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b A few considerations in computational video editing

1. Which parts of the process should be automated and why?
2. What, specifically, makes editing a particular type of video hard and/or time consuming?
4 3. How do we extract meaningful information from the videos to aid the process?
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Computational Video Editing for
Dialogue-Driven Scenes

Mackenzie Leake, Abe Davis, Anh Truong, and Maneesh Agrawala
SIGGRAPH 2017
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Avid Media Composer (20x speed)

Raw Takes Length: 18 mins

Edited Scene Length: 89 secs P ———

W w3 | » | w O 0|

Editing Time: 3 hrs

(Elomo@v[a] | v "B

Dialogue-Driven Scenes

“Doubt” [2008] “Dumb and Dumber” [1994]
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Video Editing Idioms : Start Wide

Opening of “The Social Network” [2010]

Video Editing Idioms : Start Wide

Opening of “The Social Network” [2010]
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Video Editi
ing Idioms:
ioms: Show the actor speaki
ing on screen

/i DOU btl/ [2008]

A

The . :
Movie [diom |

pular Art Form

Filmas 2 PO,

Robert Henry stanley
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Prior Work on Virtual Cinematography
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Set of rules #1 Set of rules #2

“Narrative-Driven Camera Control for Cinematic Replay of Computer Games.” [Galvane 14]

Additional work: [Karp 93, Christianson 96, He 96, Jhala 05, Elson 07, Lino 11, Galvane 15]

Our System

Inputs Segmentation Labeling Editing
& Alignment

1 I ca
can can’ onlll A sl
LUCKY . LUCKY
Elizabeth, something is Elizabeth, somethin
going on.. is goi .
ELIZABETH — £Emo: 0.6
I can’t. I just can’t. I ca us Len:4.14s
— can’
LUCKY
k, we e getting uc
rrrrrr d... k, we getting
m; ied..
EEEEEEEEE
Okay, just stop. Okay, just stop.
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Segmentation & Alignment

Script

Script

LUCKY
Elizabeth something is going on. Just tell me
what it is.

ELIZABETH
I can't. I just can't.

LUCKY

Look, we are getting married. We are gonna have
to be able to work through some of this stuff and
trust each other.

ELIZABETH
Okay, just stop. I'll tell you because I don't
want to lie about it anymore. I've been sleeping
with Nicholas. Ever since the night of ...

LUCKY
The night I proposed to you.

ELIZABETH
Yes. It wasn't planned. It just. It just
happened.

LUCKY
Things like that don't just happen, Elizabeth.

Input Takes

Segmentation & Alignment

Script

Secript

LUCKY
Elizabeth something is going on. Just tell me
what it is.

ELIZABETH
I can't. I just can't.

LUCKY
Look, we are getting married. We are gonna have
to be able to work through some of this stuff and
trust each other.

ELIZABETH
Okay, just stop. I'll tell you because I don't

want to lie about it anymore. I've been sleeping
with Nicholas. Ever since the night of ...

LUCKY
The night I proposed to you.

ELIZABETH
Yes. It wasn't planned. It just. It just
happened.

LUCKY
Things like that don't just happen, Elizabeth.

Input Takes

10
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Segmentation & Alignment
Script Input Takes

B0, TN

Script

LUCKY 3
Elizabeth something is going on. Just tell me 4 .
what it is. :‘ '

ELIZABETH
I can't. I just can't.

LUCKY

Look, we are getting married. We are gonna have
to be able to work through some of this stuff and
trust each other.

ELIZABETH
Okay, just stop. I'll tell you because I don't
want to lie about it anymore. I've been sleeping
with Nicholas. Ever since the night of ...

LUCKY
The night I proposed to you.

ELIZABETH
Yes. It wasn't planned. It just. It just
happened.
LUCKY

Things like that don't just happen, Elizabeth.

Segmentation & Alignment
Script Input Takes

Alignment provides

structure for editing

11
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Segmentation & Alignment
Edit

Script

Script

LUCKY
Elizabeth something is going on. Just tell me
what it is.

ELIZABETH
I can't. I just can't.

LUCKY

Look, we are getting married. We are gonna have
to be able to work through some of this stuff and
trust each other.

ELIZABETH
Okay, just stop. I'll tell you because I don't
want to lie about it anymore. I've been sleeping
with Nicholas. Ever since the night of ...

LUCKY
The night I proposed to you.

