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RealSense D400Z%|

D415 CAMERA D435 CAMERA

Intel® RealSense™ Depth Camera D415 Intel® RealSense™ Depth Camera D435

Customer Discovery & Engineering ( )
Intel® RealSense™ Group




RealSense D400Z4%!
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10.5cm@424x240
28cm@1280x720

=R/=H

1280x720@30fps
848x480@90fps

87°x58°/£FHR(]
2MP

90 x25x 25
2KLAAR/INTF2%

e

T

VIR FTR B
KipE s R ohIRER
VR

W

D435i
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RealSense T265

BDOFER £

I -

XIFEEM

Customer Discovery & Engineering (

)

SLAM
VPU
RESMRES
_ BiRESL
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RealSense SDK 2.0 F&;

= Github: https://github.com/IntelRealSense/librealsense

- ﬁ?—r"‘*

Ubuntu 16.04/18.04 LTS (Linux Kernels 4.4, 4.8 ,4.10,4.13, 4.15}:4.16)
— Windows 10 (Build 150638 E i)
— Windows 8.1
— Windows 7
— Mac OS (High Sierra 10.13.2)
— Android 7, 8
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https://github.com/IntelRealSense/librealsense

RealSense SDK 2.0Z3E - Windows

= Windows 8.1 & Windows 10

- EEMTERMIR
— MNEFHAEMIRERAE TEInte.RealSense.Viewer.exe(faZ3)alIntel.RealSense.SDK.exe
— ZEEFAR: distribution_windows.md

- IHFEOR TS
— REEHES: cmake v3.8+ % Visual Studio 2015/ 2017
— ZEEFPR: installation windows.md

= Windows 7

- BEETHMNLEATIR: InteL.RealSense.SDK-win7.exe
— FRIRERRLEEFA: installation win7.md
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https://github.com/IntelRealSense/librealsense/releases/download/v2.19.0/Intel.RealSense.Viewer.exe
https://github.com/IntelRealSense/librealsense/releases/download/v2.19.0/Intel.RealSense.SDK.exe
https://github.com/IntelRealSense/librealsense/blob/master/doc/distribution_windows.md
https://github.com/IntelRealSense/librealsense/blob/master/doc/installation_windows.md
https://github.com/IntelRealSense/librealsense/releases/download/v2.19.0/Intel.RealSense.SDK-win7.exe
https://github.com/IntelRealSense/librealsense/blob/master/doc/installation_win7.md

RealSense SDK 2.0Z23% - Ubuntu

= Ubuntu 16.04/18.04 LTS
- BEETEMRFEFLED
— ZEEFAR: distribution linux.md
- WFRREH TEE
— LEEFAR: installation.md

Note: RiZ LM EEIRBIRIFIEIN -DBUILD_ WITH_TM2 =true AHES735T265
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https://github.com/IntelRealSense/librealsense/blob/master/doc/distribution_linux.md
https://github.com/IntelRealSense/librealsense/blob/master/doc/installation.md

RealSense SDK 2.0Z23E - Android

» MGoogle Play-Store FE{APPIHH{TZ%E
— TEEE: RS Camera
» IRIRIRIDH TR
- TR
— ZHFOTGRIANdroidieE

— Android Studio IDE
— USB3 OTGiERELZL

— LHEFA: readme.md
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https://play.google.com/store/apps/details?id=com.intel.realsense.camera&hl=en
https://github.com/IntelRealSense/librealsense/blob/master/wrappers/android/readme.md

RealSense ROS Wrapper FE ML

= ROS Wrapper Github: https://github.com/intel-ros/realsense

- T
— Ubuntu 14.04_EROS Indigo
— Ubuntu 16.04_EROS Kinetic
- TERLA
— ZL¥ERealSense SDK 2.0
— LHEROS
— #EEROS WrapperRidH&is
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https://github.com/intel-ros/realsense
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RealSense =

B2 & T ERealSenseViewer

» BEMEET Brs-enumerate-device

» SRERENK TEDepth Quality Tool
= FISIET EDynamic Calibration
EH4 T EDFU
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RealSense T El - RealSenseViewer

