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ѭ ԒḲ

Å ῡ јє

Åє ẓⱴײַ ₱

Åє ᴦṜᴖᴶײַ

ÅΊΎַײє ј ῡ
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Å ῡ ἆῠᶡ︠ײҒѝҭөσҒѝẓⱴַײַ

ῡ

ῡῶ 2017 Ẉ ᶬ ♆ 2020 Ẉ ᶬ ♆

ᶂ
ԓ
 
‗

CAICT 80.2қӺ 166% 600қӺ 96%

>70қӺ / 660қӺ ~110%

ᵛשּׁ 40қӺ 264% 725қӺ 162.7%

ḐiiMedia 68қӺ 124% 780қӺ 125.5%

ᶂ
ᶹ
 
‗

Ganter
10.7қ
Ӻ

110%
110қ
Ӻ

117%

CB Insights
13.5қ
Ӻ 150%

160қ
Ӻ

128%

ṳᶊ ⁴ ᶬῡ ײַ ₱ᾢᶳїᶇ

ῡ ᾴҙṩ῀ ῏ ײַ ở ֪
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Å ῡ ײַ ╟јָא 

ῡ

ⱴ ῡ⁴Ἠҙḽ◓Ᵽћꜛַײ Ỗּרεᵎᴦḽҙ ј῀ Ᵽײַ

≡ ֠ӌĄє Ỗּר

Hartley, R., & Zisserman, A. 

(2003). Multiple view geometry 

in computer vision. Cambridge 

university press.

ᶺ ᶃ֡Ӎ￼֧אѭ   ώӗᾭḙṪԏ

ᴜⱣĄ ѱⱣ

Hubel, D. H., & Wiesel, T. N. 
(1979). Brain mechanisms of 
vision. Scientific American

֫Ṗת ѭא֧￼   ḧת ᶢ

Ᵽ ᶡ︠

ⱶתќּף

ỵ

  Ѳת љѕ ấ

Қ ֫‘

ỵ

Ґ
Ҋ

Ґ
Ҋ ῡ
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ῡ

Å ῡ גḘῠẼᵟײַ

ὴᵄ ῼ ἆҺ
h5-
Ὕᾭ

h5-
ѧӈᾭ

1 Nature 376 552

2 The New England Journal of Medicine 365 639

3 Science 356 526

4 The Lancet 301 493

5 IEEE CVPR 299 509

6 Advanced Materials 273 369

7 Nature Communications 273 366

8 Cell 269 417

CVPRҺ ᴿ Ὕ‰ ẉі״

ῡ ᾴᶁ Ḙῠ εḘῠẼᵟגᵃ֮׀

CVPRҺ Ἦ ẉі״

* h5 ὝᾭῗὝᶈ ᴞᾯᾯ 5 ẉѧἍᴧ ᾰ ￼ h Ὕᾭ h Ὕᶈ 2015-
2019 ẉ ᴧ ￼ h ᾰ ⅛ Ṉ Ậּז h ₭￼ῳᶽӪ

₵ḙ ᴧ 2020ẉῳᾺ￼ḙ ῼ ᵙҺ ẽᵠדὴᵄ
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ῡ

Å ῡ כֿײַ ԒḲ

Segmentation Recognition

Retrieval Caption

ѱⱣ

Stereo SLAM

Light FieldFusion

є Ỗּר

ѱⱣ ᵘє Ỗּרᾴ ῡ Ѣᶼῳᶑײַ
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Â׀ ᾴᵊῑ ψῑᶹṇ ψ

Â׀ ᾴᵊῑҏ ỡ ҙψ

Â׀ ᾴᵊῑ ￼◓ψ

Âҏ Ỡῑᶹ ψ

ÂѢ Ѳ ײַ ᶹṇψ

Âҏ қѰψָזּ қѰψ

Âі ҹᴦⱳқѰψ

Âɖ ɖ

Åє σҠє Ỗָּרє Ᵽ

є

҆ ѱⱣ
ᴴҧḡở

є !

