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Stereo Vision

Parallel stereo camera model Scene object point

M

Right camera axis

Camera noise
Occlusion

Depth discontinuity
* Low texture

Disparity :
d= (XI - Xr)

Left camera axis

3D info
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* Estimated distance is more precise  « Estimated distance is less precise |
I
I

 Longer disparity range causes « Shorter disparity range causes
» Heavy computation > Light computation
> High false matching possibility > Low false matching possibility
4500
A 4
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. Short baseline
IS ;
E
z
| bf
| L=—
| d
: DD 1 DID 2DIEI 360 460 560 GO0
!

Disparity
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- Conventional matching algorlthm

-
*Mask operation
«Cost function e-------------4%
eLocal minima
. ___C N N
eference IMG.| E SAD,, (%, y,d)= 1 (x.y)-1,(x=d,y)
__l.'r~v‘7_,1 N N y=1 x=1
| /| Bl W 2
t & SSDyy (%, y.d)= 3- 3 (1, (x,y)= 1. (x~d. y)]
= - y=1 x=1
v B
Disparity QAAEMN(X’y d = YZ;XZ::‘“I X, y X d w
*Energy based
+Global Priority @ -------------- - ,
1
*Belief Propagation, v
Graph cut... Q *  Smooth depth connectivity \
s Segmentation
| BP example .: 3 Pattern
I
| E(f ): Edata(f )+ ﬂ“Esmooth(f )
1 \ J
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y
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® Digital stereo vision camera

Resolution

Sensor

Frame rate

Baseline

Weight

Interface

Power consumption

Lens

2019-04-10

640 x 480

Sony ICX204 Color CCD
30Hz

12 cm

375 g

|[EEE-1394a

2.1 W

6 mm ( 43 deg H-FOV)

bumblebee™
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|IEEE 1394 - Firewire, i.Link

______________ _?
re il a
® AppleO| Mgt 71218 ARE A ClIX|E 2C|2, C|X|E H|C[2E |
I
I
1L 2
Al2|Y HA QIE{HO|A BE 77 |
I
- CIXE 2HIo|A BEFE : 85Xl DACH 2dstE XX Mz ol Z4E KNe|
- W=D ZO[ot Met: scSIet Fe| EX|el AX|/MAHZ BRE &
- HZ|M:Pnp WHE £
* 4.5 m maximum
. 7Y
> |EEE-1394a : 100/200/400 Mbps
> |EEE-1394b : 800Mbps
> |EEE-1394c : 800Mbps
File Duplication Times
eSATA __._ W G5 dual-core
o _. l | MiMac Core Duo
USB?i : "
0 5 10 ﬁl;(“iz) 25 30 35
-
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® What you need

« H/W
» Bumblebee camera
> |[EEE-1394a Interface board / additional power for mobile
> |[EEE-1394a Cable

« S/W
» Digiclops SDK (3.2b09)
» Triclops SDK (2.5b05)
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® Visual Studio

2% ¢ |d
M/ /A T8 EE|ZHO)... 4 [71 LCRecoder
Ty ; 4 [ Debug | Win32
= .:.CI—.d}c. = - . . L =] PCL_Debug
s} C:WProgram FilesWPoint Grey Research#Digiclops 5]~ | =) OPENCV248_Debug
MNETHIE =T OJEEZ C#Program FilesWPoint Grey ResearchwDigiclops Ster = Triclops -
VC++ C|EE 2| AE [HE ${ReferencePath) ==] Digiclops
> G/C++ 2HO| 282 C|HE g C:Program FileswPoint Grey ResearchiDigiclops Ster =] Microsoft. Cpp.Win32 user
- 4 C|EEE C:#Program FileswPoint Grey Research#Digiclops Ster & Application
> IUH~E &4 29| C|2EzZ £0vCInstallDininclude; § 0y CInstallDin atlmfowinclude; 5 (Win &, Unicode Suppert
> Bl % Dynamic Link to MFC
> MIDL - [ Release | Win32
s XKML 2A AT
> BOEY| FHE