» RealSenseViewer: BFF&EEEIE. 1IRESEE

Intel RealSense D415 *&* 3.2

]
Record

D415 G ME
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RealSense T El - RealSenseViewer

Intel RealSense T265

[ ] < (1]
Record Infl

T2658R& LN E]
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RealSense T El - RealSenseViewer

« FeERGLSE
— 99¥¥ZR(Resolution)
— M= (Frame Rate)
- FIERAEIC
- I5Me5IRR(Emitter)
— BahiESE(Auto Exposure)
- ROLZE
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RealSense T El - RealSenseViewer

¥ Controls

» BCERGLEE exposure:
- FiENSE
— £THMRETEETNER (Laser Power)
— Depth Units
- ZRGLZ BRI AREL

Enable Auto White Balance

Laser Power:

Output Trigger Enabled
Depth Units:
0.0010
Stereo Baseline:
55.066101
nter Cam Sync Mode:
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RealSense T El - RealSenseViewer

Depth Table

« BRIEIHEE]
— Disparity Shift

= MinZ=45cm, MaxZ=Infinity - MinZ= 30cm, MaxZ=110cm

maxZ

Examples for D415

HFZNAY: Tuning depth cameras for best performance
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https://dev.intelrealsense.com/docs/tuning-depth-cameras-for-best-performance

RealSense =

Resolution

= Preset: JNEFNRFIURER.json3 5

High

= FBXSZ#Y: D400 Series Visual Presets
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Medium
Density

High
Accuracy

Hand

Left
Imager
Color w/o
IR Pattern

Default

. H - RealSenseViewer

Use Cases recommended for
usage

Higher Fill factor, sees more
objects. (Ex. BGS and 3D
Enhanced Photography,
Object recognition)

Balance between Fill factor
and accuracy.

High confidence threshold
value of depth, lower fill
factor. (Ex. Object Scanning,
Collision Avoidance, Robats)

Good for Hand Tracking,
Gesture recognition, good
edges

Removes the Projector-
generated IR pattern from left
imager when streaming
synthetic RGB.

Applies to D415 and D410
Devices.

Supported since FW ver
5.8.10+

Best Visual appeal, Clean
edges, Reduced PointCloud

Spraying

Resolution
Based?

No

JSON files

HighResHighDensityPreset.json,
MedResHighDensityPreset.json,
LowResHighDensityPreset.json

HighResMedDensityPreset.json,
MedResMedDensityPresetjson,
LowResMedDensityPreset.json
HighResHighAccuracyPreset json,

MedResHighAccuracyPreset.json,
LowResHighAccuracyPresetjson

HandGesturePreset,json

D415_RemovelR json

DefaultPreset_D415.json,
DefaultPreset_D435.json


https://github.com/IntelRealSense/librealsense/wiki/D400-Series-Visual-Presets

RealSense T El - RealSenseViewer

= [543 (Post-Processing)
— HHEVEESR Decimation Filter
— [SME}E Threshold Filter
— ZS[ENER Spatial Filter
— FE¥ERK Temporal Filter
— ZSAHEZE Hole Filling Filter
- RS

— post-processing-filters.md

— Depth Post-Processing
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https://github.com/IntelRealSense/librealsense/blob/master/doc/post-processing-filters.md
https://dev.intelrealsense.com/docs/depth-post-processing

RealSense T El - RealSenseViewer

* 3DRA=HE
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RealSense T El - RealSenseViewer

« EUEREORBRIE R

Ho oo o oo«
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RealSense i HT B - RealSenseViewer

= T265AYRHIFIMEI = T265HBEFMEFIINE

© Add Source Intel RealSense T265

Intel RealSense T265 Enable §
EF File: "20190117_TM265.bag" Rotate: Left Mouse Button Export Localization map

Pan Middle Mouse Button Import Local ion map
u » Zoom: Mouse Wheel ¥ Tracking Module W
Resolution
0:00:00 Available Streams:
Fisheye 1
* Tracking Module Format:
Frame Rate (FPS):

