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How to Composite Virtual and Real?

 In the real world, we use a camera to record the
information of the real scene

* In a virtual world, we use a virtual camera to record the
information of the virtual scene

* ldea: make the virtual camera sync with the real-world
camera and put the virtual objects in the right places




Multimedia Techniques and Applications 2022

How to Composite Virtual and Real? (cont.)
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Matchmove (Structure from Motion)

» Structure from Motion: automatic recovery of camera
motion and scene structure from two or more images

 Also called matchmove in film production
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Matchmove (Structure from Motion)

» Structure from Motion: automatic recovery of camera
motion and scene structure from two or more images

 Also called matchmove in film production
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Features

» Also known as interesting points, salient points, or
keypoints

 Points that you can easily point out their correspondences
in multiple images using only local information
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Desired Properties for Features

* Distinctive

A single feature can be correctly matched with high
probability

e Invariant

« Invariant to scale, rotation, illumination and noise for robust
matching across a substantial range of distortion, viewpoint
change and so on
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Applications

 Object or scene recognition

« Matchmove (structure from motion)
 Stereo

« Motion tracking
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Components

* Feature detection locates where they are
* Feature description describes what they are
 Feature matching decides whether two are the same one
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Moravec Corner Detector

« We should easily recognize the point by looking
through a small window

« Shifting a window in any direction should give a large
change in intensity




Multimedia Techniques and Applications 2022

Moravec Corner Detector (cont.)

flat
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Moravec Corner Detector (cont.)

HEE 1IN

flat
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Moravec Corner Detector (cont.)
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flat edge
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Moravec Corner Detector (cont.)
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Moravec Corner Detector (cont.)

 Change of intensity for the shift [u, v]

E(u,v) =Y wx, Y[ (xX+u,y+v)—1(x,y)[

Vo |

function intensity

Window function W( x,y) = J [P

- -
« /_-—-—.____—-_ .-
-

Ay S

1 m wimdow, O outside

Four shifts: (u,v) = (1,0), (1,1), (0,1), (-1, 1)
Look for local maxima in min{E}

g -




Multimedia Techniques and Applications 2022

Problems of Moravec Detector

 Noisy response due to a binary window function
« Only a set of shifts at every 45 degree is considered
* Only minimum of E is taken into account

=» Harris corner detector solves these problems
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Harris Corner Detector

 Noisy response due to a binary window function
= Use a Gaussian function

(x? +y2>]

Window function W( x,y) =

Gaussian
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Harris Corner Detector (cont.)

« Only a set of shifts at every 45 degree is considered
=» Consider all small shifts by Taylor's expansion

E(u,v) =D w(x, [T (x+u,y+v)—1(x, )f
= > w(x, y)[lxu + va+O(u2,v2)]2

A=Y Wi, NI (x,7)

E(u,v) = Au* + 2Cuv+ Bv? B=> w(x, ), (x,y)

We can obtain a new measurement by "
[ ] [ ] [ ] [ ] - - I
investigating the shape of the error function ¢ Z w(x, YL, 0 (%, p)
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Harris Corner Detector (cont.)

» High-level idea: what shape of the error function will
we prefer for features?

corner
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Harris Corner Detector (Input)
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Harris Corner Detector (Response)

‘l *

; . - .
b N ﬂ v

M.;A',"

R
s
-

. 'i‘:

‘ .




Multimedia Techniques and Applications 2022

Harris Corner Detector (Theshold)
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Harris Corner Detector (Local Maximum)
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Harris Corner Detector (Output)

-
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Feature Description

« Now we know where the features are
 But how to match them?

» What is the descriptor for a feature? The simplest
solution is the intensities of its spatial neighbors

» This might not be robust to brightness change or small
shift/rotation

{ 9
(S o)
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Problems of Harris Detector

* Not invariant to image scale

T~

All points will be Corner !
classified as edges
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Problems of Harris Detector (cont.)

* Not invariant to image scale
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SIFT

« Stands for Scaled Invariant Feature Transform

 For scale invariance, search for stable features across
all possible scales using a continuous function of
scale, scale space.
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Tracking

* |f we detect a feature point in one frame, how do we
keep tracks of it in other frames?
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Tracking (cont.)
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Three Assumptions of Tracking

 Brightness consistency
» Spatial coherence

» Temporal persistence
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Brightness Consistency

« Image measurement (e.g. brightness) in a small region
remain the same although their location may change
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Spatial Coherence

* Neighboring points in the scene typically belong to the
same surface and hence typically have similar motions.

« Since they also project to nearby pixels in the image,
we expect spatial coherence in image flow.
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Temporal Persistence

« The image motion of a surface patch changes
gradually over time
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Simple Tracking Approach

« Minimize brightness difference
EQu,v) =Y (1(x+u, y +v) =T (x,y))
X,y

« For each offset (u, v) compute E(u, v)
« Choose (u, v) which minimizes E(u, v)

* Problems:
* Not efficient
* Only sub-pixel accuracy

There are more efficient algorithms (e.g. Lucas-Kanade)
for tracking
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Back to the Matchmove Problem

We need to reconstruct the camera path
We also need to reconstruct the (partial) scene geometry

unknown

\>
T /™ \
N
camera

viewpoints
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Back to the Matchmove Problem (cont.)

* For the scene geometry, we only recover the 3D
position of feature points

o“ feature
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Matchmove Pipeline

2D feature |__, .. optimization |_,| geometry
tracking 3D estimation (bundle adjust) fitting

v
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2D Feature Tracking

« Detect good features (e.g. by SIFT)
» Find correspondences between frames
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3D Estimation

 Use 2 or 3views at atime
» Solve an optimization problem
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Optimization

* |terative refine estimates
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Geometry Fitting

» Recover surface by image-based triangulation,
silhouettes, or stereo
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Matchmove in Blender
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Steps

* Prepare a video
 Extract image sequence (optional)

» 3D estimation: solve and optimize camera motion and
scene geometry

* Import 3D models and edit their animations

* Output video
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Prepare a Video
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Prepare a Video

 You can either capture your video (suggested) or
download ones from the internet

« Some useful tips

* It is better to have many features in your video

« And the features should exist in the entire video (especially for
the ground)

« Not too long (if it is, subdivide it and edit each part separately)
* Your camera should have both translation and rotation
 Your video should have large parallax i
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Bad example
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Good example
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Extract Image Sequence (Optional)
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Convert a Video into Image Sequence

* Why?
* Video files have compression built-in
« Using image sequence leads to better run-time performance
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Delete unused objects

A Blender

R File Edit Render Window Help Layout (18} w e =
#2v W ObjectMode v View Se Add  Object . e T=v (& 0 v B
User Perspective T scene Callection
=
(1) Collection | Cube v B Collection bod
) P +% Camer @
o + 8 cub ®
4 > Light Lo
i
0
(S
h
= W Cube
/ 4 v Cube
v Transform
> 5]
= Location X om .
e Y om .
N z om .
S Rotation X 0° .
¥ 0° .
5 /; Z g8 £
A o Scale X 1.000 .
Y 1.000 .
7 1.000 .
Rotation Mode ~ XYZ Euler .
» Delta Transform
» Relations
* Collections
» Instancing
» Motion Paths
* Visibility
* Viewport Display
» Custom Properties
0- View Marker ® [toecdq Ppro 1 @ Start 1 End: 250
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Load Your Video

A Blender
A Fle Edit Render Window Help Layout Y &5~ Scene 1] W\ View Layer L]
#97¢ W ObjectMode v View Select Add Object Iy Global v m [ R @y 96096 - f=v ®v O Y~ i
= Scene Collectior
‘%ce‘wg v @ 5 Collectior ©
#2 3D Viewport 5" Dope Sheet g Text Editor T= Outliner ® T ‘Cd”m“ g
M Image Editor © Timeline [=] python Console & Properties g o
i3 uv Editor 2/ Graph Editor B info [ File Browser
@) shader Editor 424 Drivers £t Preferences
d compositor <lz Nonlinear Animation
Texture Node Editor
&= Video Sequencer
<+ Movie Clip Editor Shift F2
/7 =v &8 Scene & View Layer

b Change to ‘Movie Clip Editor’ .

Background Scene

Camera M, Camera X

=
i Active Movie Clip &

v

Units
6, g Gravity

v

Keying Sets

v

Audio

v

Rigid Body World

v

Custom Properties

@ Playback v Keying v View Marker e <o 4 Ppro 1 @ Start: 1 End: 250

1 1 5 € 7 g 10( 11( 12( 13 1 15 16( 17( 18 19 21( 22 2 24( 25(

53
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Load Your Video (2)

A Blender

File Edit Render Window Help Layout &3~ Scene (] &lv view Layer [
¥ 0 5 =
v ¢, Tracking~ g Clip v  View Clip = Open f=vy v O Y~ i
¥ Annotation 5 Scene Collection
5 Load a sequence of frames or a movie file. v & Collection Fo3
raw: I's ) b ~ _
L Camera ©
2. Press the ‘Open’ button A1 °
Data Source:
Clip Track
Stroke Placement:
View jof Cursor
— =+ ¥ Scene & view Layer
k h he ‘Clip’ P
5
1. Make sure you choose the ‘Clip’ type S r——
= Background Scene &5
—]
Active Movie Clip &
|

» Units
& . ¥ Gravity
» Keying Sets
» Audio
» Rigid Body World

» Custom Properties

@+ Playback v Keying v View Marker o |1 ecdq Ppre 1 @ start: 1 End: 250
1 10 20 30 10 5( 6 70 B8O 9C 100 110 12( 130 140 150 160 17( 180 190 200 210 22( 230 240 250
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Load Your Video (3)

A Blender

A Fle Edit Render Window Help [€] Back to Previous &5~ Scene L8] & View Layer L]
view <= T2 B BEEER BExXE O . Y EmAP222LBSF JJE O
» Volumes Ci\Users\user\Desktop\Matchmove\video\ 1 . Move to the folder you Save the VIdeo Open Clip
¥ System csie.mpd = LA Cancel
A .
M Documents @ csie.mpd 17.8 Mig

Freull «~ 2. Double click the video to select it
i (or press the ‘Open Clip’ button)

ar Add Bookmark
¥ Recents

[l Matchmove
[l Desktop
[ Downloads
[ Ivysaur
[ Slowbro
[ Gengar
[l Bulbasaur
[ Arcanine

¥ Open Clip

Relative Path &




Load

7 Blender
D) Fle Edit

{:J—v 2, Tracking v

Rend

¥ Y Clip
£
£
Set Scene Frames
£ Prefetch
[=]
(2]
< Y Marker
o
8 Add
[=]
§ Detect Features

v Tracking Settings g=

Pattern Size

Search Size

Motion model
Match

» Tracking Settings Extra

> Track

©- Playback v
1 1(

Keying v

Your Video (4)

er Window Help Layout

i Clip v View Select Clip Track Reconstruction i’ csie.mp4

W X

3. Press the ‘Set Scene Frames' button
(set the video length)

Delete

21

71
Loc v
Keyframe v
Prepass ¥

Normalize

B

e

1

View  Marker

e [tocdq pro
20 30 i 5( 7 : 100 11( 12( 13 14 15( 16(

1. You will see your video is loaded
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&5 Scene

v “fa Clip Display v
> Metadata g
> Proxy/Timecode %
¥ Footage Settings z
File Path: g
Ci\Users\us..eo\csiempd RS
Color Space  sRGB v %
Start Frame 1 %
Frame Offset 0 o
1920 x 1080, RGBA byte, 29.88 f.. 5
Frame: 1/211 g

2

Output’ panel

Start: 1 End: 250

L} &y View Layer L]
T=v (@v 0 Y~ i
E Scene Collection
v E Collection ©
» Camera ©
> Light ©
=V & Scene
¥ Dimensions =
oY
Resolution X 1920 px
c Y 1080 px
EI % 100%
N Aspect X 1.000
¥ 1.000
&
Render Region
Frame Start 1
End 250
Step 1
Frame Rate 24 fps v
» Time Remapping
> Stereoscopy
¥ Output
ftmp\ =
Overwrite W Placeholders
File Extensions # Cache Result
File Format [47] PNG v
Color BW RGB RGBA
Color Depth 8 16

| Objects:0/2 | Mem: :
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Load Your Video (5)

A Blender
@ Fle Edit Render Window
v 2, Trackingv % Clip
¥ Y Clip
i
=
Set Scene Frames
£ Prefetch Reload
&
< Y Marker
=}
g Add Delete
§ Detect Features
v Tracking Settings g=
Pattern Size 21
Search Size 71
Motion model Loc
Match Keyframe
Prepass
Normalize
R (¢} B
» Tracking Settings Extra
> Track
@ Playback v Keying v
1 ( 20

