJdNIOnTyYuRFDiL/ixoUibv0Qd/6NkzYLbT0wcDjnXu6Z48WCK7Csb6Oysrq2vlHdrG1t7+zumfsHXRUlkrIOjUQk+x5RTPCQdYCDYP1YMhJ4gvW86U3h9x6YVDwK7yGNmRuQcch9TgloaWjWnYDAxPMzZ0IAP+bDDPKh2bCa1gx4mdglaaAS7aH55YwimgQsBCqIUgPbisHNiAROBctrTqJYTOiUjNlA05AETLnZLHyOj7Uywn4k9QsBz9TfGxkJlEoDT08WUdWiV4j/eYME/Cs342GcAAvp/JCfCAwRLprAIy4ZBZFqQqjkOiumEyIJBd1XTZdgL355mXRPm/ZF8/zurNG6LuuookN0hE6QjS5RC92iNuogilL0jF7Rm/FkvBjvxsd8tGKUO3X0B8bnD0pylS8=</latexit>

x̂t
<latexit sha1_base64="9JJ7fi++u3RXRJmAu3050zQnvUE=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwY0nE18JFwY3LCvYBbSiT6aQdOpmEmZtiCfkTNy4UceufuPNvnLRZaOuBgcM593LPHD8WXIPjfFulldW19Y3yZmVre2d3z94/aOkoUZQ1aSQi1fGJZoJL1gQOgnVixUjoC9b2x3e5354wpXkkH2EaMy8kQ8kDTgkYqW/bvZDAyA/Sp6yfwpmb9e2qU3NmwMvELUgVFWj07a/eIKJJyCRQQbTuuk4MXkoUcCpYVuklmsWEjsmQdQ2VJGTaS2fJM3xilAEOImWeBDxTf2+kJNR6GvpmMs+pF71c/M/rJhDceCmXcQJM0vmhIBEYIpzXgAdcMQpiagihipusmI6IIhRMWRVTgrv45WXSOq+5V7XLh4tq/baoo4yO0DE6RS66RnV0jxqoiSiaoGf0it6s1Hqx3q2P+WjJKnYO0R9Ynz+58pO2</latexit>xt�1

<latexit sha1_base64="UvVTktbv0JmKc4yFCi5iFUibDcM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiTiayUFNy4r2Ac0oUymk3bo5MHMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DPHT6TQaNvfVmlldW19o7xZ2dre2d2r7h+0dZwqxlsslrHq+lRzKSLeQoGSdxPFaehL3vHHt7nfeeRKizh6wEnCvZAOIxEIRtFIrhtSHPlB9jTtY79as+v2DGSZOAWpQYFmv/rlDmKWhjxCJqnWPcdO0MuoQsEkn1bcVPOEsjEd8p6hEQ259rJZ5ik5McqABLEyL0IyU39vZDTUehL6ZjLPqBe9XPzP66UYXHuZiJIUecTmh4JUEoxJXgAZCMUZyokhlClhshI2oooyNDVVTAnO4peXSfus7lzWL+7Pa42boo4yHMExnIIDV9CAO2hCCxgk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gCR+JIJ</latexit>xt

<latexit sha1_base64="9JJ7fi++u3RXRJmAu3050zQnvUE=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwY0nE18JFwY3LCvYBbSiT6aQdOpmEmZtiCfkTNy4UceufuPNvnLRZaOuBgcM593LPHD8WXIPjfFulldW19Y3yZmVre2d3z94/aOkoUZQ1aSQi1fGJZoJL1gQOgnVixUjoC9b2x3e5354wpXkkH2EaMy8kQ8kDTgkYqW/bvZDAyA/Sp6yfwpmb9e2qU3NmwMvELUgVFWj07a/eIKJJyCRQQbTuuk4MXkoUcCpYVuklmsWEjsmQdQ2VJGTaS2fJM3xilAEOImWeBDxTf2+kJNR6GvpmMs+pF71c/M/rJhDceCmXcQJM0vmhIBEYIpzXgAdcMQpiagihipusmI6IIhRMWRVTgrv45WXSOq+5V7XLh4tq/baoo4yO0DE6RS66RnV0jxqoiSiaoGf0it6s1Hqx3q2P+WjJKnYO0R9Ynz+58pO2</latexit>xt�1

<latexit sha1_base64="q4KUsR6NicemsGI0Zc18b1l8i54=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR3FgS8bVwUXDjsoJ9QBPCZDpph04ezNwINWTjr7hxoYhbP8Odf+OkzUJbD1w4nHMv997jJ4IrsKxvY2FxaXlltbJWXd/Y3No2d3bbKk4lZS0ai1h2faKY4BFrAQfBuolkJPQF6/ijm8LvPDCpeBzdwzhhbkgGEQ84JaAlz9x3QgJDP8gc4KLP8GPuZXBi555Zs+rWBHie2CWpoRJNz/xy+jFNQxYBFUSpnm0l4GZEAqeC5VUnVSwhdEQGrKdpREKm3GzyQI6PtNLHQSx1RYAn6u+JjIRKjUNfdxbnqlmvEP/zeikEV27GoyQFFtHpoiAVGGJcpIH7XDIKYqwJoZLrWzEdEkko6MyqOgR79uV50j6t2xf187uzWuO6jKOCDtAhOkY2ukQNdIuaqIUoytEzekVvxpPxYrwbH9PWBaOc2UN/YHz+ANSMlow=</latexit>

z̃t�1 <latexit sha1_base64="VPf8XZMJ2jdQntul6GnLGEerxys=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURXwsXBTcuK9gHNCFMppN26OTBzI1QQ8BfceNCEbd+hzv/xkmbhbYeGDiccy/3zPETwRVY1rdRWVpeWV2rrtc2Nre2d8zdvY6KU0lZm8Yilj2fKCZ4xNrAQbBeIhkJfcG6/vim8LsPTCoeR/cwSZgbkmHEA04JaMkzD5yQwMgPMge4GDD8mHsZ5J5ZtxrWFHiR2CWpoxItz/xyBjFNQxYBFUSpvm0l4GZEAqeC5TUnVSwhdEyGrK9pREKm3GwaP8fHWhngIJb6RYCn6u+NjIRKTUJfTxZh1bxXiP95/RSCKzfjUZICi+jsUJAKDDEuusADLhkFMdGEUMl1VkxHRBIKurGaLsGe//Ii6Zw27IvG+d1ZvXld1lFFh+gInSAbXaImukUt1EYUZegZvaI348l4Md6Nj9loxSh39tEfGJ8/6uqWGg==</latexit>

z̃t

<latexit sha1_base64="qTsoSuZ+ClDsOyDQr5XmGC+BEn8=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiTia+Gi4MZlBfuAJpTJdNIOnTyYuRFDiL/ixoUibv0Qd/6NkzYLbT0wcDjnXu6Z48WCK7Csb6Oysrq2vlHdrG1t7+zumfsHXRUlkrIOjUQk+x5RTPCQdYCDYP1YMhJ4gvW86U3h9x6YVDwK7yGNmRuQcch9TgloaWjWnYDAxPMzZ0IAP+bDDPKh2bCa1gx4mdglaaAS7aH55YwimgQsBCqIUgPbisHNiAROBctrTqJYTOiUjNlA05AETLnZLHyOj7Uywn4k9QsBz9TfGxkJlEoDT08WUdWiV4j/eYME/Cs342GcAAvp/JCfCAwRLprAIy4ZBZFqQqjkOiumEyIJBd1XTZdgL355mXRPm/ZF8/zurNG6LuuookN0hE6QjS5RC92iNuogilL0jF7Rm/FkvBjvxsd8tGKUO3X0B8bnD0pylS8=</latexit>

x̂t

<latexit sha1_base64="9JJ7fi++u3RXRJmAu3050zQnvUE=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwY0nE18JFwY3LCvYBbSiT6aQdOpmEmZtiCfkTNy4UceufuPNvnLRZaOuBgcM593LPHD8WXIPjfFulldW19Y3yZmVre2d3z94/aOkoUZQ1aSQi1fGJZoJL1gQOgnVixUjoC9b2x3e5354wpXkkH2EaMy8kQ8kDTgkYqW/bvZDAyA/Sp6yfwpmb9e2qU3NmwMvELUgVFWj07a/eIKJJyCRQQbTuuk4MXkoUcCpYVuklmsWEjsmQdQ2VJGTaS2fJM3xilAEOImWeBDxTf2+kJNR6GvpmMs+pF71c/M/rJhDceCmXcQJM0vmhIBEYIpzXgAdcMQpiagihipusmI6IIhRMWRVTgrv45WXSOq+5V7XLh4tq/baoo4yO0DE6RS66RnV0jxqoiSiaoGf0it6s1Hqx3q2P+WjJKnYO0R9Ynz+58pO2</latexit>xt�1
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<latexit sha1_base64="a0/MgcY+YMbrVjoyc5FdON336Kc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa67z7xXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndevbg7r9Su8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNefY3d</latexit>

<latexit sha1_base64="PHtt8bXGUK9shmT5KYbksffDONA=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIr2XRjcsK9gFtCJPpTTt0MgkzE6HELvwVNy4UcetvuPNvnLQRtPXAwOGce7lnTpBwprTjfFkLi0vLK6ultfL6xubWtr2z21RxKik0aMxj2Q6IAs4ENDTTHNqJBBIFHFrB8Dr3W/cgFYvFnR4l4EWkL1jIKNFG8u39bkT0IAgzGPs/NBmXfbviVJ0J8DxxC1JBBeq+/dntxTSNQGjKiVId10m0lxGpGeUwLndTBQmhQ9KHjqGCRKC8bJJ/jI+M0sNhLM0TGk/U3xsZiZQaRYGZzCOqWS8X//M6qQ4vvYyJJNUg6PRQmHKsY5yXgXtMAtV8ZAihkpmsmA6IJFSbyvIS3Nkvz5PmSdU9r57dnlZqV0UdJXSADtExctEFqqEbVEcNRNEDekIv6NV6tJ6tN+t9OrpgFTt76A+sj29mQJZb</latexit>ep
<latexit sha1_base64="DsZe+AtciqivOwpVQuuJYGd6pDo=">AAAB/3icbVDLSsNAFL3xWesrKrhxEyyCq5KIr2XRjcsK9gFtCJPJpB06mYSZiVBiFv6KGxeKuPU33Pk3TtoI2npg4HDOvdwzx08Ylcq2v4yFxaXlldXKWnV9Y3Nr29zZbcs4FZi0cMxi0fWRJIxy0lJUMdJNBEGRz0jHH10XfueeCEljfqfGCXEjNOA0pBgpLXnmfj9CauiHGcm9HxrkVc+s2XV7AmueOCWpQYmmZ372gxinEeEKMyRlz7ET5WZIKIoZyav9VJIE4REakJ6mHEVEutkkf24daSWwwljox5U1UX9vZCiSchz5erKIKGe9QvzP66UqvHQzypNUEY6nh8KUWSq2ijKsgAqCFRtrgrCgOquFh0ggrHRlRQnO7JfnSfuk7pzXz25Pa42rso4KHMAhHIMDF9CAG2hCCzA8wBO8wKvxaDwbb8b7dHTBKHf24A+Mj29T+JZP</latexit>ed

<latexit sha1_base64="A5+HM6yqeMSGrr3+CAH9N5B8Hcs=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK1hamQ8lkMm1oJhmSjFCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTDnTxnW/ncrK6tr6RnWztrW9s7tX3z941DJThHaI5FL1QqwpZ4J2DDOc9lJFcRJy2g3Ht4XffaJKMykezCSlQYKHgsWMYGMlv59gMwrjPJrWBvWG23RnQMvEK0kDSrQH9a9+JEmWUGEIx1r7npuaIMfKMMLptNbPNE0xGeMh9S0VOKE6yGeRp+jEKhGKpbJPGDRTf2/kONF6koR2soioF71C/M/zMxNfBzkTaWaoIPOP4owjI1FxP4qYosTwiSWYKGazIjLCChNjWypK8BZPXiaPZ03vsnlxf95o3ZR1VOEIjuEUPLiCFtxBGzpAQMIzvMKbY5wX5935mI9WnHLnEP7A+fwBGmyRJg==</latexit>

d

<latexit sha1_base64="GI8ZuVhRgeh0S+FkiTJ1poj4i/I=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx60VsE84BkCbOT2WTI7Ow60yuEJT/hxYMiXv0db/6Nk2QPmljQUFR1090VJFIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbDm4nffOLaiFg94CjhfkT7SoSCUbRSqzOgSO662C2V3Yo7BVkkXk7KkKPWLX11ejFLI66QSWpM23MT9DOqUTDJx8VOanhC2ZD2edtSRSNu/Gx675gcW6VHwljbUkim6u+JjEbGjKLAdkYUB2bem4j/ee0Uwys/EypJkSs2WxSmkmBMJs+TntCcoRxZQpkW9lbCBlRThjaiog3Bm395kTROK95F5fz+rFy9zuMowCEcwQl4cAlVuIUa1IGBhGd4hTfn0Xlx3p2PWeuSk88cwB84nz+LGI+p</latexit>

Ît

<latexit sha1_base64="2TyYox69prPZKG28G7NCoWz8v3M=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNnJbDJmdnaZ6RXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR3dRvPXFtRKwecJxwP6IDJULBKFqpjr1S2a24M5Bl4uWkDDlqvdJXtx+zNOIKmaTGdDw3QT+jGgWTfFLspoYnlI3ogHcsVTTixs9mh07IqVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzxM6GSFLli80VhKgnGZPo16QvNGcqxJZRpYW8lbEg1ZWizKdoQvMWXl0nzvOJdVS7rF+XqbR5HAY7hBM7Ag2uowj3UoAEMODzDK7w5j86L8+58zFtXnHzmCP7A+fwB42mNAg==</latexit>

t

CConv

CConv GRU 

<latexit sha1_base64="b6gNODI/AwvTbrgLtsKqOQFRL0I=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2A9ol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZJqQlsk4YnuRthQziRtWWY57SpNsYg47USTu9zvPFFtWCIf7VTRUOCRZDEj2OZSXxk2qNb8uj8HWiVBQWpQoDmofvWHCUkFlZZwbEwv8JUNM6wtI5zOKv3UUIXJBI9oz1GJBTVhNr91hs6cMkRxol1Ji+bq74kMC2OmInKdAtuxWfZy8T+vl9r4JsyYVKmlkiwWxSlHNkH542jINCWWTx3BRDN3KyJjrDGxLp6KCyFYfnmVtC/qwWX96uGy1rgt4ijDCZzCOQRwDQ24hya0gMAYnuEV3jzhvXjv3seiteQVM8fwB97nDybXjlI=</latexit>

<latexit sha1_base64="CSI92kakVwfTNbf/x7UepYFGJuI=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHbF1zHoxWNE84BkCbOT2WTI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJFIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbD24nffOLaiFg94ijhfkT7SoSCUbTSA5563VLZrbhTkEXi5aQMOWrd0lenF7M04gqZpMa0PTdBP6MaBZN8XOykhieUDWmfty1VNOLGz6anjsmxVXokjLUthWSq/p7IaGTMKApsZ0RxYOa9ifif104xvPYzoZIUuWKzRWEqCcZk8jfpCc0ZypEllGlhbyVsQDVlaNMp2hC8+ZcXSeOs4l1WLu7Py9WbPI4CHMIRnIAHV1CFO6hBHRj04Rle4c2Rzovz7nzMWpecfOYA/sD5/AG8z410</latexit>

t� 1

<latexit sha1_base64="2TyYox69prPZKG28G7NCoWz8v3M=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNnJbDJmdnaZ6RXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR3dRvPXFtRKwecJxwP6IDJULBKFqpjr1S2a24M5Bl4uWkDDlqvdJXtx+zNOIKmaTGdDw3QT+jGgWTfFLspoYnlI3ogHcsVTTixs9mh07IqVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzxM6GSFLli80VhKgnGZPo16QvNGcqxJZRpYW8lbEg1ZWizKdoQvMWXl0nzvOJdVS7rF+XqbR5HAY7hBM7Ag2uowj3UoAEMODzDK7w5j86L8+58zFtXnHzmCP7A+fwB42mNAg==</latexit>

t

<latexit sha1_base64="Z/KPEi7U5UbrAhTozMLn1XD/uxk=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRLxtSy6cVmhL2hCmEwn7dDJJMzciCXkV9y4UMStP+LOv3HSZqGtBwYO59zLPXOChDMFtv1tVNbWNza3qtu1nd29/QPzsN5TcSoJ7ZKYx3IQYEU5E7QLDDgdJJLiKOC0H0zvCr//SKVisejALKFehMeChYxg0JJv1t0Iw4RgnnV8FyYUcO6bDbtpz2GtEqckDVSi7Ztf7igmaUQFEI6VGjp2Al6GJTDCaV5zU0UTTKZ4TIeaChxR5WXz7Ll1qpWRFcZSPwHWXP29keFIqVkU6MkiqVr2CvE/b5hCeONlTCQpUEEWh8KUWxBbRRHWiElKgM80wUQyndUiEywxAV1XTZfgLH95lfTOm85V8/LhotG6LeuoomN0gs6Qg65RC92jNuoigp7QM3pFb0ZuvBjvxsditGKUO0foD4zPH3fPlLw=</latexit>

T✓

<latexit sha1_base64="Z/KPEi7U5UbrAhTozMLn1XD/uxk=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRLxtSy6cVmhL2hCmEwn7dDJJMzciCXkV9y4UMStP+LOv3HSZqGtBwYO59zLPXOChDMFtv1tVNbWNza3qtu1nd29/QPzsN5TcSoJ7ZKYx3IQYEU5E7QLDDgdJJLiKOC0H0zvCr//SKVisejALKFehMeChYxg0JJv1t0Iw4RgnnV8FyYUcO6bDbtpz2GtEqckDVSi7Ztf7igmaUQFEI6VGjp2Al6GJTDCaV5zU0UTTKZ4TIeaChxR5WXz7Ll1qpWRFcZSPwHWXP29keFIqVkU6MkiqVr2CvE/b5hCeONlTCQpUEEWh8KUWxBbRRHWiElKgM80wUQyndUiEywxAV1XTZfgLH95lfTOm85V8/LhotG6LeuoomN0gs6Qg65RC92jNuoigp7QM3pFb0ZuvBjvxsditGKUO0foD4zPH3fPlLw=</latexit>

T✓
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<latexit sha1_base64="A5+HM6yqeMSGrr3+CAH9N5B8Hcs=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK1hamQ8lkMm1oJhmSjFCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTDnTxnW/ncrK6tr6RnWztrW9s7tX3z941DJThHaI5FL1QqwpZ4J2DDOc9lJFcRJy2g3Ht4XffaJKMykezCSlQYKHgsWMYGMlv59gMwrjPJrWBvWG23RnQMvEK0kDSrQH9a9+JEmWUGEIx1r7npuaIMfKMMLptNbPNE0xGeMh9S0VOKE6yGeRp+jEKhGKpbJPGDRTf2/kONF6koR2soioF71C/M/zMxNfBzkTaWaoIPOP4owjI1FxP4qYosTwiSWYKGazIjLCChNjWypK8BZPXiaPZ03vsnlxf95o3ZR1VOEIjuEUPLiCFtxBGzpAQMIzvMKbY5wX5935mI9WnHLnEP7A+fwBGmyRJg==</latexit>

d Viewing Direction
<latexit sha1_base64="XI1uTDybDlUcbOSUY5QPVychc1Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi94imgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbF6wHHC/YgOlAgFo2il+9se9soVt+rOQP4SLycVyFHvlT+7/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUKOrNInYaxtKSQz9edERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb78lzRPqt559ezutFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d6Tw7b877vLXg5DP78AvOxzcs4o2+</latexit>

It

<latexit sha1_base64="PHtt8bXGUK9shmT5KYbksffDONA=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIr2XRjcsK9gFtCJPpTTt0MgkzE6HELvwVNy4UcetvuPNvnLQRtPXAwOGce7lnTpBwprTjfFkLi0vLK6ultfL6xubWtr2z21RxKik0aMxj2Q6IAs4ENDTTHNqJBBIFHFrB8Dr3W/cgFYvFnR4l4EWkL1jIKNFG8u39bkT0IAgzGPs/NBmXfbviVJ0J8DxxC1JBBeq+/dntxTSNQGjKiVId10m0lxGpGeUwLndTBQmhQ9KHjqGCRKC8bJJ/jI+M0sNhLM0TGk/U3xsZiZQaRYGZzCOqWS8X//M6qQ4vvYyJJNUg6PRQmHKsY5yXgXtMAtV8ZAihkpmsmA6IJFSbyvIS3Nkvz5PmSdU9r57dnlZqV0UdJXSADtExctEFqqEbVEcNRNEDekIv6NV6tJ6tN+t9OrpgFTt76A+sj29mQJZb</latexit>ep

<latexit sha1_base64="DsZe+AtciqivOwpVQuuJYGd6pDo=">AAAB/3icbVDLSsNAFL3xWesrKrhxEyyCq5KIr2XRjcsK9gFtCJPJpB06mYSZiVBiFv6KGxeKuPU33Pk3TtoI2npg4HDOvdwzx08Ylcq2v4yFxaXlldXKWnV9Y3Nr29zZbcs4FZi0cMxi0fWRJIxy0lJUMdJNBEGRz0jHH10XfueeCEljfqfGCXEjNOA0pBgpLXnmfj9CauiHGcm9HxrkVc+s2XV7AmueOCWpQYmmZ372gxinEeEKMyRlz7ET5WZIKIoZyav9VJIE4REakJ6mHEVEutkkf24daSWwwljox5U1UX9vZCiSchz5erKIKGe9QvzP66UqvHQzypNUEY6nh8KUWSq2ijKsgAqCFRtrgrCgOquFh0ggrHRlRQnO7JfnSfuk7pzXz25Pa42rso4KHMAhHIMDF9CAG2hCCzA8wBO8wKvxaDwbb8b7dHTBKHf24A+Mj29T+JZP</latexit>ed

View-independent
Encoding

View-dependent
Encoding

<latexit sha1_base64="FX0eURkcsNsHvMQOQjUGFmTFCMU=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiTia1l047KKfUATwmQ6aYdOJmFmUiihf+LGhSJu/RN3/o2TNgutHhg4nHMv98wJU86Udpwvq7Kyura+Ud2sbW3v7O7Z+wcdlWSS0DZJeCJ7IVaUM0HbmmlOe6mkOA457Ybj28LvTqhULBGPeppSP8ZDwSJGsDZSYNtejPWIYJ4/zAIvHbHArjsNZw70l7glqUOJVmB/eoOEZDEVmnCsVN91Uu3nWGpGOJ3VvEzRFJMxHtK+oQLHVPn5PPkMnRhlgKJEmic0mqs/N3IcKzWNQzNZ5FTLXiH+5/UzHV37ORNppqkgi0NRxpFOUFEDGjBJieZTQzCRzGRFZIQlJtqUVTMluMtf/ks6Zw33snFxf15v3pR1VOEIjuEUXLiCJtxBC9pAYAJP8AKvVm49W2/W+2K0YpU7h/AL1sc32qeT0Q==</latexit>R�

Latent Intuitive Physics模型由四个网络组件组成：

l 概率粒子转移模块

l 物理先验学习器

l 基于粒子的后验估计器

l 粒子驱动的神经渲染器



流体动力学概率式视觉知识迁移

训练流程：
l 阶段一：利用数值模拟，预训练概率式的粒子状态转移模块

l 阶段二：基于视觉表观，利用粒子驱动的可微渲染器，优化视觉后验隐变量

l 阶段三：将视觉后验迁移到仿真器的物理先验网络中。可仿真属性未知、初始
状态/边界条件可变的流体场景

p(x | x1, z)

<latexit sha1_base64="JKjydBx6EuT3mrcMPK3bvYKX1c4=">AAACFHicbVDLSsNAFJ34rPUVdelmsAgVpSRS0WXRjcsK9gFNCJPJpB06eTAzEWvIR7jxV9y4UMStC3f+jZM2FG09MHDuOfcy9x43ZlRIw/jWFhaXlldWS2vl9Y3NrW19Z7ctooRj0sIRi3jXRYIwGpKWpJKRbswJClxGOu7wKvc7d4QLGoW3chQTO0D9kPoUI6kkRz+Oq1aA5MD10/sMWgH14LR2zOxkWj1kR45eMWrGGHCemAWpgAJNR/+yvAgnAQklZkiInmnE0k4RlxQzkpWtRJAY4SHqk56iIQqIsNPxURk8VIoH/YirF0o4Vn9PpCgQYhS4qjNfUcx6ufif10ukf2GnNIwTSUI8+chPGJQRzBOCHuUESzZSBGFO1a4QDxBHWKocyyoEc/bkedI+rZn12tlNvdK4LOIogX1wAKrABOegAa5BE7QABo/gGbyCN+1Je9HetY9J64JWzOyBP9A+fwCfN56Q</latexit>

t
Particle Space Pretraining

Adaptation

Unseen
Dynamics

Unseen
Geometries

Unseen 
Boundaries

Latent
Space

Observation Space
t

Simulation

Particle Space

Transfer

Prior Posterior

… …

q(z|I)

<latexit sha1_base64="T64wdCOtEdbSkRWaNrTdkNualNs=">AAACAXicbZDLSsNAFIZPvNZ6i7oR3AwWoW5KIhVdFt3oroK9QBvKZDpph04uzkyEGuvGV3HjQhG3voU738ZJG0Fbfxj4+M85zDm/G3EmlWV9GXPzC4tLy7mV/Ora+samubVdl2EsCK2RkIei6WJJOQtoTTHFaTMSFPsupw13cJ7WG7dUSBYG12oYUcfHvYB5jGClrY65e1Ns+1j1XS+5G93/4OXosGMWrJI1FpoFO4MCZKp2zM92NySxTwNFOJayZVuRchIsFCOcjvLtWNIIkwHu0ZbGAPtUOsn4ghE60E4XeaHQL1Bo7P6eSLAv5dB3dWe6opyupeZ/tVasvFMnYUEUKxqQyUdezJEKURoH6jJBieJDDZgIpndFpI8FJkqHltch2NMnz0L9qGSXS8dX5ULlLIsjB3uwD0Ww4QQqcAFVqAGBB3iCF3g1Ho1n4814n7TOGdnMDvyR8fEN5yiXMA==</latexit>

p(z|x)

