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007 fTable 3-19. Stereo Depth Module October 2019
Label Fields

{Table 343.Intel ® RealSense E Depth
Camera D415 Mechanical
Dimensions

fTable 344.Intel ® RealSense E Depth
Camera D435, D435i Mechanical
Dimensions

fTable 4 -9. Depth Quality Specification
fiSection 7.6. Stereo  Depth Module Flex

fRemove Table 7 -11. Bracket Ordering
Logistics
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Document Number

Revision Number

Description

Revision Date

008

fSupport for Intel E Re
Processor D4 Board V2 (IMU
version for MM#954010)

fTable 2 -1. Depth Module Product SKU
Descriptions

fTable 3 -9. Vision Processor D4  Storage
and Operating Conditions

fTable 3 -15. Wide Infrared Projector
Parameters

fTable 3 -27. Stereo Depth Module
Storage and Powered Conditions

fTable 3 -37. Recommended USB Type C
cable Assemblies Ordering Logistics

fTable 3 -40. Vision Processor D4 Board
Stor age and Powered Conditions

fTable 3 -41. Vision Processor D4 Board
Product Identifier and Material
Code

fTable 3 -45. Depth Camera D400 Series
Storage and Powered Conditions

fTable 4 -2. Image Formats (USB 3.1
Gen 1)

fTable 4 -15. RGB Exposed Controls

fTable 4 -16. IMU Specifications

fTable 7 -10. Vision Processor D4 Board
Components i Case Temperature
Limits (Still Air)

fTable 13 -1. Example: Cover Material
Parameters

fSection 1. Description and Features

fSection 3.6.7. Temperature Sensor

fSection 3.7.5. USB Peripheral
Connector i Type-C

fSection 3.8.2.2.  Depth Camera D400
Series Thermal Solution Guidance

fRemove Table 4 -3.Image Formats
(USB 2.0)

flRemove Section 4.8. Measured Power

April 2020
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Document Number

Revision Number

Description

Revision Date

009

fiSection 1. Description and Features

fSection 3.8.4. Camera Lens C
Procedure

leanin g

fISection 9. Regulatory Compliance

fTable 2 -2. Depth Camera Product SKU
Descriptions

fTable 3 -42. Depth Camera SKU
properties

fTable 3 -45.Intel ® Real SenseE
Camera D455 Mechanical
Dimensions

fTable 3 -47. Depth Camera D400 Series
Product | dentifier and Material
Code

fTable 4 -3. Image Formats (USB 3.1
Genl) i D455

fiTable 4 -1. Vendor ID and Device ID
Table

fTable 4 -4. Simultaneous Image
Streams (USB 3.1 Genl & USB2.0)

fTable 4 -5. Depth Field of View
fTable 4 -6. Minimum -Z Depth
fTable 4 -9. Depth Quality Specification

fTable 4 -13. Depth Camera X -Y Depth
Origin Coordinates

fTable 4 -11. Depth Cameras Depth
Start Point

fTable 4 -16. IMU Specifications

fFigure 3 -15.Intel ® Real SensekE
Camera D455

fFigure 10 -9 .
Camera D455

Intel E Real Se

June 2020
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Description and Features

1 Description and
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Features

Description

The Intel ® RealSense ™ D400 s eries is a stereo vision depth
camera system. The subsystem assembl
module and  vision processor
MIPI * connection to host processor.

The small size and ease of integration of the camera sub system
provides system integrators flexibility to design into a wide

range of products.

The Intel ® RealSense ™ D400 series also offers complete  de
cameras integrating vision processor , stereo depth module,
sensor with ¢ olor imag e signal processing  and Inertial
Measurement Unit 2 (IMU) . The depth cameras
easy setup and portability making them ideal for makers,
educators, hardware prototypes and soft ware development.

The Intel ® RealSense ™ D400 s eries is supported with cross

platform and open source Intel ®Real SensekE

usage requirements

1. MIPI is not currently supported. Please contact your
Intel representative on MIPI enablement timelines.
2. Module and Camera SKU dependent

y contains stereo depth
with USB 2.0/ USB 3.1 Gen 1 or

pth
RGB

are designed for

SDK 2.