L
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How to use SDK

® Include

ginclude =digiclops.h=
Xinclude =triclaops.h=

® Work Flow

BumbleBee

Digiclops

Triclops

>

Camera SDK

2019-04-10

SDK
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| Initialization

digiclopsCreateContext{ &m_digiclopsContext } M

digiclopsinitialize{ m_digiclopsContext, 0 3 X
digiclopsGetTriclopsContextFromCameral m_digiclopsContext, &m_triclopsContext 3 .
digiclopsGetCameralnfoE={ m_digiclopsContext, &m_info 3

digiclopsset ImageTypesi m_digiclopsContext, STEREO_IMAGE } 1

digiclopsiet ImageResolution m_digiclopsContext, DIGICLOPS_FULL 3 %
digiclopsietFrameRate! m_digiclopsContext, DIGICLOPS_FRAMERATE_100 3
digiclopsitartf{ m_digiclopsContext ) %

[ triclopsietResolutiondndPrepareim_triclopsContext, b, w,
imageHeight( ), imageWidth{ ) X

[ triclopsSet imageBuffer{m_triclopsContext,m_leftmage,
Trilmg_RECTIFIED, TriCam_LEFT}

[ triclopsSet imageBuffer{m_triclopsContext,m_right mage,
Trilmg_RECTIFIED, TriCam_RIGHT} M.

[ triclopsiet ImageBufferim_triclopsContext, left,
Trilmg_RECTIFIED, TriCam_LEFT}

[ triclopsset imageBufferim_triclopsContext,riaht,
Trilmg_RECTIFIED, TriCam_RIGHT} M.

triclopsGetFocallength{m_triclopsContext, &Fc)
triclopsGet ImageCenter{m_triclopsContext, &cy, &cxi

triclopsSetDisparity(m_triclopsContext, 30, 200
triclopsSetUniquenessyal idationMappingim_triclopsContext, 0O
triclopsSetUniguenessyal idation{m_triclopsContext, 13
triclopsietTesturevalidationMappinalm_triclopsContext, O
triclopsSetTestureYalidation{m_triclopsContext, 1M
triclopsSetBackForthYalidation{m_triclopsContext, 1M
triclopsSetBackForthYalidationMapping(m_triclopsContext, 0%
triclopsietiurfaceyal idationMappinalm_triclopsContext, O
triclopsSetsurfaceYalidation{m_triclopsContext, 1M
triclopsSetSubpixelYalidat iondapping(m_triclopsContext, O

———— -
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| Capture & Download

digiclopsGrablmage! m_digiclopsContext )

Capture BumbleBee Download

Camera

Triclopslnput inputSterean, inputleft, inputRight:
TriclopsPackedColorimage outputleft.outputRight:
{ digiclopsExtractTriclopsinputim_digiclopsContext, STERED_ IMAGE, &inputSteren 3 X
if{m_hasCalar) {

{ digiclopsExtractTriclopsinput{m_digiclopsContext,LEFT_IMAGE, &inputLeft 3 X

{ digiclopsExtractTriclopsinputin_digiclopsContext,RIGHT_IMAGE, &inputRight 3 0
1

i triclopsRectifwim_triclopsContext,&inputsStereoy )
if{m_hasCalar) {
( triclopsRectifyPackedColorimagelm_triclopsContext, TriCam_LEFT,
&inputLeft, &outputleft X
( triclopsRectifyPackedColorimagelm_triclopsContest. TriCam_RIGHT,
ginputRight,&outputRighty 3
1

triclopsPreprocessim_triclopsContext, &inputiteren):
triclopsSterealm_triclopsContext )

triclopsGet Image(m_triclopsContext, Trilmg_OISPARITY, TriCam_REFEREMCE, &m_depthlmage ).