є ᾴḪ♪ ῀ їᴴỡײַ ₡ừײַ

üᶡ҇ᶂ○ ҧᴢᴾ ┼ẘҼỖᵷӠ ε ⱴ֠ӌ ҧᴢҷצ ᾎḘ
ṩԎḽ♪Ḫћꜛ є ≡ ḦӇ Ấ⁴ᴢⱣ
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TotalCapture
2018 ῏ӒḘⱳ ᾑ

є

Unsup3D
2020 ῏Ӓ ᾑ

BSP-Net
2020 ῏ӒḘⱳ ᾑ

Fermat Paths
2019 ῏Ӓ ᾑ

DynamicFusion
2015 ῏Ӓ ᾑ

Shape from BRDF
2014 ῏Ӓ ᾑ

Electric Grid
2017 ῏ӒḘⱳ ᾑ

Non -Rigid SfM
2012 ῏Ӓ ᾑ

Åє ᴨָῴᶼԊ↕

10ẈΎCVPR῏Ӓ ᾑѦεє ᴈὊᴀᶯ Ṟ

Depth Pose
2011 ῏Ӓ ᾑ
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Å ῡ јє

Åє ẓⱴײַ ₱

Åє ᴦṜᴖᴶײַ

ÅΊΎַײє ј ῡ

ѭ ԒḲ
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є ẓⱴײַ ₱
Å ᶉⱢ ᾎḓᾚћꜛ

ҙ◓
є
Ấ

Ԅ
Ẍᵒ
●ᴢ

AR
ᶹҙ
ח҉
╙Ở

Ḫ
ᴿ
ᶜṳ
ᾼ

є
῀
ừט

AR
₉
ḿ

ᴚ 3D ֜ ḦӇεּטḪћꜛј◓Ᵽћꜛַײᾢ ᴿεѓ◓҉ ῀ײַ ћꜛ

*ᴁѬ Ỉ ₅ Ὼ ұѝ ἋԃᶉⱢ ᾎḓћꜛẤ
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ÅῡᵷҙἊᴧ

є ẓⱴײַ ₱

є Ấᾴῡᵷҙ Ḻћꜛ Ᵽ ћꜛ јћꜛ҉ײַחỌ ừ₡

ῶẤј♪Ḫᵂ₉ַײє ᾎḓ♩ᶪᾴῡᵷҙⱣ ♩ᶪ ѭӏֵ֦ᾘַײỌ Ὕ׀
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2. ╪ Ұּט ḘѼ

1. 
є
Ấ

3. Ἂᴧ



є ẓⱴײַ ₱

ᶡ҇є Ấַײᶵῢ♩ᶪҏ҉ᶡ҇є Ұⱳҙừײַ

ᶹῡᵷҙᴂᵂḮԒє Ấ ᶡ҇є Ấַײ ѭ∕ ὒ ᾢҙῡ

є Ấᶇᴾ ῡᵷҙẓⱴѦỸ╪ּלїᴴỡ

Huaping Liu et al. II2020

Dharmadhikari et al. ICRA20Siyan Dong et al. SIGGRAPH 2019
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є ẓⱴײַ ₱

Å ח Ỗּר

֜є ᶉᶂῶẤјḪᾩє ♩ᶪỖּרᾴ ח ῀ ֗ Ԋײַ

ᶉᶂῶẤјḪᾩє Ỗּר ᴴ јצ ≡

13



є ẓⱴײַ ₱

⸗ἒ ⸗ ҹ ԄҬ
Ԇӹ1500׀ 1830 Ẉ 1860 Ẉ 2000 Ẉ ặָ׀ΊΎ

ח є Ấⱴ҇ΊΎԄ ҏ҉εᾴḏӋ Ӡἆῠַײ ᾚ

ÅԄ ҏ҉ј Ӡ

HoloLens
Microsoft Tsinghua

14



є ẓⱴײַ ₱

Â є ︡Ҭᶇ ח Ồ ᴦṜ
Â є ַӿΐ҆ ᵾᶪεṃֺ

ҭөַײἆῠ
₇ẩṽᵆҒѝẓⱴ

҆ ҙ ַᵾᶪ є ҙ ַ

ᶡ҇iPhone X ׀ ┼
ẘ ҙײַ᷂ Ấ

KFCֻ ᾟҥі
2017.09

2017.09

Ḡᴄ ׁ
▄ẙᾋӵ᷃

ᴂѭ

ṇ

vivo

oppo

2018.05

2017.12

2018.06

2018.07 Ἦ Ḁ⅝ѧӿ
ֻ ᾟҥὙ ק₩

2018.05

iPhone X  FaceID

2019

ἐ ᵅ ToF  iPhone 12 Pro

☼ӿ
2020.11

DeepFakes

ᴕ Ίḷ

Åє ᾀҤח ҙ ַ
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є ẓⱴײַ ₱

Åє ẓⱴ҇ҙ ַ

҆ јє ᴿַײᶹ⁴ ҙ ַ є ҙ Ấẓⱴ҇ҙ ַ

ј ΐᴿӏεḪ♪҂є ҙ ַεּג₦҆ ←ε ẘᾶ Ὕ׳σ
Â 1ḽ1ַײҙ ַ ♆і Ѣѥᾎ τ1₦N ַᴴᾀἵַײᾎὊ ⁴Ỵᶼ 30ӣ
Â є ∟Ӌ ַᵘ ẘє Ấṃ ₉Ὕ׳ ַ ẘεӟ ᾀҤ ḟԄײַַ
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є ẓⱴײַ ₱