<latexit sha1_base64="NbWszBP4MlZi9iJhLvMXbt5U7V8=">AAACAXicbZDLSsNAFIZP6q3WW9SN4CZYhLopiVR0WXTjsoK9QBvKZDpph04mYWYi1hg3voobF4q49S3c+TZO2wja+sPAx3/OYc75vYhRqWz7y8gtLC4tr+RXC2vrG5tb5vZOQ4axwKSOQxaKlockYZSTuqKKkVYkCAo8Rpre8GJcb94QIWnIr9UoIm6A+pz6FCOlra65F5U6AVIDz0/u0vsfvE2PumbRLtsTWfPgZFCETLWu+dnphTgOCFeYISnbjh0pN0FCUcxIWujEkkQID1GftDVyFBDpJpMLUutQOz3LD4V+XFkT9/dEggIpR4GnO8crytna2Pyv1o6Vf+YmlEexIhxPP/JjZqnQGsdh9aggWLGRBoQF1btaeIAEwkqHVtAhOLMnz0PjuOxUyidXlWL1PIsjD/twACVw4BSqcAk1qAOGB3iCF3g1Ho1n4814n7bmjGxmF/7I+PgGLTaXXg==</latexit>

视觉后验推断物理先验推理
域适应

新场景模拟
知识迁移



流体动力学概率式视觉知识迁移
l 阶段一：利用数值模拟，预训练概率式的粒子状态转移模块

<latexit sha1_base64="qtawVIDpbsvVyohM+sQ5bU8du2s=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwY0nE18JFwY3LCvYBbSiT6aQdOpmEmZtCDfkTNy4UceufuPNvnLRZaOuBgcM593LPHD8WXIPjfFulldW19Y3yZmVre2d3z94/aOkoUZQ1aSQi1fGJZoJL1gQOgnVixUjoC9b2x3e5354wpXkkH2EaMy8kQ8kDTgkYqW/bvZDAyA/Sp6yfwpmb9e2qU3NmwMvELUgVFWj07a/eIKJJyCRQQbTuuk4MXkoUcCpYVuklmsWEjsmQdQ2VJGTaS2fJM3xilAEOImWeBDxTf2+kJNR6GvpmMs+pF71c/M/rJhDceCmXcQJM0vmhIBEYIpzXgAdcMQpiagihipusmI6IIhRMWRVTgrv45WXSOq+5V7XLh4tq/baoo4yO0DE6RS66RnV0jxqoiSiaoGf0it6s1Hqx3q2P+WjJKnYO0R9Ynz+9CJO4</latexit>zt�1 <latexit sha1_base64="biFbILnlmU2ABx8Z2AAqIIr2VhU=">AAAB9XicbVDLSsNAFL2pr1pfVZdugkVwVRLxtXBRcOOygn1AG8tkOmmHTiZh5kapIf/hxoUibv0Xd/6Nk7YLbT0wcDjnXu6Z48eCa3Scb6uwtLyyulZcL21sbm3vlHf3mjpKFGUNGolItX2imeCSNZCjYO1YMRL6grX80XXutx6Y0jySdziOmReSgeQBpwSNdN8NCQ79IH3KeilmvXLFqToT2IvEnZEKzFDvlb+6/YgmIZNIBdG64zoxeilRyKlgWambaBYTOiID1jFUkpBpL52kzuwjo/TtIFLmSbQn6u+NlIRaj0PfTOYp9byXi/95nQSDSy/lMk6QSTo9FCTCxsjOK7D7XDGKYmwIoYqbrDYdEkUomqJKpgR3/suLpHlSdc+rZ7enldrVrI4iHMAhHIMLF1CDG6hDAygoeIZXeLMerRfr3fqYjhas2c4+/IH1+QNhCJMV</latexit>zt
<latexit sha1_base64="qTsoSuZ+ClDsOyDQr5XmGC+BEn8=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiTia+Gi4MZlBfuAJpTJdNIOnTyYuRFDiL/ixoUibv0Qd/6NkzYLbT0wcDjnXu6Z48WCK7Csb6Oysrq2vlHdrG1t7+zumfsHXRUlkrIOjUQk+x5RTPCQdYCDYP1YMhJ4gvW86U3h9x6YVDwK7yGNmRuQcch9TgloaWjWnYDAxPMzZ0IAP+bDDPKh2bCa1gx4mdglaaAS7aH55YwimgQsBCqIUgPbisHNiAROBctrTqJYTOiUjNlA05AETLnZLHyOj7Uywn4k9QsBz9TfGxkJlEoDT08WUdWiV4j/eYME/Cs342GcAAvp/JCfCAwRLprAIy4ZBZFqQqjkOiumEyIJBd1XTZdgL355mXRPm/ZF8/zurNG6LuuookN0hE6QjS5RC92iNuogilL0jF7Rm/FkvBjvxsd8tGKUO3X0B8bnD0pylS8=</latexit>

x̂t
<latexit sha1_base64="9JJ7fi++u3RXRJmAu3050zQnvUE=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwY0nE18JFwY3LCvYBbSiT6aQdOpmEmZtiCfkTNy4UceufuPNvnLRZaOuBgcM593LPHD8WXIPjfFulldW19Y3yZmVre2d3z94/aOkoUZQ1aSQi1fGJZoJL1gQOgnVixUjoC9b2x3e5354wpXkkH2EaMy8kQ8kDTgkYqW/bvZDAyA/Sp6yfwpmb9e2qU3NmwMvELUgVFWj07a/eIKJJyCRQQbTuuk4MXkoUcCpYVuklmsWEjsmQdQ2VJGTaS2fJM3xilAEOImWeBDxTf2+kJNR6GvpmMs+pF71c/M/rJhDceCmXcQJM0vmhIBEYIpzXgAdcMQpiagihipusmI6IIhRMWRVTgrv45WXSOq+5V7XLh4tq/baoo4yO0DE6RS66RnV0jxqoiSiaoGf0it6s1Hqx3q2P+WjJKnYO0R9Ynz+58pO2</latexit>xt�1

<latexit sha1_base64="UvVTktbv0JmKc4yFCi5iFUibDcM=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiTiayUFNy4r2Ac0oUymk3bo5MHMjVhCf8ONC0Xc+jPu/BsnbRbaemDgcM693DPHT6TQaNvfVmlldW19o7xZ2dre2d2r7h+0dZwqxlsslrHq+lRzKSLeQoGSdxPFaehL3vHHt7nfeeRKizh6wEnCvZAOIxEIRtFIrhtSHPlB9jTtY79as+v2DGSZOAWpQYFmv/rlDmKWhjxCJqnWPcdO0MuoQsEkn1bcVPOEsjEd8p6hEQ259rJZ5ik5McqABLEyL0IyU39vZDTUehL6ZjLPqBe9XPzP66UYXHuZiJIUecTmh4JUEoxJXgAZCMUZyokhlClhshI2oooyNDVVTAnO4peXSfus7lzWL+7Pa42boo4yHMExnIIDV9CAO2hCCxgk8Ayv8Gal1ov1bn3MR0tWsXMIf2B9/gCR+JIJ</latexit>xt

<latexit sha1_base64="9JJ7fi++u3RXRJmAu3050zQnvUE=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwY0nE18JFwY3LCvYBbSiT6aQdOpmEmZtiCfkTNy4UceufuPNvnLRZaOuBgcM593LPHD8WXIPjfFulldW19Y3yZmVre2d3z94/aOkoUZQ1aSQi1fGJZoJL1gQOgnVixUjoC9b2x3e5354wpXkkH2EaMy8kQ8kDTgkYqW/bvZDAyA/Sp6yfwpmb9e2qU3NmwMvELUgVFWj07a/eIKJJyCRQQbTuuk4MXkoUcCpYVuklmsWEjsmQdQ2VJGTaS2fJM3xilAEOImWeBDxTf2+kJNR6GvpmMs+pF71c/M/rJhDceCmXcQJM0vmhIBEYIpzXgAdcMQpiagihipusmI6IIhRMWRVTgrv45WXSOq+5V7XLh4tq/baoo4yO0DE6RS66RnV0jxqoiSiaoGf0it6s1Hqx3q2P+WjJKnYO0R9Ynz+58pO2</latexit>xt�1

<latexit sha1_base64="q4KUsR6NicemsGI0Zc18b1l8i54=">AAACAHicbVDLSsNAFJ34rPUVdeHCzWAR3FgS8bVwUXDjsoJ9QBPCZDpph04ezNwINWTjr7hxoYhbP8Odf+OkzUJbD1w4nHMv997jJ4IrsKxvY2FxaXlltbJWXd/Y3No2d3bbKk4lZS0ai1h2faKY4BFrAQfBuolkJPQF6/ijm8LvPDCpeBzdwzhhbkgGEQ84JaAlz9x3QgJDP8gc4KLP8GPuZXBi555Zs+rWBHie2CWpoRJNz/xy+jFNQxYBFUSpnm0l4GZEAqeC5VUnVSwhdEQGrKdpREKm3GzyQI6PtNLHQSx1RYAn6u+JjIRKjUNfdxbnqlmvEP/zeikEV27GoyQFFtHpoiAVGGJcpIH7XDIKYqwJoZLrWzEdEkko6MyqOgR79uV50j6t2xf187uzWuO6jKOCDtAhOkY2ukQNdIuaqIUoytEzekVvxpPxYrwbH9PWBaOc2UN/YHz+ANSMlow=</latexit>

z̃t�1 <latexit sha1_base64="VPf8XZMJ2jdQntul6GnLGEerxys=">AAAB/nicbVDLSsNAFJ3UV62vqLhyM1gEVyURXwsXBTcuK9gHNCFMppN26OTBzI1QQ8BfceNCEbd+hzv/xkmbhbYeGDiccy/3zPETwRVY1rdRWVpeWV2rrtc2Nre2d8zdvY6KU0lZm8Yilj2fKCZ4xNrAQbBeIhkJfcG6/vim8LsPTCoeR/cwSZgbkmHEA04JaMkzD5yQwMgPMge4GDD8mHsZ5J5ZtxrWFHiR2CWpoxItz/xyBjFNQxYBFUSpvm0l4GZEAqeC5TUnVSwhdEyGrK9pREKm3GwaP8fHWhngIJb6RYCn6u+NjIRKTUJfTxZh1bxXiP95/RSCKzfjUZICi+jsUJAKDDEuusADLhkFMdGEUMl1VkxHRBIKurGaLsGe//Ii6Zw27IvG+d1ZvXld1lFFh+gInSAbXaImukUt1EYUZegZvaI348l4Md6Nj9loxSh39tEfGJ8/6uqWGg==</latexit>

z̃t

<latexit sha1_base64="qTsoSuZ+ClDsOyDQr5XmGC+BEn8=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiTia+Gi4MZlBfuAJpTJdNIOnTyYuRFDiL/ixoUibv0Qd/6NkzYLbT0wcDjnXu6Z48WCK7Csb6Oysrq2vlHdrG1t7+zumfsHXRUlkrIOjUQk+x5RTPCQdYCDYP1YMhJ4gvW86U3h9x6YVDwK7yGNmRuQcch9TgloaWjWnYDAxPMzZ0IAP+bDDPKh2bCa1gx4mdglaaAS7aH55YwimgQsBCqIUgPbisHNiAROBctrTqJYTOiUjNlA05AETLnZLHyOj7Uywn4k9QsBz9TfGxkJlEoDT08WUdWiV4j/eYME/Cs342GcAAvp/JCfCAwRLprAIy4ZBZFqQqjkOiumEyIJBd1XTZdgL355mXRPm/ZF8/zurNG6LuuookN0hE6QjS5RC92iNuogilL0jF7Rm/FkvBjvxsd8tGKUO3X0B8bnD0pylS8=</latexit>

x̂t

<latexit sha1_base64="9JJ7fi++u3RXRJmAu3050zQnvUE=">AAAB+XicbVDLSsNAFJ3UV62vqEs3g0VwY0nE18JFwY3LCvYBbSiT6aQdOpmEmZtiCfkTNy4UceufuPNvnLRZaOuBgcM593LPHD8WXIPjfFulldW19Y3yZmVre2d3z94/aOkoUZQ1aSQi1fGJZoJL1gQOgnVixUjoC9b2x3e5354wpXkkH2EaMy8kQ8kDTgkYqW/bvZDAyA/Sp6yfwpmb9e2qU3NmwMvELUgVFWj07a/eIKJJyCRQQbTuuk4MXkoUcCpYVuklmsWEjsmQdQ2VJGTaS2fJM3xilAEOImWeBDxTf2+kJNR6GvpmMs+pF71c/M/rJhDceCmXcQJM0vmhIBEYIpzXgAdcMQpiagihipusmI6IIhRMWRVTgrv45WXSOq+5V7XLh4tq/baoo4yO0DE6RS66RnV0jxqoiSiaoGf0it6s1Hqx3q2P+WjJKnYO0R9Ynz+58pO2</latexit>xt�1
Prior Learner

Posterior Estimator

Particle Transition
Module

Train

Train & Test

GRU⇠

<latexit sha1_base64="a0/MgcY+YMbrVjoyc5FdON336Kc=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0lE0WPRi8eK9gPaUDbbSbt0swm7G7GE/gQvHhTx6i/y5r9x2+agrQ8GHu/NMDMvSATXxnW/ncLK6tr6RnGztLW9s7tX3j9o6jhVDBssFrFqB1Sj4BIbhhuB7UQhjQKBrWB0M/Vbj6g0j+WDGSfoR3QgecgZNVa67z7xXrniVt0ZyDLxclKBHPVe+avbj1kaoTRMUK07npsYP6PKcCZwUuqmGhPKRnSAHUsljVD72ezUCTmxSp+EsbIlDZmpvycyGmk9jgLbGVEz1IveVPzP66QmvPIzLpPUoGTzRWEqiInJ9G/S5wqZEWNLKFPc3krYkCrKjE2nZEPwFl9eJs2zqndevbg7r9Su8ziKcATHcAoeXEINbqEODWAwgGd4hTdHOC/Ou/Mxby04+cwh/IHz+QNefY3d</latexit>

<latexit sha1_base64="PHtt8bXGUK9shmT5KYbksffDONA=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIr2XRjcsK9gFtCJPpTTt0MgkzE6HELvwVNy4UcetvuPNvnLQRtPXAwOGce7lnTpBwprTjfFkLi0vLK6ultfL6xubWtr2z21RxKik0aMxj2Q6IAs4ENDTTHNqJBBIFHFrB8Dr3W/cgFYvFnR4l4EWkL1jIKNFG8u39bkT0IAgzGPs/NBmXfbviVJ0J8DxxC1JBBeq+/dntxTSNQGjKiVId10m0lxGpGeUwLndTBQmhQ9KHjqGCRKC8bJJ/jI+M0sNhLM0TGk/U3xsZiZQaRYGZzCOqWS8X//M6qQ4vvYyJJNUg6PRQmHKsY5yXgXtMAtV8ZAihkpmsmA6IJFSbyvIS3Nkvz5PmSdU9r57dnlZqV0UdJXSADtExctEFqqEbVEcNRNEDekIv6NV6tJ6tN+t9OrpgFTt76A+sj29mQJZb</latexit>ep
<latexit sha1_base64="DsZe+AtciqivOwpVQuuJYGd6pDo=">AAAB/3icbVDLSsNAFL3xWesrKrhxEyyCq5KIr2XRjcsK9gFtCJPJpB06mYSZiVBiFv6KGxeKuPU33Pk3TtoI2npg4HDOvdwzx08Ylcq2v4yFxaXlldXKWnV9Y3Nr29zZbcs4FZi0cMxi0fWRJIxy0lJUMdJNBEGRz0jHH10XfueeCEljfqfGCXEjNOA0pBgpLXnmfj9CauiHGcm9HxrkVc+s2XV7AmueOCWpQYmmZ372gxinEeEKMyRlz7ET5WZIKIoZyav9VJIE4REakJ6mHEVEutkkf24daSWwwljox5U1UX9vZCiSchz5erKIKGe9QvzP66UqvHQzypNUEY6nh8KUWSq2ijKsgAqCFRtrgrCgOquFh0ggrHRlRQnO7JfnSfuk7pzXz25Pa42rso4KHMAhHIMDF9CAG2hCCzA8wBO8wKvxaDwbb8b7dHTBKHf24A+Mj29T+JZP</latexit>ed

<latexit sha1_base64="A5+HM6yqeMSGrr3+CAH9N5B8Hcs=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK1hamQ8lkMm1oJhmSjFCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTDnTxnW/ncrK6tr6RnWztrW9s7tX3z941DJThHaI5FL1QqwpZ4J2DDOc9lJFcRJy2g3Ht4XffaJKMykezCSlQYKHgsWMYGMlv59gMwrjPJrWBvWG23RnQMvEK0kDSrQH9a9+JEmWUGEIx1r7npuaIMfKMMLptNbPNE0xGeMh9S0VOKE6yGeRp+jEKhGKpbJPGDRTf2/kONF6koR2soioF71C/M/zMxNfBzkTaWaoIPOP4owjI1FxP4qYosTwiSWYKGazIjLCChNjWypK8BZPXiaPZ03vsnlxf95o3ZR1VOEIjuEUPLiCFtxBGzpAQMIzvMKbY5wX5935mI9WnHLnEP7A+fwBGmyRJg==</latexit>

d

<latexit sha1_base64="GI8ZuVhRgeh0S+FkiTJ1poj4i/I=">AAAB73icbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx60VsE84BkCbOT2WTI7Ow60yuEJT/hxYMiXv0db/6Nk2QPmljQUFR1090VJFIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbDm4nffOLaiFg94CjhfkT7SoSCUbRSqzOgSO662C2V3Yo7BVkkXk7KkKPWLX11ejFLI66QSWpM23MT9DOqUTDJx8VOanhC2ZD2edtSRSNu/Gx675gcW6VHwljbUkim6u+JjEbGjKLAdkYUB2bem4j/ee0Uwys/EypJkSs2WxSmkmBMJs+TntCcoRxZQpkW9lbCBlRThjaiog3Bm395kTROK95F5fz+rFy9zuMowCEcwQl4cAlVuIUa1IGBhGd4hTfn0Xlx3p2PWeuSk88cwB84nz+LGI+p</latexit>

Ît

<latexit sha1_base64="2TyYox69prPZKG28G7NCoWz8v3M=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNnJbDJmdnaZ6RXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR3dRvPXFtRKwecJxwP6IDJULBKFqpjr1S2a24M5Bl4uWkDDlqvdJXtx+zNOIKmaTGdDw3QT+jGgWTfFLspoYnlI3ogHcsVTTixs9mh07IqVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzxM6GSFLli80VhKgnGZPo16QvNGcqxJZRpYW8lbEg1ZWizKdoQvMWXl0nzvOJdVS7rF+XqbR5HAY7hBM7Ag2uowj3UoAEMODzDK7w5j86L8+58zFtXnHzmCP7A+fwB42mNAg==</latexit>

t

CConv

CConv GRU 

<latexit sha1_base64="b6gNODI/AwvTbrgLtsKqOQFRL0I=">AAAB63icbVBNSwMxEJ2tX7V+VT16CRbBU9kVRY9FLx4r2A9ol5JNs21okg1JVihL/4IXD4p49Q9589+YbfegrQ8GHu/NMDMvUpwZ6/vfXmltfWNzq7xd2dnd2z+oHh61TZJqQlsk4YnuRthQziRtWWY57SpNsYg47USTu9zvPFFtWCIf7VTRUOCRZDEj2OZSXxk2qNb8uj8HWiVBQWpQoDmofvWHCUkFlZZwbEwv8JUNM6wtI5zOKv3UUIXJBI9oz1GJBTVhNr91hs6cMkRxol1Ji+bq74kMC2OmInKdAtuxWfZy8T+vl9r4JsyYVKmlkiwWxSlHNkH542jINCWWTx3BRDN3KyJjrDGxLp6KCyFYfnmVtC/qwWX96uGy1rgt4ijDCZzCOQRwDQ24hya0gMAYnuEV3jzhvXjv3seiteQVM8fwB97nDybXjlI=</latexit>

<latexit sha1_base64="CSI92kakVwfTNbf/x7UepYFGJuI=">AAAB6nicbVDLSgNBEOz1GeMr6tHLYBC8GHbF1zHoxWNE84BkCbOT2WTI7Owy0yuEJZ/gxYMiXv0ib/6Nk2QPmljQUFR1090VJFIYdN1vZ2l5ZXVtvbBR3Nza3tkt7e03TJxqxusslrFuBdRwKRSvo0DJW4nmNAokbwbD24nffOLaiFg94ijhfkT7SoSCUbTSA5563VLZrbhTkEXi5aQMOWrd0lenF7M04gqZpMa0PTdBP6MaBZN8XOykhieUDWmfty1VNOLGz6anjsmxVXokjLUthWSq/p7IaGTMKApsZ0RxYOa9ifif104xvPYzoZIUuWKzRWEqCcZk8jfpCc0ZypEllGlhbyVsQDVlaNMp2hC8+ZcXSeOs4l1WLu7Py9WbPI4CHMIRnIAHV1CFO6hBHRj04Rle4c2Rzovz7nzMWpecfOYA/sD5/AG8z410</latexit>

t� 1

<latexit sha1_base64="2TyYox69prPZKG28G7NCoWz8v3M=">AAAB6HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68ZiAeUCyhNnJbDJmdnaZ6RXCki/w4kERr36SN//GSbIHTSxoKKq66e4KEikMuu63s7K6tr6xWdgqbu/s7u2XDg6bJk414w0Wy1i3A2q4FIo3UKDk7URzGgWSt4LR3dRvPXFtRKwecJxwP6IDJULBKFqpjr1S2a24M5Bl4uWkDDlqvdJXtx+zNOIKmaTGdDw3QT+jGgWTfFLspoYnlI3ogHcsVTTixs9mh07IqVX6JIy1LYVkpv6eyGhkzDgKbGdEcWgWvan4n9dJMbzxM6GSFLli80VhKgnGZPo16QvNGcqxJZRpYW8lbEg1ZWizKdoQvMWXl0nzvOJdVS7rF+XqbR5HAY7hBM7Ag2uowj3UoAEMODzDK7w5j86L8+58zFtXnHzmCP7A+fwB42mNAg==</latexit>

t

<latexit sha1_base64="Z/KPEi7U5UbrAhTozMLn1XD/uxk=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRLxtSy6cVmhL2hCmEwn7dDJJMzciCXkV9y4UMStP+LOv3HSZqGtBwYO59zLPXOChDMFtv1tVNbWNza3qtu1nd29/QPzsN5TcSoJ7ZKYx3IQYEU5E7QLDDgdJJLiKOC0H0zvCr//SKVisejALKFehMeChYxg0JJv1t0Iw4RgnnV8FyYUcO6bDbtpz2GtEqckDVSi7Ztf7igmaUQFEI6VGjp2Al6GJTDCaV5zU0UTTKZ4TIeaChxR5WXz7Ll1qpWRFcZSPwHWXP29keFIqVkU6MkiqVr2CvE/b5hCeONlTCQpUEEWh8KUWxBbRRHWiElKgM80wUQyndUiEywxAV1XTZfgLH95lfTOm85V8/LhotG6LeuoomN0gs6Qg65RC92jNuoigp7QM3pFb0ZuvBjvxsditGKUO0foD4zPH3fPlLw=</latexit>

T✓

<latexit sha1_base64="Z/KPEi7U5UbrAhTozMLn1XD/uxk=">AAAB+3icbVDLSsNAFJ3UV62vWJdugkVwVRLxtSy6cVmhL2hCmEwn7dDJJMzciCXkV9y4UMStP+LOv3HSZqGtBwYO59zLPXOChDMFtv1tVNbWNza3qtu1nd29/QPzsN5TcSoJ7ZKYx3IQYEU5E7QLDDgdJJLiKOC0H0zvCr//SKVisejALKFehMeChYxg0JJv1t0Iw4RgnnV8FyYUcO6bDbtpz2GtEqckDVSi7Ztf7igmaUQFEI6VGjp2Al6GJTDCaV5zU0UTTKZ4TIeaChxR5WXz7Ll1qpWRFcZSPwHWXP29keFIqVkU6MkiqVr2CvE/b5hCeONlTCQpUEEWh8KUWxBbRRHWiElKgM80wUQyndUiEywxAV1XTZfgLH95lfTOm85V8/LhotG6LeuoomN0gs6Qg65RC92jNuoigp7QM3pFb0ZuvBjvxsditGKUO0foD4zPH3fPlLw=</latexit>

T✓

Camera Ray
Sample Point

Loss

Neighborhood

<latexit sha1_base64="A5+HM6yqeMSGrr3+CAH9N5B8Hcs=">AAAB8nicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK1hamQ8lkMm1oJhmSjFCGfoYbF4q49Wvc+Tdm2llo64HA4Zx7ybknTDnTxnW/ncrK6tr6RnWztrW9s7tX3z941DJThHaI5FL1QqwpZ4J2DDOc9lJFcRJy2g3Ht4XffaJKMykezCSlQYKHgsWMYGMlv59gMwrjPJrWBvWG23RnQMvEK0kDSrQH9a9+JEmWUGEIx1r7npuaIMfKMMLptNbPNE0xGeMh9S0VOKE6yGeRp+jEKhGKpbJPGDRTf2/kONF6koR2soioF71C/M/zMxNfBzkTaWaoIPOP4owjI1FxP4qYosTwiSWYKGazIjLCChNjWypK8BZPXiaPZ03vsnlxf95o3ZR1VOEIjuEUPLiCFtxBGzpAQMIzvMKbY5wX5935mI9WnHLnEP7A+fwBGmyRJg==</latexit>

d Viewing Direction
<latexit sha1_base64="XI1uTDybDlUcbOSUY5QPVychc1Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi94imgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbF6wHHC/YgOlAgFo2il+9se9soVt+rOQP4SLycVyFHvlT+7/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUKOrNInYaxtKSQz9edERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb78lzRPqt559ezutFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d6Tw7b877vLXg5DP78AvOxzcs4o2+</latexit>

It

<latexit sha1_base64="PHtt8bXGUK9shmT5KYbksffDONA=">AAAB/3icbVDLSsNAFJ34rPUVFdy4GSyCq5KIr2XRjcsK9gFtCJPpTTt0MgkzE6HELvwVNy4UcetvuPNvnLQRtPXAwOGce7lnTpBwprTjfFkLi0vLK6ultfL6xubWtr2z21RxKik0aMxj2Q6IAs4ENDTTHNqJBBIFHFrB8Dr3W/cgFYvFnR4l4EWkL1jIKNFG8u39bkT0IAgzGPs/NBmXfbviVJ0J8DxxC1JBBeq+/dntxTSNQGjKiVId10m0lxGpGeUwLndTBQmhQ9KHjqGCRKC8bJJ/jI+M0sNhLM0TGk/U3xsZiZQaRYGZzCOqWS8X//M6qQ4vvYyJJNUg6PRQmHKsY5yXgXtMAtV8ZAihkpmsmA6IJFSbyvIS3Nkvz5PmSdU9r57dnlZqV0UdJXSADtExctEFqqEbVEcNRNEDekIv6NV6tJ6tN+t9OrpgFTt76A+sj29mQJZb</latexit>ep