Fisheye 2
Format:
Frame Rate (FPS):
Gyro
Format: MOTION_XYZ32F| ¥
Frame Rate (FPS): 200 v
Accel
Format: MOTION_X¥Z32F W
v Output ) ) Frame Rate (FPS): 62 v
— Starting streaming of Pose, Accel, Gyro, Fisheye, Fisheye..
Stopping streaming Fose

Starting streaming of Pose, Accel, Gyro, Fisheye, Fetiris

Stopping streaming Frame Rate (FPS):

Customer Discovery & Engineering ( ) .
Intel® RealSense™ Group (intel 24




RealSense T B - rs-enumerate-device

BESRR ST IEUER « EHURGSRIAINSRIESEL

C:\Program Files (x86)\Intel RealSense SDK 2.8\tools>rs-enumerate-devices.exe Intrinsic of "Depth" / 128ex72e / {Z16}

Device info: Width: 1280
Name : Intel RealSense D43@ Height: 720
Serial Number : 838212072989 PPX: 633.332763671875
Firmware Version . ©5.10.66.00 PPY: 371.603363037109
Recommended Firmware Version : 85.10.63.60 Fx: 948.710205078125
Physical Port : \\?\usb#vid_88868pid_@ad48mi_ee#6&1defb Fy: . 948.710205678125

9c46e44}\global Distortion: Brown Conrady
Debug Op Code : 15 o<t B ® e 2 e
Advanced Mode : YES
Product Id : ©AD4
Usb Type Descriptor : 3.2

Intrinsic of "Coler" / 32@x18@ / {YUYV/RGB8/BGR8/RGBA8/BGRA8/Y16}
Width: 320
Height: 180
. PPX: 159.268661499023
Stream Profiles supported by Stereo Module PPY: 92.60799408795898
Suppont edmodest Fx: 231.455764770508
stream resolution ps Fy: 231.402618408203
Infrared 128ex860 @ 3eHz Distortion: Brown Conrady
Infrared 128ex800 @ 3eHz Coeffs: e ") L) e ]
Infrared 128ex860 @ 25Hz
Infrared 1280x860 @ 25Hz Intrinsic of “"Color" / 320x24@ / {YUYV/RGBS/BGRS8/RGBAS/BGRAS/Y16}
Infrared 128ex800 @ 15Hz Width: 320
Infrared 1280x800 @ 15Hz Height: 240
Infrared 1286x800 @ 15Hz PPX: 159.024871826172
Infrared 1280x800 @ 15Hz PRYE: 123.477333068848
Infrared 1280x720 @ 3eHz Fx: 368.607696533203
Infrared 1280x720 @ 36Hz Fy: 308.536834716797
Infrared 1280x720 @ 15Hz Distortion: Brown Conrady
Infrared 1280x720 @ 15Hz Coeffs: e o

PNREPNNREPENRERPNRERBNR
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RealSensei T B - Depth Quality Tool

» RERENI TE(Depth Quality Tool)
- TETE55%E: Depth.Quality.Tool.exe
- SIBEZETEHEE: texture-patter-set.zip
— WRX3FEAR: RealSense_DepthQualityTesting.pdf

-
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https://github.com/IntelRealSense/librealsense/releases/download/v2.19.0/Depth.Quality.Tool.exe
https://www.intelrealsense.com/wp-content/uploads/2019/02/texture-pattern-set.zip
https://www.intel.com/content/dam/support/us/en/documents/emerging-technologies/intel-realsense-technology/RealSense_DepthQualityTesting.pdf

RealSensei T B - Depth Quality Tool

» RERENHEEEIN
- BRNIEFERSGEEZR BTR, WiHERE0.5~2m, {EAEEEYE
- HRELFEA B EERIAEABILSE
- BIRROIBSEAERFFE L




RealSensei T B - Depth Quality Tool

= Ground Truth

EELLRGBESHNIREHITUE, WEDENEEY
- E%&Depthﬁﬂi_m\

Depth Start
. P Poin? Depth (Z) Scene
Depth Start \ i o
Pojnt De?th (2) Scene : :‘ )/,- z | .‘
Z» "_:: |‘

-

Back of
Module

Front of Lens

1
D410 (Depth Module Side View)

D435 (Depth Camera Side View)

