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Autonomous SLAM & Navigation . . —_ Pick and place |

Either an RGB camera or a

Depth camera is insufficient

for these practical
applications.
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Introduction

RGB-D camera:

An RGB-D camera is a type of imaging device that captures both:

* RGB Image: provides appearance, texture, and color of the scene
* Depth Image: provides distance, geometric structure, scale

Key Components:

* RGB Sensor — captures color image
* Depth Sensor — captures per-pixel distance (via ToF)

e Calibration and alignment — align depth and RGB images using
calibration parameters
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Examples of RGB-D cameras



Why choose an RGB-D camera?

Feature

Color information
Depth information
Performance in low Light

Odometry estimation

Depth accuracy
SLAM and navigation

3D reconstruction

Al/ML

Computational Overhead
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RGB + ToF depth (RGB-
D) camera

Yes
Yes
Good
Reliable

Hardware-based
precision in mm

Reliable (with depth
info)

Textured 3D models

2D and 3D

Moderate

- /

RGB + RGB (Stereo)
camera

Yes
Yes
Limited
Reliable

Depends on resolution,
baseline

Reliable (with good
calibration)

Requires good
lighting/textures

2D and 3D
High
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No
Yes
Good
Not reliable

Hardware-based
precision in mm

Challenging (no color
info)

Shape only

Only 3D

Low

Yes
No
Limited

Not reliable
No depth info

Challenging (2D
features)

Texture only

Only 2D

Low
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0 RGB image
Challenges in RGB-D camera:

e Different resolution and FoVs

[ Depth image ] [ RGBD image ]

* Viewpoint and intrinsic matrixes are
different

* Achieve real-time performance

Objective: To efficiently register depth

image with RGB image by leveraging

intrinsic and extrinsic parameters K [ Mixed pixels ] [ Noisy pixels ] ]
|
n'ocnins Noise/missing info from one sensor can
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The registration problem VISION
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Calibration

Undistort

Match resolution
and FoV

Registration

\llllj

Misaligned RGB and depth images with \_
different resolutions and FoVs

Aligned RGB and depth images
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RGB + ToF camera calibration VISION

Checkerboard

SUMMIT’

RGB

camera Match Calibration
resolutions tool Distortion coefficients

ToF and FoVs IR image
camera enhancement

Intrinsic parameters

Extrinsic parameters

* (Calibration tools available are MATLAB, OpenCV and ROS.

e Capture the checkboard images from different positions and orientations.

* ToF camera captures the IR images and depth images. IR images are used for calibration.
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Registration of depth image and RGB image

Intrinsic parameters
of Depth

Transformation using
extrinsic parameters

Point cloud in depth Point cloud in RGB
camera frame camera frame

Depth image

Process flow of registration of RGB and depth camera
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Intrinsic parameters
of RGB

Registered depth image




Experimental setup and results
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Experimental Setup VISION

SUMMIT

ToF Depth
Camera

Specification of RGB camera and ToF camera

Resolution 512x512 640x480

RGB Camera
75" X 75° 73" x 42°
Range 04tod4m NA
Depth accuracy 5 mm NA
. 940 nm band-pass Visible light (400-700
Experimental RGB +ToF HEMCTe filter nm)

camera setup
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Software block diagram for RGB-D camera VISION

ToF camera

RGB camera
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IR images
Calibration L » Intrinsic parameters Krgh of RGB camera
F_{I_GE camerd caII.lkE)ratt.lon —— Intrinsic parameters Ktof of ToF camera
RGB images oF camera calibration
ACERINCINCENCTICUCUINY 5 Fxirinsic parameters Ergb_tof between
RGB and ToF camera
Ktof Krgb Ktof Krfb Ktof Ergb_tof

Undistort
depth

images Resolution Depth .
ep Depth image Generate

and FoV image i
g enhancement color point

matching registration cloud
Undistort

RGB images

Krgb
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Steps from captured images to registered image VISION
SUMMIT
RGB Image from RGB camera Resolution matched RGB image Resolution matched RGB image
Overlapped registered depth
image with RGB image
Depth image from ToF camera Resolution matched depth image Registered depth image
IIfOCllIIlS
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Normal light condition (100-1000 lux) VISION
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Stereo camera RGB+ToF camera

Stereo camera RGB+ToF camera

= g

, A |'z Minimal

‘ ‘ i color mixing
! .

‘ p '

Moderate
® color mixing

Moderate
holes Few
holes
Rough and
n:ilsjfejges Smooth and
Registered Depth Images clean edge Generated Point Clouds
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No light condition (Approx 0 lux)

Stereo camera will
not be able to
generate
meaningful
pointcloud
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Stereo camera RGB+ToF camera
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lesser number of
noisy pixels

RGB+ToF camera
generated a
pointcloud with

|

Registered Depth Images
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Computation time analysis VISION

Percentage (%)
B, RPN N W W b
o U o U o Ul o

S,

o

rectify_rgb
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B Percentage of entire pipeline execution

rectify_depth Resolution and register
FoV matching

Tasks
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Conclusions VISION
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EIC’s camera design capabilities VISION
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New Product Software/ Al/ML & Cloud Multimedia Testing &
Development Firmware Enablement (Audio/Video) Certifications
Embedded, BSP development, Al/ML on edge/cloud, Multi-sensor image/video Hardware testing (EDVT,
: : : : stitching, thermal, functional, etc.),
Mechanical design, ISP image tuning, Cloud-based video
analytics, Video compression, :
Sensor & optics selection, Reusable camera y P ON\./I.F/P.SIA com.pl|ar.1ce
framework, Al algorithm porting, Latency and bandwidth Certification testing (i.e.,
Custom SoC/SoM, optimization FCC, CE, UL, PTCRB, IPxx
- Mobile/Web app CloudOps/DevOps, etc.),
BoM optimization, development, v . _ Alexa/GA integration
- Gl e R s 11829 QA & test automation
Manufacturing & Cybersecurity

sustenance

< 30+ Camera Designs (4K/IP/360°) | Partnerships with Qualcomm/Nvidia/NXP/TlI | Access to OmniVision/Sony/Onsemi labs >
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