<latexit sha1_base64="DsZe+AtciqivOwpVQuuJYGd6pDo=">AAAB/3icbVDLSsNAFL3xWesrKrhxEyyCq5KIr2XRjcsK9gFtCJPJpB06mYSZiVBiFv6KGxeKuPU33Pk3TtoI2npg4HDOvdwzx08Ylcq2v4yFxaXlldXKWnV9Y3Nr29zZbcs4FZi0cMxi0fWRJIxy0lJUMdJNBEGRz0jHH10XfueeCEljfqfGCXEjNOA0pBgpLXnmfj9CauiHGcm9HxrkVc+s2XV7AmueOCWpQYmmZ372gxinEeEKMyRlz7ET5WZIKIoZyav9VJIE4REakJ6mHEVEutkkf24daSWwwljox5U1UX9vZCiSchz5erKIKGe9QvzP66UqvHQzypNUEY6nh8KUWSq2ijKsgAqCFRtrgrCgOquFh0ggrHRlRQnO7JfnSfuk7pzXz25Pa42rso4KHMAhHIMDF9CAG2hCCzA8wBO8wKvxaDwbb8b7dHTBKHf24A+Mj29T+JZP</latexit>ed

View-independent
Encoding

View-dependent
Encoding

<latexit sha1_base64="FX0eURkcsNsHvMQOQjUGFmTFCMU=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgqiTia1l047KKfUATwmQ6aYdOJmFmUiihf+LGhSJu/RN3/o2TNgutHhg4nHMv98wJU86Udpwvq7Kyura+Ud2sbW3v7O7Z+wcdlWSS0DZJeCJ7IVaUM0HbmmlOe6mkOA457Ybj28LvTqhULBGPeppSP8ZDwSJGsDZSYNtejPWIYJ4/zAIvHbHArjsNZw70l7glqUOJVmB/eoOEZDEVmnCsVN91Uu3nWGpGOJ3VvEzRFJMxHtK+oQLHVPn5PPkMnRhlgKJEmic0mqs/N3IcKzWNQzNZ5FTLXiH+5/UzHV37ORNppqkgi0NRxpFOUFEDGjBJieZTQzCRzGRFZIQlJtqUVTMluMtf/ks6Zw33snFxf15v3pR1VOEIjuEUXLiCJtxBC9pAYAJP8AKvVm49W2/W+2K0YpU7h/AL1sc32qeT0Q==</latexit>R�

三维规则网格点

球面空间点

连续卷积 (Cconv)作为特征编码器，以
获取每个粒子的特征表示。

l 预训练数据集中包括不同粘滞系数和密度系数仿真的流体序列。

l 由于不可见的物理属性无法从单个状态推断出来，使用GRU来收集历史信息并推断先验潜在分
布。概率式先验学习器与一个单独的后验估计器一起训练（在测试时不使用）。

l 粒子转移模块的输入为后验粒子特征，前一个时刻的粒子状态

l 优化损失函数包括两个部分：



流体动力学概率式视觉知识迁移

<latexit sha1_base64="WUGfJUatT32LsO7tY2ynq1+4uX0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIr2XRjcsK9gFtKJPppB06mYSZSbGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWeOH3OmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsf3+V+e0KlYpF41NOYeiEeChYwgrWR+rbdC7Ee+UH6lPVTfeZmfbvq1JwZ0DJxC1KFAo2+/dUbRCQJqdCEY6W6rhNrL8VSM8JpVuklisaYjPGQdg0VOKTKS2fJM3RilAEKImme0Gim/t5IcajUNPTNZJ5TLXq5+J/XTXRw46VMxImmgswPBQlHOkJ5DWjAJCWaTw3BRDKTFZERlphoU1bFlOAufnmZtM5r7lXt8uGiWr8t6ijDERzDKbhwDXW4hwY0gcAEnuEV3qzUerHerY/5aMkqdg7hD6zPH7vAk7w=</latexit>xt�1

<latexit sha1_base64="I5T7IK3R4HvViQqQJHrn79B//Mg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiTia1l047KCfUATwmQ6aYdOHszcCDHUX3HjQhG3fog7/8ZJm4W2Hhg4nHMv98zxE8EVWNa3UVlZXVvfqG7WtrZ3dvfM/YOuilNJWYfGIpZ9nygmeMQ6wEGwfiIZCX3Bev7kpvB7D0wqHkf3kCXMDcko4gGnBLTkmXUnJDD2g9wBLoYMP0498MyG1bRmwMvELkkDlWh75pczjGkasgioIEoNbCsBNycSOBVsWnNSxRJCJ2TEBppGJGTKzWfhp/hYK0McxFK/CPBM/b2Rk1CpLPT1ZBFVLXqF+J83SCG4cnMeJSmwiM4PBanAEOOiCTzkklEQmSaESq6zYjomklDQfdV0Cfbil5dJ97RpXzTP784areuyjio6REfoBNnoErXQLWqjDqIoQ8/oFb0ZT8aL8W58zEcrRrlTR39gfP4AGrWVFA==</latexit>

z̃t

min
KL

<latexit sha1_base64="XI1uTDybDlUcbOSUY5QPVychc1Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi94imgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbF6wHHC/YgOlAgFo2il+9se9soVt+rOQP4SLycVyFHvlT+7/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUKOrNInYaxtKSQz9edERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb78lzRPqt559ezutFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d6Tw7b877vLXg5DP78AvOxzcs4o2+</latexit>

It

<latexit sha1_base64="Z5+jjzyWZiXd8VjqgFVPltCIELI=">AAAB9XicbVDLSsNAFL2pr1pfVZdugkVwVRLxtSy6cVnBPqCNZTKdtEMnkzBzo5aQ/3DjQhG3/os7/8ZJ24W2Hhg4nHMv98zxY8E1Os63VVhaXlldK66XNja3tnfKu3tNHSWKsgaNRKTaPtFMcMkayFGwdqwYCX3BWv7oOvdbD0xpHsk7HMfMC8lA8oBTgka674YEh36QPmW9FLNeueJUnQnsReLOSAVmqPfKX91+RJOQSaSCaN1xnRi9lCjkVLCs1E00iwkdkQHrGCpJyLSXTlJn9pFR+nYQKfMk2hP190ZKQq3HoW8m85R63svF/7xOgsGll3IZJ8gknR4KEmFjZOcV2H2uGEUxNoRQxU1Wmw6JIhRNUSVTgjv/5UXSPKm659Wz29NK7WpWRxEO4BCOwYULqMEN1KEBFBQ8wyu8WY/Wi/VufUxHC9ZsZx/+wPr8AV/Ekxk=</latexit>xt

<latexit sha1_base64="eA8uDSHnE2LfsCt5cF058bk0v10=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9gHtUDJppo3NJCHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0O/VbT1QbJsWDHSsaJnggWMwItk5qql5XGdYrV/yqPwNaJkFOKpCj3it/dfuSpAkVlnBsTCfwlQ0zrC0jnE5K3dRQhckID2jHUYETasJsdu0EnTilj2KpXQmLZurviQwnxoyTyHUm2A7NojcV//M6qY2vw4wJlVoqyHxRnHJkJZq+jvpMU2L52BFMNHO3IjLEGhPrAiq5EILFl5dJ86waXFYv7s8rtZs8jiIcwTGcQgBXUIM7qEMDCDzCM7zCmye9F+/d+5i3Frx85hD+wPv8Aa7Mjzc=</latexit>p 

<latexit sha1_base64="XI1uTDybDlUcbOSUY5QPVychc1Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi94imgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbF6wHHC/YgOlAgFo2il+9se9soVt+rOQP4SLycVyFHvlT+7/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUKOrNInYaxtKSQz9edERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb78lzRPqt559ezutFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d6Tw7b877vLXg5DP78AvOxzcs4o2+</latexit>

It

<latexit sha1_base64="WUGfJUatT32LsO7tY2ynq1+4uX0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIr2XRjcsK9gFtKJPppB06mYSZSbGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWeOH3OmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsf3+V+e0KlYpF41NOYeiEeChYwgrWR+rbdC7Ee+UH6lPVTfeZmfbvq1JwZ0DJxC1KFAo2+/dUbRCQJqdCEY6W6rhNrL8VSM8JpVuklisaYjPGQdg0VOKTKS2fJM3RilAEKImme0Gim/t5IcajUNPTNZJ5TLXq5+J/XTXRw46VMxImmgswPBQlHOkJ5DWjAJCWaTw3BRDKTFZERlphoU1bFlOAufnmZtM5r7lXt8uGiWr8t6ijDERzDKbhwDXW4hwY0gcAEnuEV3qzUerHerY/5aMkqdg7hD6zPH7vAk7w=</latexit>xt�1

<latexit sha1_base64="Z5+jjzyWZiXd8VjqgFVPltCIELI=">AAAB9XicbVDLSsNAFL2pr1pfVZdugkVwVRLxtSy6cVnBPqCNZTKdtEMnkzBzo5aQ/3DjQhG3/os7/8ZJ24W2Hhg4nHMv98zxY8E1Os63VVhaXlldK66XNja3tnfKu3tNHSWKsgaNRKTaPtFMcMkayFGwdqwYCX3BWv7oOvdbD0xpHsk7HMfMC8lA8oBTgka674YEh36QPmW9FLNeueJUnQnsReLOSAVmqPfKX91+RJOQSaSCaN1xnRi9lCjkVLCs1E00iwkdkQHrGCpJyLSXTlJn9pFR+nYQKfMk2hP190ZKQq3HoW8m85R63svF/7xOgsGll3IZJ8gknR4KEmFjZOcV2H2uGEUxNoRQxU1Wmw6JIhRNUSVTgjv/5UXSPKm659Wz29NK7WpWRxEO4BCOwYULqMEN1KEBFBQ8wyu8WY/Wi/VufUxHC9ZsZx/+wPr8AV/Ekxk=</latexit>xt
<latexit sha1_base64="gh/keTiejBrq2dmD1WwFbY31XOk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiTia1l047KCfUATymQ6aYdOHszcCDX0N9y4UMStP+POv3HSZqGtBwYO59zLPXP8RAqNtv1tlVZW19Y3ypuVre2d3b3q/kFbx6livMViGauuTzWXIuItFCh5N1Gchr7kHX98m/udR660iKMHnCTcC+kwEoFgFI3kuiHFkR9kT32c9qs1u27PQJaJU5AaFGj2q1/uIGZpyCNkkmrdc+wEvYwqFEzyacVNNU8oG9Mh7xka0ZBrL5tlnpITowxIECvzIiQz9fdGRkOtJ6FvJvOMetHLxf+8XorBtZeJKEmRR2x+KEglwZjkBZCBUJyhnBhCmRImK2EjqihDU1PFlOAsfnmZtM/qzmX94v681rgp6ijDERzDKThwBQ24gya0gEECz/AKb1ZqvVjv1sd8tGQVO4fwB9bnD5YTkg8=</latexit>zt

<latexit sha1_base64="WtwzIkKXKS/ddxEZnvvYuzbi8+o=">AAAB+nicbVC7TsMwFHV4lvJKYWSxqJCYqgTxGitYGItEH1IbRY7rtFYdJ7JvgCr0U1gYQIiVL2Hjb3DaDNByJEtH59yre3yCRHANjvNtLS2vrK6tlzbKm1vbO7t2Za+l41RR1qSxiFUnIJoJLlkTOAjWSRQjUSBYOxhd5377ninNY3kH44R5ERlIHnJKwEi+XelFBIZBmPWGBPDjxAffrjo1Zwq8SNyCVFGBhm9/9foxTSMmgQqiddd1EvAyooBTwSblXqpZQuiIDFjXUEkipr1sGn2Cj4zSx2GszJOAp+rvjYxEWo+jwEzmQfW8l4v/ed0Uwksv4zJJgUk6OxSmAkOM8x5wnytGQYwNIVRxkxXTIVGEgmmrbEpw57+8SFonNfe8dnZ7Wq1fFXWU0AE6RMfIRReojm5QAzURRQ/oGb2iN+vJerHerY/Z6JJV7OyjP7A+fwB75JQp</latexit>

x̂t
min
KL

<latexit sha1_base64="a2dWkQzNwNe0WU1ryf34Ta43FPM=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclUR8LYtuXFboC5oQJtNpO3QyCTM3Son9FDcuFHHrl7jzb5y0WWjrgYHDOfdyz5wwEVyD43xbK6tr6xubpa3y9s7u3r5dOWjrOFWUtWgsYtUNiWaCS9YCDoJ1E8VIFArWCce3ud95YErzWDZhkjA/IkPJB5wSMFJgV7yIwIgSgZuBByMGJLCrTs2ZAS8TtyBVVKAR2F9eP6ZpxCRQQbTuuU4CfkYUcCrYtOylmiWEjsmQ9QyVJGLaz2bRp/jEKH08iJV5EvBM/b2RkUjrSRSayTyoXvRy8T+vl8Lg2s+4TFJgks4PDVKBIcZ5D7jPFaMgJoYQqrjJiumIKELBtFU2JbiLX14m7bOae1m7uD+v1m+KOkroCB2jU+SiK1RHd6iBWoiiR/SMXtGb9WS9WO/Wx3x0xSp2DtEfWJ8/AY+T2g==</latexit>

T✓

<latexit sha1_base64="I5T7IK3R4HvViQqQJHrn79B//Mg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiTia1l047KCfUATwmQ6aYdOHszcCDHUX3HjQhG3fog7/8ZJm4W2Hhg4nHMv98zxE8EVWNa3UVlZXVvfqG7WtrZ3dvfM/YOuilNJWYfGIpZ9nygmeMQ6wEGwfiIZCX3Bev7kpvB7D0wqHkf3kCXMDcko4gGnBLTkmXUnJDD2g9wBLoYMP0498MyG1bRmwMvELkkDlWh75pczjGkasgioIEoNbCsBNycSOBVsWnNSxRJCJ2TEBppGJGTKzWfhp/hYK0McxFK/CPBM/b2Rk1CpLPT1ZBFVLXqF+J83SCG4cnMeJSmwiM4PBanAEOOiCTzkklEQmSaESq6zYjomklDQfdV0Cfbil5dJ97RpXzTP784areuyjio6REfoBNnoErXQLWqjDqIoQ8/oFb0ZT8aL8W58zEcrRrlTR39gfP4AGrWVFA==</latexit>

z̃t
Stage A: Probabilistic fluid simulator pretraining 

<latexit sha1_base64="T3OzooFleiwRI8D1YvYLVgNfCdY=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURX8uiG5cV7AOaUCbTSTt0MgkzE6EN/RI3LhRx66e482+ctFlo64GBwzn3cs+cIOFMacf5tkpr6xubW+Xtys7u3n7VPjhsqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY3+V+54lKxWLxqCcJ9SM8FCxkBGsj9e2qF2E9CsLMG2GNprO+XXPqzhxolbgFqUGBZt/+8gYxSSMqNOFYqZ7rJNrPsNSMcDqreKmiCSZjPKQ9QwWOqPKzefAZOjXKAIWxNE9oNFd/b2Q4UmoSBWYyj6mWvVz8z+ulOrzxMyaSVFNBFofClCMdo7wFNGCSEs0nhmAimcmKyAhLTLTpqmJKcJe/vEra53X3qn75cFFr3BZ1lOEYTuAMXLiGBtxDE1pAIIVneIU3a2q9WO/Wx2K0ZBU7R/AH1ucP6HeTRA==</latexit>

ẑ

<latexit sha1_base64="WtwzIkKXKS/ddxEZnvvYuzbi8+o=">AAAB+nicbVC7TsMwFHV4lvJKYWSxqJCYqgTxGitYGItEH1IbRY7rtFYdJ7JvgCr0U1gYQIiVL2Hjb3DaDNByJEtH59yre3yCRHANjvNtLS2vrK6tlzbKm1vbO7t2Za+l41RR1qSxiFUnIJoJLlkTOAjWSRQjUSBYOxhd5377ninNY3kH44R5ERlIHnJKwEi+XelFBIZBmPWGBPDjxAffrjo1Zwq8SNyCVFGBhm9/9foxTSMmgQqiddd1EvAyooBTwSblXqpZQuiIDFjXUEkipr1sGn2Cj4zSx2GszJOAp+rvjYxEWo+jwEzmQfW8l4v/ed0Uwksv4zJJgUk6OxSmAkOM8x5wnytGQYwNIVRxkxXTIVGEgmmrbEpw57+8SFonNfe8dnZ7Wq1fFXWU0AE6RMfIRReojm5QAzURRQ/oGb2iN+vJerHerY/Z6JJV7OyjP7A+fwB75JQp</latexit>

x̂t
<latexit sha1_base64="a2dWkQzNwNe0WU1ryf34Ta43FPM=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclUR8LYtuXFboC5oQJtNpO3QyCTM3Son9FDcuFHHrl7jzb5y0WWjrgYHDOfdyz5wwEVyD43xbK6tr6xubpa3y9s7u3r5dOWjrOFWUtWgsYtUNiWaCS9YCDoJ1E8VIFArWCce3ud95YErzWDZhkjA/IkPJB5wSMFJgV7yIwIgSgZuBByMGJLCrTs2ZAS8TtyBVVKAR2F9eP6ZpxCRQQbTuuU4CfkYUcCrYtOylmiWEjsmQ9QyVJGLaz2bRp/jEKH08iJV5EvBM/b2RkUjrSRSayTyoXvRy8T+vl8Lg2s+4TFJgks4PDVKBIcZ5D7jPFaMgJoYQqrjJiumIKELBtFU2JbiLX14m7bOae1m7uD+v1m+KOkroCB2jU+SiK1RHd6iBWoiiR/SMXtGb9WS9WO/Wx3x0xSp2DtEfWJ8/AY+T2g==</latexit>

T✓

Stage B:  Visual posterior inference 

<latexit sha1_base64="f/4drjax6Y9nn+m4m1FxjUew7QY=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURX8uiG5dV7AOaECbTaTt0MgkzE6GGfokbF4q49VPc+TdO2iy09cDA4Zx7uWdOmHCmtON8W6WV1bX1jfJmZWt7Z7dq7+23VZxKQlsk5rHshlhRzgRtaaY57SaS4ijktBOOb3K/80ilYrF40JOE+hEeCjZgBGsjBXbVi7AeEczRfeAlIxbYNafuzICWiVuQGhRoBvaX149JGlGhCcdK9Vwn0X6GpWaE02nFSxVNMBnjIe0ZKnBElZ/Ngk/RsVH6aBBL84RGM/X3RoYjpSZRaCbzmGrRy8X/vF6qB1d+xkSSairI/NAg5UjHKG8B9ZmkRPOJIZhIZrIiMsISE226qpgS3MUvL5P2ad29qJ/fndUa10UdZTiEIzgBFy6hAbfQhBYQSOEZXuHNerJerHfrYz5asoqdA/gD6/MHZYOS7w==</latexit>R�

<latexit sha1_base64="WUGfJUatT32LsO7tY2ynq1+4uX0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIr2XRjcsK9gFtKJPppB06mYSZSbGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWeOH3OmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsf3+V+e0KlYpF41NOYeiEeChYwgrWR+rbdC7Ee+UH6lPVTfeZmfbvq1JwZ0DJxC1KFAo2+/dUbRCQJqdCEY6W6rhNrL8VSM8JpVuklisaYjPGQdg0VOKTKS2fJM3RilAEKImme0Gim/t5IcajUNPTNZJ5TLXq5+J/XTXRw46VMxImmgswPBQlHOkJ5DWjAJCWaTw3BRDKTFZERlphoU1bFlOAufnmZtM5r7lXt8uGiWr8t6ijDERzDKbhwDXW4hwY0gcAEnuEV3qzUerHerY/5aMkqdg7hD6zPH7vAk7w=</latexit>xt�1

<latexit sha1_base64="WUGfJUatT32LsO7tY2ynq1+4uX0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIr2XRjcsK9gFtKJPppB06mYSZSbGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWeOH3OmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsf3+V+e0KlYpF41NOYeiEeChYwgrWR+rbdC7Ee+UH6lPVTfeZmfbvq1JwZ0DJxC1KFAo2+/dUbRCQJqdCEY6W6rhNrL8VSM8JpVuklisaYjPGQdg0VOKTKS2fJM3RilAEKImme0Gim/t5IcajUNPTNZJ5TLXq5+J/XTXRw46VMxImmgswPBQlHOkJ5DWjAJCWaTw3BRDKTFZERlphoU1bFlOAufnmZtM5r7lXt8uGiWr8t6ijDERzDKbhwDXW4hwY0gcAEnuEV3qzUerHerY/5aMkqdg7hD6zPH7vAk7w=</latexit>xt�1

<latexit sha1_base64="5aYH/9TDHZ7BrAp75dL1n4FkcGY=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi94imIckS5idzCZDZnaXmV4hLPkKLx4U8ernePNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUkS8gQIlbyeaUxVI3gpG11O/9ci1EXF0j+OE+4oOIhEKRtFKD90hxex20sNeueJW3RnIX+LlpAI56r3yZ7cfs1TxCJmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LI2o4sbPZgdPyJFV+iSMta0IyUz9OZFRZcxYBbZTURyaRW8q/ud1Ugwv/UxESYo8YvNFYSoJxmT6PekLzRnKsSWUaWFvJWxINWVoMyrZELzFl/+S5knVO6+e3Z1Wald5HEU4gEM4Bg8uoAY3UIcGMFDwBC/w6mjn2Xlz3uetBSef2YdfcD6+AfvhkIs=</latexit>

Ît

<latexit sha1_base64="T3OzooFleiwRI8D1YvYLVgNfCdY=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURX8uiG5cV7AOaUCbTSTt0MgkzE6EN/RI3LhRx66e482+ctFlo64GBwzn3cs+cIOFMacf5tkpr6xubW+Xtys7u3n7VPjhsqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY3+V+54lKxWLxqCcJ9SM8FCxkBGsj9e2qF2E9CsLMG2GNprO+XXPqzhxolbgFqUGBZt/+8gYxSSMqNOFYqZ7rJNrPsNSMcDqreKmiCSZjPKQ9QwWOqPKzefAZOjXKAIWxNE9oNFd/b2Q4UmoSBWYyj6mWvVz8z+ulOrzxMyaSVFNBFofClCMdo7wFNGCSEs0nhmAimcmKyAhLTLTpqmJKcJe/vEra53X3qn75cFFr3BZ1lOEYTuAMXLiGBtxDE1pAIIVneIU3a2q9WO/Wx2K0ZBU7R/AH1ucP6HeTRA==</latexit>

ẑ

<latexit sha1_base64="WtwzIkKXKS/ddxEZnvvYuzbi8+o=">AAAB+nicbVC7TsMwFHV4lvJKYWSxqJCYqgTxGitYGItEH1IbRY7rtFYdJ7JvgCr0U1gYQIiVL2Hjb3DaDNByJEtH59yre3yCRHANjvNtLS2vrK6tlzbKm1vbO7t2Za+l41RR1qSxiFUnIJoJLlkTOAjWSRQjUSBYOxhd5377ninNY3kH44R5ERlIHnJKwEi+XelFBIZBmPWGBPDjxAffrjo1Zwq8SNyCVFGBhm9/9foxTSMmgQqiddd1EvAyooBTwSblXqpZQuiIDFjXUEkipr1sGn2Cj4zSx2GszJOAp+rvjYxEWo+jwEzmQfW8l4v/ed0Uwksv4zJJgUk6OxSmAkOM8x5wnytGQYwNIVRxkxXTIVGEgmmrbEpw57+8SFonNfe8dnZ7Wq1fFXWU0AE6RMfIRReojm5QAzURRQ/oGb2iN+vJerHerY/Z6JJV7OyjP7A+fwB75JQp</latexit>

x̂t
<latexit sha1_base64="a2dWkQzNwNe0WU1ryf34Ta43FPM=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclUR8LYtuXFboC5oQJtNpO3QyCTM3Son9FDcuFHHrl7jzb5y0WWjrgYHDOfdyz5wwEVyD43xbK6tr6xubpa3y9s7u3r5dOWjrOFWUtWgsYtUNiWaCS9YCDoJ1E8VIFArWCce3ud95YErzWDZhkjA/IkPJB5wSMFJgV7yIwIgSgZuBByMGJLCrTs2ZAS8TtyBVVKAR2F9eP6ZpxCRQQbTuuU4CfkYUcCrYtOylmiWEjsmQ9QyVJGLaz2bRp/jEKH08iJV5EvBM/b2RkUjrSRSayTyoXvRy8T+vl8Lg2s+4TFJgks4PDVKBIcZ5D7jPFaMgJoYQqrjJiumIKELBtFU2JbiLX14m7bOae1m7uD+v1m+KOkroCB2jU+SiK1RHd6iBWoiiR/SMXtGb9WS9WO/Wx3x0xSp2DtEfWJ8/AY+T2g==</latexit>

T✓

Stage C:  Physical prior adaptation

<latexit sha1_base64="f/4drjax6Y9nn+m4m1FxjUew7QY=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURX8uiG5dV7AOaECbTaTt0MgkzE6GGfokbF4q49VPc+TdO2iy09cDA4Zx7uWdOmHCmtON8W6WV1bX1jfJmZWt7Z7dq7+23VZxKQlsk5rHshlhRzgRtaaY57SaS4ijktBOOb3K/80ilYrF40JOE+hEeCjZgBGsjBXbVi7AeEczRfeAlIxbYNafuzICWiVuQGhRoBvaX149JGlGhCcdK9Vwn0X6GpWaE02nFSxVNMBnjIe0ZKnBElZ/Ngk/RsVH6aBBL84RGM/X3RoYjpSZRaCbzmGrRy8X/vF6qB1d+xkSSairI/NAg5UjHKG8B9ZmkRPOJIZhIZrIiMsISE226qpgS3MUvL5P2ad29qJ/fndUa10UdZTiEIzgBFy6hAbfQhBYQSOEZXuHNerJerHfrYz5asoqdA/gD6/MHZYOS7w==</latexit>R�

<latexit sha1_base64="WUGfJUatT32LsO7tY2ynq1+4uX0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIr2XRjcsK9gFtKJPppB06mYSZSbGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWeOH3OmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsf3+V+e0KlYpF41NOYeiEeChYwgrWR+rbdC7Ee+UH6lPVTfeZmfbvq1JwZ0DJxC1KFAo2+/dUbRCQJqdCEY6W6rhNrL8VSM8JpVuklisaYjPGQdg0VOKTKS2fJM3RilAEKImme0Gim/t5IcajUNPTNZJ5TLXq5+J/XTXRw46VMxImmgswPBQlHOkJ5DWjAJCWaTw3BRDKTFZERlphoU1bFlOAufnmZtM5r7lXt8uGiWr8t6ijDERzDKbhwDXW4hwY0gcAEnuEV3qzUerHerY/5aMkqdg7hD6zPH7vAk7w=</latexit>xt�1

<latexit sha1_base64="5aYH/9TDHZ7BrAp75dL1n4FkcGY=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi94imIckS5idzCZDZnaXmV4hLPkKLx4U8ernePNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUkS8gQIlbyeaUxVI3gpG11O/9ci1EXF0j+OE+4oOIhEKRtFKD90hxex20sNeueJW3RnIX+LlpAI56r3yZ7cfs1TxCJmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LI2o4sbPZgdPyJFV+iSMta0IyUz9OZFRZcxYBbZTURyaRW8q/ud1Ugwv/UxESYo8YvNFYSoJxmT6PekLzRnKsSWUaWFvJWxINWVoMyrZELzFl/+S5knVO6+e3Z1Wald5HEU4gEM4Bg8uoAY3UIcGMFDwBC/w6mjn2Xlz3uetBSef2YdfcD6+AfvhkIs=</latexit>

Ît

<latexit sha1_base64="eA8uDSHnE2LfsCt5cF058bk0v10=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9gHtUDJppo3NJCHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0O/VbT1QbJsWDHSsaJnggWMwItk5qql5XGdYrV/yqPwNaJkFOKpCj3it/dfuSpAkVlnBsTCfwlQ0zrC0jnE5K3dRQhckID2jHUYETasJsdu0EnTilj2KpXQmLZurviQwnxoyTyHUm2A7NojcV//M6qY2vw4wJlVoqyHxRnHJkJZq+jvpMU2L52BFMNHO3IjLEGhPrAiq5EILFl5dJ86waXFYv7s8rtZs8jiIcwTGcQgBXUIM7qEMDCDzCM7zCmye9F+/d+5i3Frx85hD+wPv8Aa7Mjzc=</latexit>p 

<latexit sha1_base64="77XMSKFg10ofCwNTa4cWgwhWUlo=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68RjBPCBZwuxkNhkyO7vO9IphyTd48aCIVz/Im3/jJNmDJhY0FFXddHcFiRQGXffbWVpeWV1bL2wUN7e2d3ZLe/sNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwZuI3H7k2Ilb3OEq4H9G+EqFgFK1Uf+h2nkS3VHYr7hRkkXg5KUOOWrf01enFLI24QiapMW3PTdDPqEbBJB8XO6nhCWVD2udtSxWNuPGz6bFjcmyVHgljbUshmaq/JzIaGTOKAtsZURyYeW8i/ue1Uwyv/EyoJEWu2GxRmEqCMZl8TnpCc4ZyZAllWthbCRtQTRnafIo2BG/+5UXSOK14F5Xzu7Ny9TqPowCHcAQn4MElVOEWalAHBgKe4RXeHOW8OO/Ox6x1yclnDuAPnM8f5yeOww==</latexit>q⇠

!! !! ! !