Features

T 2"d Generation Stereo Depth Camera System

1 2" Generation dedicated Intel ® Real SenseE Vi si
Processor D4 with advanced algorithms

T Infrared (IR) Laser Projector System (Class 1)

bl Full HD resolution Image sensors

bl Active Power Management

T Selection of Stereo Depth Module options to meet your

Usages/Markets

1 Drones

1 Robots

1 Home and Surveillance

1 Virtual Reality

Al PC Peripherals

Minimum System Requirements

USB 2.0/USB 3.1 Gen 1

Ubuntu*16.xx/Windows*10

Intel ®“Real SenseE Depth Cafeatwres D415

1 Intel® Real SenseE Vision Processor

T Up to 1280x720 active stereo depth resolution

1 Up to 1920x1080 RGB resolution

T Depth Diagonal Field of View over 70°

T Dual rolling shutter sensors for up to 90 FPS depth
streaming

T Range 0.3m to over 10m (Varies with lighting conditions)

Intel ®Real SenseE Depth CaDdds aFelded5s

1 Intel® Real SenseE Vision Processor

T Up to 1280x720 active stereo depth resolution

1 Up to 1920x1080 RGB resolution

Al Depth Diagonal Field of View over 90°

T Dual global shutter sensors for up to 90 FPS depth
streaming

T Range 0.2m to over 10m (Varies with lighting conditions)

1 Intel® Real SensekE Depth Camera Da35
Measurement Unit (IMU) for 6 degrees of freedom (6DoF)
data

Intel ®“Real SenseE Depth Camera D455 F

1 Intel® Real SenseE Vision Processor

T Up to 1280x720 active stereo depth resolution

T Upto 1280 x800 RGB resolution

1 Diagonal Field of View over 90°

T Dual global shutter sensors for up to 90 FPS depth
streaming

T RGB global shutter sensor for up to 90 FPS

T Range 0.4m to over 10m (Varies with lighting conditions)

1 Intel ® Real SenseE Depth Camera D455
Measurement Unit (IMU) for 6 degrees of freedom (6DoF)
data

Datasheet

88§
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2 Introduction

2.1 Purpose and Scope of this Document
This document captures the specifications and the design 1 in details for the Intel @
Re al Se nD#@0Eseries family of products. This document provides  information
necess ary to understand and implement an Intel ® Re al S e nD#@0Eseries based

camera system.

Note: Intel ® RealSense E D400 series is alt ernately referred as ~ fiD4 Camera System 0
in thisdocument . Intel ® Real SenseE Vi si onisatermtelgrefaredas D 4
i D4 0 isdocumbni.

2.2 Terminology
Term Description

6DOF Six degrees of freedom (6DoF) refers to the freedom of movement of a rigid
body in three -dimensional space. Forward/back, up/down, left/right, pitch,
yaw, roll

Stereo Depth The distance between the center of the left and right imagers in a stereo

Baseline camera

MIPI CSI-2 The Camera Serial Interface (CSl) is a specification of the Mobile Industry
Processor Interface (MIPI) Alliance and CSI -2 is the 2 " generation

specification defining  the interface between a camera and a host processor

Depth Depth video streams are like color video streams except each pixel has a
value representing the distance away from the camera instead of color
information

D4 (DS5) If the term D4  is used al one, it refers to the entire D4 camera system

consisting of various modules and components.

If the term D4  is used with an a ppropriate qualifier (i.e. D4 Vision Processor,
D4 Vision Processor Board ), it refers to the specific mo dule or component
within the D4 camera system.

Fov Field Of View (FOV) describes the angular extent of a given scene that is
imaged by a camera . A camera's FOV can be measured horizontally,
vertically, or diagonally

Host System Computer or SOC connected to D4 camera

12C I2C (Inter  -Integrated Circuit), pronounced | -squared -C, is a multi -master,
multi -slave, single -ended, serial computer bus invented by Philips
Semiconductor (now NXP Semiconductors). It is typica lly used to allow easy

control and data  communication between components

IR Projector This refers to the source of infrared (IR) light used for illuminating a scene,
object, or person to collect depth data.