2019-04-10 12
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Set Buffer

BYTE *

{ triclopsSetPackedColor imageBuffer{m_triclopsContext, ////’
TriCam_LEFT,{TriclopsPackedColorPixel+n_leftColorimage) N

{ triclopsSetPackedColor imageBuffer{m_triclopsContext,
TriCam_RIGHT.{TriclopsPackedColorPixel+ n_rightColorimage) &

tmp_Optr[illi]l = (BYTEJ depthlmage.datal i+depthimage.rowinc + i1

\

Triclopslmage

13



Raw image . Rectified image Edge image
V/ V
Stage 2: Laplaclan of Gaussian Stage 3: Correlation Stereo

Stage 1: Rectification

After the images are wansmitted 10

the PC over the IEEE-1394 bus, they

are corrected and aligned 10 remove

B8NS Gistormon

2019-04-10

Depth image

The Laplacian of Gaussian filter For each pixsl in the nght image, 3
IS 3pphed 10 Create 2008 IMages corresponding pouel in the laft iImage s
that are not Diasec by Image obtaned via correlation using the Sum

prghtness of Absolute Ditferences critena
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| File Save/Load View Window Help

|Disparity ~| |Right ~| |320:240  ~] IStereo Pararns  Camera Controll Transformationl

e P

[o][@ =] & Bumblebees230046:2

Stereo Parameters: Bumblebee4280046
[~ Processing Options Stereo Config—— [~ Stereo Parameters ——
[ Grab IV Subpisel " 3cam Stereo Mask. 9
|V Stereo [V Smocth (+ 2CamHorz. ot
Mas.
[~ Points € zCamvert Disparity 23
S
i~ Display Options Min.
|V Disparity as Temperature Disparity 16
3 = S e——
l_ Validation Co
[ Edge
[~ Validation Edge Mask 1
| Suface [ [~ Temuwe W J
Surface Diff. 100 Texture
idati — Advanced Options
4 Validation 0.20 P
) . . >
Surface Size 200 Jf— Rectification quality
f ISlandard - I
[~ Uniqueness [ I~ Back-forth I™ Enhanced Stereo

Uniqueness
Threshold 030 Mon-optional Il
S
~ 3D View

IT/' Draw Points
[V Colour Points
Point Size 1002
J—

r Draw Surfaces

l_ Texture Map Surfaces

[144.9 H:[RCD(000,000,000.00) = XYZ(-00.000,-00.000,-00.000) |RC(1,274) = RGB(125,45,27)

|Fri Apr 25 08:1C

I

[

I

I

I

[

I

I Rea
. dy

2019-04-10

15



E.
g
£
§
5
)]
b
:
=)
L

& digiclopsDemoll - Bumblebeed280046 P — P =

lFile Save/Load View Window Help

I

|| [Disparity ~| |Right

~| [320x240  ~| | Stereo Params  Camera Controll Transformation‘

& Bumblebees280046:1

& Bumblebees280046:2
1 | vy

=] |

Stereo Parameters: Bumblebeed230046

r Processing— — Options — — Stereo Config——
I~ Grab [V Subpisel | €
IV Stereo [V Smocth | | (% 2CamHorz.
I~ Points | € 2Cam Yert
— Display Options
v Disparity as Temperature
— Validation - =
| Suface W [~ Temure [
Surface Diff. 100 Tesg(ure_
Yalidation 020
N S —
Surface Size 200
) —

[~ Uniqueness [l

[~ Back-forth

MNon-optional |

Uniqueness
Threshold 0.80
—_—
30 View

17 Draw Points

[V Colour Points
Point Size 100
 p——

[ DrawSurfaces

| Teuture Map Surfaces

— Stereo Parameters ——

Stereo Mask 3
Y S—

Mas.

Disparity 33
e

Min,

Disparity 16
—_—

|7 Edge

Edge Mask 1
—l

— Advanced Options ——

Rectification quality

Standard - I

[ Enhanced Stereo

[140.6 H:[RCD(000,000,000.00) = XYZ(-00.000,-00.000,-00.000) [RC(1,274) = RGB(125,45,27)

[Fri Apr 25 08:10
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é digiclo;;sDemgn - Bumblebee4280046
- i
| File Save/Load View Window Help

|Disparity ~| |Right

~| [3x240 -] | Stereo Params  Camera Controll Transformationl

/

Ready

6:1 [5]@|[=]