ELIZABETH
Yes. It wasn't planned. It just. It just
happened.

LUCKY
Things like that don't just happen, Elizabeth.

Input Takes

e 0808 o 5
k08 el
. S a
TGN
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Mli.:ﬂ.'.'li

Segmentation & Alignment

Challenge: Choose appropriate

clip for each line of dialogue

12
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@ Chrome File Edit View History Bookmarks People Window Help -55 K ) ® & 2 ) =T W SNED S105PM Q =
® O ® /g roughCut: GeneralHospital X 9 Ann
€ > C O localhost: |
$ Apps [} Gate Fold Cards Ar... () Tea light boxes - M_. (0D https://www.goode fspark.adobe... () alexic/neural-coodl... () mattnedrich/MeanS... [ Mean SHift Clusteri [} Understanding and... 1 Shrimp-and-Crab F... [ Maine Crab Cakes.. i Mini Crab Meits Re

| Editing |

GeneralHospital |

Script Player Render Export EDL  Fullscreen

LUCKY
Elizabeth something is going on.
Just tell me what it is.

ELIZABETH
I can't. I just can't.

LUCKY

Look, we are getting married. We
are gonna have to be able to
work through some of this ...

ELIZABETH
Okay, just stop. I'll tell you
because I don't want to lie
about it anymore. I've ...

LUCKY
e it S invieamiid B siias
Idiom Builder Saved Idioms: custom ¢ New Idiom Clear
o — . Name: custom
start wide mtensﬁy‘ emotion Description:
peaks and valleys performance slow avoid jump cuts

Tempo Parameters
Start Buffer. 0.9 End Buffer. 0.1 Sofe Buffer. 0

performance fast emphasize character st

Generate

® Chrome File EGt View History Bookmarks People Window Help R ® & I 0 = MW S Sai0sPM Q=
® O ® g roughCut: GeneralHospital X © Anh
€ > C | O localhost roject . s «m

HH Apps () Gato Foid Cards Ar.. () Tea light boxes - M (@t tps:/fspark.adobe... () alexicineural-doodl.. () mattnedrich/MeanS... [ Mean SNt Clusteri_. [} Understanding and... 5 Shrimp-and-Crab F... 5 Maine Crab Cakes_. g Mini Crab Melts Re.

: | | Editing |

GeneralHospital
Script Player Render Export EDL  Fullscreen

LUCKY
Elizabeth something is going on.
Just tell me what it is.

ELIZABETH
I can't. I just can't.
Script

Look, we are getting married. We

are gonna have to be able to
work through some of this ...

ELIZABETH
Okay, just stop. I'll tell you A
because I don't want to lie 4 Total Duration: 01:32:251

about it anymore. I've ...

LUCKY

13
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Our System

Inputs Segmentation Labeling Editing
& Alignment

ELIZABETH
I can’t. I just

can’t.
LUCKY LUC]
Elizabeth, something is Elizabeth, something
going on.. is going on..
ELIZABETH ELIZABETH
I can’t. I just can’t. ) I can't. I just
can’t.
LUCKY
Look, we are getting LU
married.. Look, we are getting
married..
ELIZABETH ELIZABETH
Okay, just stop.. Okay, just stop..

Labeling: Speaker
Input Script

LUCKY
Elizabeth, something is going on. Tell me
what it is.

ELIZABETH
I can‘t. I just can't.

ELIZABETH
I'm so sorry. I promise you it wasn’t
planned. I'm really sorry.

14
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Labeling: Speaker
Input Script

LUCKY
Elizabeth, something is going on. Tell me
what it is.

NP N NN NN NN NN NN
N NN NN AN NN NN NN

ELIZABETH
I can't. I just can't.

NN A
NAANAAAAAAAAAA A

ELIZABETH
I'm so sorry. I promise you it wasn’t
planned. I'm really sorry.

Labeling: Speaker
Input Script

LUCKY
Elizabeth, something is going on. Tell me
what it is.

NN NN AN NN NN
N NN NN NN NN

ELIZABETH
I can't. I just can't.

NN NN

NNANANAAAAVANAAA A A

ELIZABETH
I'm so sorry. I promise you it wasn’t
planned. I'm really sorry.

spkr(c): LUCKY

spkr(c): ELIZABETH

spkr(c): ELIZABETH

15
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- .