<latexit sha1_base64="a2dWkQzNwNe0WU1ryf34Ta43FPM=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclUR8LYtuXFboC5oQJtNpO3QyCTM3Son9FDcuFHHrl7jzb5y0WWjrgYHDOfdyz5wwEVyD43xbK6tr6xubpa3y9s7u3r5dOWjrOFWUtWgsYtUNiWaCS9YCDoJ1E8VIFArWCce3ud95YErzWDZhkjA/IkPJB5wSMFJgV7yIwIgSgZuBByMGJLCrTs2ZAS8TtyBVVKAR2F9eP6ZpxCRQQbTuuU4CfkYUcCrYtOylmiWEjsmQ9QyVJGLaz2bRp/jEKH08iJV5EvBM/b2RkUjrSRSayTyoXvRy8T+vl8Lg2s+4TFJgks4PDVKBIcZ5D7jPFaMgJoYQqrjJiumIKELBtFU2JbiLX14m7bOae1m7uD+v1m+KOkroCB2jU+SiK1RHd6iBWoiiR/SMXtGb9WS9WO/Wx3x0xSp2DtEfWJ8/AY+T2g==</latexit>

T✓

<latexit sha1_base64="eA8uDSHnE2LfsCt5cF058bk0v10=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9gHtUDJppo3NJCHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0O/VbT1QbJsWDHSsaJnggWMwItk5qql5XGdYrV/yqPwNaJkFOKpCj3it/dfuSpAkVlnBsTCfwlQ0zrC0jnE5K3dRQhckID2jHUYETasJsdu0EnTilj2KpXQmLZurviQwnxoyTyHUm2A7NojcV//M6qY2vw4wJlVoqyHxRnHJkJZq+jvpMU2L52BFMNHO3IjLEGhPrAiq5EILFl5dJ86waXFYv7s8rtZs8jiIcwTGcQgBXUIM7qEMDCDzCM7zCmye9F+/d+5i3Frx85hD+wPv8Aa7Mjzc=</latexit>p 

<latexit sha1_base64="77XMSKFg10ofCwNTa4cWgwhWUlo=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68RjBPCBZwuxkNhkyO7vO9IphyTd48aCIVz/Im3/jJNmDJhY0FFXddHcFiRQGXffbWVpeWV1bL2wUN7e2d3ZLe/sNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwZuI3H7k2Ilb3OEq4H9G+EqFgFK1Uf+h2nkS3VHYr7hRkkXg5KUOOWrf01enFLI24QiapMW3PTdDPqEbBJB8XO6nhCWVD2udtSxWNuPGz6bFjcmyVHgljbUshmaq/JzIaGTOKAtsZURyYeW8i/ue1Uwyv/EyoJEWu2GxRmEqCMZl8TnpCc4ZyZAllWthbCRtQTRnafIo2BG/+5UXSOK14F5Xzu7Ny9TqPowCHcAQn4MElVOEWalAHBgKe4RXeHOW8OO/Ox6x1yclnDuAPnM8f5yeOww==</latexit>q⇠

<latexit sha1_base64="a2dWkQzNwNe0WU1ryf34Ta43FPM=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclUR8LYtuXFboC5oQJtNpO3QyCTM3Son9FDcuFHHrl7jzb5y0WWjrgYHDOfdyz5wwEVyD43xbK6tr6xubpa3y9s7u3r5dOWjrOFWUtWgsYtUNiWaCS9YCDoJ1E8VIFArWCce3ud95YErzWDZhkjA/IkPJB5wSMFJgV7yIwIgSgZuBByMGJLCrTs2ZAS8TtyBVVKAR2F9eP6ZpxCRQQbTuuU4CfkYUcCrYtOylmiWEjsmQ9QyVJGLaz2bRp/jEKH08iJV5EvBM/b2RkUjrSRSayTyoXvRy8T+vl8Lg2s+4TFJgks4PDVKBIcZ5D7jPFaMgJoYQqrjJiumIKELBtFU2JbiLX14m7bOae1m7uD+v1m+KOkroCB2jU+SiK1RHd6iBWoiiR/SMXtGb9WS9WO/Wx3x0xSp2DtEfWJ8/AY+T2g==</latexit>

T✓

<latexit sha1_base64="f/4drjax6Y9nn+m4m1FxjUew7QY=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURX8uiG5dV7AOaECbTaTt0MgkzE6GGfokbF4q49VPc+TdO2iy09cDA4Zx7uWdOmHCmtON8W6WV1bX1jfJmZWt7Z7dq7+23VZxKQlsk5rHshlhRzgRtaaY57SaS4ijktBOOb3K/80ilYrF40JOE+hEeCjZgBGsjBXbVi7AeEczRfeAlIxbYNafuzICWiVuQGhRoBvaX149JGlGhCcdK9Vwn0X6GpWaE02nFSxVNMBnjIe0ZKnBElZ/Ngk/RsVH6aBBL84RGM/X3RoYjpSZRaCbzmGrRy8X/vF6qB1d+xkSSairI/NAg5UjHKG8B9ZmkRPOJIZhIZrIiMsISE226qpgS3MUvL5P2ad29qJ/fndUa10UdZTiEIzgBFy6hAbfQhBYQSOEZXuHNerJerHfrYz5asoqdA/gD6/MHZYOS7w==</latexit>R�

Training

Frozen

Loss

Physical 
prior 
learner

Particle-based 
posterior

Particle
transition
model

Neural
renderer

Visual
posterior

固定粒子转移
模块参数

固定预训练的可微
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初始化并且训练一组视觉后验隐变量

<latexit sha1_base64="WUGfJUatT32LsO7tY2ynq1+4uX0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIr2XRjcsK9gFtKJPppB06mYSZSbGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWeOH3OmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsf3+V+e0KlYpF41NOYeiEeChYwgrWR+rbdC7Ee+UH6lPVTfeZmfbvq1JwZ0DJxC1KFAo2+/dUbRCQJqdCEY6W6rhNrL8VSM8JpVuklisaYjPGQdg0VOKTKS2fJM3RilAEKImme0Gim/t5IcajUNPTNZJ5TLXq5+J/XTXRw46VMxImmgswPBQlHOkJ5DWjAJCWaTw3BRDKTFZERlphoU1bFlOAufnmZtM5r7lXt8uGiWr8t6ijDERzDKbhwDXW4hwY0gcAEnuEV3qzUerHerY/5aMkqdg7hD6zPH7vAk7w=</latexit>xt�1

<latexit sha1_base64="I5T7IK3R4HvViQqQJHrn79B//Mg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiTia1l047KCfUATwmQ6aYdOHszcCDHUX3HjQhG3fog7/8ZJm4W2Hhg4nHMv98zxE8EVWNa3UVlZXVvfqG7WtrZ3dvfM/YOuilNJWYfGIpZ9nygmeMQ6wEGwfiIZCX3Bev7kpvB7D0wqHkf3kCXMDcko4gGnBLTkmXUnJDD2g9wBLoYMP0498MyG1bRmwMvELkkDlWh75pczjGkasgioIEoNbCsBNycSOBVsWnNSxRJCJ2TEBppGJGTKzWfhp/hYK0McxFK/CPBM/b2Rk1CpLPT1ZBFVLXqF+J83SCG4cnMeJSmwiM4PBanAEOOiCTzkklEQmSaESq6zYjomklDQfdV0Cfbil5dJ97RpXzTP784areuyjio6REfoBNnoErXQLWqjDqIoQ8/oFb0ZT8aL8W58zEcrRrlTR39gfP4AGrWVFA==</latexit>

z̃t

min
KL

<latexit sha1_base64="XI1uTDybDlUcbOSUY5QPVychc1Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi94imgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbF6wHHC/YgOlAgFo2il+9se9soVt+rOQP4SLycVyFHvlT+7/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUKOrNInYaxtKSQz9edERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb78lzRPqt559ezutFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d6Tw7b877vLXg5DP78AvOxzcs4o2+</latexit>

It

<latexit sha1_base64="Z5+jjzyWZiXd8VjqgFVPltCIELI=">AAAB9XicbVDLSsNAFL2pr1pfVZdugkVwVRLxtSy6cVnBPqCNZTKdtEMnkzBzo5aQ/3DjQhG3/os7/8ZJ24W2Hhg4nHMv98zxY8E1Os63VVhaXlldK66XNja3tnfKu3tNHSWKsgaNRKTaPtFMcMkayFGwdqwYCX3BWv7oOvdbD0xpHsk7HMfMC8lA8oBTgka674YEh36QPmW9FLNeueJUnQnsReLOSAVmqPfKX91+RJOQSaSCaN1xnRi9lCjkVLCs1E00iwkdkQHrGCpJyLSXTlJn9pFR+nYQKfMk2hP190ZKQq3HoW8m85R63svF/7xOgsGll3IZJ8gknR4KEmFjZOcV2H2uGEUxNoRQxU1Wmw6JIhRNUSVTgjv/5UXSPKm659Wz29NK7WpWRxEO4BCOwYULqMEN1KEBFBQ8wyu8WY/Wi/VufUxHC9ZsZx/+wPr8AV/Ekxk=</latexit>xt

<latexit sha1_base64="eA8uDSHnE2LfsCt5cF058bk0v10=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9gHtUDJppo3NJCHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0O/VbT1QbJsWDHSsaJnggWMwItk5qql5XGdYrV/yqPwNaJkFOKpCj3it/dfuSpAkVlnBsTCfwlQ0zrC0jnE5K3dRQhckID2jHUYETasJsdu0EnTilj2KpXQmLZurviQwnxoyTyHUm2A7NojcV//M6qY2vw4wJlVoqyHxRnHJkJZq+jvpMU2L52BFMNHO3IjLEGhPrAiq5EILFl5dJ86waXFYv7s8rtZs8jiIcwTGcQgBXUIM7qEMDCDzCM7zCmye9F+/d+5i3Frx85hD+wPv8Aa7Mjzc=</latexit>p 

<latexit sha1_base64="XI1uTDybDlUcbOSUY5QPVychc1Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi94imgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbF6wHHC/YgOlAgFo2il+9se9soVt+rOQP4SLycVyFHvlT+7/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUKOrNInYaxtKSQz9edERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb78lzRPqt559ezutFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d6Tw7b877vLXg5DP78AvOxzcs4o2+</latexit>

It

<latexit sha1_base64="WUGfJUatT32LsO7tY2ynq1+4uX0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIr2XRjcsK9gFtKJPppB06mYSZSbGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWeOH3OmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsf3+V+e0KlYpF41NOYeiEeChYwgrWR+rbdC7Ee+UH6lPVTfeZmfbvq1JwZ0DJxC1KFAo2+/dUbRCQJqdCEY6W6rhNrL8VSM8JpVuklisaYjPGQdg0VOKTKS2fJM3RilAEKImme0Gim/t5IcajUNPTNZJ5TLXq5+J/XTXRw46VMxImmgswPBQlHOkJ5DWjAJCWaTw3BRDKTFZERlphoU1bFlOAufnmZtM5r7lXt8uGiWr8t6ijDERzDKbhwDXW4hwY0gcAEnuEV3qzUerHerY/5aMkqdg7hD6zPH7vAk7w=</latexit>xt�1

<latexit sha1_base64="Z5+jjzyWZiXd8VjqgFVPltCIELI=">AAAB9XicbVDLSsNAFL2pr1pfVZdugkVwVRLxtSy6cVnBPqCNZTKdtEMnkzBzo5aQ/3DjQhG3/os7/8ZJ24W2Hhg4nHMv98zxY8E1Os63VVhaXlldK66XNja3tnfKu3tNHSWKsgaNRKTaPtFMcMkayFGwdqwYCX3BWv7oOvdbD0xpHsk7HMfMC8lA8oBTgka674YEh36QPmW9FLNeueJUnQnsReLOSAVmqPfKX91+RJOQSaSCaN1xnRi9lCjkVLCs1E00iwkdkQHrGCpJyLSXTlJn9pFR+nYQKfMk2hP190ZKQq3HoW8m85R63svF/7xOgsGll3IZJ8gknR4KEmFjZOcV2H2uGEUxNoRQxU1Wmw6JIhRNUSVTgjv/5UXSPKm659Wz29NK7WpWRxEO4BCOwYULqMEN1KEBFBQ8wyu8WY/Wi/VufUxHC9ZsZx/+wPr8AV/Ekxk=</latexit>xt
<latexit sha1_base64="gh/keTiejBrq2dmD1WwFbY31XOk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiTia1l047KCfUATymQ6aYdOHszcCDX0N9y4UMStP+POv3HSZqGtBwYO59zLPXP8RAqNtv1tlVZW19Y3ypuVre2d3b3q/kFbx6livMViGauuTzWXIuItFCh5N1Gchr7kHX98m/udR660iKMHnCTcC+kwEoFgFI3kuiHFkR9kT32c9qs1u27PQJaJU5AaFGj2q1/uIGZpyCNkkmrdc+wEvYwqFEzyacVNNU8oG9Mh7xka0ZBrL5tlnpITowxIECvzIiQz9fdGRkOtJ6FvJvOMetHLxf+8XorBtZeJKEmRR2x+KEglwZjkBZCBUJyhnBhCmRImK2EjqihDU1PFlOAsfnmZtM/qzmX94v681rgp6ijDERzDKThwBQ24gya0gEECz/AKb1ZqvVjv1sd8tGQVO4fwB9bnD5YTkg8=</latexit>zt

<latexit sha1_base64="WtwzIkKXKS/ddxEZnvvYuzbi8+o=">AAAB+nicbVC7TsMwFHV4lvJKYWSxqJCYqgTxGitYGItEH1IbRY7rtFYdJ7JvgCr0U1gYQIiVL2Hjb3DaDNByJEtH59yre3yCRHANjvNtLS2vrK6tlzbKm1vbO7t2Za+l41RR1qSxiFUnIJoJLlkTOAjWSRQjUSBYOxhd5377ninNY3kH44R5ERlIHnJKwEi+XelFBIZBmPWGBPDjxAffrjo1Zwq8SNyCVFGBhm9/9foxTSMmgQqiddd1EvAyooBTwSblXqpZQuiIDFjXUEkipr1sGn2Cj4zSx2GszJOAp+rvjYxEWo+jwEzmQfW8l4v/ed0Uwksv4zJJgUk6OxSmAkOM8x5wnytGQYwNIVRxkxXTIVGEgmmrbEpw57+8SFonNfe8dnZ7Wq1fFXWU0AE6RMfIRReojm5QAzURRQ/oGb2iN+vJerHerY/Z6JJV7OyjP7A+fwB75JQp</latexit>

x̂t
min
KL

<latexit sha1_base64="a2dWkQzNwNe0WU1ryf34Ta43FPM=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclUR8LYtuXFboC5oQJtNpO3QyCTM3Son9FDcuFHHrl7jzb5y0WWjrgYHDOfdyz5wwEVyD43xbK6tr6xubpa3y9s7u3r5dOWjrOFWUtWgsYtUNiWaCS9YCDoJ1E8VIFArWCce3ud95YErzWDZhkjA/IkPJB5wSMFJgV7yIwIgSgZuBByMGJLCrTs2ZAS8TtyBVVKAR2F9eP6ZpxCRQQbTuuU4CfkYUcCrYtOylmiWEjsmQ9QyVJGLaz2bRp/jEKH08iJV5EvBM/b2RkUjrSRSayTyoXvRy8T+vl8Lg2s+4TFJgks4PDVKBIcZ5D7jPFaMgJoYQqrjJiumIKELBtFU2JbiLX14m7bOae1m7uD+v1m+KOkroCB2jU+SiK1RHd6iBWoiiR/SMXtGb9WS9WO/Wx3x0xSp2DtEfWJ8/AY+T2g==</latexit>

T✓

<latexit sha1_base64="I5T7IK3R4HvViQqQJHrn79B//Mg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiTia1l047KCfUATwmQ6aYdOHszcCDHUX3HjQhG3fog7/8ZJm4W2Hhg4nHMv98zxE8EVWNa3UVlZXVvfqG7WtrZ3dvfM/YOuilNJWYfGIpZ9nygmeMQ6wEGwfiIZCX3Bev7kpvB7D0wqHkf3kCXMDcko4gGnBLTkmXUnJDD2g9wBLoYMP0498MyG1bRmwMvELkkDlWh75pczjGkasgioIEoNbCsBNycSOBVsWnNSxRJCJ2TEBppGJGTKzWfhp/hYK0McxFK/CPBM/b2Rk1CpLPT1ZBFVLXqF+J83SCG4cnMeJSmwiM4PBanAEOOiCTzkklEQmSaESq6zYjomklDQfdV0Cfbil5dJ97RpXzTP784areuyjio6REfoBNnoErXQLWqjDqIoQ8/oFb0ZT8aL8W58zEcrRrlTR39gfP4AGrWVFA==</latexit>

z̃t
Stage A: Probabilistic fluid simulator pretraining 

<latexit sha1_base64="T3OzooFleiwRI8D1YvYLVgNfCdY=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURX8uiG5cV7AOaUCbTSTt0MgkzE6EN/RI3LhRx66e482+ctFlo64GBwzn3cs+cIOFMacf5tkpr6xubW+Xtys7u3n7VPjhsqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY3+V+54lKxWLxqCcJ9SM8FCxkBGsj9e2qF2E9CsLMG2GNprO+XXPqzhxolbgFqUGBZt/+8gYxSSMqNOFYqZ7rJNrPsNSMcDqreKmiCSZjPKQ9QwWOqPKzefAZOjXKAIWxNE9oNFd/b2Q4UmoSBWYyj6mWvVz8z+ulOrzxMyaSVFNBFofClCMdo7wFNGCSEs0nhmAimcmKyAhLTLTpqmJKcJe/vEra53X3qn75cFFr3BZ1lOEYTuAMXLiGBtxDE1pAIIVneIU3a2q9WO/Wx2K0ZBU7R/AH1ucP6HeTRA==</latexit>

ẑ

<latexit sha1_base64="WtwzIkKXKS/ddxEZnvvYuzbi8+o=">AAAB+nicbVC7TsMwFHV4lvJKYWSxqJCYqgTxGitYGItEH1IbRY7rtFYdJ7JvgCr0U1gYQIiVL2Hjb3DaDNByJEtH59yre3yCRHANjvNtLS2vrK6tlzbKm1vbO7t2Za+l41RR1qSxiFUnIJoJLlkTOAjWSRQjUSBYOxhd5377ninNY3kH44R5ERlIHnJKwEi+XelFBIZBmPWGBPDjxAffrjo1Zwq8SNyCVFGBhm9/9foxTSMmgQqiddd1EvAyooBTwSblXqpZQuiIDFjXUEkipr1sGn2Cj4zSx2GszJOAp+rvjYxEWo+jwEzmQfW8l4v/ed0Uwksv4zJJgUk6OxSmAkOM8x5wnytGQYwNIVRxkxXTIVGEgmmrbEpw57+8SFonNfe8dnZ7Wq1fFXWU0AE6RMfIRReojm5QAzURRQ/oGb2iN+vJerHerY/Z6JJV7OyjP7A+fwB75JQp</latexit>

x̂t
<latexit sha1_base64="a2dWkQzNwNe0WU1ryf34Ta43FPM=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclUR8LYtuXFboC5oQJtNpO3QyCTM3Son9FDcuFHHrl7jzb5y0WWjrgYHDOfdyz5wwEVyD43xbK6tr6xubpa3y9s7u3r5dOWjrOFWUtWgsYtUNiWaCS9YCDoJ1E8VIFArWCce3ud95YErzWDZhkjA/IkPJB5wSMFJgV7yIwIgSgZuBByMGJLCrTs2ZAS8TtyBVVKAR2F9eP6ZpxCRQQbTuuU4CfkYUcCrYtOylmiWEjsmQ9QyVJGLaz2bRp/jEKH08iJV5EvBM/b2RkUjrSRSayTyoXvRy8T+vl8Lg2s+4TFJgks4PDVKBIcZ5D7jPFaMgJoYQqrjJiumIKELBtFU2JbiLX14m7bOae1m7uD+v1m+KOkroCB2jU+SiK1RHd6iBWoiiR/SMXtGb9WS9WO/Wx3x0xSp2DtEfWJ8/AY+T2g==</latexit>

T✓

Stage B:  Visual posterior inference 

<latexit sha1_base64="f/4drjax6Y9nn+m4m1FxjUew7QY=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURX8uiG5dV7AOaECbTaTt0MgkzE6GGfokbF4q49VPc+TdO2iy09cDA4Zx7uWdOmHCmtON8W6WV1bX1jfJmZWt7Z7dq7+23VZxKQlsk5rHshlhRzgRtaaY57SaS4ijktBOOb3K/80ilYrF40JOE+hEeCjZgBGsjBXbVi7AeEczRfeAlIxbYNafuzICWiVuQGhRoBvaX149JGlGhCcdK9Vwn0X6GpWaE02nFSxVNMBnjIe0ZKnBElZ/Ngk/RsVH6aBBL84RGM/X3RoYjpSZRaCbzmGrRy8X/vF6qB1d+xkSSairI/NAg5UjHKG8B9ZmkRPOJIZhIZrIiMsISE226qpgS3MUvL5P2ad29qJ/fndUa10UdZTiEIzgBFy6hAbfQhBYQSOEZXuHNerJerHfrYz5asoqdA/gD6/MHZYOS7w==</latexit>R�

<latexit sha1_base64="WUGfJUatT32LsO7tY2ynq1+4uX0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIr2XRjcsK9gFtKJPppB06mYSZSbGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWeOH3OmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsf3+V+e0KlYpF41NOYeiEeChYwgrWR+rbdC7Ee+UH6lPVTfeZmfbvq1JwZ0DJxC1KFAo2+/dUbRCQJqdCEY6W6rhNrL8VSM8JpVuklisaYjPGQdg0VOKTKS2fJM3RilAEKImme0Gim/t5IcajUNPTNZJ5TLXq5+J/XTXRw46VMxImmgswPBQlHOkJ5DWjAJCWaTw3BRDKTFZERlphoU1bFlOAufnmZtM5r7lXt8uGiWr8t6ijDERzDKbhwDXW4hwY0gcAEnuEV3qzUerHerY/5aMkqdg7hD6zPH7vAk7w=</latexit>xt�1

<latexit sha1_base64="WUGfJUatT32LsO7tY2ynq1+4uX0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIr2XRjcsK9gFtKJPppB06mYSZSbGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWeOH3OmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsf3+V+e0KlYpF41NOYeiEeChYwgrWR+rbdC7Ee+UH6lPVTfeZmfbvq1JwZ0DJxC1KFAo2+/dUbRCQJqdCEY6W6rhNrL8VSM8JpVuklisaYjPGQdg0VOKTKS2fJM3RilAEKImme0Gim/t5IcajUNPTNZJ5TLXq5+J/XTXRw46VMxImmgswPBQlHOkJ5DWjAJCWaTw3BRDKTFZERlphoU1bFlOAufnmZtM5r7lXt8uGiWr8t6ijDERzDKbhwDXW4hwY0gcAEnuEV3qzUerHerY/5aMkqdg7hD6zPH7vAk7w=</latexit>xt�1