View

Help Layout &5 Scene L} @+ View Layer {8}
v View Select Clip Track Reconstruction i’ csie.mp4 E X v “fa Clip Display v -:\' N /’:\ 7\’ i
> Metadata g 5 Scene Collection
] = llection
» | Proxy/Timecode 5 Y {5 Collectios o
3 = > Camera 104
¥ Footage Settings
T4 > Light ©
©
File Path: =
C\Users\us..eo\csiempd [l ey -
S
Color Space  sRGB v 35'
Start Frame 1 Ei
Frame Offset 0 @
1920 x 1080, RGBA byte, 29.88 f.. 5
Frame: 1/211 g
E =V & Scene
¥ Dimensions =
oY
Resolution X 1920 px
c Y 1080 px
EI % 100%
& Aspect X 1.000
¥ 1.000
&
Render Region
= Frame Start 1
_— End 211
) Step 1
= - p Fra:ne Rate 24 fps v
f f h » Time Remnapping
rames has been.changed
¥ Output
ftmp\ =
Overwrite W Placeholders
1 File Extensions # Cache Result
|
File Fi ‘] PN v
Marker @ stat: 1 End: 211 e rosnon{ ] PNG

® <o d Pro 1
S 7 : 100 11( 12 13 14 15( 16( 17 18( 19 21 22 23 24( 25(

BW RGB RGBA
Color Depth 8 16

Color

s:0 | Tris:0 | Objects:0/2 | Mem
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Generate Image Sequence (1)

A Blender
@ Fle Edit Render Window Help Layout ¢ Y 'C. v Scene [_D W\ View Layer LE_‘I
v 2, Trackingv &g Clip v View Select Clip Track Reconstruction % v csiempd e X v a Clip Display v f=v @+ O Y~ i
Editor Type » Metadata g E Scene Collection
© = llection
mati > | Proxy/Timecode 8 v HIED Collectior ©
) ) C S — _
P = 4 = » =« Camera 104
+® 3D Viewport 5" Dope Sheet i@ Text Editor = Outliner v Footage Settings = : S
3 »—%# Light
[T Image Editor © Timeline [=] Python Console & Properties File Path: g
§3 uv Editor 2/ Graph Editor 8 info [ File Browser Ci\Users\us..eo\csiempd i
) Shader Editor *2, Drivers £k Preferences Color Space  SRGB v %
N
(@ compositor SHIEFS] <2 Nonlinear Animation Start Frame 1 5
©
Texture Nodr ™~ Frame Offset 0 @
= Video Seque COMPOsiting nodes. 1920 x 1080, RGBA byte, 29.88f..  §
St o=
<+ Movie Clip Ec 3 Frame:1/211 £
E =V & Scene
Motion model Loc v ¢
2 ¥ Dimensions =
hange to ‘Compositor 4
P ss Resolution X 1920 px
Normalize = Y 1080 px
R (¢} B E % 100%
& Aspect X 1.000
by b 1.000
| 3 &
» Tracking Settings Extra i - Render Region
> Track = | ' 2
= = Frame Start 1
End 211
Step 1
Frame Rate 24 fps v
= » Time Remapping
> Stereoscopy
¥ Output
ftmp\ =
Overwrite W Placeholders
1 File Extensions # Cache Result
|
File Format | PNG v
@ Playback v Keying v View Marker ® Mo d pre 1 @& stat: 1  End: 211 fle Format | [x]
Color BW RGB RGBA
1 1( 20 30 1 5( 6( 7 8 100 11( 12( 13 14 15 16( 17( 18 19 20 21( 22 23 24( 25(

Color Depth 8 16




Generate Image Sequence (2)

A Blender

A Fle Edit Render Window Help Layout
M. View Select Add Node §# Use Nodes
1. Check ‘Use Nodes’
L]
v Render Layers o » Composite o
Image \ ¥ Use Alpha
Alpha s |mage
Depth *  Apha:  1.000
. Fa 1.000
85~ Scene x
View Layer M -}
2. Delete the default nodes
Scene
@+ Playback v Keying v View Marker ® 4o d pre
1 10 20 30 0 50 60 70 80 90 100 110 120 130 140 150 160
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&5~ Scene

ENRGB 2¢%

Backdrop

IS

W P

3. Tick the ‘Backdrop”button

Start: 1

170 180 190 200

View Tool

Options

[ =]
-

B B =

>

O |ight

&5 Scene

¥ Dimensions

Resolution X
%
%
Aspect X
¥
Frame Start
End
Step
Frame Rate

» Time Remapping
> Stereoscopy
¥ Qutput

ftmp\
Overwrite &
File Extensions &

File Format
Color

Color Depth

& View Layer

=
WA |
o3
©®
©
1920 px
1080 px
100%
1.000
1.000

Render Region

211

24 fps v

Placeholders
Cache Result

[a’] PNG v
BW RGB RGBA

59



Generate Image Sequence (3)

A& Blender
A Fle Edit Render Window Help Layout

4. View Select Add Node [ Use Nodes

L search...

Input > Bokeh Image
Qutput Image
Color Mask
Converter Movie Clip
Filter Render Layer
Vector e Add a node to the active tree.
Matte
- Texture
Distort

Time
Group

Track Position
Layout -

Value

Add input node by choosing
‘Add’ = ‘Input’ = ‘Movie Clip’

Scene
@+ Playback v Keying v View Marker ® 4o d pre
1 10 20 30 10 50 60 ] 80 90 100 110 120 130
1) Select ' Box Select U al [® Node Con

210 220 230 240

&5~ Scene

Backdop KIWIA R G B

¥ Active Tool

) b Select Box
[ o4

@ start: 1 End:

Collection

View Tool

Options

| Tris:0 |

Multimedia Techniques and Applications 2022

L8] & View Layer L]
= B 0 v~ i
E Scene Collection
v E Collection ©
»— =« Camera ©
8 |ight ©
=+ ¥ Scene
| ¥ Dimensions =
o
Resolution X 1920 px
c Y 1080 px
= % 100%
N Aspect X 1.000
Y 1.000
Render Region
Frame Start 1
End 211
Step 1
Frame Rate 24 fps v
» Time Remapping
> Stereoscopy
¥ Qutput
ftmph [
Overwrite Placeholders
File Extensions & Cache Result
File Format  [§7] PNG v
Color BW RGB RGEA
8 16

Color Depth

0/2 | Mem:
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Generate Image Sequence (4)

A Blender

A Fle Edit Render Window Help Layout
d. View Select Add Node §# Use Nodes Backdrop
¥ Active Tool
) b Select Box
LS
[ N
+ Movie Clip )
Image
Alpha
Offset X
Offset ¥
Scale
Angle
Open
Load a sequence of frames or a movie file.
Load your video
Scene
@+ Playback v Keying v View Marker e decd pre 1 @ start: 1
1 10 20 30 10 50 60 70 80 90 100 110 1 130 140 160 170 180 190 230

[V Background [®™ Backimage Sample [W' Detach

&5~ Scene

KIEARGB

L8] & View Layer L]
vl tzv @y 0 VY~ i
£ E Scene Collection
"—d v E Collection ©
5 =« Camera ©
=]
= 8 |ight ©
=
L
=
n
=
=
a
(]
=+ ¥ Scene
| ¥ Dimensions =
o
Resolution X 1920 px
c Y 1080 px
= % 100%
N Aspect X 1.000
Y 1.000
&
Render Region
Frame Start 1
End 211
Step 1
Frame Rate 24 fps v
» Time Remapping
> Stereoscopy
¥ Qutput
ftmph [
Overwrite Placeholders
File Extensions & Cache Result
= File Format  [§7] PNG v

Color

Faces:0 | Tris:0

BW RGE RGBA

8 16
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Generate Image Sequence (5)

A Blender

A Fle Edit Render Window Help Layout &5~ Scene L8] & View Layer L]
4. View Select |Add Node & Use Nodes Backdrop BRIWR R G B 9 %t~ T=v W~ O Y~ i
/C' Search... ¥ Active Tool £ E Scene Collection
p— 2 v 5 Collection @
Inout ° ° i ! Select Box % &
5 baed 5 L amera O
s mememnn,  Add input node by choosing , B 3o °
Color file Output R [ e L i X . =
. o
coeer e 0ed g wdy ‘Quitput’ = ‘Composite :
Filter Split Viewer "
BT Viewer S
- a
Matte S
Distort
Gl Jovie Clip ]
Layout Image
Alpha =v & Scene
Offset X v Di : =
EEGas " imensions =
Scale
‘ Resolution X 1920 px
Angle
c Y 1080 px
IEI % 100%
N Aspect X 1.000
Y 1.000
& x Render Region
Frame Start 1
End 211
Step 1
Frame Rate 24 fps v
» Time Remapping
> Stereoscopy
¥ Qutput
ftmph [
e Overwrite & Placeholders
File Extensions Cache Result
@+ Playback v Keying v View Marker e decd pre 1 @ start: 1 End: 211 Fle Format  [i'] PNG -
Color BW RGB [RGBA
1 10 20 30 10 50 60 70 80 90 100 110 120 130 140 150 16( 180 19( 210 220 230 240 P
Color Depth 8 16
) select ¥l Box Select " a [® Node Con Faces:0 | Tris:0 | 0/2 | M
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Generate Image Sequence (6)

A Blender

A Fle Edit Render Window Help Layout &5~ Scene L8] & View Layer L]
4. View Select |Add Node & Use Nodes Backdrop BRIWR R G B 9 %t~ T=v W~ O Y~ i
/C' Search... ¥ Active Tool £ E Scene Collection
p— 2 v 5 Collection @
Inout ° ° i ! Select Box % &
N baed 5 L amera O
sws, <= Add input node by choosing B e .
Color file Output 7 =i
[§ ) (] ’ [ - ’ H
utput iewer §
Filter Split Viewer "
BT Viewer g
Matte = &
Distort Add a node to the active tree.  iposte @
Group Tovie Cip © s Use Alpha
Layout o T Image
Apha e i Alpha:  1.000 2\, 'O. Scene
OffsetX - L0 ¥ Di i =
OffsetY = ;1‘ imensions =
;L::L Resolution X 1920 px
c Y 1080 px
IEI % 100%
N Aspect X 1.000
Y 1.000
&
B csie. GINE Render Region
Frame Start 1
End 211
Step 1
Frame Rate 24 fps v
» Time Remapping
> Stereoscopy
¥ Qutput
ftmph [
S Overwrite Placeholders
File Extensions Cache Result
@+ Playback v Keying v View Marker e decd pre 1 @ start: 1 End: 211 Fle Format  [i'] PNG -
Color BW RGB [RGBA
1 10 20 30 10 50 60 70 80 90 100 110 130 140 160 170 180 190 230
Color Depth 8 16
) Select [* an View [® Node Contes Faces:0 | Tris:0 2| M
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Generate Image Sequence (7)

Blender
R Fle Edit Render Window Help Layout " . . / ’ ) &5 Scene L] &+ Vview Layer L]
M. View Select Add Node ® Use Nodes Backdrop EBENRGCGEB @ 9%y I=v W~ O Y~ i
¥ Active Tool £ 5 Scene Collection
@
e = v 45 |__| Collection ©
1 Select Box
4 —g ©
T Ih = ©
]
=
@
=
a
()
v Composite Q
TR © & Use Apha
e e
Image o —t_Image
AR L) Alpha: 1.000 = s
- o 2z 1.000 =V & Scene
OffsetX o
OffsetY ¥ Dimensions =
Scale o sl
Angle Resolution X 1920 px
c Y 1080 px
@ % 100%
& Aspect X 1.000
¥ 1.000
v Viewer L) = &6
¥ Use Alpha - Render Region
o mage
) Apha: 1.000 Frame Start 3]
) = 1.000
End 211
5 o Step 1
Movie Clip) to erne aws -

Link ‘Image’ (Movie Clip) tOJmage (Viewer)

Stereoscopy

ou W|Il see. your video shown in the background| e

File Extensions # Cache Result

_ =
File F 7] P
@ Playback v Keying v View Marker o |4 94 ‘ ’ e >l 1 @ stat: 1 End: 211 fle Format  [y7] PNG

Color BW RGB RGBA

1 1 20 30 A S 6 8 100 11( 12 13( 14¢ 15( 16( 170 18 19( 20( 21 220 24(

Color Depth 8 16

Collection | Verts:0
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Generate Image Sequence (8)

A Blender
R Fle Edit 'Render| Window Help Layout &5 Scene 1] W\ View Layer L]
@ View IF? Render Imaae Backdrop E @ n REB @ otv '=\v N jo) Y~ §
@ Render Animation Ctrl F12