Å⁴◓חᶙ Ѭ

єײַ◓ח Ѭ ᾴⱳᵗ Ḙֿכ ᾚṩԎ

є Ѭᾴח◓ᶀῑṝ

Nature, 2020.03

ᶂ ḙ ῼ

nature ᶈ3ῴҰ
ᴧᾰὝ֧ιấ Ḓ

ᵙṇ ⁴ᶙ◓ח
‎Ḿἰᾚ֔

Ấ ⁴ᶙ

Ѭ
≡

ⱳҒ ꞋⱣֿכ

љ
ⱶּוғ

ḙ

ἄפֿכֿ
ᵼ

є Ѧӌ ט

Ḣ Ѭ
Ґ
ҐҊ ѭ
ҽ…⸗ề

Ỉ Ѭ
תפֿ א є ӌ ט

є ừ ט

⁴ᶙᾴⱳᵗ◓ח ḘַײḏҞ
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є ẓⱴײַ ₱

2018 ẈσṆ є Ѭјᶼ
◦ӋᾰṂ

2019 Ẉαṁ ᾑ βσ♃
є ј◓ ӟἑ

2020 Ẉαṁ ᾑ βσṉᵶ
є јᶼ ᶉᶂ

2020 Ẉσח◓ Ѭј
Ᵽ

ẻỗ
ấ₩

ҐҊ
ט

ḙ
ᴧא

῭Ѩḹ

῭

῭▄Ṗ

ΊΎ

2020 Ẉσ ⅓ є
јє

2019 ẈσṆ є ј
ꞌ Ѭ ♪

Å ẈΎεח◓є Ѭ ᴨָẌ↑Ԋ↕
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є ẓⱴײַ ₱

є Ѭ ᾚᾛ←Ѭⱳᵗ Ḙֿכ ṽΎᾚᴦ♪

Åח◓є Ѭ ҭөײַ
є Ḫ ᶊᾼ є Ѭ

ⱧᶰᾤԒⱬᶼḘ
ⱶχṊᵷט /ṇ
χᶈ ⱡעᶫїᾂ
҃♄ ╤ⱶט ῶת
ӆӈ ט╗￼

ᾭṑ ᶼḘ
≥ⱶχởט
χᾂ ♄ ￼ⱶט

ѕ ―־ ѭ￼ḕᶈιҨ
ᴣѕ ҐҊ ѭ￼ ק

ⱳᵗ Ḙᴦ♪
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Å ῡ јє

Åє ẓⱴײַ ₱

Åє ᴦṜᴖᴶײַ

ÅΊΎַײє ј ῡ

ѭ ԒḲ
20



є ᴦṜᴖᴶײַ

ᾩ

21

1970 1995 2002 2010 2020

ὪẼ≡ Ᵽ ᾩҥ

ӾᶊὪӴᾩҥα95ɋβ

SLAMᾩҥ+35ɋ,

┼ẘּגῡᾩҥ+43ɋ,

ỀḘѼᾩҥα48ɋβ

1977

ӿẙ ӌ
1985~

ᶺ ᶃ֡Ӎ
1982

ṉ ת
1987
Marching Cubes

1999

Қ ẻᴪ₩ᶚ

2006

Photo Tourism

2009

Rome in a day

2002~

Mono -SLAM

2007

PTAM

1963

ѕ ḫӌ ᵸỵ

2004

Visual odometry
2014

LSD-SLAM

2014

Google Tango2013

SLAM++

2007

ᾋӵ

2012

ӿᶋ  

2011

KinectFusion

2015

SMPL

ẓⱴ ₱ ᵷҬᵘ
ὕח҂є ᴦṜ

2017

PointNet

2018

Pixel2Mesh

2019

DeepSDF

1996

ӿᶋ …

1997

Multi -view stereo

2000

Non -rigid tracking

2015

DynamicFusion

1994

Visual Hull

4D association

2020

DoubleFusion

2018

FlyCap

2017

PaMIR

2020

ᶴ צ

2015



є ᴦṜᴖᴶײַ

ᾩ

22

1970 1995 2002 2010 2020

ὪẼ≡ Ᵽ ᾩҥ

ӾᶊὪӴᾩҥα95ɋβ

SLAMᾩҥ+35ɋ,

┼ẘּגῡᾩҥ+43ɋ,

ỀḘѼᾩҥα48ɋβ

1977

ӿẙ ӌ
1985~

ᶺ ᶃ֡Ӎ
1982

ṉ ת
1987
Marching Cubes

1999

Қ ẻᴪ₩ᶚ

2006

Photo Tourism

2009