<latexit sha1_base64="5aYH/9TDHZ7BrAp75dL1n4FkcGY=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi94imIckS5idzCZDZnaXmV4hLPkKLx4U8ernePNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUkS8gQIlbyeaUxVI3gpG11O/9ci1EXF0j+OE+4oOIhEKRtFKD90hxex20sNeueJW3RnIX+LlpAI56r3yZ7cfs1TxCJmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LI2o4sbPZgdPyJFV+iSMta0IyUz9OZFRZcxYBbZTURyaRW8q/ud1Ugwv/UxESYo8YvNFYSoJxmT6PekLzRnKsSWUaWFvJWxINWVoMyrZELzFl/+S5knVO6+e3Z1Wald5HEU4gEM4Bg8uoAY3UIcGMFDwBC/w6mjn2Xlz3uetBSef2YdfcD6+AfvhkIs=</latexit>

Ît

<latexit sha1_base64="T3OzooFleiwRI8D1YvYLVgNfCdY=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURX8uiG5cV7AOaUCbTSTt0MgkzE6EN/RI3LhRx66e482+ctFlo64GBwzn3cs+cIOFMacf5tkpr6xubW+Xtys7u3n7VPjhsqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY3+V+54lKxWLxqCcJ9SM8FCxkBGsj9e2qF2E9CsLMG2GNprO+XXPqzhxolbgFqUGBZt/+8gYxSSMqNOFYqZ7rJNrPsNSMcDqreKmiCSZjPKQ9QwWOqPKzefAZOjXKAIWxNE9oNFd/b2Q4UmoSBWYyj6mWvVz8z+ulOrzxMyaSVFNBFofClCMdo7wFNGCSEs0nhmAimcmKyAhLTLTpqmJKcJe/vEra53X3qn75cFFr3BZ1lOEYTuAMXLiGBtxDE1pAIIVneIU3a2q9WO/Wx2K0ZBU7R/AH1ucP6HeTRA==</latexit>

ẑ

<latexit sha1_base64="WtwzIkKXKS/ddxEZnvvYuzbi8+o=">AAAB+nicbVC7TsMwFHV4lvJKYWSxqJCYqgTxGitYGItEH1IbRY7rtFYdJ7JvgCr0U1gYQIiVL2Hjb3DaDNByJEtH59yre3yCRHANjvNtLS2vrK6tlzbKm1vbO7t2Za+l41RR1qSxiFUnIJoJLlkTOAjWSRQjUSBYOxhd5377ninNY3kH44R5ERlIHnJKwEi+XelFBIZBmPWGBPDjxAffrjo1Zwq8SNyCVFGBhm9/9foxTSMmgQqiddd1EvAyooBTwSblXqpZQuiIDFjXUEkipr1sGn2Cj4zSx2GszJOAp+rvjYxEWo+jwEzmQfW8l4v/ed0Uwksv4zJJgUk6OxSmAkOM8x5wnytGQYwNIVRxkxXTIVGEgmmrbEpw57+8SFonNfe8dnZ7Wq1fFXWU0AE6RMfIRReojm5QAzURRQ/oGb2iN+vJerHerY/Z6JJV7OyjP7A+fwB75JQp</latexit>

x̂t
<latexit sha1_base64="a2dWkQzNwNe0WU1ryf34Ta43FPM=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclUR8LYtuXFboC5oQJtNpO3QyCTM3Son9FDcuFHHrl7jzb5y0WWjrgYHDOfdyz5wwEVyD43xbK6tr6xubpa3y9s7u3r5dOWjrOFWUtWgsYtUNiWaCS9YCDoJ1E8VIFArWCce3ud95YErzWDZhkjA/IkPJB5wSMFJgV7yIwIgSgZuBByMGJLCrTs2ZAS8TtyBVVKAR2F9eP6ZpxCRQQbTuuU4CfkYUcCrYtOylmiWEjsmQ9QyVJGLaz2bRp/jEKH08iJV5EvBM/b2RkUjrSRSayTyoXvRy8T+vl8Lg2s+4TFJgks4PDVKBIcZ5D7jPFaMgJoYQqrjJiumIKELBtFU2JbiLX14m7bOae1m7uD+v1m+KOkroCB2jU+SiK1RHd6iBWoiiR/SMXtGb9WS9WO/Wx3x0xSp2DtEfWJ8/AY+T2g==</latexit>

T✓

Stage C:  Physical prior adaptation

<latexit sha1_base64="f/4drjax6Y9nn+m4m1FxjUew7QY=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURX8uiG5dV7AOaECbTaTt0MgkzE6GGfokbF4q49VPc+TdO2iy09cDA4Zx7uWdOmHCmtON8W6WV1bX1jfJmZWt7Z7dq7+23VZxKQlsk5rHshlhRzgRtaaY57SaS4ijktBOOb3K/80ilYrF40JOE+hEeCjZgBGsjBXbVi7AeEczRfeAlIxbYNafuzICWiVuQGhRoBvaX149JGlGhCcdK9Vwn0X6GpWaE02nFSxVNMBnjIe0ZKnBElZ/Ngk/RsVH6aBBL84RGM/X3RoYjpSZRaCbzmGrRy8X/vF6qB1d+xkSSairI/NAg5UjHKG8B9ZmkRPOJIZhIZrIiMsISE226qpgS3MUvL5P2ad29qJ/fndUa10UdZTiEIzgBFy6hAbfQhBYQSOEZXuHNerJerHfrYz5asoqdA/gD6/MHZYOS7w==</latexit>R�

<latexit sha1_base64="WUGfJUatT32LsO7tY2ynq1+4uX0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIr2XRjcsK9gFtKJPppB06mYSZSbGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWeOH3OmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsf3+V+e0KlYpF41NOYeiEeChYwgrWR+rbdC7Ee+UH6lPVTfeZmfbvq1JwZ0DJxC1KFAo2+/dUbRCQJqdCEY6W6rhNrL8VSM8JpVuklisaYjPGQdg0VOKTKS2fJM3RilAEKImme0Gim/t5IcajUNPTNZJ5TLXq5+J/XTXRw46VMxImmgswPBQlHOkJ5DWjAJCWaTw3BRDKTFZERlphoU1bFlOAufnmZtM5r7lXt8uGiWr8t6ijDERzDKbhwDXW4hwY0gcAEnuEV3qzUerHerY/5aMkqdg7hD6zPH7vAk7w=</latexit>xt�1

<latexit sha1_base64="5aYH/9TDHZ7BrAp75dL1n4FkcGY=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi94imIckS5idzCZDZnaXmV4hLPkKLx4U8ernePNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUkS8gQIlbyeaUxVI3gpG11O/9ci1EXF0j+OE+4oOIhEKRtFKD90hxex20sNeueJW3RnIX+LlpAI56r3yZ7cfs1TxCJmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LI2o4sbPZgdPyJFV+iSMta0IyUz9OZFRZcxYBbZTURyaRW8q/ud1Ugwv/UxESYo8YvNFYSoJxmT6PekLzRnKsSWUaWFvJWxINWVoMyrZELzFl/+S5knVO6+e3Z1Wald5HEU4gEM4Bg8uoAY3UIcGMFDwBC/w6mjn2Xlz3uetBSef2YdfcD6+AfvhkIs=</latexit>

Ît

<latexit sha1_base64="eA8uDSHnE2LfsCt5cF058bk0v10=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9gHtUDJppo3NJCHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0O/VbT1QbJsWDHSsaJnggWMwItk5qql5XGdYrV/yqPwNaJkFOKpCj3it/dfuSpAkVlnBsTCfwlQ0zrC0jnE5K3dRQhckID2jHUYETasJsdu0EnTilj2KpXQmLZurviQwnxoyTyHUm2A7NojcV//M6qY2vw4wJlVoqyHxRnHJkJZq+jvpMU2L52BFMNHO3IjLEGhPrAiq5EILFl5dJ86waXFYv7s8rtZs8jiIcwTGcQgBXUIM7qEMDCDzCM7zCmye9F+/d+5i3Frx85hD+wPv8Aa7Mjzc=</latexit>p 

<latexit sha1_base64="77XMSKFg10ofCwNTa4cWgwhWUlo=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68RjBPCBZwuxkNhkyO7vO9IphyTd48aCIVz/Im3/jJNmDJhY0FFXddHcFiRQGXffbWVpeWV1bL2wUN7e2d3ZLe/sNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwZuI3H7k2Ilb3OEq4H9G+EqFgFK1Uf+h2nkS3VHYr7hRkkXg5KUOOWrf01enFLI24QiapMW3PTdDPqEbBJB8XO6nhCWVD2udtSxWNuPGz6bFjcmyVHgljbUshmaq/JzIaGTOKAtsZURyYeW8i/ue1Uwyv/EyoJEWu2GxRmEqCMZl8TnpCc4ZyZAllWthbCRtQTRnafIo2BG/+5UXSOK14F5Xzu7Ny9TqPowCHcAQn4MElVOEWalAHBgKe4RXeHOW8OO/Ox6x1yclnDuAPnM8f5yeOww==</latexit>q⇠

!! !! ! !

<latexit sha1_base64="a2dWkQzNwNe0WU1ryf34Ta43FPM=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclUR8LYtuXFboC5oQJtNpO3QyCTM3Son9FDcuFHHrl7jzb5y0WWjrgYHDOfdyz5wwEVyD43xbK6tr6xubpa3y9s7u3r5dOWjrOFWUtWgsYtUNiWaCS9YCDoJ1E8VIFArWCce3ud95YErzWDZhkjA/IkPJB5wSMFJgV7yIwIgSgZuBByMGJLCrTs2ZAS8TtyBVVKAR2F9eP6ZpxCRQQbTuuU4CfkYUcCrYtOylmiWEjsmQ9QyVJGLaz2bRp/jEKH08iJV5EvBM/b2RkUjrSRSayTyoXvRy8T+vl8Lg2s+4TFJgks4PDVKBIcZ5D7jPFaMgJoYQqrjJiumIKELBtFU2JbiLX14m7bOae1m7uD+v1m+KOkroCB2jU+SiK1RHd6iBWoiiR/SMXtGb9WS9WO/Wx3x0xSp2DtEfWJ8/AY+T2g==</latexit>

T✓

<latexit sha1_base64="eA8uDSHnE2LfsCt5cF058bk0v10=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9gHtUDJppo3NJCHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0O/VbT1QbJsWDHSsaJnggWMwItk5qql5XGdYrV/yqPwNaJkFOKpCj3it/dfuSpAkVlnBsTCfwlQ0zrC0jnE5K3dRQhckID2jHUYETasJsdu0EnTilj2KpXQmLZurviQwnxoyTyHUm2A7NojcV//M6qY2vw4wJlVoqyHxRnHJkJZq+jvpMU2L52BFMNHO3IjLEGhPrAiq5EILFl5dJ86waXFYv7s8rtZs8jiIcwTGcQgBXUIM7qEMDCDzCM7zCmye9F+/d+5i3Frx85hD+wPv8Aa7Mjzc=</latexit>p 

<latexit sha1_base64="77XMSKFg10ofCwNTa4cWgwhWUlo=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68RjBPCBZwuxkNhkyO7vO9IphyTd48aCIVz/Im3/jJNmDJhY0FFXddHcFiRQGXffbWVpeWV1bL2wUN7e2d3ZLe/sNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwZuI3H7k2Ilb3OEq4H9G+EqFgFK1Uf+h2nkS3VHYr7hRkkXg5KUOOWrf01enFLI24QiapMW3PTdDPqEbBJB8XO6nhCWVD2udtSxWNuPGz6bFjcmyVHgljbUshmaq/JzIaGTOKAtsZURyYeW8i/ue1Uwyv/EyoJEWu2GxRmEqCMZl8TnpCc4ZyZAllWthbCRtQTRnafIo2BG/+5UXSOK14F5Xzu7Ny9TqPowCHcAQn4MElVOEWalAHBgKe4RXeHOW8OO/Ox6x1yclnDuAPnM8f5yeOww==</latexit>q⇠

<latexit sha1_base64="a2dWkQzNwNe0WU1ryf34Ta43FPM=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclUR8LYtuXFboC5oQJtNpO3QyCTM3Son9FDcuFHHrl7jzb5y0WWjrgYHDOfdyz5wwEVyD43xbK6tr6xubpa3y9s7u3r5dOWjrOFWUtWgsYtUNiWaCS9YCDoJ1E8VIFArWCce3ud95YErzWDZhkjA/IkPJB5wSMFJgV7yIwIgSgZuBByMGJLCrTs2ZAS8TtyBVVKAR2F9eP6ZpxCRQQbTuuU4CfkYUcCrYtOylmiWEjsmQ9QyVJGLaz2bRp/jEKH08iJV5EvBM/b2RkUjrSRSayTyoXvRy8T+vl8Lg2s+4TFJgks4PDVKBIcZ5D7jPFaMgJoYQqrjJiumIKELBtFU2JbiLX14m7bOae1m7uD+v1m+KOkroCB2jU+SiK1RHd6iBWoiiR/SMXtGb9WS9WO/Wx3x0xSp2DtEfWJ8/AY+T2g==</latexit>

T✓

<latexit sha1_base64="f/4drjax6Y9nn+m4m1FxjUew7QY=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURX8uiG5dV7AOaECbTaTt0MgkzE6GGfokbF4q49VPc+TdO2iy09cDA4Zx7uWdOmHCmtON8W6WV1bX1jfJmZWt7Z7dq7+23VZxKQlsk5rHshlhRzgRtaaY57SaS4ijktBOOb3K/80ilYrF40JOE+hEeCjZgBGsjBXbVi7AeEczRfeAlIxbYNafuzICWiVuQGhRoBvaX149JGlGhCcdK9Vwn0X6GpWaE02nFSxVNMBnjIe0ZKnBElZ/Ngk/RsVH6aBBL84RGM/X3RoYjpSZRaCbzmGrRy8X/vF6qB1d+xkSSairI/NAg5UjHKG8B9ZmkRPOJIZhIZrIiMsISE226qpgS3MUvL5P2ad29qJ/fndUa10UdZTiEIzgBFy6hAbfQhBYQSOEZXuHNerJerHfrYz5asoqdA/gD6/MHZYOS7w==</latexit>R�
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l 阶段二：基于视觉表观，粒子转移模块与可微分的神经渲染器结合，优化视觉
后验隐变量

视觉观测序列



流体动力学概率式视觉知识迁移

l 阶段三：将视觉后验迁移到仿真器的物理先验网络中。可仿真属性未知、初始
状态/边界条件可变的流体场景

<latexit sha1_base64="WUGfJUatT32LsO7tY2ynq1+4uX0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIr2XRjcsK9gFtKJPppB06mYSZSbGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWeOH3OmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsf3+V+e0KlYpF41NOYeiEeChYwgrWR+rbdC7Ee+UH6lPVTfeZmfbvq1JwZ0DJxC1KFAo2+/dUbRCQJqdCEY6W6rhNrL8VSM8JpVuklisaYjPGQdg0VOKTKS2fJM3RilAEKImme0Gim/t5IcajUNPTNZJ5TLXq5+J/XTXRw46VMxImmgswPBQlHOkJ5DWjAJCWaTw3BRDKTFZERlphoU1bFlOAufnmZtM5r7lXt8uGiWr8t6ijDERzDKbhwDXW4hwY0gcAEnuEV3qzUerHerY/5aMkqdg7hD6zPH7vAk7w=</latexit>xt�1

<latexit sha1_base64="I5T7IK3R4HvViQqQJHrn79B//Mg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiTia1l047KCfUATwmQ6aYdOHszcCDHUX3HjQhG3fog7/8ZJm4W2Hhg4nHMv98zxE8EVWNa3UVlZXVvfqG7WtrZ3dvfM/YOuilNJWYfGIpZ9nygmeMQ6wEGwfiIZCX3Bev7kpvB7D0wqHkf3kCXMDcko4gGnBLTkmXUnJDD2g9wBLoYMP0498MyG1bRmwMvELkkDlWh75pczjGkasgioIEoNbCsBNycSOBVsWnNSxRJCJ2TEBppGJGTKzWfhp/hYK0McxFK/CPBM/b2Rk1CpLPT1ZBFVLXqF+J83SCG4cnMeJSmwiM4PBanAEOOiCTzkklEQmSaESq6zYjomklDQfdV0Cfbil5dJ97RpXzTP784areuyjio6REfoBNnoErXQLWqjDqIoQ8/oFb0ZT8aL8W58zEcrRrlTR39gfP4AGrWVFA==</latexit>

z̃t

min
KL

<latexit sha1_base64="XI1uTDybDlUcbOSUY5QPVychc1Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi94imgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbF6wHHC/YgOlAgFo2il+9se9soVt+rOQP4SLycVyFHvlT+7/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUKOrNInYaxtKSQz9edERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb78lzRPqt559ezutFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d6Tw7b877vLXg5DP78AvOxzcs4o2+</latexit>

It

<latexit sha1_base64="Z5+jjzyWZiXd8VjqgFVPltCIELI=">AAAB9XicbVDLSsNAFL2pr1pfVZdugkVwVRLxtSy6cVnBPqCNZTKdtEMnkzBzo5aQ/3DjQhG3/os7/8ZJ24W2Hhg4nHMv98zxY8E1Os63VVhaXlldK66XNja3tnfKu3tNHSWKsgaNRKTaPtFMcMkayFGwdqwYCX3BWv7oOvdbD0xpHsk7HMfMC8lA8oBTgka674YEh36QPmW9FLNeueJUnQnsReLOSAVmqPfKX91+RJOQSaSCaN1xnRi9lCjkVLCs1E00iwkdkQHrGCpJyLSXTlJn9pFR+nYQKfMk2hP190ZKQq3HoW8m85R63svF/7xOgsGll3IZJ8gknR4KEmFjZOcV2H2uGEUxNoRQxU1Wmw6JIhRNUSVTgjv/5UXSPKm659Wz29NK7WpWRxEO4BCOwYULqMEN1KEBFBQ8wyu8WY/Wi/VufUxHC9ZsZx/+wPr8AV/Ekxk=</latexit>xt

<latexit sha1_base64="eA8uDSHnE2LfsCt5cF058bk0v10=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9gHtUDJppo3NJCHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0O/VbT1QbJsWDHSsaJnggWMwItk5qql5XGdYrV/yqPwNaJkFOKpCj3it/dfuSpAkVlnBsTCfwlQ0zrC0jnE5K3dRQhckID2jHUYETasJsdu0EnTilj2KpXQmLZurviQwnxoyTyHUm2A7NojcV//M6qY2vw4wJlVoqyHxRnHJkJZq+jvpMU2L52BFMNHO3IjLEGhPrAiq5EILFl5dJ86waXFYv7s8rtZs8jiIcwTGcQgBXUIM7qEMDCDzCM7zCmye9F+/d+5i3Frx85hD+wPv8Aa7Mjzc=</latexit>p 

<latexit sha1_base64="XI1uTDybDlUcbOSUY5QPVychc1Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi94imgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbF6wHHC/YgOlAgFo2il+9se9soVt+rOQP4SLycVyFHvlT+7/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUKOrNInYaxtKSQz9edERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb78lzRPqt559ezutFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d6Tw7b877vLXg5DP78AvOxzcs4o2+</latexit>

It

<latexit sha1_base64="WUGfJUatT32LsO7tY2ynq1+4uX0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIr2XRjcsK9gFtKJPppB06mYSZSbGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWeOH3OmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsf3+V+e0KlYpF41NOYeiEeChYwgrWR+rbdC7Ee+UH6lPVTfeZmfbvq1JwZ0DJxC1KFAo2+/dUbRCQJqdCEY6W6rhNrL8VSM8JpVuklisaYjPGQdg0VOKTKS2fJM3RilAEKImme0Gim/t5IcajUNPTNZJ5TLXq5+J/XTXRw46VMxImmgswPBQlHOkJ5DWjAJCWaTw3BRDKTFZERlphoU1bFlOAufnmZtM5r7lXt8uGiWr8t6ijDERzDKbhwDXW4hwY0gcAEnuEV3qzUerHerY/5aMkqdg7hD6zPH7vAk7w=</latexit>xt�1

<latexit sha1_base64="Z5+jjzyWZiXd8VjqgFVPltCIELI=">AAAB9XicbVDLSsNAFL2pr1pfVZdugkVwVRLxtSy6cVnBPqCNZTKdtEMnkzBzo5aQ/3DjQhG3/os7/8ZJ24W2Hhg4nHMv98zxY8E1Os63VVhaXlldK66XNja3tnfKu3tNHSWKsgaNRKTaPtFMcMkayFGwdqwYCX3BWv7oOvdbD0xpHsk7HMfMC8lA8oBTgka674YEh36QPmW9FLNeueJUnQnsReLOSAVmqPfKX91+RJOQSaSCaN1xnRi9lCjkVLCs1E00iwkdkQHrGCpJyLSXTlJn9pFR+nYQKfMk2hP190ZKQq3HoW8m85R63svF/7xOgsGll3IZJ8gknR4KEmFjZOcV2H2uGEUxNoRQxU1Wmw6JIhRNUSVTgjv/5UXSPKm659Wz29NK7WpWRxEO4BCOwYULqMEN1KEBFBQ8wyu8WY/Wi/VufUxHC9ZsZx/+wPr8AV/Ekxk=</latexit>xt
<latexit sha1_base64="gh/keTiejBrq2dmD1WwFbY31XOk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiTia1l047KCfUATymQ6aYdOHszcCDX0N9y4UMStP+POv3HSZqGtBwYO59zLPXP8RAqNtv1tlVZW19Y3ypuVre2d3b3q/kFbx6livMViGauuTzWXIuItFCh5N1Gchr7kHX98m/udR660iKMHnCTcC+kwEoFgFI3kuiHFkR9kT32c9qs1u27PQJaJU5AaFGj2q1/uIGZpyCNkkmrdc+wEvYwqFEzyacVNNU8oG9Mh7xka0ZBrL5tlnpITowxIECvzIiQz9fdGRkOtJ6FvJvOMetHLxf+8XorBtZeJKEmRR2x+KEglwZjkBZCBUJyhnBhCmRImK2EjqihDU1PFlOAsfnmZtM/qzmX94v681rgp6ijDERzDKThwBQ24gya0gEECz/AKb1ZqvVjv1sd8tGQVO4fwB9bnD5YTkg8=</latexit>zt

<latexit sha1_base64="WtwzIkKXKS/ddxEZnvvYuzbi8+o=">AAAB+nicbVC7TsMwFHV4lvJKYWSxqJCYqgTxGitYGItEH1IbRY7rtFYdJ7JvgCr0U1gYQIiVL2Hjb3DaDNByJEtH59yre3yCRHANjvNtLS2vrK6tlzbKm1vbO7t2Za+l41RR1qSxiFUnIJoJLlkTOAjWSRQjUSBYOxhd5377ninNY3kH44R5ERlIHnJKwEi+XelFBIZBmPWGBPDjxAffrjo1Zwq8SNyCVFGBhm9/9foxTSMmgQqiddd1EvAyooBTwSblXqpZQuiIDFjXUEkipr1sGn2Cj4zSx2GszJOAp+rvjYxEWo+jwEzmQfW8l4v/ed0Uwksv4zJJgUk6OxSmAkOM8x5wnytGQYwNIVRxkxXTIVGEgmmrbEpw57+8SFonNfe8dnZ7Wq1fFXWU0AE6RMfIRReojm5QAzURRQ/oGb2iN+vJerHerY/Z6JJV7OyjP7A+fwB75JQp</latexit>

x̂t
min
KL

<latexit sha1_base64="a2dWkQzNwNe0WU1ryf34Ta43FPM=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclUR8LYtuXFboC5oQJtNpO3QyCTM3Son9FDcuFHHrl7jzb5y0WWjrgYHDOfdyz5wwEVyD43xbK6tr6xubpa3y9s7u3r5dOWjrOFWUtWgsYtUNiWaCS9YCDoJ1E8VIFArWCce3ud95YErzWDZhkjA/IkPJB5wSMFJgV7yIwIgSgZuBByMGJLCrTs2ZAS8TtyBVVKAR2F9eP6ZpxCRQQbTuuU4CfkYUcCrYtOylmiWEjsmQ9QyVJGLaz2bRp/jEKH08iJV5EvBM/b2RkUjrSRSayTyoXvRy8T+vl8Lg2s+4TFJgks4PDVKBIcZ5D7jPFaMgJoYQqrjJiumIKELBtFU2JbiLX14m7bOae1m7uD+v1m+KOkroCB2jU+SiK1RHd6iBWoiiR/SMXtGb9WS9WO/Wx3x0xSp2DtEfWJ8/AY+T2g==</latexit>

T✓

<latexit sha1_base64="I5T7IK3R4HvViQqQJHrn79B//Mg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiTia1l047KCfUATwmQ6aYdOHszcCDHUX3HjQhG3fog7/8ZJm4W2Hhg4nHMv98zxE8EVWNa3UVlZXVvfqG7WtrZ3dvfM/YOuilNJWYfGIpZ9nygmeMQ6wEGwfiIZCX3Bev7kpvB7D0wqHkf3kCXMDcko4gGnBLTkmXUnJDD2g9wBLoYMP0498MyG1bRmwMvELkkDlWh75pczjGkasgioIEoNbCsBNycSOBVsWnNSxRJCJ2TEBppGJGTKzWfhp/hYK0McxFK/CPBM/b2Rk1CpLPT1ZBFVLXqF+J83SCG4cnMeJSmwiM4PBanAEOOiCTzkklEQmSaESq6zYjomklDQfdV0Cfbil5dJ97RpXzTP784areuyjio6REfoBNnoErXQLWqjDqIoQ8/oFb0ZT8aL8W58zEcrRrlTR39gfP4AGrWVFA==</latexit>

z̃t
Stage A: Probabilistic fluid simulator pretraining 

<latexit sha1_base64="T3OzooFleiwRI8D1YvYLVgNfCdY=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURX8uiG5cV7AOaUCbTSTt0MgkzE6EN/RI3LhRx66e482+ctFlo64GBwzn3cs+cIOFMacf5tkpr6xubW+Xtys7u3n7VPjhsqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY3+V+54lKxWLxqCcJ9SM8FCxkBGsj9e2qF2E9CsLMG2GNprO+XXPqzhxolbgFqUGBZt/+8gYxSSMqNOFYqZ7rJNrPsNSMcDqreKmiCSZjPKQ9QwWOqPKzefAZOjXKAIWxNE9oNFd/b2Q4UmoSBWYyj6mWvVz8z+ulOrzxMyaSVFNBFofClCMdo7wFNGCSEs0nhmAimcmKyAhLTLTpqmJKcJe/vEra53X3qn75cFFr3BZ1lOEYTuAMXLiGBtxDE1pAIIVneIU3a2q9WO/Wx2K0ZBU7R/AH1ucP6HeTRA==</latexit>