¥ Active Tool = Scene Collection

Render Audio... 2 v & Collection 104
Render active scene. Select Box . o
] » =« Camera O
View Render § Aot ®
B »—£9 Light
View Animation ' 1 2
=
(3
Display Mode o
Lock Interface P
S
2
o
v Composite o
© ¥ Use Alpha
Image Image
Pk e  Apha 1.000 = 3
Offset X il 00 = & scene
OffsetY ¥ ¥ Dimensions =
Scale o §
Angle ' Resolution X 1920 px
i c Y 1080 px
i .I‘ il % 100%
] ;
I' i & Aspect X 1.000
! ! Y 1.000
v Viewer () | = = &
G csi B 3| B UseApha 1 t ) Render Region
o Image .
| o R 00 ! Frame Start 1
) = 1.000 ¥
- m | End 211
- = i ‘ i Step 1
= |
| g ! Frame Rate 24 fps v
= | —
y |

» Time Remapping

7//

<= 1. Set the folder to store the image sequence

> Stereoscopy

¥ Output

C:\Users\user\De..ve\imageseq\csie\ [y

Overwrite W Placeholders

— File Extensions & Cache Result

O oo v e eweasn® Make sure the outputtypeis*PNG’ " 5w

Lur veput o 10

5:0 | Faces:( s:0 | Objects:( Mem: 75.9 MB 0.75
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Generate Image Sequence (9)

A Blender Render

M 7] View View Image N Result Cifm x Slot 1 Composite N
Frame:12 | Time:00:00.18 | Mem:194.28M (0.00M, Peak 263.89M)

You will see your image sequence is rendering
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=
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3
«
%
bl
3
‘m
o
3
@

1
g
8
g
g

0010.pn,
| @ OneDrive - Personal 209 ——
'; Poas 013
L ¥ T8 ——
| C R R N R R
E -1
] msE 0020. 0022,
=y
imageseq
csie 0025.png 0026.png 0027.png 0028.png 0030.png
livingroom — =
And you can find your
° ° ° AL
image filesinthefolder IS " " T T LT g
PostDoc

0037.png 0038.png
Research

test

HhH
>
@

8
4
=
R
4

Tmp
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Close your Blender and Reopen It

A Blender
File Edit Render Window Help &5 Scene (] W+ view Layer (]
Layout .
2. ‘W ObjectMode v View Select Add Object 14 Global v (D~ ol e @ ==l L) T=v @ yel Yv B
User Perspective e Y & Scene Collection
1T - =
(1) Collection | Cube v B Collection bod
® » & Camera ©
+ 8P cub ®
>3 Light ©
ior
S
u
%
o
7
h
= W Cube
/ iy v Cube
E v Transform
5]
= Location X om .
. Y om .
N N z om .
» Rotation X 0° .
\ Y 0° .
\ /: 2 o -
A o Scale X 1.000 .
Y 1.000 .
° ° z 1.000 .
Agaln, delete the unused ObjECtS :
> Delta Transform
> Relations
* Collections
» Instancing
» Motion Paths
* Visibility
* Viewport Display
» Custom Properties
@~ Playback v Keying v View Marker ® Mo Pron 1 @& Stat: 1 End: 250
i
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3D Estimation
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Load the Image Sequence (1)

A Blender
A Fle Edit Render Window Help Layout Y &5~ Scene 1] W\ View Layer L]
#97¢ W ObjectMode v View Select Add Object Iy Global v m [ R @y 96096 - f=v ®v O Y~ i
= Scene Collectior
‘%ce‘wg v @ 5 Collectior ©
#2 3D Viewport 5" Dope Sheet g Text Editor T= Outliner ® T ‘Cd”m“ g
M Image Editor © Timeline [=] python Console & Properties g o
i3 uv Editor 2/ Graph Editor B info [ File Browser
@) shader Editor 424 Drivers £t Preferences
d compositor <lz Nonlinear Animation
Texture Node Editor
&= Video Sequencer
<+ Movie Clip Editor Shift F2
/7 =v &8 Scene & View Layer

b Change to ‘Movie Clip Editor’ .

Background Scene

Camera M, Camera X

=
i Active Movie Clip &

v

Units
6, g Gravity

v

Keying Sets

v

Audio

v

Rigid Body World

v

Custom Properties

@ Playback v Keying v View Marker e <o 4 Ppro 1 @ Start: 1 End: 250

1 1 5 € 7 g 10( 11( 12( 13 1 15 16( 17( 18 19 21( 22 2 24( 25(
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Load the Image Sequence (2)

A Blender

File Edit Render Window Help Layout &3~ Scene (] &lv view Layer [
¥ 0 5 =
v ¢, Tracking~ g Clip v  View Clip = Open f=vy v O Y~ i
¥ Annotation 5 Scene Collection
5 Load a sequence of frames or a movie file. v & Collection Fo3
raw: I's ) b ~ _
L Camera ©
2. Press the ‘Open’ button A1 °
Data Source:
Clip Track
Stroke Placement:
View jof Cursor
— =+ ¥ Scene & view Layer
k h he ‘Clip’ P
5
1. Make sure you choose the ‘Clip’ type S r——
= Background Scene &5
—]
Active Movie Clip &
|

» Units
& . ¥ Gravity
» Keying Sets
» Audio
» Rigid Body World

» Custom Properties

@+ Playback v Keying v View Marker o |1 ecdq Ppre 1 @ start: 1 End: 250
1 10 20 30 10 5( 6 70 B8O 9C 100 110 12( 130 140 150 160 17( 180 190 200 210 22( 230 240 250
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Load the Image Sequence (3)

A5 Blender
@ File Edit Render Window Help ? Back to Previous fr: Scene (] &lv view Layer _D

vew €5 TS ¥ BdOMBRFNE o

» Volumes C:\Users\usen\Desktop\Matchmovelimagesegicsie\ 1 . Move to the folder you save your | Open Cl.ip

¥ System C

M=

Execute selected file.

o

. 2.69 MiB 7] 0072.png &
A Documents % 0001.png I m azgg smmen ce 3 P 6P m = lo C I o | E b ‘i |£'
S i N ! : ! s
N Desktop 7] 0002.png 2.39 MiB ) 0038.png .7 Mjeggai e pen I p u tlgn R
7] P003.png 2.40 Mig ) P039.png 2.70 Mie ] 0075.png 2.66 MiB R
. 7] 0004.png 2.44 MiB ) 0040.png 2.70 MiB ] 0076.png 2.67 MiB R
[x7) 005.png 2.51 MiB ) 0041.png 2.70 MiB ] 0077.png 2.66 MiB R

aF Add Bookmark i T T
7] 0006.png 2.56 MiB ) 0042.png 2.71 MiB ] 0078.png 2.66 MiB R
v Recents [ar] 0007.png 2.63 MiB ) 0043.png 2.70 MiB ] 0079.png 2.68 MiB R
[a7) 0008.png 264 Mie o] 0044.png 268 Mie 7] 0080.png 267 MiB R
W csle X [y]0009.png 2.66 MiB o] 0045.png 2.69 MiB ] 0081.png 2.67 MiB R
B = .png . i v .png 3 i C .png X i :
M video ] 010 2.66 MiB o] 0046 2.70 MiB ] 0082 2.67 MiB R
< 0011.pn 2.67 MiB 7] 0047.pn 2.69 MiB <] 0083.pn 2.67 MiB ]
& Matchmove - 0012 — 268 M!E - 0048 — 270 M!E - 0084 — 2.67 M!B s
= .png . i = .png iy i = .png X i i
[l Desktop ] : N . ! i R
o) 0013.png 2.60 MiB [ar) 0049.png 2.70 MiB 7] 0085.png 2.68 MiB R

[l Downloads z 0 0
[a7) 0014.png 2.72 MiB 7] 0050.png 2.70 MiB 7] 0086.p1g 2.68 MiB R
[ 1vysaur a7] 0015.png 2.71 MiB 4] 0051.png 2.69 MiB [o7] 0087.png 2.67 MiB &
Slowbro - il . . . il . .| A il .
= ;i ) 0016.png 2.70 MiB ) 0052.png 2.70 MiB ] 0088.png 2.67 MiB R
lgle - il O il O Il '
[@ Gengar ) 0017.png 2.70 Mig ) 0053.png 270 Mie ] 0089.png 2.68 MiB R
v Open Clip [a7) 0018.png 2.70 MiB ) 0054.png 2.71 MiB ] 0090.png 2.69 MiB R
+ 0019.png 2.70 MiB 7] 0055.png 2.69 MiB 7] 0091.png 2.55 MiB &
Relative Path m 0020.png 2.69 MiB m 0056.png 2.70 MiB D 0092.png 2.59 MiB |i
m 3 . m g ’ ° . m of . "y
5 0021.png 69 :E ng t I t I I rﬁg.g = l 2.62 MiB E
N "
S i =k €33, d 10 selectl all Imagenanes —
o) 0023.png 271 Mg ) 0059.png 2.68 Mie ] 0095.png 263 Mig R
o] 0024.png 270 Mie [xr] 0060.png 269 Mie ] 0096.png 262 M R
o) 0025.png 260 Mie 7] 0061.png 260 Mie ] 0097.png 264 MiB R
o) 0026.png 260 Mg ] 0062.png 262 Mie 7] 0098.png 266 MiB R
[a7) 0027.png 260 Mg [x7] 0063.png 263 Mie ] 0099.png 265 MiB R
[a7) 0028.png 270 Mie [xr) 0064.png 265 Mie ] 0100.png 266 MiB R
o) 0029.png 270 Mig [a7) 0065.png 266 Mie ] 0101.png 265 Mig R
[a7) 0030.png 269 M [x7) 0066.png 267 Mie ] 0102.png 2,65 MiB R
) 0031.png 259 M &) 0067.png 266 Me ) 0103.png 265 M R
) 0032.png 264 Mie &) 0068.png 267 Mie ] 0104.png 265 MiB R
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Or Load Your Video (If you skip step 1)

A% Blender
A Fle Edit Render Window Help [€] Back to Previous &5~ Scene L8] & View Layer L]
view <= T2 B BEEER BExXE O . Y EmAP222LBSF JJE O
» Volumes Ci\Users\user\Desktop\Matchmove\video\ 1 . M ove to th e fo I d e r yo u S ave th e v I d eo Open Clip
¥ System csie.mpd = LA Cancel
A .
M Documents @ csie.mpd 17.8 Mig

| —— -~ 2. Double click the video to select it
i (or press the ‘Open Clip’ button)

ar Add Bookmark

N Desktop
A

¥ Recents

[l Matchmove
[l Desktop
[ Downloads
[ Ivysaur
[ Slowbro
[ Gengar
[l Bulbasaur
[ Arcanine

¥ Open Clip

Relative Path &
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Set Input Data (1)

A Blender
@ Fle Edit Render Window Help Layout ¢ Y 'C. v Scene [_D W\ View Layer LE_‘I
v 2, Trackingv % Clip v View Select Clip Track Reconstruction % v 0001.png W % v &a Clip Display v f=v @+ O Y~ i
¥ Y Clip B > Metadata g = Scene Collection
£ Set Scene Frames 2 P th ‘S t S F Y b tt > Proxy/Timecode % v & Collection Lo}
. . Fress tine oet ocene rrames bobution , g LB Camera °
>  Prefetch Reload ¥ Footage Settings .
: he i ideo length g )
I, File Path: =
" ke set the images/video lengt L E
S C:\Users\us..sie\0001.ong [l &> -
] o
g Ea Beete Color Space  sRGB Vil 2
£  Detect Features Ll
< Start Frame 1 %
¥ Tracking Settings g= Frame Offset 0 ]
1920 x 1080, RGBA byte 5
Pattern Size 21 =
Search Size 7T Fame: 1/ 211 Eé o
Fle:\000Lpng £ @ov & Scene
Motion model Loc v 5 =
Match Keyframe v Y Y Dimensions =
Prepass & Resolution X 1920 px
Normalize = Y 1080 px
[ I 9 9
G the ‘Output’ panel = -~
N Aspect X 1.000
¥ 1.000
i &
» Tracking Settings Extra - Render Region
> Track
Frame Start 1
End 211
Step 1
Frame Rate 24 fps v
» Time Remapping
> Stereoscopy
¥ Output
ftmp\ =
Overwrite W Placeholders
1 File Extensions # Cache Result
|
File Fi ‘] PN v
@ stat: 1 End: 211 e rosnon{ ] PNG

@ Playback v Keying v View Marker @ ldocd pro 1
> Color BW RGB RGBA

Color Depth 8 16

1 1( 20 30 1 5( 7 8 100 11 12( 13 14 15 16( 17( 18 19 21( 22 23 24( 25(
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Set Input Data (2)