337029 -009 15
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Introducti  on

Processor (ISP)

Term Description
Imagers Depth camera system uses a pair of cameras referred as image rs to calculate
depth. They are identical cameras configured with identical settings.
Image Signal Ima ge processing functions to enhance color image quality

Left imager From the perspective 0 f the stereo camera  looking out at the world, the left
imager is on the left side of the camera module. Thus, when the user is
facing the D4 camera , the left imager is actually on the right side of the
camera module.

Lens This refers to the optical componen t of an imager in the D4 camera . Its
purpos e is to focus the incoming light rays onto the CMOS chip in the imager.

MIPI MIPI (Mobile Industry Processor Interface) is a global, open membership
organization that develops interface specification s for the mobile ecosystem

Platform This refers to the two -dimensional (2D) color camera on platform

camera

System On Integrated circuit (IC) that integrates all components of a computer

Chip ( SoC)

Stereo Depth
Module

This refers to a stiffened module containing at least two imagers. The
distance betw een the imagers, which is referred to as the baseline or
intraocular spacing, is typically in the range of 20 mm to 70 mm.

Stereo camera

This refers to a pair of imagers looking at the same subject from slightly

different perspectives. The difference in the perspectives is used to generate
a depth map by calculating a numeric value for the distance from the imagers

to every point in the scene.

SKU Stock Keeping Unit (SKU) is a unique identifier for distinct products. It is
often used in  the scope of naming different versions of a device
TBD To Be Determined. In the context of this document, information will be

available in a later revision.

Stereo Vision Depth Technology Overview

Thelintel ® Re a| S e nD#AGOE eries depth camera uses stere

0 vision to calculate

depth. The stereo vision implementation consists of a left imager, right imager, and an

optional infrared projector. The infrared projector projects non
to improve depth accuracy in scenes with low texture. T
capture the scene and sends imager data to the depth imaging

-visible static IR pattern
he left and right imagers
(vision) processor,

which calculates depth values for each pixel in the image by correlating points on the

left image to the right image and via shift between a point on

the Left image and the

Right image. The depth pixel values are processed to generate a depth frame.

Subsequent depth frames create a

depth video stream.

337029 -009
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Figure 2-1.

(intel) REALS

Active Infrared (IR) Stereo Vision Techn ology

T

1) Capture

® i

Image

IR Projector
Sensors

The depth pixel value is a measurement from the parallel plane of the imagers and not

the absolute range as illustrated.

Figure 2-2.

Depth Measurement (Z) versus Range (R)

Depth (Z)

IR Camera 2

-

Range (R)
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2.4 Camera System Block Diagram
The camera system has two main components, Visionp rocessor D4 and Depth
modu le. The Vision p rocessor D4 is either on the hostp  rocessor motherboard or  on a
discrete board with either USB2.0/ USB 3.1 Genl or MIPI connection to the host
processor . The D epth module incorporates  left and right imagers for stereo vision  with
the optional IR projector and RGB color sensor. The RGB color sensor data is sent to
vision processor D4 viathe color Image Signal Proce ssor (ISP) on Host Processor
motherboard or D4  Board .
Figure 2-3. Vision Processor D4 Camera System Block Diag ram
Jf = . |
l 1
I |
| Color : Left IR Right
: Sensor | Imager || Projector || Imager
I | Depth Module
|
Ky my
4 N
=
Intel® RealSense
Vision Processor D4
Host US82.0/USB 3.1
Processor | Geni/Mi
9 W,
Clock
* Optional color sensor on 24 MHz
depth or standalone module
18 337029 -009
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2.5 Intel ® Re al Se n ®epth Module D4 00 s eries
Product SKUs
Table below describes main components that make u p the different  depth module
SKUs