ẑ

<latexit sha1_base64="WtwzIkKXKS/ddxEZnvvYuzbi8+o=">AAAB+nicbVC7TsMwFHV4lvJKYWSxqJCYqgTxGitYGItEH1IbRY7rtFYdJ7JvgCr0U1gYQIiVL2Hjb3DaDNByJEtH59yre3yCRHANjvNtLS2vrK6tlzbKm1vbO7t2Za+l41RR1qSxiFUnIJoJLlkTOAjWSRQjUSBYOxhd5377ninNY3kH44R5ERlIHnJKwEi+XelFBIZBmPWGBPDjxAffrjo1Zwq8SNyCVFGBhm9/9foxTSMmgQqiddd1EvAyooBTwSblXqpZQuiIDFjXUEkipr1sGn2Cj4zSx2GszJOAp+rvjYxEWo+jwEzmQfW8l4v/ed0Uwksv4zJJgUk6OxSmAkOM8x5wnytGQYwNIVRxkxXTIVGEgmmrbEpw57+8SFonNfe8dnZ7Wq1fFXWU0AE6RMfIRReojm5QAzURRQ/oGb2iN+vJerHerY/Z6JJV7OyjP7A+fwB75JQp</latexit>

x̂t
<latexit sha1_base64="a2dWkQzNwNe0WU1ryf34Ta43FPM=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclUR8LYtuXFboC5oQJtNpO3QyCTM3Son9FDcuFHHrl7jzb5y0WWjrgYHDOfdyz5wwEVyD43xbK6tr6xubpa3y9s7u3r5dOWjrOFWUtWgsYtUNiWaCS9YCDoJ1E8VIFArWCce3ud95YErzWDZhkjA/IkPJB5wSMFJgV7yIwIgSgZuBByMGJLCrTs2ZAS8TtyBVVKAR2F9eP6ZpxCRQQbTuuU4CfkYUcCrYtOylmiWEjsmQ9QyVJGLaz2bRp/jEKH08iJV5EvBM/b2RkUjrSRSayTyoXvRy8T+vl8Lg2s+4TFJgks4PDVKBIcZ5D7jPFaMgJoYQqrjJiumIKELBtFU2JbiLX14m7bOae1m7uD+v1m+KOkroCB2jU+SiK1RHd6iBWoiiR/SMXtGb9WS9WO/Wx3x0xSp2DtEfWJ8/AY+T2g==</latexit>

T✓

Stage B:  Visual posterior inference 

<latexit sha1_base64="f/4drjax6Y9nn+m4m1FxjUew7QY=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURX8uiG5dV7AOaECbTaTt0MgkzE6GGfokbF4q49VPc+TdO2iy09cDA4Zx7uWdOmHCmtON8W6WV1bX1jfJmZWt7Z7dq7+23VZxKQlsk5rHshlhRzgRtaaY57SaS4ijktBOOb3K/80ilYrF40JOE+hEeCjZgBGsjBXbVi7AeEczRfeAlIxbYNafuzICWiVuQGhRoBvaX149JGlGhCcdK9Vwn0X6GpWaE02nFSxVNMBnjIe0ZKnBElZ/Ngk/RsVH6aBBL84RGM/X3RoYjpSZRaCbzmGrRy8X/vF6qB1d+xkSSairI/NAg5UjHKG8B9ZmkRPOJIZhIZrIiMsISE226qpgS3MUvL5P2ad29qJ/fndUa10UdZTiEIzgBFy6hAbfQhBYQSOEZXuHNerJerHfrYz5asoqdA/gD6/MHZYOS7w==</latexit>R�

<latexit sha1_base64="WUGfJUatT32LsO7tY2ynq1+4uX0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIr2XRjcsK9gFtKJPppB06mYSZSbGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWeOH3OmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsf3+V+e0KlYpF41NOYeiEeChYwgrWR+rbdC7Ee+UH6lPVTfeZmfbvq1JwZ0DJxC1KFAo2+/dUbRCQJqdCEY6W6rhNrL8VSM8JpVuklisaYjPGQdg0VOKTKS2fJM3RilAEKImme0Gim/t5IcajUNPTNZJ5TLXq5+J/XTXRw46VMxImmgswPBQlHOkJ5DWjAJCWaTw3BRDKTFZERlphoU1bFlOAufnmZtM5r7lXt8uGiWr8t6ijDERzDKbhwDXW4hwY0gcAEnuEV3qzUerHerY/5aMkqdg7hD6zPH7vAk7w=</latexit>xt�1

<latexit sha1_base64="WUGfJUatT32LsO7tY2ynq1+4uX0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIr2XRjcsK9gFtKJPppB06mYSZSbGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWeOH3OmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsf3+V+e0KlYpF41NOYeiEeChYwgrWR+rbdC7Ee+UH6lPVTfeZmfbvq1JwZ0DJxC1KFAo2+/dUbRCQJqdCEY6W6rhNrL8VSM8JpVuklisaYjPGQdg0VOKTKS2fJM3RilAEKImme0Gim/t5IcajUNPTNZJ5TLXq5+J/XTXRw46VMxImmgswPBQlHOkJ5DWjAJCWaTw3BRDKTFZERlphoU1bFlOAufnmZtM5r7lXt8uGiWr8t6ijDERzDKbhwDXW4hwY0gcAEnuEV3qzUerHerY/5aMkqdg7hD6zPH7vAk7w=</latexit>xt�1

<latexit sha1_base64="5aYH/9TDHZ7BrAp75dL1n4FkcGY=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi94imIckS5idzCZDZnaXmV4hLPkKLx4U8ernePNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUkS8gQIlbyeaUxVI3gpG11O/9ci1EXF0j+OE+4oOIhEKRtFKD90hxex20sNeueJW3RnIX+LlpAI56r3yZ7cfs1TxCJmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LI2o4sbPZgdPyJFV+iSMta0IyUz9OZFRZcxYBbZTURyaRW8q/ud1Ugwv/UxESYo8YvNFYSoJxmT6PekLzRnKsSWUaWFvJWxINWVoMyrZELzFl/+S5knVO6+e3Z1Wald5HEU4gEM4Bg8uoAY3UIcGMFDwBC/w6mjn2Xlz3uetBSef2YdfcD6+AfvhkIs=</latexit>

Ît

<latexit sha1_base64="T3OzooFleiwRI8D1YvYLVgNfCdY=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURX8uiG5cV7AOaUCbTSTt0MgkzE6EN/RI3LhRx66e482+ctFlo64GBwzn3cs+cIOFMacf5tkpr6xubW+Xtys7u3n7VPjhsqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY3+V+54lKxWLxqCcJ9SM8FCxkBGsj9e2qF2E9CsLMG2GNprO+XXPqzhxolbgFqUGBZt/+8gYxSSMqNOFYqZ7rJNrPsNSMcDqreKmiCSZjPKQ9QwWOqPKzefAZOjXKAIWxNE9oNFd/b2Q4UmoSBWYyj6mWvVz8z+ulOrzxMyaSVFNBFofClCMdo7wFNGCSEs0nhmAimcmKyAhLTLTpqmJKcJe/vEra53X3qn75cFFr3BZ1lOEYTuAMXLiGBtxDE1pAIIVneIU3a2q9WO/Wx2K0ZBU7R/AH1ucP6HeTRA==</latexit>

ẑ

<latexit sha1_base64="WtwzIkKXKS/ddxEZnvvYuzbi8+o=">AAAB+nicbVC7TsMwFHV4lvJKYWSxqJCYqgTxGitYGItEH1IbRY7rtFYdJ7JvgCr0U1gYQIiVL2Hjb3DaDNByJEtH59yre3yCRHANjvNtLS2vrK6tlzbKm1vbO7t2Za+l41RR1qSxiFUnIJoJLlkTOAjWSRQjUSBYOxhd5377ninNY3kH44R5ERlIHnJKwEi+XelFBIZBmPWGBPDjxAffrjo1Zwq8SNyCVFGBhm9/9foxTSMmgQqiddd1EvAyooBTwSblXqpZQuiIDFjXUEkipr1sGn2Cj4zSx2GszJOAp+rvjYxEWo+jwEzmQfW8l4v/ed0Uwksv4zJJgUk6OxSmAkOM8x5wnytGQYwNIVRxkxXTIVGEgmmrbEpw57+8SFonNfe8dnZ7Wq1fFXWU0AE6RMfIRReojm5QAzURRQ/oGb2iN+vJerHerY/Z6JJV7OyjP7A+fwB75JQp</latexit>

x̂t
<latexit sha1_base64="a2dWkQzNwNe0WU1ryf34Ta43FPM=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclUR8LYtuXFboC5oQJtNpO3QyCTM3Son9FDcuFHHrl7jzb5y0WWjrgYHDOfdyz5wwEVyD43xbK6tr6xubpa3y9s7u3r5dOWjrOFWUtWgsYtUNiWaCS9YCDoJ1E8VIFArWCce3ud95YErzWDZhkjA/IkPJB5wSMFJgV7yIwIgSgZuBByMGJLCrTs2ZAS8TtyBVVKAR2F9eP6ZpxCRQQbTuuU4CfkYUcCrYtOylmiWEjsmQ9QyVJGLaz2bRp/jEKH08iJV5EvBM/b2RkUjrSRSayTyoXvRy8T+vl8Lg2s+4TFJgks4PDVKBIcZ5D7jPFaMgJoYQqrjJiumIKELBtFU2JbiLX14m7bOae1m7uD+v1m+KOkroCB2jU+SiK1RHd6iBWoiiR/SMXtGb9WS9WO/Wx3x0xSp2DtEfWJ8/AY+T2g==</latexit>

T✓

Stage C:  Physical prior adaptation

<latexit sha1_base64="f/4drjax6Y9nn+m4m1FxjUew7QY=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURX8uiG5dV7AOaECbTaTt0MgkzE6GGfokbF4q49VPc+TdO2iy09cDA4Zx7uWdOmHCmtON8W6WV1bX1jfJmZWt7Z7dq7+23VZxKQlsk5rHshlhRzgRtaaY57SaS4ijktBOOb3K/80ilYrF40JOE+hEeCjZgBGsjBXbVi7AeEczRfeAlIxbYNafuzICWiVuQGhRoBvaX149JGlGhCcdK9Vwn0X6GpWaE02nFSxVNMBnjIe0ZKnBElZ/Ngk/RsVH6aBBL84RGM/X3RoYjpSZRaCbzmGrRy8X/vF6qB1d+xkSSairI/NAg5UjHKG8B9ZmkRPOJIZhIZrIiMsISE226qpgS3MUvL5P2ad29qJ/fndUa10UdZTiEIzgBFy6hAbfQhBYQSOEZXuHNerJerHfrYz5asoqdA/gD6/MHZYOS7w==</latexit>R�

<latexit sha1_base64="WUGfJUatT32LsO7tY2ynq1+4uX0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIr2XRjcsK9gFtKJPppB06mYSZSbGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWeOH3OmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsf3+V+e0KlYpF41NOYeiEeChYwgrWR+rbdC7Ee+UH6lPVTfeZmfbvq1JwZ0DJxC1KFAo2+/dUbRCQJqdCEY6W6rhNrL8VSM8JpVuklisaYjPGQdg0VOKTKS2fJM3RilAEKImme0Gim/t5IcajUNPTNZJ5TLXq5+J/XTXRw46VMxImmgswPBQlHOkJ5DWjAJCWaTw3BRDKTFZERlphoU1bFlOAufnmZtM5r7lXt8uGiWr8t6ijDERzDKbhwDXW4hwY0gcAEnuEV3qzUerHerY/5aMkqdg7hD6zPH7vAk7w=</latexit>xt�1

<latexit sha1_base64="5aYH/9TDHZ7BrAp75dL1n4FkcGY=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi94imIckS5idzCZDZnaXmV4hLPkKLx4U8ernePNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUkS8gQIlbyeaUxVI3gpG11O/9ci1EXF0j+OE+4oOIhEKRtFKD90hxex20sNeueJW3RnIX+LlpAI56r3yZ7cfs1TxCJmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LI2o4sbPZgdPyJFV+iSMta0IyUz9OZFRZcxYBbZTURyaRW8q/ud1Ugwv/UxESYo8YvNFYSoJxmT6PekLzRnKsSWUaWFvJWxINWVoMyrZELzFl/+S5knVO6+e3Z1Wald5HEU4gEM4Bg8uoAY3UIcGMFDwBC/w6mjn2Xlz3uetBSef2YdfcD6+AfvhkIs=</latexit>

Ît

<latexit sha1_base64="eA8uDSHnE2LfsCt5cF058bk0v10=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9gHtUDJppo3NJCHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0O/VbT1QbJsWDHSsaJnggWMwItk5qql5XGdYrV/yqPwNaJkFOKpCj3it/dfuSpAkVlnBsTCfwlQ0zrC0jnE5K3dRQhckID2jHUYETasJsdu0EnTilj2KpXQmLZurviQwnxoyTyHUm2A7NojcV//M6qY2vw4wJlVoqyHxRnHJkJZq+jvpMU2L52BFMNHO3IjLEGhPrAiq5EILFl5dJ86waXFYv7s8rtZs8jiIcwTGcQgBXUIM7qEMDCDzCM7zCmye9F+/d+5i3Frx85hD+wPv8Aa7Mjzc=</latexit>p 

<latexit sha1_base64="77XMSKFg10ofCwNTa4cWgwhWUlo=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68RjBPCBZwuxkNhkyO7vO9IphyTd48aCIVz/Im3/jJNmDJhY0FFXddHcFiRQGXffbWVpeWV1bL2wUN7e2d3ZLe/sNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwZuI3H7k2Ilb3OEq4H9G+EqFgFK1Uf+h2nkS3VHYr7hRkkXg5KUOOWrf01enFLI24QiapMW3PTdDPqEbBJB8XO6nhCWVD2udtSxWNuPGz6bFjcmyVHgljbUshmaq/JzIaGTOKAtsZURyYeW8i/ue1Uwyv/EyoJEWu2GxRmEqCMZl8TnpCc4ZyZAllWthbCRtQTRnafIo2BG/+5UXSOK14F5Xzu7Ny9TqPowCHcAQn4MElVOEWalAHBgKe4RXeHOW8OO/Ox6x1yclnDuAPnM8f5yeOww==</latexit>q⇠

!! !! ! !

<latexit sha1_base64="a2dWkQzNwNe0WU1ryf34Ta43FPM=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclUR8LYtuXFboC5oQJtNpO3QyCTM3Son9FDcuFHHrl7jzb5y0WWjrgYHDOfdyz5wwEVyD43xbK6tr6xubpa3y9s7u3r5dOWjrOFWUtWgsYtUNiWaCS9YCDoJ1E8VIFArWCce3ud95YErzWDZhkjA/IkPJB5wSMFJgV7yIwIgSgZuBByMGJLCrTs2ZAS8TtyBVVKAR2F9eP6ZpxCRQQbTuuU4CfkYUcCrYtOylmiWEjsmQ9QyVJGLaz2bRp/jEKH08iJV5EvBM/b2RkUjrSRSayTyoXvRy8T+vl8Lg2s+4TFJgks4PDVKBIcZ5D7jPFaMgJoYQqrjJiumIKELBtFU2JbiLX14m7bOae1m7uD+v1m+KOkroCB2jU+SiK1RHd6iBWoiiR/SMXtGb9WS9WO/Wx3x0xSp2DtEfWJ8/AY+T2g==</latexit>

T✓

<latexit sha1_base64="eA8uDSHnE2LfsCt5cF058bk0v10=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9gHtUDJppo3NJCHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0O/VbT1QbJsWDHSsaJnggWMwItk5qql5XGdYrV/yqPwNaJkFOKpCj3it/dfuSpAkVlnBsTCfwlQ0zrC0jnE5K3dRQhckID2jHUYETasJsdu0EnTilj2KpXQmLZurviQwnxoyTyHUm2A7NojcV//M6qY2vw4wJlVoqyHxRnHJkJZq+jvpMU2L52BFMNHO3IjLEGhPrAiq5EILFl5dJ86waXFYv7s8rtZs8jiIcwTGcQgBXUIM7qEMDCDzCM7zCmye9F+/d+5i3Frx85hD+wPv8Aa7Mjzc=</latexit>p 

<latexit sha1_base64="77XMSKFg10ofCwNTa4cWgwhWUlo=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68RjBPCBZwuxkNhkyO7vO9IphyTd48aCIVz/Im3/jJNmDJhY0FFXddHcFiRQGXffbWVpeWV1bL2wUN7e2d3ZLe/sNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwZuI3H7k2Ilb3OEq4H9G+EqFgFK1Uf+h2nkS3VHYr7hRkkXg5KUOOWrf01enFLI24QiapMW3PTdDPqEbBJB8XO6nhCWVD2udtSxWNuPGz6bFjcmyVHgljbUshmaq/JzIaGTOKAtsZURyYeW8i/ue1Uwyv/EyoJEWu2GxRmEqCMZl8TnpCc4ZyZAllWthbCRtQTRnafIo2BG/+5UXSOK14F5Xzu7Ny9TqPowCHcAQn4MElVOEWalAHBgKe4RXeHOW8OO/Ox6x1yclnDuAPnM8f5yeOww==</latexit>q⇠

<latexit sha1_base64="a2dWkQzNwNe0WU1ryf34Ta43FPM=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclUR8LYtuXFboC5oQJtNpO3QyCTM3Son9FDcuFHHrl7jzb5y0WWjrgYHDOfdyz5wwEVyD43xbK6tr6xubpa3y9s7u3r5dOWjrOFWUtWgsYtUNiWaCS9YCDoJ1E8VIFArWCce3ud95YErzWDZhkjA/IkPJB5wSMFJgV7yIwIgSgZuBByMGJLCrTs2ZAS8TtyBVVKAR2F9eP6ZpxCRQQbTuuU4CfkYUcCrYtOylmiWEjsmQ9QyVJGLaz2bRp/jEKH08iJV5EvBM/b2RkUjrSRSayTyoXvRy8T+vl8Lg2s+4TFJgks4PDVKBIcZ5D7jPFaMgJoYQqrjJiumIKELBtFU2JbiLX14m7bOae1m7uD+v1m+KOkroCB2jU+SiK1RHd6iBWoiiR/SMXtGb9WS9WO/Wx3x0xSp2DtEfWJ8/AY+T2g==</latexit>

T✓

<latexit sha1_base64="f/4drjax6Y9nn+m4m1FxjUew7QY=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURX8uiG5dV7AOaECbTaTt0MgkzE6GGfokbF4q49VPc+TdO2iy09cDA4Zx7uWdOmHCmtON8W6WV1bX1jfJmZWt7Z7dq7+23VZxKQlsk5rHshlhRzgRtaaY57SaS4ijktBOOb3K/80ilYrF40JOE+hEeCjZgBGsjBXbVi7AeEczRfeAlIxbYNafuzICWiVuQGhRoBvaX149JGlGhCcdK9Vwn0X6GpWaE02nFSxVNMBnjIe0ZKnBElZ/Ngk/RsVH6aBBL84RGM/X3RoYjpSZRaCbzmGrRy8X/vF6qB1d+xkSSairI/NAg5UjHKG8B9ZmkRPOJIZhIZrIiMsISE226qpgS3MUvL5P2ad29qJ/fndUa10UdZTiEIzgBFy6hAbfQhBYQSOEZXuHNerJerHfrYz5asoqdA/gD6/MHZYOS7w==</latexit>R�
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<latexit sha1_base64="WUGfJUatT32LsO7tY2ynq1+4uX0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIr2XRjcsK9gFtKJPppB06mYSZSbGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWeOH3OmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsf3+V+e0KlYpF41NOYeiEeChYwgrWR+rbdC7Ee+UH6lPVTfeZmfbvq1JwZ0DJxC1KFAo2+/dUbRCQJqdCEY6W6rhNrL8VSM8JpVuklisaYjPGQdg0VOKTKS2fJM3RilAEKImme0Gim/t5IcajUNPTNZJ5TLXq5+J/XTXRw46VMxImmgswPBQlHOkJ5DWjAJCWaTw3BRDKTFZERlphoU1bFlOAufnmZtM5r7lXt8uGiWr8t6ijDERzDKbhwDXW4hwY0gcAEnuEV3qzUerHerY/5aMkqdg7hD6zPH7vAk7w=</latexit>xt�1

<latexit sha1_base64="I5T7IK3R4HvViQqQJHrn79B//Mg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiTia1l047KCfUATwmQ6aYdOHszcCDHUX3HjQhG3fog7/8ZJm4W2Hhg4nHMv98zxE8EVWNa3UVlZXVvfqG7WtrZ3dvfM/YOuilNJWYfGIpZ9nygmeMQ6wEGwfiIZCX3Bev7kpvB7D0wqHkf3kCXMDcko4gGnBLTkmXUnJDD2g9wBLoYMP0498MyG1bRmwMvELkkDlWh75pczjGkasgioIEoNbCsBNycSOBVsWnNSxRJCJ2TEBppGJGTKzWfhp/hYK0McxFK/CPBM/b2Rk1CpLPT1ZBFVLXqF+J83SCG4cnMeJSmwiM4PBanAEOOiCTzkklEQmSaESq6zYjomklDQfdV0Cfbil5dJ97RpXzTP784areuyjio6REfoBNnoErXQLWqjDqIoQ8/oFb0ZT8aL8W58zEcrRrlTR39gfP4AGrWVFA==</latexit>

z̃t

min
KL

<latexit sha1_base64="XI1uTDybDlUcbOSUY5QPVychc1Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi94imgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbF6wHHC/YgOlAgFo2il+9se9soVt+rOQP4SLycVyFHvlT+7/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUKOrNInYaxtKSQz9edERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb78lzRPqt559ezutFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d6Tw7b877vLXg5DP78AvOxzcs4o2+</latexit>

It

<latexit sha1_base64="Z5+jjzyWZiXd8VjqgFVPltCIELI=">AAAB9XicbVDLSsNAFL2pr1pfVZdugkVwVRLxtSy6cVnBPqCNZTKdtEMnkzBzo5aQ/3DjQhG3/os7/8ZJ24W2Hhg4nHMv98zxY8E1Os63VVhaXlldK66XNja3tnfKu3tNHSWKsgaNRKTaPtFMcMkayFGwdqwYCX3BWv7oOvdbD0xpHsk7HMfMC8lA8oBTgka674YEh36QPmW9FLNeueJUnQnsReLOSAVmqPfKX91+RJOQSaSCaN1xnRi9lCjkVLCs1E00iwkdkQHrGCpJyLSXTlJn9pFR+nYQKfMk2hP190ZKQq3HoW8m85R63svF/7xOgsGll3IZJ8gknR4KEmFjZOcV2H2uGEUxNoRQxU1Wmw6JIhRNUSVTgjv/5UXSPKm659Wz29NK7WpWRxEO4BCOwYULqMEN1KEBFBQ8wyu8WY/Wi/VufUxHC9ZsZx/+wPr8AV/Ekxk=</latexit>xt

<latexit sha1_base64="eA8uDSHnE2LfsCt5cF058bk0v10=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9gHtUDJppo3NJCHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0O/VbT1QbJsWDHSsaJnggWMwItk5qql5XGdYrV/yqPwNaJkFOKpCj3it/dfuSpAkVlnBsTCfwlQ0zrC0jnE5K3dRQhckID2jHUYETasJsdu0EnTilj2KpXQmLZurviQwnxoyTyHUm2A7NojcV//M6qY2vw4wJlVoqyHxRnHJkJZq+jvpMU2L52BFMNHO3IjLEGhPrAiq5EILFl5dJ86waXFYv7s8rtZs8jiIcwTGcQgBXUIM7qEMDCDzCM7zCmye9F+/d+5i3Frx85hD+wPv8Aa7Mjzc=</latexit>p 

<latexit sha1_base64="XI1uTDybDlUcbOSUY5QPVychc1Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi94imgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbF6wHHC/YgOlAgFo2il+9se9soVt+rOQP4SLycVyFHvlT+7/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUKOrNInYaxtKSQz9edERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb78lzRPqt559ezutFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d6Tw7b877vLXg5DP78AvOxzcs4o2+</latexit>

It

<latexit sha1_base64="WUGfJUatT32LsO7tY2ynq1+4uX0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIr2XRjcsK9gFtKJPppB06mYSZSbGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWeOH3OmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsf3+V+e0KlYpF41NOYeiEeChYwgrWR+rbdC7Ee+UH6lPVTfeZmfbvq1JwZ0DJxC1KFAo2+/dUbRCQJqdCEY6W6rhNrL8VSM8JpVuklisaYjPGQdg0VOKTKS2fJM3RilAEKImme0Gim/t5IcajUNPTNZJ5TLXq5+J/XTXRw46VMxImmgswPBQlHOkJ5DWjAJCWaTw3BRDKTFZERlphoU1bFlOAufnmZtM5r7lXt8uGiWr8t6ijDERzDKbhwDXW4hwY0gcAEnuEV3qzUerHerY/5aMkqdg7hD6zPH7vAk7w=</latexit>xt�1