A Blender
R Fle Edit Render Window Help Layout ‘ . gl Ei ’ ) &5 Scene L] &+ Vview Layer L]
v 2, Trackingv % Clip v View Select Clip Track Reconstruction % v 0001.png e X @v & CipDisplay v t=v [®v O Y~ i
. Y Clip = > Metadata g = Scene Collection
g g = ¢
F  set scene Frames P th ‘P f t h' b tt > | Proxy/Timecode g YRS oAk ©
£ Prefetch Reload ress e re e c u on v Footage Settings ‘f L '; Camera g
8 . ° ° . X @ Light
e nonlO@d the.entire images/video into memory) :
2 Ci\Users\us..sie\0001.png [l = =
% el — B Color Space  sRGB v %
c  Detect Features 1 o
< Start Frame 1 %
¥ Tracking Settings = o Frame Offset 0 ]
i 50 1920 x 1080, RGBA byte  §
Search Size 71 Frame: 1/211 g
) Fle:\000Lpng £ @ov & Scene
Motion model  Loc v -
Match Keyframe v I ¥ Dimensions =
Prepass & | Resolution X 1920 px
Normalize ! ! cr Y 1080 px
R G B ‘ = % 100%
( ( T | ) | Aspect X 1.000
i P | o d : Y 1.000
» Tracking Settings Extra { & &
| S Render Region
» Track = _ ¥ g
5
i — o2 s Frame Start 1
. ’#7 End 211
e — Step 1
" S — o= ——— Frame Rate 24 fps v
== gy *
0’ .’ ‘— » Time Remapping
o — i
° ° ° > Stereoscopy
You will notice the color of the frame bar become lighter T
L] L] L] L L] L
(If your video is too large, you may fail to load the entire video into memory) = =
|1 " File Extensions # Cache Result
@ Playback v Keying v View warxer v el w pre L @ Start: 1 End: 211 File Format  [y7] PNG o
1 1 20 30 1 5( 100 11 12( = ot = TG S50l i = ST Color ' BW | RGB [RGBA
0 30 5 6 8 9 0 2 3 3 =2 2 & = — = e s - i Color Depth 8 16

0 | Faces:0 | Tris:0 | Objects:0/2 | Mem: 1.77 GB | v2.80.75
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Feature Detection (1)

Blender
R Fle Edit Render Window Help Layout " . . / ’ ) &5 Scene L] &+ Vview Layer L]
v 2, Trackingv % Clip v View Select Clip Track Reconstruction % v 0001.png e X v &5 ClpDisplay v T=v [®v O Y~ i
¥ Y Clip s » Metadata g 5 Scene Collection
£ o =
- * = \ =1 Collection ©
7 SetScene Frames L Proxy/Timecode 8 2 : o=
< L amera
$  Prefetch Reload v Footage Settings =
3 X =8 |ight 104
©
v Marker & File Path: £
c ca ~
S C:\Users\us..sie\0001.ong [l &> -
i} =]
° Aad Beete Color Space  sRGB v B
< Detect Features 2
< Start Frame 1 %
¥ Tracking Settings = Frame Offset 0 2
1920 x 1080, RGBA byte S
Pattern Size 21 =1
Search Size 71 Frame: 1/211 E:; .
Fle:\000Lpng £ @ov & Scene
Motion model = LocRotScale =
¥ Dimensions =
Match  perspective s
Affine Resolution X 1920 px
LocRotScale G Y 1080 px
=] 9 o,
R ¢ LocScale @ % 100%
LocRot Search for markers that are translated, rotated, and scaled between frames. & Aspect X 1.000
Loc sl ] Y 1.000
i 7 %
» Tracking Sett i | - Render Region
> Track ks = 2
° Frame Start 1
Change the Motio
Step 1
(you can -
» Time Remapping
> Stereoscopy
¥ Output
Jtmp\ =
Overwrite W Placeholders
1 File Extensions # Cache Result
I
File F Blie v
@+ Playback v Keying v View Marker e [Hocdq P o 1 & stat: 1 End: 250 ile Format  [i7] PNG

Color BW RGB RGBA
Color Depth 8 16

Collection | Verts:0 | Faces:0 | Tris:0 | Objects:0/2 | Mem: 1.77

1 1( 20 30 A 5( 6 70 8( 9 100 11( 12( 13( 14( 15( 16( 170 18( 19( 20( 21( 22( 23( 24( 250
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Feature Detection (2)

A Blender
R Fle Edit Render Window Help Layout &5~ Scene 1} W View Layer 18]
¢‘ 25 Tracking i Clip View Select Clip Track Reconstruction i 0001.png E X f Clip Display -= N} Y
¥ Y Clip > Metadata g 5 Scene Co
S . P /Ti d ) v @ F « ©
Set Scene Frames roxy/Timecode ]
2 e > Camera 104
$  Prefetch Reload v Footage Settings
8 ¥ -0 g ®
_ Y Marker File Path: £
g C:\Users\us..sie\0001.png [ S =
] S
§ o Color Space  sRGB =
S  Detect Features S
& Start Frame 1 o]
©
¥ Tracking Settings Frame Offset 0 b
1920 x 1080, RGBA byte ~ §
Pattern Size 21 =
/ ]
Search Size 73 Frame: 1/211 5
g ) .
File:\0001.png & @ov & Scene
Motion model LocRotScale =
Match Keyframe | Ly Dimensions —
Prepass ‘—- Resolution X 1920 px
Normalize EE. = Y 1080 px
R G B = % 100%
)

Aspect X 1.000

2. Find a feature point in the scene | P o

» Tracking Settings Extra

> B

Render Region

3. Press ‘Ctrl’ and ‘left click’ to add a feature

(You can scroll your middle mouse button to enlarge the view) . -

Time Remapping

Stereoscopy

¥ Output

Jtmp\ =
Overwrite W Placeholders

1. Make syre you areatthe first frame s B ot

z File Format  [*] PNG
‘ o /back Keying View Marker o <o d P ro 1 @& start: 1 End: 250 i I ]

Color BW RGB RGBA
Color Depth 8 16
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Feature Detection (3)

A Blender
@ Fle Edit Render Window Help Layout
v ¢ Trackingv Y Clip v View Select Clip Track Reconstruction % v 0001.png e X
¥ Y Clip
£
=
Set Scene Frames
£ Prefetch Reload
&
< Y Marker
S
.g Add Delete
é Detect Features

v Tracking Settings g=
Pattern Size 21
Search Size 71

Motion model LocRotScale v

Match Keyframe v
Prepass ¥

Normalize

R (¢} B
Copy From Active Track

» Tracking Settings Extra

Press ‘Tracl{Ml}rkers (forw

¥ Track “‘ by | I
we wees becalsew the first frame
Clear: 4 l

Track Markers. =
Refine: & Track selected markers
Merge JoinT Shortcut: Ctrl T

@ Playback v Keying v View Marker

e Mo dqd pro

1 1( 20 30 1 5( 7 8 100 11 12( 13 14 15 16( 17( 18

&5 Scene

¢’v ‘fa Clip Display v
> Metadata g
> Proxy/Timecode %
¥ Footage Settings z
File Path: g
Ci\Users\us..sie\0001.png [l &
Color Space  sRGB v %
Start Frame 1 %
Frame Offset 0 o
1920 x 1080, RGBA byte 5

Frame: 1/211 g

File: \0001.png é

@ Stat: 1 End: 250

1] W\ View Layer L]
E=viivi s O Vi
E Scene Collection
v E Collection ©
» % Camera 104
»—&9 Light ©

=V & Scene

¥ Dimensions

oY
Resolution X
& Y
il %
] Aspect X
¥

&
Frame Start
End
Step
Frame Rate

» Time Remapping

> Stereoscopy

¥ Output

Jtmp\
Overwrite W
File Extensions #
File Format
Color

Color Depth

s:0 | Objects:0/2 | Mem: 1.77

11

1920 px
1080 px
100%

1.000
1.000

Render Region

1
250
1
24 fps v
]
Placeholders
Cache Result
o] PNG v
BW RGB RGBA
8 16
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Feature Detection (4)

A Blender
Fle Edit Render Window Help Layout &5~ Scene L] W\ View Layer (i
y L L
4+v ¢ Trackingv % Clip View Select Clip Track Reconstruction % v 0001.png W % @v & CipDisplay v t=v [®v O Y~ i
¥V Clip » Metadata g 5 Scene Collection
e . o) 8 555 Collection ®
7 set scene Frames » | Proxy/Timecode 3 v @ I Collectio :
% = » =« Camera 104
Prefetch Reload ¥ Footage Settings
¥ O Light ©
v Marker File Path: £
Ci\Users\us..sie\0001.png il =5 -~
o
Add Delete Color Space  sRGB -
Detect Features S
Start Frame 1 %
¥ Tracking Settings = Frame Offset 0 i
1920 x 1080, RGBA byte 5
Pattern Size 21 =
Search Size 7 Frame: 184 /211 E:>’ -
Fle:\0184png S @ov & Scene
Motion model LocRotScale v 5 =
Match Keyframe v i ¥ Dimensions =
Prepass & Resolution X 1920 px
Normalize = Y 1080 px
R (¢} B il % 100%
Copy From Active Track W Aspacth LA
¥ 1.000
{ &
» Tracking Settings Extra - Render Region
¥ Track
Track: 164 ¢ 52kl - Frame Start 1
Clear: XTIk End 250
= Step 1
Refine: P ad !
o Frame Rate 24 fps v
Merge Join Tracks
» Time Remapping
D the timeline t the feat t tly f Il frames
The feat ter of th hould stick to th int. 5
e Teature (center o € Square) snouid StiCK 10 tne same scene PoInt,...... ¢ oo
184 File Extensions & Cache Result
L ! =
File Fi ‘] PN v
@ Playback v Keying v View marxer v TelTw pre P 104 @ Start: 1 End: 250 e Forat m S
Color BW RGB RGBA
( 1 0 1 5( € 7 8 100 11( 12( 13 14 15 16( 17( 18184 19 21(
8 16

Color Depth

1.77 GB | v2.80.75
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Feature Detection (5)

Blender
R Fle Edit Render Window Help Layout " . . / ’ ) &5 Scene L] &+ Vview Layer L]
-¢—v ?_, Tracking v i Clip v View Select Clip Track Reconstruction iv 0001.png E X v “fa Clip Display v -:v N )3 Vv i
¥ Y Clip s » Metadata g 5 Scene Collection
o o =
= i s v =] Collection ©
7 setScene Frames > [ Proxy/Timecode 8 = . - >
L amera
£ Prefetch Reload ¥ Footage Settings = Aot
3 X =8 |ight 104
: (o
v Marker B File Path: £
c ca ~
2 Ci\Users\us..sie\0001.png i &> -~
] o
° Aad Beete Color Space  sRGB ik 5
< Detect Features 2
< . Start Frame 1 %
¥ Tracking Settings = o Frame Offset 0 2
1920 x 1080, RGBA byte S
Pattern Size 21 =1
Search Size 7T Fame: 1/ 211 E:; o
Fle:\000Lpng £ @ov & Scene
Motion model  LocRotScale v - 5 =
Match Keyframe + i iy ¥ Dimensions -
Prepass & Resolution X 1920 px
Normalize = Y 1080 px
R G B E % 100%
& Aspect X 1.000
¥ 1.000
» Tracking Settings Extra & Render Region
¥ Track
Track: Frame Start 1
Clear: x End 250
. Step 1
Refine: P
. Frame Rate 24 fps v
Merge: Join Tracks t
mera motion . ..ccoamn
t the ab t til h t least 8 feat o
repea € above sieps unti you have at ieas eatlures T
ftmp\ =
Overwrite W Placeholders
1 File Extensions # Cache Result
I
File F Blie v
@ Playback v Keying v View Marker o Mo d Prer 1 @& Stat: 1  End: 250 e Foqraty] ] PrG
Color BW RGB RGBA
1 1( 20 30 A 5( 6( 70 8( 9( 100 11( 12( 13( 14( 15( 16( 170 18( 19( 20( 21( 22( 23( 24( 250

Color Depth 8 16

Collection | Verts:0 | Faces:0 | Tris:0 | Objects:0/2 | Mem
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Feature Detection (6)