Table 2-1. Depth Module Product SKU  Descriptions

Component Subcomponent D400 D410 D415 D420 D430 D450
Intel® Real Sens i A 5 5 5 A A
Vision Processor D4
Intel E Real
Vision Processor D4 - a a a a a X

Board
Intel E Real ¢
Vision Processor D4 ~
Board V2 (IMU ) X X X X a X
Version)
Intel E Real
Vision Processor D4 =
Board V3 (IMU - X X X X X a
Version)
Standard Stereo Imagers a a a X X X
Wide Stereo Imagers X X X a a a
Intel® Real Sens Standard Infrared ~ x
Depth Module Projector X a a X X X
Wide Infrared Projector X X X X a a
RGB color sensor X X a X X a

D400 - Intel ® Real SenseE Depth Module D400
D410 - Intel ® RealSense ™ Depth Module D410
D415 - Intel ® RealSense ™ Depth Module D415
D420 - Intel ® RealSense ™ Depth Module D420
D430 - Intel ® RealSense ™ Depth Module D430
D450 - Intel ® RealSense ™ Depth Module D4 50

337029 -009 19
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SKUs

Table below describes main components that make up the dif

Table 2-2. Depth Camera Product SKU

Descriptions

Introduction

Intel ® Real SenseE Dept hDAODgenesr a
Product

ferent camera SKUs:

Component Subcomponent Intel ® Intel ® Intel ® Intel ®
RealSense ™ | RealSense ™ | RealSense ™ | RealSense ™
Depth Depth Depth Depth
Camera Camera Camera Camera
D415 D435 D435i D455
Intel ®
Real Sen ~ x x <
. - a a a a
Vision
Processor D4
Standard Stereo A X X X
Imagers
Wide Stereo ~ ~ =
Imagers X a a a
Intel ®
Real Sen
oapn | SO . . .
Module J
Wide Infrared x x ~
. X a a a
Projector
RGB color sensor a a a a
Inertial
Measurement X X a a
Unit (IMU)

88§
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Specification

3.1

Table 3-1.

3.2

3.3

3.3.1

337029 -009

Vision Processor

D4 Camera System Components

Component Descriptions

Component

Description

Host Processor

Host Processor that receives Depth and other data streams from Vision

Processor D4

Vision Depth Imaging Processor with USB 2.0/ USB 3.1 Gen1l or MIPI interface
Processor D4 connection to Host Processor

(DS5ASIC)

Clock 24MHz clock source for  Vision Proces sor D4

Serial Flash SPI 16Mb Serial Flash memory for firmware storage

Memory

Stereo Depth
Module

Camera module with left and Right Imager, Color Sensor A, IR projector A

enclosed in a stiffener

Power Delivery

motherboard/Vision processor D4 Board to deli ver and mana ge
and Stereo Depth  Module.

Circuitry on
power to Vision Processor D4

Stereo Depth
Connector and
Interposer

50 pi n connector on motherboard/ Vision Processor D4 Board and Stereo

Depth module  with interposer  for connection

( ASKU dependent

Host Processor

The h ost processor
or MIPI . To ensure the best
connected to a dedicated

Intel

The primary functi

processing. The Vision Processor
Processor D4 Board communicates to the host processor through
and receives se nsor data from
D4 supports MIPI CSI-2 channels for

1 or MIPI

Vision Processor D4

1

®Real SenseE Vi si

interfac e to Vision Processor D4  is either USB 2.0/ USB 3.1 Gen 1
of quality of service, the Vision Processor D4 must be
USB 3.1 Gen 1 root port within the host processor system.

Processor D4

on of Vision Proces sor D4 isto perform depth  stereo vision

D4 on Host Proc essor motherboard or on Vision
USB2.0/ USB 3.1 Gen
stereo depth module . The Vision Processor
connection to image sensors.

on

Features

28nm Process Technology.