Rome in a day

2002~

Mono -SLAM

2007

PTAM

1963

ѕ ḫӌ ᵸỵ

2004

Visual odometry
2014

LSD-SLAM

2014

Google Tango
2013

SLAM++

2007

ᾋӵ

2012

ӿᶋ  

2011

KinectFusion

2015

SMPL

2017

PointNet

2018

Pixel2Mesh

2019

DeepSDF

1996

ӿᶋ …

1997

Multi -view stereo

2000

Non -rigid tracking

2015

DynamicFusion

1994

Visual Hull

4D association

2020

DoubleFusion

2018

FlyCap

2017

PaMIR

2020

ᶴ צ

2015

ẓⱴ ₱ ᵷҬᵘ
ὕח҂є ᴦṜ



є σӾᶊὪӴᾩҥ

Å MVML Dome σḷ Ӿᶊє ᾎὊ ᴧַײᾩҥ
2005 ẈӾᶊּגῡ 2008 Ẉ -Ӿ▓ᴂᵂ

ῶẤ40ּגῡ 680ѥӾ╟ ởַײᶁ ѥḷ ḷ Ӿ▓ַײ

ח є Ấ Ὼ

23

LkB.avi
LkB.avi
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є σӾᶊὪӴᾩҥ

http://vision.middlebury.edu/mview/eval/

ᶹ ῡєגּ Ấᶇⱶ ᶁ ▒ Ḙ
ᶡ ҹ ῡῶ ײַ Ӌ ẤԆấ ≡

ẘ 7Ẉὑᵃ

Ấ ẘ ṭ₦ ҆ᵃ ӈ23%

῞ ỨὝאָ ←

ᶁUIUC ←

ἴᶼUBCו ←

ᶁUIUC ←

Åє Ấ ẘἷ 
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є σӾᶊὪӴᾩҥ

ÅᶹҙӋ ᴩӾ▓ᴢᴴ ח є Ấ

♆ӽḪ♪ᶹҙӋח є Ấ
Ԅ ח ᾰṂјӾ▓ᾰṂεᴦח SIGGRAPH TPAMI CVPR Oral ֮ᾑ 20Ӎ

ח є Ӿ▓
ᾰṂ

(SIGGRAPH
2015)

ח є חᾰṂ(SIGGRAPH2011)ᶹח ḽ Ấ(PAMI 2013) ח є Ấ(CVPR 2011 Oral)
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є σӾᶊὪӴᾩҥ

Åẓⱴ ᾼ

ָ ֢ԝ

üᾢ  ὃїҜח ҂ΉᶹẓⱴᶊᾼεΉᾴΊΎҏ҉ᾛẩַײԄᾚᴩ

ᴄ

Ӂ

ḷ

Ӿ
ᶊ

Ấ

ḷ εᶊᾼᴨ ᴄ ᾛ←ᾢ←֪ ┼ẘₑѱ

Ḫᾩ Ấ
ḷҏ҉ᾎ

דּצּ
–ị σḄӌӻ֪ ᴾ Ӡ ε

ҷרצ ꜝε֞ṇ ԝӍ
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Å ᾎὊַײ - -ᾩ

ᴄ ֪

ᶹ ר

ᾩᶞ

ᴂ
ᵂ
ҷ
צ
Ὕ
׳

ᶹ

ẘ
Ԋ

ᶂ

Ẑ ẩσḗ ר ὥ

ᴂᵂẩσ ♩ ᴿҷצᴾ Ӡ

╔ ◌▬ ▲◑░▒
□▪╬ ◌□ ▲◑░░

□▪╬▬ȟ╬▲ ◌◄ ▲◑░
□▓╬

є σӾᶊὪӴᾩҥ

ᴄ

֭
֪

ḿ

Ấ

ṭ

4Dᶹ ᾩ ⁴ᶙᴢԍḪᾩҷצᾛ←
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є σӾᶊὪӴᾩҥ

ÅḪᾩᶹҙӋ :ὃὁח 4Dᶹ ᾩ

Zhang et al. 4D Association Graph for RealtimeMulti -person Motion Capture Using Multiple Video Cameras, 