& Bumblebees280046:2

[s=][=]

Stereo Parameters: Bumblebee4280046

& Bumblebee4280046:3

[~ Processing Options Stereo Config——
[~ Grab [V Subpisel C 3cam
|V Stereo [V Smocth (+ 2CamHorz.
I~ Points " 2CamYert
i~ Display Options
I Disparity as Temperature
|V validation Colors
[ Validation
[ sutace W [~ Temuwe W
Surface Diff. 100 Teag!ure_'
4 Yalidation 020
. - f—eees
Surface Size 200
Y S—
[V Uniqueness [ I~ Back-forth
Uniqueness
Threshold 030 Mon-optional Il
[ ——
30 View
|7 Draw Points l— Draw Surfaces
¥ Colour Points [ Teuture Map Surfaces
Point Size 1002
J—.

— Stereo Parameters ——

Stereo Mask. 9
"_

Mas.

Disparity 33
— J—

Min,

Disparity 16
B

v Edge

Edge Mask 1
—l

i~ Advanced Options

Rectification quality

!Standard - I

r- Enhanced Stereo

[136.5 H:[Invalid

[RC(55,291) = RGB(125,125,125) |Fri Apr 25 08:10

2019-04-10
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é digiclo;;sDemgn - Bumblebee4280046
- i
| File Save/Load View Window Help

|Disparity ~| |Right

~| [3x240 -] | Stereo Params

Camera Controll Transformationl

& Bumblebees280046:2

(S = =]

[s=][=]

Stereo Parameters: Bumblebee4280046

& Bumblebee4280046:3

[~ Processing Options Stereo Config——
[~ Grab [V Subpisel C 3cam
|V Stereo [V Smocth (+ 2CamHorz.
I~ Points " 2CamYert

i~ Display Options

I Disparity as Temperature

|V validation Colors

[ Validation

[ sutace W V Temuwe W
Surface Diff. 100 Teag!ure_'
4 Yalidation 170
Suifsce Size 200 e
 —

[V Uniqueness [ I~ Back-forth

Uniqueness
Threshold 030 Mon-optional Il
S
~ 30 View

|7 Draw Points l— Draw Surfaces

¥ Colour Points [ Teuture Map Surfaces
Point Size 1002

—

— Stereo Parameters ——

Stereo Mask. 9
"_

Mas.

Disparity 33
— J—

Min,

Disparity 16
B

v Edge

Edge Mask 1
—l

i~ Advanced Options

Rectification quality

!Standard - I

r- Enhanced Stereo

[136.4 H:[Invalid

[RC(55,291) = RGB(125,125,125) |Fri Apr 25 08:10

I
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I
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I
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I
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‘A é digiclopsDemoll - Bumblebeed28004¢
- - .
| File Save/Load View Window Help

|Disparity ~| |Right

~| [3x240 -] | Stereo Params

Camera Controll Transformationl

& Bumblebees280046:2

(S = =]

Stereo Parameters: Bumblebee4280046

& Bumblebee4280046:3

[~ Processing Options Stereo Config——
[ Grab V' Subpisel " 3Cam
|V Stereo [V Smocth (+ 2CamHorz.
I~ Points " 2CamYert

i~ Display Options

I Disparity as Temperature

|7 Validation Colors

[ Validation

vV sutace W V Temuwe W
Surface Diff. o4 Texture
— e Walidation 170
Suifsce Size 200 T
—

[V Uniqueness [ I~ Back-forth

Uniqueness
Threshold 030 Mon-optional Il
S
~ 30 View

IT/' Draw Points r_ Draw Surfaces

¥ Colour Points
Point Size 1002
J—

I_ Texture Map Surfaces

— Stereo Parameters ——

Stereo Mask. 9
"_

Mas.