21
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1 5 MIPI camera ports with each MIPI lane capable of handling data transfers of up
to 750 Mb ps.
1 USB2.0/ USB3.1Gen1l orMIPI interface to host system
1 Image rectification for camera optics and alignment compensation
1 IR Projector (Laser) controls
1  Serial Peripheral Interface for fast data tran sfer with external SPI flash.
1 Integrated 12C ports
1  General purpose Input Output pins
1 Active power gating
3.3.2 Vision Processor D4 Signal Description
Table 3-2. Vision Processor D4 Signal Descriptions

RESERVED 17 Signal reserved for future usage

10 Type - Input Output Buffer type

A T Analog
I 7 Input
O - Output
. o 10 After
Signal Name Description Type RESET
Host MIPI
H_DATAPO . . .
Host MIPI Data Lane 0 Differential Pair A |
H_DATANO
H_DATAP1 . . .
- Host MIPI Data Lane 1 Differential Pair A |
H_DATAN1
H_DATAP2 . . .
- Host MIPI Data Lane 2 Differential Pair A |
H_DATAN2
H_DATAP3 . . .
- Host MIPI Data Lane 3 Differential Pair A |
H_DATANS3
H_CLKP . . . .
- Host MIPI Clock Differential Transmit Pair A |
H_CLKN
H_SDA
- Host 12C Bus Data and Clock 110 10
H_SCL
o )
H REXT Host MIPI External Reference 6.04 K 1% resistor pull down A |
- to ground)
Imager A MIPI
A_DATAPO . . . .
- Imager A MIPI Data Lane 0 Differential Receive Pair A |
A_DATANO
A_DATAP1 . . . .
- Imager A MIPI Data Lane 1 Differential Receive Pair A |
A_DATAN1

22 337029 -009
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: -~ 10 After
Signal Name Description Type RESET

A_CLKP . . . .

- Imager A MIPI Clock Differential Receive Pair A
A_CKLN
A_SDA

- Imager A 12C Bus Data and Clock 1/0 10
A_SCL
A_RCLK Imager A Reference Clock 1/0
A_PDOWN (RESERVED) Imager A Power Down Signal /10
A_VSYNC Imager A Vertical/Frame Sync /10 |
A_RESETN Imager A Reset /10 O

0 .

A REXT Imager A MIPI External Reference ( 6.04K 1% resistor pull A |

- down to ground)

Imager B MIPI

B DATAPO (RESERVEQ) Imager B MIPI Data Lane 0 Differential

- Receive Pair A |
B_DATANO
B_DATAP1 (RESERVED) Imager B MIPI Data Lane 1 Differential A |
B_DATAN1 Receive Pair
B_CLKP . . ) .

- (RESERVED) Imager B MIPI Clock Differential Receive Pair A |
B_CKLN
B_SDA

(RESERVED) Imager B 12C Bus Data and Clock /10 10
B_SCL
B_RCLK (RESERVED) Imager B Reference Clock /10 (0]
B_PDOWN (RESERVED) Imager B Power Down /10
B_VSYNC (RESERVED) Imager B Vertical/Frame Sync /10 |
B_RESETN (RESERVED) Imager B Reset /0 (0]
o ;

B REXT Imager B MIPI External Reference (6.04 K 1% resistor pull A |

- down to ground)

Imager M MIPI

M_DATAPO . . . .

- Imager M MIPI Data Lane O Differential Receive Pair A |
M_DATANO
M_DATAP1 . . . .

- Imager M MIPI Data Lane 1 Differential Receive Pair A |
M_DATAN1
M_CLKP . . . .

- Imager M MIPI Clock Differential Receive Pair A |
M_CKLN
M_SDA

- Imager M 12C Bus Data and Clock /0 10
M_SCL
M_RCLK Imager M Reference Clock /0
M_PDOWN (RESERVED) Imager M Power Down /0
M_VSYNC Imager M Vertical/Frame Sync /10 |