<latexit sha1_base64="Z5+jjzyWZiXd8VjqgFVPltCIELI=">AAAB9XicbVDLSsNAFL2pr1pfVZdugkVwVRLxtSy6cVnBPqCNZTKdtEMnkzBzo5aQ/3DjQhG3/os7/8ZJ24W2Hhg4nHMv98zxY8E1Os63VVhaXlldK66XNja3tnfKu3tNHSWKsgaNRKTaPtFMcMkayFGwdqwYCX3BWv7oOvdbD0xpHsk7HMfMC8lA8oBTgka674YEh36QPmW9FLNeueJUnQnsReLOSAVmqPfKX91+RJOQSaSCaN1xnRi9lCjkVLCs1E00iwkdkQHrGCpJyLSXTlJn9pFR+nYQKfMk2hP190ZKQq3HoW8m85R63svF/7xOgsGll3IZJ8gknR4KEmFjZOcV2H2uGEUxNoRQxU1Wmw6JIhRNUSVTgjv/5UXSPKm659Wz29NK7WpWRxEO4BCOwYULqMEN1KEBFBQ8wyu8WY/Wi/VufUxHC9ZsZx/+wPr8AV/Ekxk=</latexit>xt
<latexit sha1_base64="gh/keTiejBrq2dmD1WwFbY31XOk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiTia1l047KCfUATymQ6aYdOHszcCDX0N9y4UMStP+POv3HSZqGtBwYO59zLPXP8RAqNtv1tlVZW19Y3ypuVre2d3b3q/kFbx6livMViGauuTzWXIuItFCh5N1Gchr7kHX98m/udR660iKMHnCTcC+kwEoFgFI3kuiHFkR9kT32c9qs1u27PQJaJU5AaFGj2q1/uIGZpyCNkkmrdc+wEvYwqFEzyacVNNU8oG9Mh7xka0ZBrL5tlnpITowxIECvzIiQz9fdGRkOtJ6FvJvOMetHLxf+8XorBtZeJKEmRR2x+KEglwZjkBZCBUJyhnBhCmRImK2EjqihDU1PFlOAsfnmZtM/qzmX94v681rgp6ijDERzDKThwBQ24gya0gEECz/AKb1ZqvVjv1sd8tGQVO4fwB9bnD5YTkg8=</latexit>zt

<latexit sha1_base64="WtwzIkKXKS/ddxEZnvvYuzbi8+o=">AAAB+nicbVC7TsMwFHV4lvJKYWSxqJCYqgTxGitYGItEH1IbRY7rtFYdJ7JvgCr0U1gYQIiVL2Hjb3DaDNByJEtH59yre3yCRHANjvNtLS2vrK6tlzbKm1vbO7t2Za+l41RR1qSxiFUnIJoJLlkTOAjWSRQjUSBYOxhd5377ninNY3kH44R5ERlIHnJKwEi+XelFBIZBmPWGBPDjxAffrjo1Zwq8SNyCVFGBhm9/9foxTSMmgQqiddd1EvAyooBTwSblXqpZQuiIDFjXUEkipr1sGn2Cj4zSx2GszJOAp+rvjYxEWo+jwEzmQfW8l4v/ed0Uwksv4zJJgUk6OxSmAkOM8x5wnytGQYwNIVRxkxXTIVGEgmmrbEpw57+8SFonNfe8dnZ7Wq1fFXWU0AE6RMfIRReojm5QAzURRQ/oGb2iN+vJerHerY/Z6JJV7OyjP7A+fwB75JQp</latexit>

x̂t
min
KL

<latexit sha1_base64="a2dWkQzNwNe0WU1ryf34Ta43FPM=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclUR8LYtuXFboC5oQJtNpO3QyCTM3Son9FDcuFHHrl7jzb5y0WWjrgYHDOfdyz5wwEVyD43xbK6tr6xubpa3y9s7u3r5dOWjrOFWUtWgsYtUNiWaCS9YCDoJ1E8VIFArWCce3ud95YErzWDZhkjA/IkPJB5wSMFJgV7yIwIgSgZuBByMGJLCrTs2ZAS8TtyBVVKAR2F9eP6ZpxCRQQbTuuU4CfkYUcCrYtOylmiWEjsmQ9QyVJGLaz2bRp/jEKH08iJV5EvBM/b2RkUjrSRSayTyoXvRy8T+vl8Lg2s+4TFJgks4PDVKBIcZ5D7jPFaMgJoYQqrjJiumIKELBtFU2JbiLX14m7bOae1m7uD+v1m+KOkroCB2jU+SiK1RHd6iBWoiiR/SMXtGb9WS9WO/Wx3x0xSp2DtEfWJ8/AY+T2g==</latexit>

T✓

<latexit sha1_base64="I5T7IK3R4HvViQqQJHrn79B//Mg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiTia1l047KCfUATwmQ6aYdOHszcCDHUX3HjQhG3fog7/8ZJm4W2Hhg4nHMv98zxE8EVWNa3UVlZXVvfqG7WtrZ3dvfM/YOuilNJWYfGIpZ9nygmeMQ6wEGwfiIZCX3Bev7kpvB7D0wqHkf3kCXMDcko4gGnBLTkmXUnJDD2g9wBLoYMP0498MyG1bRmwMvELkkDlWh75pczjGkasgioIEoNbCsBNycSOBVsWnNSxRJCJ2TEBppGJGTKzWfhp/hYK0McxFK/CPBM/b2Rk1CpLPT1ZBFVLXqF+J83SCG4cnMeJSmwiM4PBanAEOOiCTzkklEQmSaESq6zYjomklDQfdV0Cfbil5dJ97RpXzTP784areuyjio6REfoBNnoErXQLWqjDqIoQ8/oFb0ZT8aL8W58zEcrRrlTR39gfP4AGrWVFA==</latexit>

z̃t
Stage A: Probabilistic fluid simulator pretraining 

<latexit sha1_base64="T3OzooFleiwRI8D1YvYLVgNfCdY=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURX8uiG5cV7AOaUCbTSTt0MgkzE6EN/RI3LhRx66e482+ctFlo64GBwzn3cs+cIOFMacf5tkpr6xubW+Xtys7u3n7VPjhsqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY3+V+54lKxWLxqCcJ9SM8FCxkBGsj9e2qF2E9CsLMG2GNprO+XXPqzhxolbgFqUGBZt/+8gYxSSMqNOFYqZ7rJNrPsNSMcDqreKmiCSZjPKQ9QwWOqPKzefAZOjXKAIWxNE9oNFd/b2Q4UmoSBWYyj6mWvVz8z+ulOrzxMyaSVFNBFofClCMdo7wFNGCSEs0nhmAimcmKyAhLTLTpqmJKcJe/vEra53X3qn75cFFr3BZ1lOEYTuAMXLiGBtxDE1pAIIVneIU3a2q9WO/Wx2K0ZBU7R/AH1ucP6HeTRA==</latexit>

ẑ

<latexit sha1_base64="WtwzIkKXKS/ddxEZnvvYuzbi8+o=">AAAB+nicbVC7TsMwFHV4lvJKYWSxqJCYqgTxGitYGItEH1IbRY7rtFYdJ7JvgCr0U1gYQIiVL2Hjb3DaDNByJEtH59yre3yCRHANjvNtLS2vrK6tlzbKm1vbO7t2Za+l41RR1qSxiFUnIJoJLlkTOAjWSRQjUSBYOxhd5377ninNY3kH44R5ERlIHnJKwEi+XelFBIZBmPWGBPDjxAffrjo1Zwq8SNyCVFGBhm9/9foxTSMmgQqiddd1EvAyooBTwSblXqpZQuiIDFjXUEkipr1sGn2Cj4zSx2GszJOAp+rvjYxEWo+jwEzmQfW8l4v/ed0Uwksv4zJJgUk6OxSmAkOM8x5wnytGQYwNIVRxkxXTIVGEgmmrbEpw57+8SFonNfe8dnZ7Wq1fFXWU0AE6RMfIRReojm5QAzURRQ/oGb2iN+vJerHerY/Z6JJV7OyjP7A+fwB75JQp</latexit>

x̂t
<latexit sha1_base64="a2dWkQzNwNe0WU1ryf34Ta43FPM=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclUR8LYtuXFboC5oQJtNpO3QyCTM3Son9FDcuFHHrl7jzb5y0WWjrgYHDOfdyz5wwEVyD43xbK6tr6xubpa3y9s7u3r5dOWjrOFWUtWgsYtUNiWaCS9YCDoJ1E8VIFArWCce3ud95YErzWDZhkjA/IkPJB5wSMFJgV7yIwIgSgZuBByMGJLCrTs2ZAS8TtyBVVKAR2F9eP6ZpxCRQQbTuuU4CfkYUcCrYtOylmiWEjsmQ9QyVJGLaz2bRp/jEKH08iJV5EvBM/b2RkUjrSRSayTyoXvRy8T+vl8Lg2s+4TFJgks4PDVKBIcZ5D7jPFaMgJoYQqrjJiumIKELBtFU2JbiLX14m7bOae1m7uD+v1m+KOkroCB2jU+SiK1RHd6iBWoiiR/SMXtGb9WS9WO/Wx3x0xSp2DtEfWJ8/AY+T2g==</latexit>

T✓

Stage B:  Visual posterior inference 

<latexit sha1_base64="f/4drjax6Y9nn+m4m1FxjUew7QY=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURX8uiG5dV7AOaECbTaTt0MgkzE6GGfokbF4q49VPc+TdO2iy09cDA4Zx7uWdOmHCmtON8W6WV1bX1jfJmZWt7Z7dq7+23VZxKQlsk5rHshlhRzgRtaaY57SaS4ijktBOOb3K/80ilYrF40JOE+hEeCjZgBGsjBXbVi7AeEczRfeAlIxbYNafuzICWiVuQGhRoBvaX149JGlGhCcdK9Vwn0X6GpWaE02nFSxVNMBnjIe0ZKnBElZ/Ngk/RsVH6aBBL84RGM/X3RoYjpSZRaCbzmGrRy8X/vF6qB1d+xkSSairI/NAg5UjHKG8B9ZmkRPOJIZhIZrIiMsISE226qpgS3MUvL5P2ad29qJ/fndUa10UdZTiEIzgBFy6hAbfQhBYQSOEZXuHNerJerHfrYz5asoqdA/gD6/MHZYOS7w==</latexit>R�

<latexit sha1_base64="WUGfJUatT32LsO7tY2ynq1+4uX0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIr2XRjcsK9gFtKJPppB06mYSZSbGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWeOH3OmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsf3+V+e0KlYpF41NOYeiEeChYwgrWR+rbdC7Ee+UH6lPVTfeZmfbvq1JwZ0DJxC1KFAo2+/dUbRCQJqdCEY6W6rhNrL8VSM8JpVuklisaYjPGQdg0VOKTKS2fJM3RilAEKImme0Gim/t5IcajUNPTNZJ5TLXq5+J/XTXRw46VMxImmgswPBQlHOkJ5DWjAJCWaTw3BRDKTFZERlphoU1bFlOAufnmZtM5r7lXt8uGiWr8t6ijDERzDKbhwDXW4hwY0gcAEnuEV3qzUerHerY/5aMkqdg7hD6zPH7vAk7w=</latexit>xt�1

<latexit sha1_base64="WUGfJUatT32LsO7tY2ynq1+4uX0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIr2XRjcsK9gFtKJPppB06mYSZSbGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWeOH3OmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsf3+V+e0KlYpF41NOYeiEeChYwgrWR+rbdC7Ee+UH6lPVTfeZmfbvq1JwZ0DJxC1KFAo2+/dUbRCQJqdCEY6W6rhNrL8VSM8JpVuklisaYjPGQdg0VOKTKS2fJM3RilAEKImme0Gim/t5IcajUNPTNZJ5TLXq5+J/XTXRw46VMxImmgswPBQlHOkJ5DWjAJCWaTw3BRDKTFZERlphoU1bFlOAufnmZtM5r7lXt8uGiWr8t6ijDERzDKbhwDXW4hwY0gcAEnuEV3qzUerHerY/5aMkqdg7hD6zPH7vAk7w=</latexit>xt�1

<latexit sha1_base64="5aYH/9TDHZ7BrAp75dL1n4FkcGY=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi94imIckS5idzCZDZnaXmV4hLPkKLx4U8ernePNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUkS8gQIlbyeaUxVI3gpG11O/9ci1EXF0j+OE+4oOIhEKRtFKD90hxex20sNeueJW3RnIX+LlpAI56r3yZ7cfs1TxCJmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LI2o4sbPZgdPyJFV+iSMta0IyUz9OZFRZcxYBbZTURyaRW8q/ud1Ugwv/UxESYo8YvNFYSoJxmT6PekLzRnKsSWUaWFvJWxINWVoMyrZELzFl/+S5knVO6+e3Z1Wald5HEU4gEM4Bg8uoAY3UIcGMFDwBC/w6mjn2Xlz3uetBSef2YdfcD6+AfvhkIs=</latexit>

Ît

<latexit sha1_base64="T3OzooFleiwRI8D1YvYLVgNfCdY=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURX8uiG5cV7AOaUCbTSTt0MgkzE6EN/RI3LhRx66e482+ctFlo64GBwzn3cs+cIOFMacf5tkpr6xubW+Xtys7u3n7VPjhsqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY3+V+54lKxWLxqCcJ9SM8FCxkBGsj9e2qF2E9CsLMG2GNprO+XXPqzhxolbgFqUGBZt/+8gYxSSMqNOFYqZ7rJNrPsNSMcDqreKmiCSZjPKQ9QwWOqPKzefAZOjXKAIWxNE9oNFd/b2Q4UmoSBWYyj6mWvVz8z+ulOrzxMyaSVFNBFofClCMdo7wFNGCSEs0nhmAimcmKyAhLTLTpqmJKcJe/vEra53X3qn75cFFr3BZ1lOEYTuAMXLiGBtxDE1pAIIVneIU3a2q9WO/Wx2K0ZBU7R/AH1ucP6HeTRA==</latexit>

ẑ

<latexit sha1_base64="WtwzIkKXKS/ddxEZnvvYuzbi8+o=">AAAB+nicbVC7TsMwFHV4lvJKYWSxqJCYqgTxGitYGItEH1IbRY7rtFYdJ7JvgCr0U1gYQIiVL2Hjb3DaDNByJEtH59yre3yCRHANjvNtLS2vrK6tlzbKm1vbO7t2Za+l41RR1qSxiFUnIJoJLlkTOAjWSRQjUSBYOxhd5377ninNY3kH44R5ERlIHnJKwEi+XelFBIZBmPWGBPDjxAffrjo1Zwq8SNyCVFGBhm9/9foxTSMmgQqiddd1EvAyooBTwSblXqpZQuiIDFjXUEkipr1sGn2Cj4zSx2GszJOAp+rvjYxEWo+jwEzmQfW8l4v/ed0Uwksv4zJJgUk6OxSmAkOM8x5wnytGQYwNIVRxkxXTIVGEgmmrbEpw57+8SFonNfe8dnZ7Wq1fFXWU0AE6RMfIRReojm5QAzURRQ/oGb2iN+vJerHerY/Z6JJV7OyjP7A+fwB75JQp</latexit>

x̂t
<latexit sha1_base64="a2dWkQzNwNe0WU1ryf34Ta43FPM=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclUR8LYtuXFboC5oQJtNpO3QyCTM3Son9FDcuFHHrl7jzb5y0WWjrgYHDOfdyz5wwEVyD43xbK6tr6xubpa3y9s7u3r5dOWjrOFWUtWgsYtUNiWaCS9YCDoJ1E8VIFArWCce3ud95YErzWDZhkjA/IkPJB5wSMFJgV7yIwIgSgZuBByMGJLCrTs2ZAS8TtyBVVKAR2F9eP6ZpxCRQQbTuuU4CfkYUcCrYtOylmiWEjsmQ9QyVJGLaz2bRp/jEKH08iJV5EvBM/b2RkUjrSRSayTyoXvRy8T+vl8Lg2s+4TFJgks4PDVKBIcZ5D7jPFaMgJoYQqrjJiumIKELBtFU2JbiLX14m7bOae1m7uD+v1m+KOkroCB2jU+SiK1RHd6iBWoiiR/SMXtGb9WS9WO/Wx3x0xSp2DtEfWJ8/AY+T2g==</latexit>

T✓

Stage C:  Physical prior adaptation

<latexit sha1_base64="f/4drjax6Y9nn+m4m1FxjUew7QY=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURX8uiG5dV7AOaECbTaTt0MgkzE6GGfokbF4q49VPc+TdO2iy09cDA4Zx7uWdOmHCmtON8W6WV1bX1jfJmZWt7Z7dq7+23VZxKQlsk5rHshlhRzgRtaaY57SaS4ijktBOOb3K/80ilYrF40JOE+hEeCjZgBGsjBXbVi7AeEczRfeAlIxbYNafuzICWiVuQGhRoBvaX149JGlGhCcdK9Vwn0X6GpWaE02nFSxVNMBnjIe0ZKnBElZ/Ngk/RsVH6aBBL84RGM/X3RoYjpSZRaCbzmGrRy8X/vF6qB1d+xkSSairI/NAg5UjHKG8B9ZmkRPOJIZhIZrIiMsISE226qpgS3MUvL5P2ad29qJ/fndUa10UdZTiEIzgBFy6hAbfQhBYQSOEZXuHNerJerHfrYz5asoqdA/gD6/MHZYOS7w==</latexit>R�

<latexit sha1_base64="WUGfJUatT32LsO7tY2ynq1+4uX0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIr2XRjcsK9gFtKJPppB06mYSZSbGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWeOH3OmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsf3+V+e0KlYpF41NOYeiEeChYwgrWR+rbdC7Ee+UH6lPVTfeZmfbvq1JwZ0DJxC1KFAo2+/dUbRCQJqdCEY6W6rhNrL8VSM8JpVuklisaYjPGQdg0VOKTKS2fJM3RilAEKImme0Gim/t5IcajUNPTNZJ5TLXq5+J/XTXRw46VMxImmgswPBQlHOkJ5DWjAJCWaTw3BRDKTFZERlphoU1bFlOAufnmZtM5r7lXt8uGiWr8t6ijDERzDKbhwDXW4hwY0gcAEnuEV3qzUerHerY/5aMkqdg7hD6zPH7vAk7w=</latexit>xt�1

<latexit sha1_base64="5aYH/9TDHZ7BrAp75dL1n4FkcGY=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi94imIckS5idzCZDZnaXmV4hLPkKLx4U8ernePNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUkS8gQIlbyeaUxVI3gpG11O/9ci1EXF0j+OE+4oOIhEKRtFKD90hxex20sNeueJW3RnIX+LlpAI56r3yZ7cfs1TxCJmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LI2o4sbPZgdPyJFV+iSMta0IyUz9OZFRZcxYBbZTURyaRW8q/ud1Ugwv/UxESYo8YvNFYSoJxmT6PekLzRnKsSWUaWFvJWxINWVoMyrZELzFl/+S5knVO6+e3Z1Wald5HEU4gEM4Bg8uoAY3UIcGMFDwBC/w6mjn2Xlz3uetBSef2YdfcD6+AfvhkIs=</latexit>

Ît

<latexit sha1_base64="eA8uDSHnE2LfsCt5cF058bk0v10=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9gHtUDJppo3NJCHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0O/VbT1QbJsWDHSsaJnggWMwItk5qql5XGdYrV/yqPwNaJkFOKpCj3it/dfuSpAkVlnBsTCfwlQ0zrC0jnE5K3dRQhckID2jHUYETasJsdu0EnTilj2KpXQmLZurviQwnxoyTyHUm2A7NojcV//M6qY2vw4wJlVoqyHxRnHJkJZq+jvpMU2L52BFMNHO3IjLEGhPrAiq5EILFl5dJ86waXFYv7s8rtZs8jiIcwTGcQgBXUIM7qEMDCDzCM7zCmye9F+/d+5i3Frx85hD+wPv8Aa7Mjzc=</latexit>p 

<latexit sha1_base64="77XMSKFg10ofCwNTa4cWgwhWUlo=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68RjBPCBZwuxkNhkyO7vO9IphyTd48aCIVz/Im3/jJNmDJhY0FFXddHcFiRQGXffbWVpeWV1bL2wUN7e2d3ZLe/sNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwZuI3H7k2Ilb3OEq4H9G+EqFgFK1Uf+h2nkS3VHYr7hRkkXg5KUOOWrf01enFLI24QiapMW3PTdDPqEbBJB8XO6nhCWVD2udtSxWNuPGz6bFjcmyVHgljbUshmaq/JzIaGTOKAtsZURyYeW8i/ue1Uwyv/EyoJEWu2GxRmEqCMZl8TnpCc4ZyZAllWthbCRtQTRnafIo2BG/+5UXSOK14F5Xzu7Ny9TqPowCHcAQn4MElVOEWalAHBgKe4RXeHOW8OO/Ox6x1yclnDuAPnM8f5yeOww==</latexit>q⇠

!! !! ! !

<latexit sha1_base64="a2dWkQzNwNe0WU1ryf34Ta43FPM=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclUR8LYtuXFboC5oQJtNpO3QyCTM3Son9FDcuFHHrl7jzb5y0WWjrgYHDOfdyz5wwEVyD43xbK6tr6xubpa3y9s7u3r5dOWjrOFWUtWgsYtUNiWaCS9YCDoJ1E8VIFArWCce3ud95YErzWDZhkjA/IkPJB5wSMFJgV7yIwIgSgZuBByMGJLCrTs2ZAS8TtyBVVKAR2F9eP6ZpxCRQQbTuuU4CfkYUcCrYtOylmiWEjsmQ9QyVJGLaz2bRp/jEKH08iJV5EvBM/b2RkUjrSRSayTyoXvRy8T+vl8Lg2s+4TFJgks4PDVKBIcZ5D7jPFaMgJoYQqrjJiumIKELBtFU2JbiLX14m7bOae1m7uD+v1m+KOkroCB2jU+SiK1RHd6iBWoiiR/SMXtGb9WS9WO/Wx3x0xSp2DtEfWJ8/AY+T2g==</latexit>

T✓

<latexit sha1_base64="eA8uDSHnE2LfsCt5cF058bk0v10=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9gHtUDJppo3NJCHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0O/VbT1QbJsWDHSsaJnggWMwItk5qql5XGdYrV/yqPwNaJkFOKpCj3it/dfuSpAkVlnBsTCfwlQ0zrC0jnE5K3dRQhckID2jHUYETasJsdu0EnTilj2KpXQmLZurviQwnxoyTyHUm2A7NojcV//M6qY2vw4wJlVoqyHxRnHJkJZq+jvpMU2L52BFMNHO3IjLEGhPrAiq5EILFl5dJ86waXFYv7s8rtZs8jiIcwTGcQgBXUIM7qEMDCDzCM7zCmye9F+/d+5i3Frx85hD+wPv8Aa7Mjzc=</latexit>p 

<latexit sha1_base64="77XMSKFg10ofCwNTa4cWgwhWUlo=">AAAB7HicbVDLSgNBEOz1GeMr6tHLYBA8hV3xdQx68RjBPCBZwuxkNhkyO7vO9IphyTd48aCIVz/Im3/jJNmDJhY0FFXddHcFiRQGXffbWVpeWV1bL2wUN7e2d3ZLe/sNE6ea8TqLZaxbATVcCsXrKFDyVqI5jQLJm8HwZuI3H7k2Ilb3OEq4H9G+EqFgFK1Uf+h2nkS3VHYr7hRkkXg5KUOOWrf01enFLI24QiapMW3PTdDPqEbBJB8XO6nhCWVD2udtSxWNuPGz6bFjcmyVHgljbUshmaq/JzIaGTOKAtsZURyYeW8i/ue1Uwyv/EyoJEWu2GxRmEqCMZl8TnpCc4ZyZAllWthbCRtQTRnafIo2BG/+5UXSOK14F5Xzu7Ny9TqPowCHcAQn4MElVOEWalAHBgKe4RXeHOW8OO/Ox6x1yclnDuAPnM8f5yeOww==</latexit>q⇠

<latexit sha1_base64="a2dWkQzNwNe0WU1ryf34Ta43FPM=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclUR8LYtuXFboC5oQJtNpO3QyCTM3Son9FDcuFHHrl7jzb5y0WWjrgYHDOfdyz5wwEVyD43xbK6tr6xubpa3y9s7u3r5dOWjrOFWUtWgsYtUNiWaCS9YCDoJ1E8VIFArWCce3ud95YErzWDZhkjA/IkPJB5wSMFJgV7yIwIgSgZuBByMGJLCrTs2ZAS8TtyBVVKAR2F9eP6ZpxCRQQbTuuU4CfkYUcCrYtOylmiWEjsmQ9QyVJGLaz2bRp/jEKH08iJV5EvBM/b2RkUjrSRSayTyoXvRy8T+vl8Lg2s+4TFJgks4PDVKBIcZ5D7jPFaMgJoYQqrjJiumIKELBtFU2JbiLX14m7bOae1m7uD+v1m+KOkroCB2jU+SiK1RHd6iBWoiiR/SMXtGb9WS9WO/Wx3x0xSp2DtEfWJ8/AY+T2g==</latexit>

T✓

<latexit sha1_base64="f/4drjax6Y9nn+m4m1FxjUew7QY=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURX8uiG5dV7AOaECbTaTt0MgkzE6GGfokbF4q49VPc+TdO2iy09cDA4Zx7uWdOmHCmtON8W6WV1bX1jfJmZWt7Z7dq7+23VZxKQlsk5rHshlhRzgRtaaY57SaS4ijktBOOb3K/80ilYrF40JOE+hEeCjZgBGsjBXbVi7AeEczRfeAlIxbYNafuzICWiVuQGhRoBvaX149JGlGhCcdK9Vwn0X6GpWaE02nFSxVNMBnjIe0ZKnBElZ/Ngk/RsVH6aBBL84RGM/X3RoYjpSZRaCbzmGrRy8X/vF6qB1d+xkSSairI/NAg5UjHKG8B9ZmkRPOJIZhIZrIiMsISE226qpgS3MUvL5P2ad29qJ/fndUa10UdZTiEIzgBFy6hAbfQhBYQSOEZXuHNerJerHfrYz5asoqdA/gD6/MHZYOS7w==</latexit>R�
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<latexit sha1_base64="WUGfJUatT32LsO7tY2ynq1+4uX0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIr2XRjcsK9gFtKJPppB06mYSZSbGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWeOH3OmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsf3+V+e0KlYpF41NOYeiEeChYwgrWR+rbdC7Ee+UH6lPVTfeZmfbvq1JwZ0DJxC1KFAo2+/dUbRCQJqdCEY6W6rhNrL8VSM8JpVuklisaYjPGQdg0VOKTKS2fJM3RilAEKImme0Gim/t5IcajUNPTNZJ5TLXq5+J/XTXRw46VMxImmgswPBQlHOkJ5DWjAJCWaTw3BRDKTFZERlphoU1bFlOAufnmZtM5r7lXt8uGiWr8t6ijDERzDKbhwDXW4hwY0gcAEnuEV3qzUerHerY/5aMkqdg7hD6zPH7vAk7w=</latexit>xt�1