CVPR Oral 2020,ᴴẓⱴ҇ᾎḓҙ Ἠѭί ẘ Ѭר≡ ῀ Ӌ



є σӾᶊὪẼᾩҥ

ÅṆᶙ є Ѭ ј╓֚ҙꞌ
ALS(Amyotrophic lateral sclerosis ι ớ Ӛ ק
ζιאל ɒ░֛ҚאלɓιῗԐᶚ￼ ớֿפֿכιҋ ῳẂ
￼ ט Ӻֿפֿכѳ ׁιѧװ פֿ℅Ḿװ ῂ ѭד

ALS￼ᴧֿפљᶺ ᶢᵼ ᴪῶԋιӕḅSOD1ιFUSιTDP-43

ι ᵄⱶ
ḙḲת

═ᶢ ҽ᷈
Lou Gehrig

░֛ҚאלỨ
ׁιΈῼ ѭḙאלꜛҠῗ ︢

ȣȣ

ᶺ Ὴ ί

ς

Ӱẞ￼ṇᶚ
CRISPR-Cas9 KI
FUS R521C ᴪ

ⱡ█ᵀ ᶫע ỗљ ѭ ‘

ȣȣ

ALS ѭ₩Ẫ

(1) ṇᶚטⱶԓ◊ớ
ᴪ Ҩ ᴝֿפֿכ

(2) ṈḾֿפֿכΈῼ
￼א Ὴ֝ ╜

(3) ҚṪ ᶫṾ‎ע
ⱶט ѭ￼ɒӭ ɓ

Ẹׁ￼

ς

ἅҪ￼ή
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є σӾᶊὪẼᾩҥ

є ᶵῢ Ѭ
גט
꞊Ꞌַײ ᾘ

Åє Ѭ ὒ ╓֚ꞌᾨῙꞌ◦
є ᶊᾼј

є ח

30



є σӾᶊὪẼᾩҥ

Åє Ѭ ὒ ╓֚ꞌᾨῙꞌ◦ є ח

31

4ᴰẌ Ṱ Ṇ ε2ᴰӯẛε2ᴰ ᶡᵻ ᴩε25ѥרὔּגῡεᾩ 1000 Ṇᾩ



є σӾᶊὪẼᾩҥ

Åє Ѭ⁴ẩ ј֪ῷ

32

ṯ֪ῷַײ Ѭσ ₯ ♆ ₯ᾩ ә ♆



є ᴦṜᴖᴶײַ

ᾩ

33

1970 1995 2002 2010 2020

ὪẼ≡ Ᵽ ᾩҥ

ӾᶊὪӴᾩҥα95ɋβ

SLAMᾩҥ+35ɋ,

┼ẘּגῡᾩҥ+43ɋ,

ỀḘѼᾩҥα48ɋβ

1977

ӿẙ ӌ
1985~

ᶺ ᶃ֡Ӎ
1982

ṉ ת
1987
Marching Cubes

1999

Қ ẻᴪ₩ᶚ

2006

Photo Tourism

2009

Rome in a day

2002~

Mono -SLAM

2007

PTAM

1963

ѕ ḫӌ ᵸỵ

2004

Visual odometry
2014

LSD-SLAM

2014

Google Tango
2013

SLAM++

2007

ᾋӵ

2012

ӿᶋ  

2011

KinectFusion

2015

SMPL

2017

PointNet

2018

Pixel2Mesh

2019

DeepSDF

1996

ӿᶋ …

1997

Multi -view stereo

2000

Non -rigid tracking

2015

DynamicFusion

1994

Visual Hull

4D association

2020

DoubleFusion

2018

FlyCap

2017

PaMIR

2020

ᶴ צ

2015

ẓⱴ ₱ ᵷҬᵘ
ὕח҂є ᴦṜ



Åᶹừἵỡ חῡגּ Ấᾛ←

є σּגῡḦӇᾩҥ
34

Xu et al. UnstructuredFusion : Realtime 4D Geometry and Texture Reconstruction using Commercial RGBD Cameras, IEEE TPAMI 2020

Xu et al.  FlyFusion : Realtime Dynamic Scene Reconstruction Using a Flying Depth Camera, IEEE TVCG 2021

Xu et al.  FlyCap : Markerless Motion Capture Using Multiple Autonomous Flying Cameras, IEEE TVCG 2018

⁸Ḫ♪ ᵆח ᶊᾼַײє Ấ ῡᴂᵂḦӇᵘגּ ẓ ҷצ