Blender
R Fle Edit Render Window Help Layout ode q V Ec exture Pa dinc Animati " oM c &5 Scene L] @ View Layer {8}
-¢—v 2) Tracking v i Clip v View Select Clip Track Reconstruction iv 0001.png ( E X (/Qv ta Clip Display v -:v @v /O Vv i
~ ¥ Clip » Metadata o 5 Scene Collection
8 g L] ©
= ? = v 4 =] Collection
F set Scene Frames * l-Proxy/Timecode S -
o A = » =« Camera 104
>  Prefetch Reload ¥ Footage Settings =
3 X =8 |ight 104
©
_ Y Marker File Path: =
S Ci\Users\us..sie\0001.png [l &
] o
° Aad Beete Color Space  sRGB ik 5
< Detect Features 2
< Start Frame 3 |
v Tracking Settings $= Frame Offset 0 0
1920 x 1080, RGBA byte S
Pattern Size 21 =
Search Size 71 FRme: 2421 § o
Fle:\0211png £ @ov & Scene
Motion model  LocRotScale v o~
v Di i =
Match Keyframe v 5" Dimensions =
Prepass # Resolution X 1920 px
Normalize = Y 1080 px
R (c] B = % 100%
Copy From Active Track W Bspect LAY
¥ 1.000
i i &
» Tracking Settings Extra _ Render Region
¥ Track
Track: 164 et [ bt Frame Start 1
Clear: End 250
Track Markers. Step 1
Refine: Track selected markers.
‘ Frame Rate 24 fps v
Merge: Jo Shortcut: Shift Ctrl T
T 7 - » Time Remapping
#’ » [ Stereoscopy
¥ Output
Jtmp\ =
Overwrite W Placeholders
' Move File Extensions & Cache Result
B '
File Fi Blie v
@ Playback v Keying v View Marker o Mo d e B Start: 1  End: 250 e Foqraty] ] PrG
Color BW RGB RGBA
10 20 30 4 50 60 70 80 90 100 11( 120 140 15( 160 17( 19 20( 211 23 24( 25(
Color Depth 8 16

Mem: 1.77
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Feature Detection (7)

A Blender

&

Track

Solve

S
g
<

©

Fle Edit Render Window Help Layout ‘,. Scene Q | View Layer _D
2, Tracking - Clip v View Select Clip Track Reconstruction i 0001.png m % 5 Clip Display T= NS C Y
¥ Clip > Metadata ) & Scene Collectic
= ) v @FcC ®
: S =1 Collectio O
Set Scene Frames > Proxy/Timecode S
= > Camera ®
Prefetch Reload ¥ Footage Settings )
e > Light ©
v Marker File Path: £
Ci\Users\us..sie\0001.png il =5 -~
5
ad beete ‘ Color Space  sRGB =
Detect Features ] S
‘!S Start Frame 1 35
- ol
¥ Tracking Settings = Frame Offset 0 ]
1920 x 1080, RGBA byte s
Pattern Size 21 =
: 140/ ]
Search Size 73 = Frame: 140/ 211 s
=] ) .
File:\0140.ong & @ov & Scene
Motion model LocRotScale i —y =
Match Keyframe Ly Dimensions =
Prepass = Resolution X 1920 px
Normalize = Y 1080 px
R (¢} B @‘ % 100%
Copy From Active Track N Aspect X 1.000
¥ 1.000
i &
» Tracking Settings Extra : Render Region
¥ Track
Track: Frame Start 1
End 250
Llear X X o o o o o o 1
o Step
Refne: S Sometimes your tracklng will fail in the middle frame
Frame Rate 24 fps
Merge Join Tracks
> Time Remapping
Stereoscopy
¥ Output
Jtmp\ =
Overwrite W Placeholders
File Extensions # Cache Result
L 1
File F t | PNG
Playback Keying View Marker ® <o P~ 140 @& start: 1 End: 250 ile Format  [47]

Color BW RGB RGBA
140

Color Depth 8 16
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) Blender
R Fle Edit Render Window Help Layout  Modk Sculpting VEditing  Texture Pa Shading  Animatic dering  Compositing ¢ ng 4 &5+ Scene L) (& Vview Layer {8}
€-v ¢ Trackingv %5 Clip v View Select Clip Track Reconstruction % v 0001.png ' m X &> T Clip Display v f=v @+ O Y i

% Y Clip > Metadata g = Scene Collection
© y e} D lecti ©
P set Scene Frames » | Proxy/Timecode g v M Collection
) 4 L5 »® Camera ©
>  Prefetch Reload ¥ Footage Settings
S % O Light o
. £
¥ Marker File Path: £
s ~
S Ci\Users\us..sie\0001.png K> .
8 o
° Ll Beete Color Space  sRGB v B
< Detect Features N
i Start Frame 3 |
v Tracking Settings $= Frame Offset 0 2
1920 x 1080, RGBA byt S
Patter Size 21 X L %
Search Size 71 Fame: 172 /211 'é
Fle:\0172png £ @ov & Scene
Motion model LocRotScale v o
Match Keyframe + iy ¥ Dimensions =
Prepass ¥ Resolution X 1920 px
Normalize = Y 1080 px
R G B = % 100%
Copy From Active Track N Aspect X 1.000
¥ 1.000
» Tracking Settings Extra Render Reqion
¥ Track
Track: yar‘ge Start 1
Path (Backward)’ instead
. Step 1
Refine: e fad
Mere: R Frame Rate 24 fps v

» Time Remapping

> Stereoscopy

¥ Output
L3

orrect tracking-- =

Overwrite W Placeholders

. Clear Tr Path 172 File Extensions # Cache Result
@ Playback v Keying v View Marker A .84 4 X 12, @ (Stat:gg1 End: 250 File Format  ['] PNG v
T . o . 3.0 Youuwill find the green eolor (tracking) disappear | o v e

n ™ L] Collection | Verts:0 | Faces:0 | Tris:0 | Objects:0/2 | Mem: 1.78 GB | v2.80.75

87



Multimedia Techniques and Applications 2022

Feature Detection (14)

A Blender
R Fle Edit Render Window Help Layout &5~ Scene 1} W View Layer 18]
g 2, Tracking i Clip View Select Clip Track Reconstruction i 0001.png m % ) Clip Display T= S| T
¥% Y Clip > Metadata o = Scene Collec
E‘J " Sw v @5 ¢ ®
7 setScene Frames > Proxy/Timecode § = ’ 0 (,)
¢ Prefetch Reload ¥ Footage Settings amera )
8 — Eo] > Lig ©
v Marker " File Path: s
ﬁ C:\Us s..sie\0001.png [ S =
Add Delete ) = S
Color Space sRGB ®
Detect Features S
u =Y Start Frame 1 5
v Tracking Settings 8 - Frame Offset 0 &
1920 x 1080, RGBA byte S
Pattern Size 21 =
Search Size 73 Frame: 211 /211 ? -
Fle:\0211.png & @ov & Scene
Motion model LocRotScale =
Match Keyframe Ly Dimensions =
Prepass & Resolution X 1920 px
Normalize & = Y 1080 px
R (¢} B F,.T % 100%
Copy From Active Track N} Aspect X 1.000
¥ 1.000
[§ g ° .
» Tracking Settings Extra P k M k f d &
g ress ‘Trac arkers (rorwar in Render Region
¥ Track e
L]
Track: 164 e 5 bt It mlght Work Frame Start 1
250
Clear X % f ° ° h I > End
Step 1
Refne: - » (IFitis not, repeat the last s p trying
Frame Rate 24 fps
oo (If itk failing, del he f dch h
8 CEBERET Y elete the reature ana choose another one) . .
)
Stereoscopy
¥ Output
Jtmp\ =
Overwrite W Placeholders
File Extensions # Cache Result
L 1
= File F [a’] PNG
@~ Playback v Keying v View Marker o <o d Pro 211 @& stat: 1  End: 250 e Somath la’
Color BW RGB RGBA
211
Color Depth 8 16




Feature Detection (15)

A Blender

R Fle Edit Render Window Help Layout
v 2, Tracking v i Clip v View Select Clip Track Reconstruction iv 0001.png e X
¥ Y Clip
i
=
Set Scene Frames
£ Prefetch Reload
&
< Y Marker
=}
g Add Delete
Y Tracking Settin Automatically detect features and place markers to track.
Pattern Size 21
“*You'can
Motion model LocRotScale v
Mat, & 1 ) . 2,
of Blender by pressing
Norrtahz. ] ° ° f
R (bu In my experience, it is not fa
» Tracking Settings Extra
> Track
@ Playback v Keying v View Marker e <o 4 Ppro
1 1( 20 30 1 5( 6( 70 8( 9( 100 11( 12( 13 14(

Multimedia Techniques and Applications 2022

&5~ Scene

¢*v a Clip Display v
> Metadata g
> Proxy/Timecode %
¥ Footage Settings :
File Path: g
Ci\Users\us..sie\0001.png [l &
Color Space  sRGB v %
Start Frame 1 %
Frame Offset 0 o
1920 x 1080, RGBA byte 5

Frame: 1/211 g

File: \0001.png é

@ Stat: 1 End: 250

f=v @+~ O

= & scene
¥ Dimensions
oY
Resolution X
: Y
@ %
| Aspect X
¥
&
Frame Start
End
Step
Frame Rate
» Time Remapping
> Stereoscopy
¥ Output

=
=] Scene Collection

=
v =1 Collection

Camera

Light

Jtmp\
Overwrite W
File Extensions #
File Format
Color

Color Depth

L} @\ View Layer L]
Y

000

1

1920 px
1080 px
100%

1.000
1.000

Render Region

250

24 fps v

Placeholders
Cache Result
o] PNG v
BW RGB RGBA
8 16




Multimedia Techniques and Applications 2022

Feature Detection (16)
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Setting Camera Parameters
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Camera Parameters

 How do we know the camera parameters?

* Google it on the internet

« https://www.photocounter.com.au/wp-
content/uploads/2013/01/sensor-size-table.pdf

* You can also use Blender’s preset

Imaging Area Dimensions
) . Sensor “Type” Diagonal |Width |Height [Area
Go gle iphone 8 sensor width mm X ‘!, Q (mngl) (mm) (mng]) (mm?)
1/6" 2.7 2.46 1.8 443
Az RER COEY MNER BfFE E= = S i 3.0 27 272
- : =7 i FEE = 1/3.6" 50 40 B0 |20
1/3.2" 5.68 4.54 342 15.53
24 T4t = (HI=S0EES - i
.]E 19,500000 1_5..-.-!:.. ~ (};l{\—._ Eﬁ . 063 */) 1/3n f! [] 48 36 1728
1/2.7" 6.72 5.37 4.04  [21.69
4.8mm X 3.5mm 25 5 bas i Pan
) ) 1/2.4" 7.66 5.92 4.57 |27.05
Apple iPhone 8 Plus Review 1/2.33" 7.7 6.12 4.51 27.60
1/2.3" 78 6.17 455 2807
Basic Speciﬁcations /2" 20 6.4 4.8 30.72
1/1.8" 8.93 7.18 532 |3820
Resolution: 12.00 Megapixels 1/1.75" 023 7.38 554 40.89
1/1.72” 925 7.40 555  |41.07
Sensor size: 1/3 inch (4.8mm x 3.5mm) /1.7 95 76 57 43.32
1/1.6" 10.07 8.08 6.01 48.56
Lens: 2.00x zoom (29-57mm eq.) 2/3" 11.07 8.8 6.6 58.08
1" 16.0 12.8 9.6 122 88
Viewfinder: No /LCD 4/3" 22.5 173 13.0 |243.00
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Solving Camera Motion (2)
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Solving Camera Motion (3)
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Solving Camera Motion (4)
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A Lock Tracks J > Lens Time Remapping
AN nlock : = . =l
Unlock Tracks > Marker Stereoscopy
Join Tracks ¥ Output
Delete Track X Jtmp\ =
Overwrite W Placeholders
Delete selected tracks
File Extensions # Cache Result
1 -
File F t [p*] PNG
[ ¢ Playback Keying View Marker ® <o 4 pro q @ start: 1 End: 250 fe:pormatl |

Color BW RGB RGBA
Color Depth 8 16
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Solving Camera Motion (5)