3 OpenFace [Baltrusaitis16]

Take1, Clip3 \ 0 [Takes, Clp9

Label: numvis(c) = 2 Label: numvis(c) =1

16
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Labeling: Shot Type: Zoom

Mediu Close Up |

Take 7, Clip2

I just can't.

I can't.

byl

mouth motion

Label: SpVis(c) = ELIZABETH

Take 9, Clip 2

ELIZABETH
I just can’'t.

I can't.

MW MMV L

mouth motion

17
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Additional Labels

Input Script
° Script i;itai:t:é'something is going on. Tell me Speaker: LUCKY
NN NN NN
* Speaker A A A A A A A
I canrt. T just camren — |Speaker: ELIZABETH
i i i e S
* Video I'm 8o sorry. T promise you it wasae | |opeaker: ELIZABETH
planned. I'm 11y y

* Shot type: NumVis
* Shot type: Zoom
* Speakers visible

fatio=0.25

] [
Additional Labels -
nput Script
° Scri pt 5;i:a§:t);;.somethi:;’c:: going on. Tell me I

. ker IRRRReeeeaaa sy
Spea. ) , 2 ours. ¢ s —
* Emotional Sentiment e SN e e

* Video T e
« Shot type: NumVis ————
* Shot type: Zoom
* Speakers visible
* Screen position
* Clip volume
* Cliplength

ratio =0.25

18



5/22/19

RoughCut: goldfish x Yo

€ ) © | 0.0.0.0:5000/project/goldfish#

goldfish
Script Edit -0.00000 Clips

LINDA
What time do you think she'll call?

CRAIG
Not today. Remember?

oh, yeah.

CRAIG
she called yesterday.

LINDA
Where was she going to dinner tonight?

CRAIG

Idiom Builder Saved Idioms: Goldfish -| Newldiom  Clear

intensify emotion  peaks and valleys ~ performance slow start wide 1

emphasize character  z00m consistent  z00m infout

avoid jump cuts 1

200m infout gradually )
short lines

speaker visible

performance fast 1

Sort By:  Take

El

0%

1-40f8

€ | Q search

Player

Total Duration: 00:53:920

Current Clip Info
Line: The Red Chili Hut.
Take: 6
Visible Actors: CRAIG
Shot Type: CU

we ¥ A9 =

| Editing |

Render

Export EDL

Name: Goldfish
Description:

Tempo Parameters
Start Buffer: 0 End Buffer: O

Generate

Safe Buffer: O

goldfish

Script

LINDA
What time do you think she'll call?

CRAIG
Not today. Remember?

LINDA
Oh, yeah.

CRAIG
She called yesterday.

LINDA
Where was she going to dinner tonight?

Edit

19
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goldfish
Script Edit

LINDA
What time do you think she'll call?

CRAIG
Not today. Remember?

LINDA
Oh, yeah.

CRAIG
She called yesterday.

LINDA
Where was she going to dinner tonight?

goldfish
Secript

LINDA
What time do you think she'll call?

CRAIG
Not today. Remember?

LINDA
Oh, yeah.

CRAIG
She called yesterday.

LINDA
Where was she going to dinner tonight?

20
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goldfish
Script

LINDA
What time do you think she'll call?

CRAIG
Not today. Remember?

LINDA
Oh, yeah.

CRAIG
She called yesterday.

LINDA
Where was she going to dinner tonight?

Editing Model

Hidden states: Xi e
Observations: Vi
Start Probabilities: B
Emission Probabilities: E

Transition Probabilities: A

Clips

Script & Clip Labels

21
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Start Probabilities (B)
Idiom: Start Wide

Function: B XX ——M—
unction (c) Zo0m ()

Label: Shot Type: Zoom

Labeling: Shot Type: Zoom

Clips

bl 0T

TEAT NI E

Emission Probabilities (F)

Idiom: Speaker Visible

Function:
1, SpVis(c)
E(c) o {e, not SpVis(c)

Labels:
Visible Speakers Speaker

sphe(): ELIZABETH

»

Clips

- I - PN
- - o l | g
.
Linda A
Y. ] N
' - I -~
- J mie
£ 0
\ 4 ) 4
/) A
' - ' R
v
Y N
-~ I - 1 1 A
»‘Pi .‘» l l
) 7 =
”~ | - 0
- = | )
! 7 ’ N

22
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Emission Probabilities (F)

Idiom: Speaker Visible Clips |
. ls\‘ 1T e r'*m T k')’ VIR
Function: | ! m“ , 2;[;' 'S ”
1, SpVis(c) )
E(c) x .
g, not SpVis(c)
Labels:
Visible Speakers Speaker
Labeling: Visible Speaker Labeling: Speaker . I,INDA
. What time do you think
" |she’11 call?