Disparity 33
— J—

Min,

Disparity 16
B

v Edge

Edge Mask 1
—l

i~ Advanced Options

Rectification quality

’Standard - I

f- Enhanced Stereo

[126.7 H:[Invalid

[RC(182,307) = RGB(45,31,56)

|Fri Apr 25 08:1C

I

[

I

I

I

[

I
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; é digiclobsDemgH - Bumblebeed28004¢ :
. “ - - - -
| File Save/Load View Window Help

|Disparity ~| |Right

~| [3x240 -] | Stereo Params

Camera Controll Transformationl

& Bumblebee4280046:1

(S = =]

& Bumblebees280046:2

[sE][=]

Stereo Parameters: Bumblebee4280046

— Stereo Parameters ——

& Bumblebee4280046:3

~ Processing— — Options Stereo Config——
|- Grab r\7 Subpixel  3cam

|V Stereo |V Smaoath (¢ 2CamHorz.
vV Points " 2CamVert

(~ Display Options

I Disparity as Temperature

|7 Yalidation Colors

[~ Yalidatio
IV Surface ]
Surface Diff.  0.40

—_——
Surface Size 200
Y —

[V Uniqueness [

V Temuwe W

Texture
Yalidation 168

—

|V Back-forth

Uniqueness .
Threshold 078 MNon-optional | |
—_——
[~ 30 View

|V Draw Points
[V Colour Points
Point Size 1002
J—

|~ Draw Surfaces

[~ Teuture Map Surfaces

— Advanced Options ——

Stereo Mask 9
S S———

Ma.
Disparity 33

— J—-
Min.
Disparity 16
B
v Edge

Edge Mask 1
—

Rectification quality

IS(andavd v I

|~ Enhanced Stereo

[80.5 Hz [Invalid

[RC(63,313) = RGB(128,128,128) |Fri Apr 25 08:10

I

[

I

I

I

[

I

I Rea
. dy
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‘A é digiclopsDemoll - Bumblebeed28004¢
Lk . 9
| File Save/Load View Window Help

|Disparity ~| |Right ~| |320:240  ~] IStereo Pararns  Camera Controll Transformationl

[o][@ =] & Bumblebees230046:2 ==

Stereo Parameters: Bumblebee4280046

~ Processing— — Options Stereo Config—— — Stereo Parameters ——
|- Grab r\7 Subpixel  3cam Stereo Mask G}
|V Stereo |V Smaoath (¢ 2CamHorz. e
Ma.
vV Points " 2CamVert Disparity 33
— J—-
(~ Display Options Min.
|V Disparity as Temperature Disparity 1
v - —
|\_/' Validation Colors
v Edge
[~ Validatio Edge Mask 1
V suface W V Temuwe W 4
ifE. X Texture e
Si'ace Tl b Yalidation 168 — Advanced Options ——
Surface Size 200 f— Rectification quality
& Bumblebee4280046:3 e [Standard |
[V Uniqueness [ [V Back-forth ™" Enhanced stereo
Uniqueness .
Threshold 078 MNon-optional | |
—_——
[~ 30 View
|V Draw Points |~ Draw Surfaces

|7 Colour Points l_ Texture Map Surfaces
Point Size 1002
S —

I
I
I
I
I
I
I
l_ Ready [80.0 Hz [invalid [RC(63,313) = RGB(128,128,128) |Fri Apr 25 08:10
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'sL Image System Laboratory

Start from...

& digiclopsDemoll - Bumblebee4280046 o

File Save/Load View Window Help

[Disparity ~| [Right ~| |320x240 ~| | Stereo Params  Camera Control| Transformation

=

-————
I

& Bumblebee4280026:1 = || @ || & Bumblebee4280046:5

Bumblebee.

AONNARA
5 L0UUS04

= e X

T l T e e Rl e W N

Ready

97.2 Hz |Invalid RC(15,35) = RGB(86,59,54)

Fri Apr 25 08:10




’sL Image System Laboratory

After validation

& digiclopsDemoll - Bumblebee4280046 .

File Save/Load View Window Help
[Disparity ~| [Right 120240 ~| | Stereo Params  Camera Control| Transformation ‘i

-
é Bumblebeed

& Bumblebe

s l FreEesm d R EET s i

97.2 Hz |Invalid RC(15,35) = RGB(86,59,54) Fri Apr 25 08:10