A Blender

X Fle Edit Render Window Help

Layout &5~ Scene L] @\ View Layer {8}
v 2, Trackingv % Cli v View Select Cli Track Reconstruction &~ 0001.png X Solve error: 0.3070 =v (& O v
{TL} = = - P s — 2 L] Browse Scene to be linked. = Ce il
¥ * Plane Track P v Traé f:d Scene Gllection .
]
i Select all features and press ‘Solve Camera Motien-again, -
e > Camera 104
o
5 Y th d '
A > Objects 5 > Light ©
s :ids ou may see the error drops
= ! <4 > Plane Track
g 1 » Tracking Settings §
c = g’
< ¥ Camera = 5
Refine  Focal length,..v ©
Sensor Width 4.800 i
Solve Camera Motion Pixel Aspect 1.00 s
®
Optical Center 960.000 px S
» Clean up 540.000 px S &@v & Scene
» Geometry Set Center " ¥ Dimensions =
]
v Orientation Track.003. e > Lens Resolution X 1920 px
Average eror: 0. cr
Floor wall » Marker Y 1080 px
Set Origin = % 100%
Set X Axis Set Y Axis & Aspect X 1.000
¥ 1.000
Set Scale Apply Scale &
= Render Region
Distance 1.000
¥ Scene Setup Frame Start 1
Set as Background End 2
Step 1
Setup Tracking Scene
Frame Rate 24 fps v
» Time Remapping
> Stereoscopy
¥ Output
ftmp\ =
Overwrite W Placeholders
1 File Extensions # Cache Result
I
File F Blie v
@ Playback v Keying v View Marker e <o 4 Ppro 1 @ Start: 1 End: 250 e Foqraty] ] PrG
Color BW RGB RGBA
1 1( 20 30 1 5( 6( 70 8( 9( 100 11( 12( 13 14( 15( 16( 170 18( 19 20( 21( 22( 23( 24( 25(
8 16
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Solving Camera Motion (6)

) Blender
R Fle Edit Render Window Help Layout " . . / ’ ) &5 Scene L] &+ Vview Layer L]
-¢—v ?_, Tracking v i Clip v View Select Clip Track Reconstruction iv 0001.png E X Solve error: 0.2560 /f‘v ta Clip Display v -:v N )3 Vv i
¥ * Plane Track e ¥ Track g 5 Scene Collection
® ] =
= 2 v =] Collection ©
= ¥ Solve Track.011 On 8 g
= b [= ©
2 Tripod ~ > ®
n 8
Keyframe W =
S =
s §
g
< o
Refine Focal length,..v g
R G B B/W =
Solve Camera Motion S
Weight 1.000 - 3
2
» Clean up Stab Weight 1.000 c £ Do S scene
> Geometry Average Error: 0.1125 ¥ ¥ Dimensions =
5 v — — sl
¥ Orientation s Track.003: keyframe 2 P = Custom Color Pres.. v irg Racohion X 1920 px
Average ermor: 0. cr
Floor wall > Objects B i LT
T - % 100%
Setngin » Plane Track ] =
Set X Axis Set Y Axis A g A t X 1.000
» Tracking Settings N 2PeC
_ ¥ 1.000
Set Scale Apply Scale v Camera = & e
ender Region
Distance 1.000 Sensor Width 4.800
¥ Scene Setup bl Apact 500 Frame Start 1
Optical Center 960.000 px
Set as Background End 20
540.000 px Step 1
Setup Tracking Scene
S frameRate 24 fps v
e ° > Lens e » Time Remapping
You can delete more features with large errorto |
o . o f . ¥ Qutput i
obtain a better estimation of camera motion e ™
b t d t h th 8 Overwrite ¥ Placeholders
. ut need to nave more tnan oo Bl e
L
File F 7] P v
@+ Playback v Keying v View Marker e [Hocdq P o 1 & stat: 1 End: 250 ile Format  [i7] PNG
Color BW RGB RGBA
1 1( 20 30 A 5( 6( 70 8( 9( 100 11( 12( 13( 14( 15( 16( 170 18( 19( 20( 21( 22( 23( 24( 250
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Setup Tracking Scene (1)

Blender
R Fle Edit Render Window Help Layout " . . / ’ ) &5 Scene L] &+ Vview Layer L]
-¢—v ?_, Tracking v i Clip v View Select Clip Track Reconstruction i v 0001.png E X Solve error: 0.2560 v “fa Clip Display v -:v N )3 Vv i
¥ * Plane Track e ¥ Track g 5 Scene Collection
] ® =
= 2 v =] Collection ©
= ¥ Solve Track.011 On 8 g
D = > Camera 104
2 T o
3 ripod é =8 |ight ©
Keyframe W =
S z
s §
g
< 5
Refine  Focal length,..v g
R G B B/W =
Solve Camera Motion S
Weight 1.000 . B
[=}
» Clean up Stab Weight 1.000 c £ Do S scene
> Geometry Average Error: 0.1125 ¥ ¥ Dimensions =
= — sl
¥ Orientation = Custom Color Pres.. v i Resolution X 1920 px
Floor wall » Objects s = i LT
g o,
Bt Dngln » Plane Track = i 20CH
Set X Axis Set Y Axis A g A t X 1.000
» Tracking Settings l 2hec
. Y 1.000
Set Scale Apply Scale v Camera = '
= Render Region
Distance 1.000 Sensor Width 4.800
¥ Scene Setup Pixel Aspect 500 Frame Start 1
Optical Center 960.000 px
Set as Background End 2
540.000 px Step 1
Setup Tracking Scene
S frameRate 24 fps v
> Lens » Time Remapping
»
Matcer > Stereoscopy
¥ Output
ftmp\ =
Overwrite W Placeholders
1 File Extensions # Cache Result
L
File F Blie v
©- Playback v Keying v View Marker o Mo d e 1 @& Stat: 1  End: 250 e Foqraty] ] PrG
Color BW RGB RGBA
1 1( 20 30 A 5( 6( 70 8( 9( 100 11( 12( 13( 14( 15( 16( 170 18( 19( 20( 21( 22( 23( 24( 250
Color Depth 8 16
Collection | Verts:0 | Faces:0 | Tris:0 | Objects:0/2 | Mem 5
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Setup Tracking Scene

) Blender
R Fle Edit

v 2, Trackingv &g Clip v

Render

2 3D Viewport Shift F5
' [ Image Editor
13 uv Editor

@) Shader Edito

4 Compositor
Texture Node Editor

& Video Sequencer
<+ Movie Clip Editor

» Clean up

¥ Oriel
Floor EL
Set Origin
Set X Axis Set Y Axis
Set Scale Apply Scale
Distance 1.000

¥ Scene Setup

Set as Background

Setup Tracking Scene

Window Help

View

Layout

Select

%o’ Dope Sheet

-

Manipulate objects in a 3D environment.

Clip Track Reconstruction

i@ Text Editor
[=] Python Console

8 info

a Nonlinear Animation

Ghange to ‘3D Viewport’

-= Outliner

& Properties
[ File Browser
Lk Preferences
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@ Playback v Keying v View

Marker

«Hoc 4 P rol

Solve error: 0.2560

&5~ Scene

¥ Track

Track.011 (o M-

R (c] B B/W
Weight 1.000
Stab Weight 1.000

Average Error: 0.1125

A

= Custom Color Pres.. v g

> Objects
> Plane Track

» Tracking Settings

¥ Camera =
Sensor Width 4.800
Pixel Aspect 1.00
Optical Center 960.000 px
540.000 px
Set Center
> Lens
» Marker

ta Clip Display v T=v @ jol

X
2 & @ Foreground o x
Vv
g I[_‘:_J Scene Collection
-g A\ = foreground ©
& Camera © ©
C5) Cube 104
© =
= Light ©
c v background ©
S
© Ground 102
N
3
8
(2]
s
s
2
S By 8 scene
¥ Dimensions =
oY
Resolution X 1920 px
c Y 1080 px
? % 100%
& Aspect X 1.000
¥ 1.000
&
Render Region
Frame Start 1
End 250
Step 1
Frame Rate 24 fps v
» Time Remapping
> Stereoscopy
¥ Output
ftmp\ =
Overwrite W Placeholders
File Extensions # Cache Result
File Format [47] PNG v
Color BW RGB RGBA
8 16

Color Depth
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Setup Tracking Scene (3)

A Blender X
R Fle Edit Render Window Help Layout &5~ Scene 2 O W\ Foreground O x
+2v W ObjectMode v View Select Add Object I, Global v (v hv s R @ 90000 - f=v @+ O Y~ i

= Scene Collection
== User Perspective B oo W e 2 Rl
:»-'-J, (1) foreground o b v @ foreground ©
) ) > Camera © ©
Yes > Cube ©
e > Light ©
> v = background ©
y\?/A *>—V Ground ©
-
w’
N
W
/7 =V & Scene
L&
" ¥ Dimensions =
) ]
Resolution X 1920 px
B Y 1080 px
S = % 100%
& Aspect X 1.000
¥ 1.000
e

Render Region

Frame Start 1
End 250
Step 1

Frame Rate 24 fps

You will see Blender automatically create one plane

(background) and one cube (foreground) for you
Jtmp\ [

File Format  [*] PNG
Color BW RGB RGBA
Color Depth 8 16

[ (] Playback Keying v View Marker e |«oc 4 P ro 1 @ Start: 1 End: 250
1 1 2 € 7 g 1( 11 13 1 1 16( 17( 18 1¢
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Setup Tracking Scene (4)

A Blender X
@ Fle Edit Render Window Help Layout C IC Scene LD X
9. W Object Mode v View Select Add Object 12, Global v (v m | 2 P lO I ) é%tn"“gg v o006 - Y~ i
) User Perspective ° ress ve r ay s o Sce
hed (1) foreground | Camera View verlay - 5
o . ®
L ° ‘ Fl S z [RNACDE @
¥ Floor X .
"i" 5' These are the eStImated 3D Scale: 1000  Subdivisions: 10 i U’U‘( 2
° ° ¥ Text Info ¥ 3D Cursor C ‘ ; o
| f f i o
= ocation of our feature points T
"
‘(é)’ ¥ Extras ¥ Bones
¥ Relationship Lines ¥ Motion Paths — 3
0\,/.-\ ¥ Outline Selected ¥ Origins = &5 scene
’ A ¥ Dimensions =
B 2 Resolution X 1920 px
1 e = Y 1080 px
£ = =l - % 100%
—= . P 3l . ’ b | Aspect X 1.000
3. Tick ‘Motion Tracking’ - - : v =00
&

1. Select Camera = arer Na

Plain Axes v Size: 1.000 Frame Start 1
End 250

4. Enlarge the track vis. size =

Frame Rate 24 fps

» Time Remapping

> Stereoscopy
¥ Output
ftmp\ =
Overwrite W Placeholders
File Extensions # Cache Result
— File Format [47] PNG
© - Playback Keying v View Marker o lcoc 4 Ppro 1 @ Start: 1 End: 250
3 = = = : = = = == = > ; ; 2 5 Color BW RGB RGBA
- : - - - - - - - — - - . Color Depth (18 16
. . : r 12 | Faces:7 | Tris:14 | Objects:1/4 | Mem: 1.79 GB | v2.80.7
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Setup Tracking Scene (5)

& v 0001.png

”' -f . ";%gf—i: R
nckou Ieyfmmd A :
n‘; dﬁ — S — -
You can switch between the ‘3D Vlewport'
and ‘Movie Clip Editor’ for checking the
positions of features
® Mo dqd pro o [Hecdqd P o e e dq P o b dq Pre
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Setup Tracking Scene (6)

) Blender X
R Fle Edit Render Window Help Layout ’ " . . / ’ ) &5 Scene 2 & & Foreground o x
-¢—v 7_, Tracking v i Clip v View Select Clip Track Reconstruction i v 0001.png 4 | E X Solve error: 0.2560 Q?v ta Clip Display v -:v N /O Vv i
¥ » Plane Track =z v Track g [ Scene Collection
g ¥ Solve s : g v = foreground ©
Track Q%W o m
o e Camera ) ©
>
3 Tripod é V Cube ©
= Keyframe M = Light ©
S 1 v background ©
8 S
g © f Ground ©
= N
< 3
Refine  Focal length,..v g
R G ] B/W =
Solve Camera Motion S
Weight 1.000 e
o
. < .
> Clean up Stab Weight 1.000 e & gv 'O Scene
> Geometry 2 o h r I /] b Average Error: 0.2806 Iy ¥ Dimensions =
= = sl
e 2. PTE@SS the ‘Floor” button = Cutom Coor ..« —
Floor Wall { l ! 4 i > Objects - = ) SO
imin ——— [ % 100%
ar F H » Plane Track s B =
Set X Set plane based on 3 selected bundles by moving camera (or its parent if present) in 3D g [ . ’ Aspect X 1.000
e ] » Tracking Settings &
’ _ Y 1.000
Set Scale Apply Scale v Camera = &
= Render Region
Distance 1.000 Sensor Width 4.800
¥ Scene Setup bl Apact 500 Frame Start 1
B
Optical Center 960.000 px
Set as Background End 2
540.000 px o Step 1
Setup Tracking Scene
RERECHEs frameRate 24 fps v
> Lens » Time Remapping
= Mancer > Stereoscopy
3 feature points (the plane of the scene) —
p p ftmp\ =
L] L] L]
It will map to the ‘Ground’ object (and receive shadows)« » <
1 le ExtedSions © Cache Result
L
File F 7] P v
@ Stat: 1 End: 250 o Foemeti| x] PG