Emission Probabilities (£)
Idiom: Speaker Visible Clips

1, SpVis(c) — - S —

E(c) « . v : B OpIR
© {e, not SpVis(c) Croig
LabE|S. Linda

Visible Speakers Speaker i g - = Lt
Labeling: Visible Speaker Labeling: Speaker Craig

3 E1izabeth, son s going on. Tell me - e . f" ,:" b ' iy
sphr(,): ELIZABETH Linda

sphrl,): ELZABETH

23
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Transition Probabilities (4)
Idiom: Avoid jump cuts

Function: )
1,not jump(cy, cp))
A(cgy, cp) .
€, jump(cq, Cp))
ump(cy, ¢p) Trueif ¢, and c;, have same
JUMPLCarCb) 100m and visible performers
False, otherwise
Labels:
Visible Speakers Shot Type: Zoom

Transition Probabilities (4)
Idiom: Avoid jump cuts

Function;

Labels:
ble

24
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Transition Probabilities (4)

Idiom: Avoid jump cuts
Function:

1,not jump(cgy, cp))
S,jump (Ca: Cb))

A(Ca: Cb) X {

ump (cy, cp) Trueif ¢, and c;, have same
JUMPLCarCb) 100m and visible performers

False, otherwise

Labels:
Visible Speakers Shot Type: Zoom

Labeling: Visible Speaker

Labeling: Shot Type: Zoom

B
Vectorized Idiom J = | &

A

Hidden states: X;
Observations: )7
Start Probabilities: B
Emission Probabilities: £ Idiom

Transition Probabilities: A

25
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Combining Idioms
B
Vectorized Idiom J = | £
A
31 o) 'BQ
Idiom J1Jo = | €10 &9
Hidden states: X; Combination A oAy
Observations: )7
Start Probabilities: B
Emission Probabilities: E Idiom
Transition Probabilities: A
Combining Idioms
B
Vectorized Idiom J = | £
A
_Bl o 'BQ
Idiom J1Jg = [ €1 0E&9
Hidden states: X; Combination _Al o As
Observations: ¥i _'B‘f‘ o Bg
Start Probabilities: B Weighted J?J’g = | &fo Sg
Emission Probabilities: E Idiom Combination | AT © ‘Ag

Transition Probabilities: A

26
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Additional Idioms

Avoid jump cuts

Craig

“| Linda

1. Avoid jump cuts

2. Speakervisible

3. Startwide

4. (hange zoom gradually
5. Emphasize character

6. Intensify emotion

7. Mirror position

8. Peaksand valleys

9.  Performance fast/slow
10. Performance loud/quiet
11, Short lines

Craig

Linda

e

Start wide

= Fepepes
i

Fired: Cinematic Style

Style 1: Cinematic Style
* Start wide
* Speaker visible
* Avoid jump cuts
* Performance fast

Takes: 9
Total takes duration: 16.8m

27
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Fluffles: Cinematic Style

Style 1: Cinematic Style

Start wide
Speaker visible
Avoid jump cuts
Performance fast
Emphasize Stacy

Takes: 15
Total takes duration: 18.3m

Style 2: YouTube Style

Y[||_| Search h o

& ‘Letlt Go" Rap Song! (Dear Ryan)
J) nigahiga

The Big Fat Quiz Of Everything
2017

"3 Life Hacks! (Dear Ryan)

Reading Mean Comments! (Dear Ryan) Are l{flan Stereotypes True!?

m nigahiga
R 7,513,442 views

T 1§ 1550 B

Dear Ryan
ahiga

Autoplay © @D

28
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Fluffles: YouTube Style

Style 2: YouTube Style
* Speaker visible
* Performance fast
* Zoom consistent
* Avoid jump cuts
* Weight-1

Takes: 15
Total takes duration: 18.3m

Comparing Edits

Style 1: Cinematic Style
* Start wide
* Speaker visible
* Avoid jump cuts
* Performance fast
* Emphasize Stacy Line 1 Line 2 Line 3

Style 2: YouTube Style

* Speaker visible
* Performance fast
* Zoom consistent
* Avoid jump cuts
* Weight-1