Depth Camera Camera Front Glass (Z') Depth Module Front of Lens (2') Back of Module (2”)
D415 -1.1mm D400/D410/D415 -0.1mm 4.3mm
D435/D435i -4.2mm D420/D430 -3.2mm 7.5mm
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RealSensei T B - Depth Quality Tool

= Depth Qualityfgtx

DEPTH ACCURACY AND DEPTH RMS ERROR FILL RATE
=1 D400/D410/D415 D420/D430/D435/D435i Gt hcan o P it
(z*l“iml 800/0 FOV) (Z*DJPEI, 800/0 FOV) Ground Truth
Z)lj_ra-l*%zfg < 20/0 < 20/0 & I Accuracy
(Z-Accuracy) ‘
15 3 Spatial/Temporal
Eﬁg > 990/0 > 990/0 - : T{andar:::)s:viauon)
(Fill Rate) Vool 10
Count
RMSIRZE <2% < 2% 5 e
Iffjlf;,,i 7HI,I,
o | 1
Invalid Pixels
440 480 500 520 540 5 Valid Pixels

Depth Value
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RealSenseFE T B - i (Dynamic Calibration)

= FISRIE(Dynamic Calibration)

- THEH Tk
— Windows 8.1/10: Calibration Tool v2.6.8
— Ubuntu 16.04/18.04: £RB(FFHFM TEHLE

- REBR FEEEEE: Dynamic Calibration Target
— {EEFEAF: Calibration Tools User Guide
- RETREFEARERENE TERNEHREEDIXTR

00 &
Br

Note: FIRBIERBIERRLHYIME (Extrinsic)
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https://downloadmirror.intel.com/28517/eng/Calibration Tool-2.6.8.0-Setup.zip
https://www.intel.com/content/www/us/en/support/articles/000026723/emerging-technologies/intel-realsense-technology.html
https://www.intel.com/content/dam/support/us/en/documents/emerging-technologies/intel-realsense-technology/print-target-fixed-width.pdf
https://www.intel.com/content/www/us/en/support/articles/000026723/emerging-technologies/intel-realsense-technology.html

RealSense =

=]

HFER

= E{&F9 T EDFU(Device Firmware Update)

— Windows 10

— FEEEE: DFU_v1.0.0

— {EFZFEM: Windows-DFU-Guide

— Ubuntu 16.04

B ! intel-realsense-+ dfu.exe

— LEF(FEHEFEAMR: Ubuntu-DFU-Guide

» [&E{4(Firmware)

- TEgEEE: RealSense_latest FW

Note: HRIDFURSZFFUSB3RIL FHIEISFHEK
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https://downloadmirror.intel.com/27514/eng/Intel RealSense D400 Series DFU Tool for Windows.zip
https://www.intel.com/content/dam/support/us/en/documents/emerging-technologies/intel-realsense-technology/Windows-RealSense-D400-DFU-Guide.pdf
https://www.intel.com/content/dam/support/us/en/documents/emerging-technologies/intel-realsense-technology/Linux-RealSense-D400-DFU-Guide.pdf
https://downloadcenter.intel.com/download/28568/Latest-Firmware-for-Intel-RealSense-D400-Product-Family
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RAFFFE

= Zendesk
- IRHLENDAZ RIS TS
— https://intel.zendesk.com/

= Github Issues
— FF8BRealSense P

— https://github.com/IntelRealSense/librealsense/issues
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https://intel.zendesk.com/
https://github.com/IntelRealSense/librealsense/issues

ATIRE
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LI ER S

» RealSenseE ML : https://www.intelrealsense.com/
» DatasheetMHENHY: https://dev.intelrealsense.com/docs/

= RealSenselFGL ML HEREE
— https://item.taobao.com/item.htm?&id=577642597390

— https://item.jd.com/54749290693.html
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https://www.intelrealsense.com/
https://dev.intelrealsense.com/docs/
https://click.intel.com/
https://store.intelrealsense.com/
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= T265+D435 Demo
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T265+D435 Demo

= T2655E{, D435+ IfE=ErE4)8RES
= T265F1D435BK&(EFA, LIS ARVEE. BESHIEE
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THANK YOU
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