@+ Playback v Keying v View Marker e Mo dqd pro 1
- Color BW RGB RGBA

Color Depth 8 16

s:7 | Tris:14 | Objects:1/4 | Mem: 1.78 G

1 1( 20 30 A 50 6 70 8( 9 100 11( 12( 13( 140 15( 16( 170 18( 190 20( 21( 220 24( 250
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Setup Tracking Scene (7)

% Blender X
Fle Edit Render Window Help Layout ¢ &5 Scene By
Y/ © =
t2v W ObjectMode v View Select Add Object L, Global v (P~ ahv s R @y 96006 - Y~ §
ey ) User Perspective
f r rsp Vi :3_:: (?‘ \W/ ﬁ =
= (1) foreground | Camera
,-\l @ ©
o =
R ®
-
v ®
%7 2
w
[
@ / /
v/ ——)
'{/.“ =V & Scene
¥ Dimensions =
Y :
Resolution X 1920 px
‘ c Y 1080 px
e O ) = % 100%
“ . ‘ & Aspect X 1.000
Sl Y 1.000
W &
J Render Region
Frame Start 1
k h [ ° ) .II f. h I ) o End 250
. st 1
Go back to the ‘3D Viewport', you will find the ‘Ground’ object "
Frame Rate 24 fps v
L] (]
has been aligned with the features you selected
> Stereoscopy
¥ Output
ftmp\ =
Overwrite M Placeholders
File Extensions & Cache Result
@ Playback v Keying v View Marker ® l4Hoid P ro 1 @& stat: 1  End: 250 File Format | [x7] PNG a
5 - : - 3 = = Y N : o : : ; 1 Color BW RGB [RGBA
- - - - - - - - - — - . - . Color Depth 8 16
g i B Camera | Verts:12 | Faces:7 | Tris:14 | Objects:1/4 | Mem: 1.79 GB | v2.80.7
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Setup Tracking Scene (8)

A Blender

@ Fle Edit Render Window Help Layout ': Scene 2 [L—‘l
t9v [ ObjectMode v View Select Add Object Iy Global v v m I Kl S Hoewo - T=v
=
User Perspective =
AR Y O 5
(1) foreground
7N Toggle the camera view

Shortcut: Numpad 0

-~/
"
@™
7 = & scene
A
¥ Dimensions
E.;.‘.\.‘ ' Resolution X
& Y
@ %
& Aspect X
¥
&
You can delete the default foreground box
° ° End
(we will add our own foreground objects later)
Frame Rate
» Time Remapping
Stereoscopy
¥ Output
Jtmp\
Overwrite W
File Extensions #
@ Playback v Keying v View Marker ® l«ocd pro T @ Start: 1 End: 250 fle Formial
x : ; = ‘ o " . = o = i : 5 = Color
1 1 20 5 g 1 11 12 13 15 16 1 19 Z 21 Color Derth

Press the ‘Camera View' button to see the composite”

006006

1920 px
1080 px
100%

1.000
1.000

Render Region

1
250
1

24 fps

Placeholders

Cache Result

o] PNG
BW RGB RGBA

8 16
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Setup Tracking Scene (9)

Blender X
R Fle Edit Render Window Help Layout Y &5~ Scene 2 O W\ Foreground O x
t2v (W ObjectMode v View Select Add Object L, Global v (P~ hv = A ElE=l TAe) T=v ®v 0O Y~ §
Camera Perspective ® W o IS} Eacene SOBecto
[ v M 5 foreground ©
A (1) foreground = foregrounc
) LY > Camera © ©
b O Light ®
<-f-> v = backgro ©
v »—%V Ground ©
(o
—
"
/7 =V & Scene
L7
¥ Dimensions =
Ei\ oY
Resolution X 1920 px
B Y 1080 px
EI % 100%
& Aspect X 1.000
¥ 1.000
e
" Render Region
/—\'
7 Frame Start 1
End 250
Step 1
Frame Rate 24 fps v
» Time Remapping
> Stereoscopy
¥ Output
ftmp\ =
Overwrite W Placeholders
File Extensions # Cache Result
m— File Format [47] PNG v
[ (] Playback Keying View Marker e |«oc 4 P ro 1 @ Start: 1 End: 250
3 Color BW RGB RGBA
1 2 € 7 g 1( 11 12( 13 1 15 16( 17( 18 19 1( y ( 25(
Color Depth 8 16
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Setup Tracking Scene (10

Blender X
R Fle Edit Render Window Help Layout ’ " . . / ’ ) &5 Scene 2 & & Foreground o x
-¢—v 7_, Tracking v i Clip v View Select Clip Track Reconstruction 0001.png 4 | E X Solve error: 0.2560 ta Clip Display v -:v N /O Vv i
¥ » Plane Track =z v Track g [ Scene Collection
g ¥ Solve ; =y o g v = foreground ©

m o
) = % Camera ) ©
>
3 Tripod é Light 104
= Keyframe M = A background 104
2 = Ground 102
g | &
g
< 5
Refine  Focal length,..v g
R G ] B/W =
Solve Camera Motion S
Weight 1.000 e
[=}
o < .
> Clean up Stab Weight 1.000 R S 2 v 'O Scene
> Geometry Average Error: 0.2806 Iy ¥ Dimensions =
= - sl
¥ Orientation := Custom Color Pres.. v g Resolution X 1920 px
Floor wall > Objects = = Y LT
i o,
bl » Plane Track = i 20CH
Set X Avie Cab V Avie ; ; Aspect X 1.000
» Tracking Settings l 2hec
Set active marker as origin by moving camera (or its parent if present) in 3D space. Y 1.000
Set Scaie Apply Scale . v Camera = &
M - Render Region
Distance 1.000 ] . Sensor Width 4.800
¥ Scene Setup Pixel Aspect 500 Frame Start 1
Optical Center 960.000 px End 250
Set as Background T,
g erage error: 0.281 A ‘ 540.000 px Step 1
Setup Tracking Scene £ &
S frameRate 24 fps v
o > Lens » Time Remapping
¥~ Ila o | | al=} - t
p . ' ) | - LLR & | > a u re = Marker » [ Stereoscopy
will become the origin of the world space
g p ftmp\ =
Overwrite W Placeholders
|1 File Extensions # Cache Result
L
File Fi Blie v
©- Playback v Keying v View Marker o Mo d e 1 @& Stat: 1  End: 250 e Foqraty] ] PrG
Color BW RGB RGBA
1 1( 20 30 A 50 6( 70 8( 9( 100 11( 12( 13( 140 15( 16( 170 18( 190 20( 21( 220 23( 24( 250
Color Depth 8 16
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Setup Tracking Scene (11)

A Blender X
@ Fle Edit Render Window Help Layout LD X
+9. 'm Object Mode v View Select Add Object 12, Global .f}, | v s KV X 7 Y~ §

S Camera Perspective
. (1) foreground | Ground ©
/“. 104
N > Lig 103
1_?_’ v = ind ©
v » ¥ Gr ©
1. Sel he ‘G d’ object
= . Select the Ground' objec
7N
S
> O  'm Ground
2 o
M, v Ground
h o
¥ Transform
e
= Location X 2.5m .
Y om .
4 z om .
&6 Rotation X 0° .
/ﬁf\——x % 0° .
- '
WL z -20° .
-~ @ e -
/,/ ™ Scale X 1.400 .
// , Y 1.000 .
- z 1.000 .
— .
// . = Rotation Mode  XYZ Euler v .
: 2. Adjust its transform to
b H Relations
etter match your scene .
» Instancing oo
» Motion Paths
> Visibility
@ Playback v Keying v View Marker ® l4Hoid P ro 1 @& stat: 1  End: 250 = ViswporkDisplay
1 2 . = p = , ol 1 12( 13 14 RE C = s 1¢ 5 21( ; : ? » Custom Properties
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Setup Tracking Scene (12)

A Blender

@ Fle Edit Render Window Help Layout C 'C/ cene

t2v (W ObjectMode v View Select Add Object L, Global v (P~ ahv s

Camera Perspective
P LV 9
(123) foreground | Ground

<V W Ground
L7

E;M iy M+ Ground
R\

¥ Transform
e

= Location X 2.5m
Y om
@ z om
&6 Rotation X 0°
Y 0°
z -20°
™ Scale X 1.400
Y 1.000
z 1.000

Rotation Mode  XYZ Euler v

Drag the timeline to ensure the virtual plane matches the scene in each frame:-

» Instancing

(if it is, congratulations; if it is not, you need to modify your feature trackingys

> Visibility
€ Playback v Keying v View Marker ® [Moiq PpPrer 123 © st n ENG: 250 > Viewport Display
11( 18284 13 14 15 17( 18 19 21( 23 2 4 » Custom Properties
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Add Virtual 3D Models (and Animations)




Multimedia Techniques and Applications 2022

Add virtual 3D models and their animations

A Blender* [C:\Users\user\Desktop\Matchmove\untitled.blend]

X
R Fle Edit Render Window Help Layout &5~ Scene 2 O v Foreground o x
+9. 'm Object Mode v View Select Add Object I, Global v (v ohv s K- . B 006 f=v @+ O Y~ i
= +
> Camera Perspective °® W o =] Scene Collection
Load (1) foreground | Sphere o v @ F foreground 104
P —0 » % Camera ) ©
i »
=< * V¥ lvysaur 104
1_%_’ & Light ©®
: i ht to i 3D models and edit their animatj z
1 (2% ©
~ Use the techniques we taught to import 3D models and edit their animations s
-~/ =] backgroun
= *>—¥ Ground 102
[
/N
S
4 - 3 Scene
A Cad
¥ Dimensions =
h :
Resolution X 1920 px
c Y 1080 px
EI % 100%
& Aspect X 1.000
Y: 1.000
&
Render Region
Frame Start 1
End 211
Step 1
i Frame Rate 30 fps v
\ , g » Time Remapping
> Stereoscopy
¥ Output
0" Playback v Keying v View Marker e lcocdq P ro 1 @ Start: 1 End: 211 Jtmp\ =
1 1 ( ( ¢ I 3 c ( 11( 12( 1 14 15¢ 16( 17( 18 1¢ ) 21 24( 25¢ Overwrite W Placeholders
2S * File Extensions & Cache Result
File Format [{7] PNG v
Color BW RGB RGBA
Color Depth 8 16
ts:8,166 | Faces:11,133 | Tris:15,948 | Objects:1/5 | Mem: 3.57 GB | v2.80.75
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Try to Render the Frame (1)

 Blender* [C:\Users\usen\Desktop\Matchmove\untitled.blend] X
R Fle Edit  Render Window Help Layout &5 Scene 2 O W\ Foreground O x
2y u Obgcciodc o View Select Add Object . V8 Gm:r v by Je Ny @ 000 - Il =v (@& O Y~ i
+ <211y to render the image for testing by P T e cotcomn

i (l)(orcgrouvrlegh[ 0 ¢ ’ ¢ " ) - v @ 5 foreground ®

i ©
o ~selecting ‘Render’ = ‘Render Image *=0  Zawe o 8
= ! » vysaur O
“t» CJ > 8 Light ©
- E ¥ sph K: o3
@ ‘17 v 4 E background ©

‘j Gr i ©
=
w /

J
AN i
L i

|

‘ = %
p | =V & Scene
Tl
E.M iy Render Engine  Cycles
™)

“» A Feature Set Supported
hY <o Vi Cr Device CPU
=]

Open Shading Language

1. Switch to the ‘Render’ panel and-change

ntegrator  Path Tracing

the renderer to ‘Cycle’ (ray-tracing)...

Viewport 32

» Advanced

11

> Light Paths

» Volumes

» ¢ Hair
Simplify

> & Motion Blur

» Film

1 @ stat 1 End: 211
) . » Performance

@ Playback v Keying v View Marker e [«oidq P ro

> Bake

i

Freestyle

» Color Management

cts:1/5 | Mem: 3.8 GB | v2
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Try to Render the Frame (2)

T m View v View Image m Render Result wD W X Slot 1 Composite E
Frame:1 | Time:00:06.84 | Mem:9.82M, Peak: 11.86M

You will find your background image is missing
Let’s try to recover it !
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A Blender* [C:\Users\user\Desktop\Matchmove\untitled.blend] X
R Fle Edit Render Window Help Layout ( Scene 2 O v Foreground O x
t9v [ ObjectMode v View Select Add Object Iy Global v v m I vy @ 00 - Il =~ B 0O Y i
r Camera Perspective ® 5 Scene Collectior
et - W /o v BB foreqroun ®
. (1) foreground | Light: ) =) foreground
“ ) Rendering Done f _0 » Camera ) ©
- [ 5 ©
<o j\ [s 103
v /. - % ©
]
v/o:} I v = background ©
{ *—V Ground 102
—
= ;
|
AN |
L =‘
f
'{/.“ [ =V & Scene
? Viewport 32
h o
‘ “ » Advanced
O\ Vi - » Light Paths =
L=}
» Volumes
= & » @ Hair
~ 2 e Simplify
i/ » # Motion Blur
¥ Film
1.00

Exposure

v Pixel Filter

nan-Harris v

In the ‘Render’ panel, tick ‘Transparént’:..