<latexit sha1_base64="I5T7IK3R4HvViQqQJHrn79B//Mg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiTia1l047KCfUATwmQ6aYdOHszcCDHUX3HjQhG3fog7/8ZJm4W2Hhg4nHMv98zxE8EVWNa3UVlZXVvfqG7WtrZ3dvfM/YOuilNJWYfGIpZ9nygmeMQ6wEGwfiIZCX3Bev7kpvB7D0wqHkf3kCXMDcko4gGnBLTkmXUnJDD2g9wBLoYMP0498MyG1bRmwMvELkkDlWh75pczjGkasgioIEoNbCsBNycSOBVsWnNSxRJCJ2TEBppGJGTKzWfhp/hYK0McxFK/CPBM/b2Rk1CpLPT1ZBFVLXqF+J83SCG4cnMeJSmwiM4PBanAEOOiCTzkklEQmSaESq6zYjomklDQfdV0Cfbil5dJ97RpXzTP784areuyjio6REfoBNnoErXQLWqjDqIoQ8/oFb0ZT8aL8W58zEcrRrlTR39gfP4AGrWVFA==</latexit>

z̃t

min
KL

<latexit sha1_base64="XI1uTDybDlUcbOSUY5QPVychc1Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi94imgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbF6wHHC/YgOlAgFo2il+9se9soVt+rOQP4SLycVyFHvlT+7/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUKOrNInYaxtKSQz9edERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb78lzRPqt559ezutFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d6Tw7b877vLXg5DP78AvOxzcs4o2+</latexit>

It

<latexit sha1_base64="Z5+jjzyWZiXd8VjqgFVPltCIELI=">AAAB9XicbVDLSsNAFL2pr1pfVZdugkVwVRLxtSy6cVnBPqCNZTKdtEMnkzBzo5aQ/3DjQhG3/os7/8ZJ24W2Hhg4nHMv98zxY8E1Os63VVhaXlldK66XNja3tnfKu3tNHSWKsgaNRKTaPtFMcMkayFGwdqwYCX3BWv7oOvdbD0xpHsk7HMfMC8lA8oBTgka674YEh36QPmW9FLNeueJUnQnsReLOSAVmqPfKX91+RJOQSaSCaN1xnRi9lCjkVLCs1E00iwkdkQHrGCpJyLSXTlJn9pFR+nYQKfMk2hP190ZKQq3HoW8m85R63svF/7xOgsGll3IZJ8gknR4KEmFjZOcV2H2uGEUxNoRQxU1Wmw6JIhRNUSVTgjv/5UXSPKm659Wz29NK7WpWRxEO4BCOwYULqMEN1KEBFBQ8wyu8WY/Wi/VufUxHC9ZsZx/+wPr8AV/Ekxk=</latexit>xt

<latexit sha1_base64="eA8uDSHnE2LfsCt5cF058bk0v10=">AAAB7XicbVDLSgMxFL1TX7W+qi7dBIvgqsyIr2XRjcsK9gHtUDJppo3NJCHJCGXoP7hxoYhb/8edf2PazkJbD1w4nHMv994TKc6M9f1vr7Cyura+UdwsbW3v7O6V9w+aRqaa0AaRXOp2hA3lTNCGZZbTttIUJxGnrWh0O/VbT1QbJsWDHSsaJnggWMwItk5qql5XGdYrV/yqPwNaJkFOKpCj3it/dfuSpAkVlnBsTCfwlQ0zrC0jnE5K3dRQhckID2jHUYETasJsdu0EnTilj2KpXQmLZurviQwnxoyTyHUm2A7NojcV//M6qY2vw4wJlVoqyHxRnHJkJZq+jvpMU2L52BFMNHO3IjLEGhPrAiq5EILFl5dJ86waXFYv7s8rtZs8jiIcwTGcQgBXUIM7qEMDCDzCM7zCmye9F+/d+5i3Frx85hD+wPv8Aa7Mjzc=</latexit>p 

<latexit sha1_base64="XI1uTDybDlUcbOSUY5QPVychc1Y=">AAAB6nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi94imgckS5idzCZDZmeXmV4hLPkELx4U8eoXefNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUijeQIGStxPNaRRI3gpG11O/9ci1EbF6wHHC/YgOlAgFo2il+9se9soVt+rOQP4SLycVyFHvlT+7/ZilEVfIJDWm47kJ+hnVKJjkk1I3NTyhbEQHvGOpohE3fjY7dUKOrNInYaxtKSQz9edERiNjxlFgOyOKQ7PoTcX/vE6K4aWfCZWkyBWbLwpTSTAm079JX2jOUI4toUwLeythQ6opQ5tOyYbgLb78lzRPqt559ezutFK7yuMowgEcwjF4cAE1uIE6NIDBAJ7gBV4d6Tw7b877vLXg5DP78AvOxzcs4o2+</latexit>

It

<latexit sha1_base64="WUGfJUatT32LsO7tY2ynq1+4uX0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIr2XRjcsK9gFtKJPppB06mYSZSbGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWeOH3OmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsf3+V+e0KlYpF41NOYeiEeChYwgrWR+rbdC7Ee+UH6lPVTfeZmfbvq1JwZ0DJxC1KFAo2+/dUbRCQJqdCEY6W6rhNrL8VSM8JpVuklisaYjPGQdg0VOKTKS2fJM3RilAEKImme0Gim/t5IcajUNPTNZJ5TLXq5+J/XTXRw46VMxImmgswPBQlHOkJ5DWjAJCWaTw3BRDKTFZERlphoU1bFlOAufnmZtM5r7lXt8uGiWr8t6ijDERzDKbhwDXW4hwY0gcAEnuEV3qzUerHerY/5aMkqdg7hD6zPH7vAk7w=</latexit>xt�1

<latexit sha1_base64="Z5+jjzyWZiXd8VjqgFVPltCIELI=">AAAB9XicbVDLSsNAFL2pr1pfVZdugkVwVRLxtSy6cVnBPqCNZTKdtEMnkzBzo5aQ/3DjQhG3/os7/8ZJ24W2Hhg4nHMv98zxY8E1Os63VVhaXlldK66XNja3tnfKu3tNHSWKsgaNRKTaPtFMcMkayFGwdqwYCX3BWv7oOvdbD0xpHsk7HMfMC8lA8oBTgka674YEh36QPmW9FLNeueJUnQnsReLOSAVmqPfKX91+RJOQSaSCaN1xnRi9lCjkVLCs1E00iwkdkQHrGCpJyLSXTlJn9pFR+nYQKfMk2hP190ZKQq3HoW8m85R63svF/7xOgsGll3IZJ8gknR4KEmFjZOcV2H2uGEUxNoRQxU1Wmw6JIhRNUSVTgjv/5UXSPKm659Wz29NK7WpWRxEO4BCOwYULqMEN1KEBFBQ8wyu8WY/Wi/VufUxHC9ZsZx/+wPr8AV/Ekxk=</latexit>xt
<latexit sha1_base64="gh/keTiejBrq2dmD1WwFbY31XOk=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiTia1l047KCfUATymQ6aYdOHszcCDX0N9y4UMStP+POv3HSZqGtBwYO59zLPXP8RAqNtv1tlVZW19Y3ypuVre2d3b3q/kFbx6livMViGauuTzWXIuItFCh5N1Gchr7kHX98m/udR660iKMHnCTcC+kwEoFgFI3kuiHFkR9kT32c9qs1u27PQJaJU5AaFGj2q1/uIGZpyCNkkmrdc+wEvYwqFEzyacVNNU8oG9Mh7xka0ZBrL5tlnpITowxIECvzIiQz9fdGRkOtJ6FvJvOMetHLxf+8XorBtZeJKEmRR2x+KEglwZjkBZCBUJyhnBhCmRImK2EjqihDU1PFlOAsfnmZtM/qzmX94v681rgp6ijDERzDKThwBQ24gya0gEECz/AKb1ZqvVjv1sd8tGQVO4fwB9bnD5YTkg8=</latexit>zt

<latexit sha1_base64="WtwzIkKXKS/ddxEZnvvYuzbi8+o=">AAAB+nicbVC7TsMwFHV4lvJKYWSxqJCYqgTxGitYGItEH1IbRY7rtFYdJ7JvgCr0U1gYQIiVL2Hjb3DaDNByJEtH59yre3yCRHANjvNtLS2vrK6tlzbKm1vbO7t2Za+l41RR1qSxiFUnIJoJLlkTOAjWSRQjUSBYOxhd5377ninNY3kH44R5ERlIHnJKwEi+XelFBIZBmPWGBPDjxAffrjo1Zwq8SNyCVFGBhm9/9foxTSMmgQqiddd1EvAyooBTwSblXqpZQuiIDFjXUEkipr1sGn2Cj4zSx2GszJOAp+rvjYxEWo+jwEzmQfW8l4v/ed0Uwksv4zJJgUk6OxSmAkOM8x5wnytGQYwNIVRxkxXTIVGEgmmrbEpw57+8SFonNfe8dnZ7Wq1fFXWU0AE6RMfIRReojm5QAzURRQ/oGb2iN+vJerHerY/Z6JJV7OyjP7A+fwB75JQp</latexit>

x̂t
min
KL

<latexit sha1_base64="a2dWkQzNwNe0WU1ryf34Ta43FPM=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclUR8LYtuXFboC5oQJtNpO3QyCTM3Son9FDcuFHHrl7jzb5y0WWjrgYHDOfdyz5wwEVyD43xbK6tr6xubpa3y9s7u3r5dOWjrOFWUtWgsYtUNiWaCS9YCDoJ1E8VIFArWCce3ud95YErzWDZhkjA/IkPJB5wSMFJgV7yIwIgSgZuBByMGJLCrTs2ZAS8TtyBVVKAR2F9eP6ZpxCRQQbTuuU4CfkYUcCrYtOylmiWEjsmQ9QyVJGLaz2bRp/jEKH08iJV5EvBM/b2RkUjrSRSayTyoXvRy8T+vl8Lg2s+4TFJgks4PDVKBIcZ5D7jPFaMgJoYQqrjJiumIKELBtFU2JbiLX14m7bOae1m7uD+v1m+KOkroCB2jU+SiK1RHd6iBWoiiR/SMXtGb9WS9WO/Wx3x0xSp2DtEfWJ8/AY+T2g==</latexit>

T✓

<latexit sha1_base64="I5T7IK3R4HvViQqQJHrn79B//Mg=">AAAB/HicbVDLSsNAFJ3UV62vaJduBovgqiTia1l047KCfUATwmQ6aYdOHszcCDHUX3HjQhG3fog7/8ZJm4W2Hhg4nHMv98zxE8EVWNa3UVlZXVvfqG7WtrZ3dvfM/YOuilNJWYfGIpZ9nygmeMQ6wEGwfiIZCX3Bev7kpvB7D0wqHkf3kCXMDcko4gGnBLTkmXUnJDD2g9wBLoYMP0498MyG1bRmwMvELkkDlWh75pczjGkasgioIEoNbCsBNycSOBVsWnNSxRJCJ2TEBppGJGTKzWfhp/hYK0McxFK/CPBM/b2Rk1CpLPT1ZBFVLXqF+J83SCG4cnMeJSmwiM4PBanAEOOiCTzkklEQmSaESq6zYjomklDQfdV0Cfbil5dJ97RpXzTP784areuyjio6REfoBNnoErXQLWqjDqIoQ8/oFb0ZT8aL8W58zEcrRrlTR39gfP4AGrWVFA==</latexit>

z̃t
Stage A: Probabilistic fluid simulator pretraining 

<latexit sha1_base64="T3OzooFleiwRI8D1YvYLVgNfCdY=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURX8uiG5cV7AOaUCbTSTt0MgkzE6EN/RI3LhRx66e482+ctFlo64GBwzn3cs+cIOFMacf5tkpr6xubW+Xtys7u3n7VPjhsqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY3+V+54lKxWLxqCcJ9SM8FCxkBGsj9e2qF2E9CsLMG2GNprO+XXPqzhxolbgFqUGBZt/+8gYxSSMqNOFYqZ7rJNrPsNSMcDqreKmiCSZjPKQ9QwWOqPKzefAZOjXKAIWxNE9oNFd/b2Q4UmoSBWYyj6mWvVz8z+ulOrzxMyaSVFNBFofClCMdo7wFNGCSEs0nhmAimcmKyAhLTLTpqmJKcJe/vEra53X3qn75cFFr3BZ1lOEYTuAMXLiGBtxDE1pAIIVneIU3a2q9WO/Wx2K0ZBU7R/AH1ucP6HeTRA==</latexit>

ẑ

<latexit sha1_base64="WtwzIkKXKS/ddxEZnvvYuzbi8+o=">AAAB+nicbVC7TsMwFHV4lvJKYWSxqJCYqgTxGitYGItEH1IbRY7rtFYdJ7JvgCr0U1gYQIiVL2Hjb3DaDNByJEtH59yre3yCRHANjvNtLS2vrK6tlzbKm1vbO7t2Za+l41RR1qSxiFUnIJoJLlkTOAjWSRQjUSBYOxhd5377ninNY3kH44R5ERlIHnJKwEi+XelFBIZBmPWGBPDjxAffrjo1Zwq8SNyCVFGBhm9/9foxTSMmgQqiddd1EvAyooBTwSblXqpZQuiIDFjXUEkipr1sGn2Cj4zSx2GszJOAp+rvjYxEWo+jwEzmQfW8l4v/ed0Uwksv4zJJgUk6OxSmAkOM8x5wnytGQYwNIVRxkxXTIVGEgmmrbEpw57+8SFonNfe8dnZ7Wq1fFXWU0AE6RMfIRReojm5QAzURRQ/oGb2iN+vJerHerY/Z6JJV7OyjP7A+fwB75JQp</latexit>

x̂t
<latexit sha1_base64="a2dWkQzNwNe0WU1ryf34Ta43FPM=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclUR8LYtuXFboC5oQJtNpO3QyCTM3Son9FDcuFHHrl7jzb5y0WWjrgYHDOfdyz5wwEVyD43xbK6tr6xubpa3y9s7u3r5dOWjrOFWUtWgsYtUNiWaCS9YCDoJ1E8VIFArWCce3ud95YErzWDZhkjA/IkPJB5wSMFJgV7yIwIgSgZuBByMGJLCrTs2ZAS8TtyBVVKAR2F9eP6ZpxCRQQbTuuU4CfkYUcCrYtOylmiWEjsmQ9QyVJGLaz2bRp/jEKH08iJV5EvBM/b2RkUjrSRSayTyoXvRy8T+vl8Lg2s+4TFJgks4PDVKBIcZ5D7jPFaMgJoYQqrjJiumIKELBtFU2JbiLX14m7bOae1m7uD+v1m+KOkroCB2jU+SiK1RHd6iBWoiiR/SMXtGb9WS9WO/Wx3x0xSp2DtEfWJ8/AY+T2g==</latexit>

T✓

Stage B:  Visual posterior inference 

<latexit sha1_base64="f/4drjax6Y9nn+m4m1FxjUew7QY=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURX8uiG5dV7AOaECbTaTt0MgkzE6GGfokbF4q49VPc+TdO2iy09cDA4Zx7uWdOmHCmtON8W6WV1bX1jfJmZWt7Z7dq7+23VZxKQlsk5rHshlhRzgRtaaY57SaS4ijktBOOb3K/80ilYrF40JOE+hEeCjZgBGsjBXbVi7AeEczRfeAlIxbYNafuzICWiVuQGhRoBvaX149JGlGhCcdK9Vwn0X6GpWaE02nFSxVNMBnjIe0ZKnBElZ/Ngk/RsVH6aBBL84RGM/X3RoYjpSZRaCbzmGrRy8X/vF6qB1d+xkSSairI/NAg5UjHKG8B9ZmkRPOJIZhIZrIiMsISE226qpgS3MUvL5P2ad29qJ/fndUa10UdZTiEIzgBFy6hAbfQhBYQSOEZXuHNerJerHfrYz5asoqdA/gD6/MHZYOS7w==</latexit>R�

<latexit sha1_base64="WUGfJUatT32LsO7tY2ynq1+4uX0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIr2XRjcsK9gFtKJPppB06mYSZSbGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWeOH3OmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsf3+V+e0KlYpF41NOYeiEeChYwgrWR+rbdC7Ee+UH6lPVTfeZmfbvq1JwZ0DJxC1KFAo2+/dUbRCQJqdCEY6W6rhNrL8VSM8JpVuklisaYjPGQdg0VOKTKS2fJM3RilAEKImme0Gim/t5IcajUNPTNZJ5TLXq5+J/XTXRw46VMxImmgswPBQlHOkJ5DWjAJCWaTw3BRDKTFZERlphoU1bFlOAufnmZtM5r7lXt8uGiWr8t6ijDERzDKbhwDXW4hwY0gcAEnuEV3qzUerHerY/5aMkqdg7hD6zPH7vAk7w=</latexit>xt�1

<latexit sha1_base64="WUGfJUatT32LsO7tY2ynq1+4uX0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIr2XRjcsK9gFtKJPppB06mYSZSbGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWeOH3OmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsf3+V+e0KlYpF41NOYeiEeChYwgrWR+rbdC7Ee+UH6lPVTfeZmfbvq1JwZ0DJxC1KFAo2+/dUbRCQJqdCEY6W6rhNrL8VSM8JpVuklisaYjPGQdg0VOKTKS2fJM3RilAEKImme0Gim/t5IcajUNPTNZJ5TLXq5+J/XTXRw46VMxImmgswPBQlHOkJ5DWjAJCWaTw3BRDKTFZERlphoU1bFlOAufnmZtM5r7lXt8uGiWr8t6ijDERzDKbhwDXW4hwY0gcAEnuEV3qzUerHerY/5aMkqdg7hD6zPH7vAk7w=</latexit>xt�1

<latexit sha1_base64="5aYH/9TDHZ7BrAp75dL1n4FkcGY=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi94imIckS5idzCZDZnaXmV4hLPkKLx4U8ernePNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUkS8gQIlbyeaUxVI3gpG11O/9ci1EXF0j+OE+4oOIhEKRtFKD90hxex20sNeueJW3RnIX+LlpAI56r3yZ7cfs1TxCJmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LI2o4sbPZgdPyJFV+iSMta0IyUz9OZFRZcxYBbZTURyaRW8q/ud1Ugwv/UxESYo8YvNFYSoJxmT6PekLzRnKsSWUaWFvJWxINWVoMyrZELzFl/+S5knVO6+e3Z1Wald5HEU4gEM4Bg8uoAY3UIcGMFDwBC/w6mjn2Xlz3uetBSef2YdfcD6+AfvhkIs=</latexit>

Ît

<latexit sha1_base64="T3OzooFleiwRI8D1YvYLVgNfCdY=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURX8uiG5cV7AOaUCbTSTt0MgkzE6EN/RI3LhRx66e482+ctFlo64GBwzn3cs+cIOFMacf5tkpr6xubW+Xtys7u3n7VPjhsqziVhLZIzGPZDbCinAna0kxz2k0kxVHAaScY3+V+54lKxWLxqCcJ9SM8FCxkBGsj9e2qF2E9CsLMG2GNprO+XXPqzhxolbgFqUGBZt/+8gYxSSMqNOFYqZ7rJNrPsNSMcDqreKmiCSZjPKQ9QwWOqPKzefAZOjXKAIWxNE9oNFd/b2Q4UmoSBWYyj6mWvVz8z+ulOrzxMyaSVFNBFofClCMdo7wFNGCSEs0nhmAimcmKyAhLTLTpqmJKcJe/vEra53X3qn75cFFr3BZ1lOEYTuAMXLiGBtxDE1pAIIVneIU3a2q9WO/Wx2K0ZBU7R/AH1ucP6HeTRA==</latexit>

ẑ

<latexit sha1_base64="WtwzIkKXKS/ddxEZnvvYuzbi8+o=">AAAB+nicbVC7TsMwFHV4lvJKYWSxqJCYqgTxGitYGItEH1IbRY7rtFYdJ7JvgCr0U1gYQIiVL2Hjb3DaDNByJEtH59yre3yCRHANjvNtLS2vrK6tlzbKm1vbO7t2Za+l41RR1qSxiFUnIJoJLlkTOAjWSRQjUSBYOxhd5377ninNY3kH44R5ERlIHnJKwEi+XelFBIZBmPWGBPDjxAffrjo1Zwq8SNyCVFGBhm9/9foxTSMmgQqiddd1EvAyooBTwSblXqpZQuiIDFjXUEkipr1sGn2Cj4zSx2GszJOAp+rvjYxEWo+jwEzmQfW8l4v/ed0Uwksv4zJJgUk6OxSmAkOM8x5wnytGQYwNIVRxkxXTIVGEgmmrbEpw57+8SFonNfe8dnZ7Wq1fFXWU0AE6RMfIRReojm5QAzURRQ/oGb2iN+vJerHerY/Z6JJV7OyjP7A+fwB75JQp</latexit>

x̂t
<latexit sha1_base64="a2dWkQzNwNe0WU1ryf34Ta43FPM=">AAAB+nicbVDLSsNAFJ34rPWV6tLNYBFclUR8LYtuXFboC5oQJtNpO3QyCTM3Son9FDcuFHHrl7jzb5y0WWjrgYHDOfdyz5wwEVyD43xbK6tr6xubpa3y9s7u3r5dOWjrOFWUtWgsYtUNiWaCS9YCDoJ1E8VIFArWCce3ud95YErzWDZhkjA/IkPJB5wSMFJgV7yIwIgSgZuBByMGJLCrTs2ZAS8TtyBVVKAR2F9eP6ZpxCRQQbTuuU4CfkYUcCrYtOylmiWEjsmQ9QyVJGLaz2bRp/jEKH08iJV5EvBM/b2RkUjrSRSayTyoXvRy8T+vl8Lg2s+4TFJgks4PDVKBIcZ5D7jPFaMgJoYQqrjJiumIKELBtFU2JbiLX14m7bOae1m7uD+v1m+KOkroCB2jU+SiK1RHd6iBWoiiR/SMXtGb9WS9WO/Wx3x0xSp2DtEfWJ8/AY+T2g==</latexit>

T✓

Stage C:  Physical prior adaptation

<latexit sha1_base64="f/4drjax6Y9nn+m4m1FxjUew7QY=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEVyURX8uiG5dV7AOaECbTaTt0MgkzE6GGfokbF4q49VPc+TdO2iy09cDA4Zx7uWdOmHCmtON8W6WV1bX1jfJmZWt7Z7dq7+23VZxKQlsk5rHshlhRzgRtaaY57SaS4ijktBOOb3K/80ilYrF40JOE+hEeCjZgBGsjBXbVi7AeEczRfeAlIxbYNafuzICWiVuQGhRoBvaX149JGlGhCcdK9Vwn0X6GpWaE02nFSxVNMBnjIe0ZKnBElZ/Ngk/RsVH6aBBL84RGM/X3RoYjpSZRaCbzmGrRy8X/vF6qB1d+xkSSairI/NAg5UjHKG8B9ZmkRPOJIZhIZrIiMsISE226qpgS3MUvL5P2ad29qJ/fndUa10UdZTiEIzgBFy6hAbfQhBYQSOEZXuHNerJerHfrYz5asoqdA/gD6/MHZYOS7w==</latexit>R�

<latexit sha1_base64="WUGfJUatT32LsO7tY2ynq1+4uX0=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpKIr2XRjcsK9gFtKJPppB06mYSZSbGE/IkbF4q49U/c+TdO2iy09cDA4Zx7uWeOH3OmtON8W6WV1bX1jfJmZWt7Z3fP3j9oqSiRhDZJxCPZ8bGinAna1Exz2oklxaHPadsf3+V+e0KlYpF41NOYeiEeChYwgrWR+rbdC7Ee+UH6lPVTfeZmfbvq1JwZ0DJxC1KFAo2+/dUbRCQJqdCEY6W6rhNrL8VSM8JpVuklisaYjPGQdg0VOKTKS2fJM3RilAEKImme0Gim/t5IcajUNPTNZJ5TLXq5+J/XTXRw46VMxImmgswPBQlHOkJ5DWjAJCWaTw3BRDKTFZERlphoU1bFlOAufnmZtM5r7lXt8uGiWr8t6ijDERzDKbhwDXW4hwY0gcAEnuEV3qzUerHerY/5aMkqdg7hD6zPH7vAk7w=</latexit>xt�1

<latexit sha1_base64="5aYH/9TDHZ7BrAp75dL1n4FkcGY=">AAAB8HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKr2PQi94imIckS5idzCZDZnaXmV4hLPkKLx4U8ernePNvnCR70GhBQ1HVTXdXkEhh0HW/nMLS8srqWnG9tLG5tb1T3t1rmjjVjDdYLGPdDqjhUkS8gQIlbyeaUxVI3gpG11O/9ci1EXF0j+OE+4oOIhEKRtFKD90hxex20sNeueJW3RnIX+LlpAI56r3yZ7cfs1TxCJmkxnQ8N0E/oxoFk3xS6qaGJ5SN6IB3LI2o4sbPZgdPyJFV+iSMta0IyUz9OZFRZcxYBbZTURyaRW8q/ud1Ugwv/UxESYo8YvNFYSoJxmT6PekLzRnKsSWUaWFvJWxINWVoMyrZELzFl/+S5knVO6+e3Z1Wald5HEU4gEM4Bg8uoAY3UIcGMFDwBC/w6mjn2Xlz3uetBSef2YdfcD6+AfvhkIs=</latexit>
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实验结果：

l 概率式粒子状态转移网络长序列
预测效果强于基线方法

l 迁移了视觉后验知识的概率式粒
子状态转移网络在未见流体的动
态模拟上更贴近真实状况，符合
人类直觉

l 更好地处理未见边界状态的流体
动力学
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某一个物理参数下的视觉观测序列

未见流体几何的动态模拟 未见边界状态的动态模拟

GT OursCConv

长序列预测能力

流体动力学概率式视觉知识迁移



实验结果：在不同物理属性的流体交互上具有更好的动力学模拟能力

Source Scene

不同属性流体的动态交互能力

Global Latent OursNovel Scene

Global Latent Ours

流体动力学概率式视觉知识迁移





现实场景实验结果

Final Goal: Train our inverse 
rendering model for dynamic fluids

Evaluate the model with 
2D PIV equipment 

Cope with visual noises and lightening variations [Done]

Multi-view high 
frame rate cameras Estimate initial state via volume rendering [Done]

Volume Rendering

Raw Image Reflection removed

Background removed

Novel view 
rendering

Depth 
estimation

Initial state
estimation

NeRFREN

SAM segmentation
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h

去除背景去除反射光

h

0.2

0重建的初始粒子状态

整体流程：
l 拍摄静态场景多视角图

像，去除反射光对流体
的影响

l 估计初始粒子状态

l 未来将引入高速摄像机
对高速流体动态进行拍
摄捕捉

流体动力学概率式视觉知识迁移
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