29
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Evaluation

Scene

Baby Steps

Fired

Fluffles

Friend

Goldfish

Krispies

Princess Bride

Social Network

Evaluation
Inputs

Scene # Takes Duration

Baby Steps 8 9.1m
Fired 9 16.8m
Fluffles 15 18.3m
Friend 8 14.4m
Goldfish 8 9.6m
Krispies 15 14.7m
Princess Bride 15 13.3m
Social Network 13 7.6m
Summary 8-15 7.6-18.3m

30
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Evaluation
Inputs Batch

Scene Pre-processing

# Takes Duration
Baby Steps 8 9.1m 155m
Fired 9 16.8m 165m
Fluffles 15 18.3m 209m
Friend 8 14.4m 201m
Goldfish 8 9.6m 110m
Krispies 15 14.7m 171m
Princess Bride 15 13.3m 217m
Social Network 13 7.6m 149m
Summary 8-15 7.6-18.3m 110-217m
Evaluation

Inputs Batch Editing

Scene Pre-processing

# Takes Duration Auto
Baby Steps 8 9.1m 155m 2s
Fired 9 16.8m 165m 2s
Fluffles 15 18.3m 209m 3s
Friend 8 14.4m 20Tm 2s
Goldfish 8 9.6m 110m 2s
Krispies 15 14.7m 171m 2s
Princess Bride 15 13.3m 217m 2s
Social Network 13 7.6m 149m 2s
Summary 8-15 7.6-18.3m 110-217m 2-3s
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Evaluation
Inputs Batch Editing
Scene Pre-processing
# Takes Duration Auto Hand
Baby Steps 8 9.1m 155m 2s 105m
Fired 9 16.8m 165m 2s 105m
Fluffles 15 18.3m 209m 3s 180m
Friend 8 14.4m 201m 2s 135m
Goldfish 8 9.6m 110m 2s 105m
Krispies 15 14.7m 171m 2s 90m
Princess Bride 15 13.3m 217m 2s 235m
Social Network 13 7.6m 149m 2s 90m
Summary 8-15 7.6-18.3m 110-217m 2-3s 90-235m
Evaluation
Inputs Batch Editing
Scene Pre-processing
# Takes Duration Auto Hand

Baby Steps 8 9.1m 155m 105m
Fired 105m
Fufes Takeaways: T80m
Friend * Focus user time on creative decisions 135m
Goldih  Quickly iterate on different styles 105m
Krispies 90m
Princess Bride 15 13.3m 217m 235m
Social Network 13 7.6m 149m 90m
Summary 8-15 7.6-18.3m 110-217m 90-235m

32
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Conclusion & Future Work

* Structure enables more
powerful editing tools

* Script alignment can provide
this structure

* What other types of structure
can we use?

o TR
n | 2 A
N e,

71 ENEET P
New ldom  Clear v

mmmmmmmmmmmmmmmmmmmmmmm

Further thoughts

1. We took a heuristics-based approach as opposed to a learning approach — why?

2. What other parts could we have automated? Why did we choose to automate what we did?

3. How else could we have evaluated our system?

4. We did not discuss our system being for “novices” or “experts.” Who do you think are the intended

users?

33
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Additional Results & Scenes

Ve s

A A P we
“Baby Steps”
Idiom: Start Wide, Speaker Visible , Avoid Jump Cuts
Objective: Establish the scene, and then show the actors who are speaking. Avoid jump cuts, but allow any kinds of zoom jumps otherwise.
“Krispies”

1 U
Idiom: Start Wide, Speaker Visible , Avoid Jump Cuts,Emphasize Speaker-B
Objective: Establish the scene, and then show the actors who are speaking. Avoid jump cuts. Choose a dominant speaker -- Betty.

w:

Idiom: Start Wide, Speaker Visible, Avoid Jump Cuts, Emphasize Character-Mark
Objective: Establish the scene, and then show the actors who are speaking. Avoid jump cuts. Choose a dominant speaker -- Mark

g = gl BE
aB .é’

Idiom: Start Uniform, Speaker Visible, Performance Slow, Avoid Jump Cuts
Objective: Show the speaker and choose the longest edit while introducing no jump cuts.

Additional results and raw materials at:
https://qraphics.stanford.edu/papers/roughcut/ RP s 0 s 0

“Social Network”

“Princess Bride”

34


https://graphics.stanford.edu/papers/roughcut/
http://www.fluffles.org/