Transparent Glass

1 @& stat 1 End: 211

e <o dq pro

( [ 7 3 ( 1 1 1 1 16 ’ 7 2

» Performance
» Bake

> Freestyle

1 .
» Color Management

@ Playback v Keying v View Marker
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Try to Render the Frame (4)

[Mv 7] View v View Image [alv Render Result DG X Slotl1 v Composite v [N]v
Frame:1 | Time:00:06.71 | Mem:9.82M, Peak: 11.86M w ﬁ
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Recap: Environment Lighting

* Environment light illuminates the scene from a virtual
sphere at infinite distance

» The spherical energy distribution is usually represented
with longitude-latitude images

 Also called image-based lighting (IBL)
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Environment Lighting Resource

« Download free HDR environment map on the internet

https://polyhaven.com/hdris

-
-« P0|y Haven ets News SupportUs About/Contact &

# @ T ®  AllHDRIs

HDRIs

iy
L
En
I

RN = P
.|
\
-

B
L]

cCoe® Co°n Co~n

Choose one that matches your enviro
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Environment Lighting Resource (cont.)

- PO Haven HDRIs / Ind ' Abandoned Hall 01 Assets News SupportUs About/Contact &)
= — = —_—

. \—’ Download
S BH x upe| 3 Downl
or: Octavian

2w
b

,1 K résolution is enoug ——
(HDR format is suggested)

b ,.-u- .lnl i-

Downloads: 46235

L
u | 4 ITE'"!.‘E
— 4 = ===l —
o R
ndoned
= - —f'\——. <
‘\ = "—’E:: = —— e 1, J
3D - v — L.
& e

Remove Ads @
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Add more realistic lighting (1)

A Blender* [C:\Users\user\Desktop\Matchmove\untitled.blend]

@ Fle Edit Render Window Help Layout ': Scene 2 [L—‘l
+2v W ObjectMode v View Select Add Object 1, Global v ahv 8 N @ 000 - Il
i Camera Perspective ) w ,0

-

(1) foreground | Carpiera
(‘ N Rendering Done LV
=
w
AN
W
] c’\
4~ =
b & o o
s Vi 5
=]
= |
— &
@ Playback v Keying v View Marker e [«oidq P ro 1 @& start: 1 End: 211

1 3 ( ( [ 7 3 ( 11 12 1 14 1 6 17 18( 1¢ ( 21 )3 3 A 25(

oreground | Camera | Verts:8,16¢€

.

&5 Scene

®v World

» Preview

¥ Surface

Surface

Color

Strength

> Volume

» Settings

Foreground

& world

Background

1.000

> Viewport Display

» Custom Properties

i)

©000 060060

Switch to the ‘Wakld"panel
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Add more realistic lighting (2)

A Blender* [C:\Users\user\Desktop\Matchmove\untitled.blend]

D) Fle Edit

+2v 'MW ObjectMode v View Select Add

Render Window Help Layout

12, Global

Object

Camera Perspective

(1) foreground | Carpiera

TR Rendering Done

Ambient Occlusion
/ Attribute
RGB

o <o dq P ro

0/ Playback v Keying v View Marker

T 1 ( ( [

: Select ‘Enviror

Brick Texture
Checker Texture
Environment Texture
Gradient Texture
Image Texture
Magic Texture
Musgrave Texture
Noise Texture
Point Density

Sky Texture
Voronoi Texture

Wave Texture

ind | Camera | Verts:8,166

iment Texture’

bl <

2 O W\ Foreground L]

1 Y
©
©
©
©
©
©

[ ©
=V & Scene ® world
i World o x
» Preview
e
¥ Surface
Surface Background o
Color o
Bright/Contrast Blackbody
Gamma ColorRamp

Hue Saturation Value

Add node to input.

RGB Curves

Combine HSV
Combine RGB
Shader to RGB

Wavelength
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Add more realistic lighting (3)

A Blender* [C:\Users\user\Desktop\Matchmove\untitled.blend] X
R Fle Edit Render Window Help Layout Y &5~ Scene 2 O W\ Foreground O x
t2v (W ObjectMode v View Select Add Object L, Global v (P~ ahv s K- . 008 - 11 Y~ i

i Camera Perspective

(1) foreground | Carfiera ©
(D) Rendering Done @
G
Jo ©
©
©
©
©
—
w
7N
S
P =V & Scene ® world
o
Em iy ®v world G x
» Preview
=
¥ Surface
& Surface Background o
L3
Select your downJoaded.image.
&) ]V + Ne FmOp
Open.
Open image.
Vector Leiaui
Strength 1.000 0
» Volume
» & Ambient Occlusion
> Ray Visibility
> Settings
v Pl a v sving v 3 Markel . 8
[ <] ayback v Keying v View arker e Mo dq P ro i & start B End: 211 » Viewport Display
1 - - - ' = » Custom Properties
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Add more realistic lighting (4)

A Blender* [C:\Users\user\Desktop\Matchmove\untitled.blend]

X
R Fle Edit Render Window Help Layout &5~ Scene 2 O v Foreground o x
t9v [ ObjectMode v View Select Add Object Iy Global v v m [Nl K- . e0L® - Il i=v W+ 0O Y
= ane +
Camera Perspective ® =] Scene Collection
- W /e . =) ®
(1) foreground | Carpiera =) foreground
(‘j\. Rendering Done =—0 +& camera @ ©
e » Ivysaur ©
SRS » @ Lght ©
v . -
= >V Sphere S ©
@ v = background ©
— *—V Ground 102
"
AN
W
7/ = & scene & world
n
L ¥ v World o x
) ]
» Preview
¥ Surface
N Surface Background
iy i Color abandoned h.. o
& o iCmX
Linear v
- Equirectangular v
% | ~ Single Image
: : T'he models are now shaded
h . . ° Vector Default
by the original light plus an <. = o

environment map

» ¥ Ambient Occlusion

&Ly MmN . . .. Youcan adjustthestrength of*

> Settings

the environment lighting * e oe

» Custom Properties

125



Multimedia Techniques and Applications 2022

Output Composite Video
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Set output configuration (1)

A Blender* [C:\Users\user\Desktop\Matchmove\untitled.blend]

X
@ Fle Edit Render Window Help Layout ¢ IC/ Scene 72 {_D: v Foreground LD X
t2v (W ObjectMode v View Select Add Object L, Global v (P~ ahv s N @ 000 - 1l f=v @+ O Y~ i
Camera Perspective
P TR ) : -
(1) foreground | Carpiera ou
N _o o - O
- Rendering Done » = Camera © 104
4 »V lvysaur ©
4 » @ Light ©
< - = -
2/ 5 ©
v/:\/‘ \ ind ©
©
—
w’
7N
S
3 Scene
7 = &
I . Eo—
EM‘ &Y % 100%
)
Aspect X 1.000
B Y 1.000
E' Render Region
|
~ Frame Start 1
Switch to the ‘Output’ panel -
!
p p Step 1
M k th 'F R t ’ Frame Rate 30 fps .
dKe sure tne rrame rate
3 ) - » Time Remapping
y n
] matches your captured video:...
¥ Output
ftmp\ E
File Extensions & Cache Result
@ Playback v Keying v View Marker o l«ocdq Ppro 1 @& start: 1 End: 211 File Format H{ FFmpeg video v
1 1 ( ( € / 3 ( 11( 12( 1 14 1 16( 17( 18( Color BW RGB
v Encoding S
Container MPEG-4
Autosplit Output
o s ] ' L] ind | Camera 16€ 11,133 | Tris:15,948 | Objects:1/5 | Mem: 2.05 GB | v2.80.75
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Set output configuration (2)

A Blender* [C:\Users\user\Desktop\Matchmove\untitled.blend] X
@ Fle Edit Render Window Help Layout ¢ IC/ Scene 2 {_D: v Foreground LD X
t2v (W ObjectMode v View Select Add Object L, Global v (P~ ahv s K- . o00® - 1l =~ W+ O Y i

Camera Perspective
eV L °
(1) foreground | Carpiera u
(“\. Rendering Done LV + & camera © ©
4 »V lvysaur ©
4 Lre \
i > Light 3 ©
2/ 5 ©
v/:\/‘ \ ind ©
©
—
w’
7N
S
g 3 Scene
A =
L iy Render Engine  Cycles v
EI\
Feature Set Supported
]
Device CPU
L=}
Open Shading Language
| —
¥ Sampling =
re
= Integrator  Path Tracing
Render 8
Viewport 2z

Quick preview using Cycles (ray-tracing)

. M » Light Paths
with fewer samples
> ™ Hair
» Simplify
> ¥ Motion Blur
@+ Playback v Keying v View Marker %) e . @ - 1 _ e
; : ‘ ‘ : : ‘ ‘ 2 ‘ 14 1 17¢ 18 Exposure 1.00
v Pixel Filter
Type Blackman-Harris v
Width 1.50 px

ind | Camer 11,133 | Tris:15,948 | Objects:1/5 | Mem: 2.05 GB | v2.80.75
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Render animation preview

A Blender* [C:\Users\user\Desktop\Matchmove\untitled.blend] X
R Fle Edit 'Render| Window Help Layout 2 O v Foreground O x
9 ] Opjs_IF2 Render image wect Iy Giobal v Pv @ ahv B cH- @ 0098 W = & o v~ i

@ Render Animation Ctrl F12 = z
: cz ® =] Scene Collectior
ey (1) Render Audio... 2V 9 v & foreground (o}
e Render active scene o > ®
s —‘l > Camerz © O
- Rer View Render |y amerd
o ; - ©
View Animation
" > ©
Display Mode o
Display L X 7
Lock Interface v E background ©
*>—¥ Ground 102
/ =V & Scene
/N
. iy Render Engine Cycles v
b
Feature Set Supported v
Cr Device CPU
L=}
Open Shading Language
| —
¥ Sampling =
&
Integrator  Path Tracing
A Render 8
Viewport 32
» Advanced
p > Light Paths =
» Volumes
» & Hair
> Simplify
> & Motion Blur
@+ Playback v Keying v View Marker e e d pre 1 @& sSta: 1 End: 211 ¥ Film
2 1 ( ( € / 3 ( 11( 12( 1 14 1 16( 17( 18( 1¢ ( 21 22 3 A 25( Exposure 1.00

v Pixel Filter

Type Blackman-Harris
Width 1.50 px

oreground | Camera | Verts:8,166 | Faces:1
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Preview (check the poses and animations of the models)
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Set to high-quality rendering

A Blender* [C:\Users\user\Desktop\Matchmove\untitled.blend]

X
@ Fle Edit Render Window Help Layout ¢ IC/ Scene 2 {_D: v Foreground LD X
t2v (W ObjectMode v View Select Add Object L, Global v (P~ ahv s K- . o00® - 1l =~ W+ O Y i
Camera Perspective C.o w’ ,0
7 ®
(1) foreground | Carfiera u ©
- _o o - O
( ‘\. Rendering Done » = Camera © 104
4 »V lvysaur ©
1_%_’ > @ Light ®
v 2 o3
v/:\/‘ \ ind ©
©
—
w’
7N
S
'{/.“ =V & Scene
L iy Render Engine  Cycles v
EI\
Feature Set Supported
ca Device CPU
L=}
Open Shading Language
| —
¥ Sampling =
re
= Integrator  Path Tracing
Render 512
Viewport 2z

For a noise-free image, using’at least .

&
L]
—
512 — 1024 samples is suggested
> Simplify
> ¥ Motion Blur
@+ Playback v Keying v View Marker e e d pre 1 @& sSta: 1 End: 211 ¥ Film
2 1 ( ( € / 3 ( 11( 12( 1 14 1 16( 17( 18( Exposure 1.00
v Pixel Filter
Type Blackman-Harris v
Width 1.50 px
[ ) [ ) (] | ]

ind | Camer

11,133 | Tris:15,948 | Objects:1/5 | Mem: 2.05 GB | v2.80.75
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Final Output