23
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Component Specification

: -~ 10 After
Signal Name Description Type RESET
M_RESETN Imager M Reset /0 O
o ;
M REXT Imager M MIPI External Reference ( 6.04 K 1% resistor pull A |
- down to ground)
Imager Y MIPI
Y_DATAPO ) . ) .
- Imager Y MIPI Data Lane 0 Differential Receive Pair A |
Y_DATANO
Y_DATAP1 ) . ) .
- Imager Y MIPI Data Lane 1 Differential Receive Pair A |
Y_DATAN1
Y_CLKP . . . .
- Imager Y MIPI Clock Differential Receive Pair A |
Y_CKLN
Y_SDA
Imager Y 12C Bus Data and Clock /10 10
Y_SCL
Y_RCLK Imager Y Reference Clock /10 (0]
Y_PDOWN (RESERVED) Imager Y Power Down /10
Y_VSYNC Imager Y Vertical/Frame Sync /10 |
Y_RESETN Imager Y Reset /0 (0]
0 .
Y REXT Imager Y MIPI External Reference ( 6.04 K 1% resistor pull A |
- down to ground)
Imager Z MIPI
Z_DATAPO (RESERVED) Imager Z MIPI Data Lane 0 Differential A |
Z_DATANO Receive Pair
Z_DATAP1 (RESERVED) Imager Z MIPI Data Lane 1 Differential A |
Z_DATAN1 Receive Pair
Z_CLKP . . . .
- (RESERVED) Imager Z MIPI Clock differential Receive Pair A |
Z_CKLN
Z_SDA
- (RESERVED) Imager Z 12C Bus Data and Clock /0 10
Z_SCL
Z_RCLK (RESERVED) Imager Z Reference Clock /0 (0]
Z_PDOWN (RESERVED) Imager Z Power Down /10 O
Z_VSYNC Depth Vertical/Frame Sync /10 (0]
Z_RESETN (RESERVED) Imager Z Reset /10 O
o .
7 REXT Imager Z MIPI External Reference ( 6.04 K 1% resistor pull A |
— down to ground)
Serial Peripheral Interconnect (SPI)
SPI_DI SPI Data Input 1/0 |
SPI_DO SPI Data Output le} (e}
SPI_CLK SPI Clock (0]
24 337029 -009
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Signal Name Description T)l/ge F?EftglrET
SPI_CS SPI Chip Select 0 0
SPI_WP Flash Write Protect O O

General Purpose Input Output (GPIO)
GPIO[0] (RESERVED) Not Defined 110 [
GPIO[1] (RESERVED) Not Defined /0 [
GPIO[2] Laser PWM i Controls Laser Power for IR projector on /0 (0]
Stereo Module
GPIO[3] (RESERVED) Not Defined 110 I
GPIO[4] (RESERVED) Not Defined 110 [
GPIO[5] (RESERVED) Not Defined 110 I
GPIO[6] (RESERVED) Not Defined 110 I
GPIO[7] (RESERVED) Not Defined 110 110
EGPIO[0] (RESERVED) Not Defined 110 110
EGPIO[1] (RESERVED) Not Defined 110 110
EGPIO[2] (RESERVED) Not Defined 110 110
EGPIO[3] Laser_PWRDN - IR projector Power Down Signal /10 O
EGPIO[ 4] (RESERVED) Not Defined 110 110
EGPIO[5] FLAGB i IR Projector Fault Detect /0 |
EGPIO[6] (RESERVED) Not Defined 110 110
EGPIO[7] (RESERVED) Not Defined 110 110
EGPIO[8] ISP_FCS (Color ISP) 110 (e}
EGPIO[9] (RESERVED) Not Defined 110 110
EGPIO[10] (RESERVED) Not Defined 110 110
EGPIO[11] (RESERVED) Not Defined 110 110
EGPIO[12] (RESERVED) Not Defined 110 110
EGPIO[13] (RESERVED) - For Intel test purpose only /0 110
Miscellaneous
LD ON OUT XX  |(RESERVED) Laser Enable 0 0
MODSTROB (RESERVED) Modulation current strobe (0] (0]
MODSIGN (RESERVED) Modulation current sign (0] (0]
LD_ERR Laser Error (Active High) | |
CLKXI 24MHz XTAL | |
CLKXO 24MHz XTAL | |
PRSTN D4 Reset | |
CW_CSR_PRSTn Hardware reset without debug port reset 1/0 |

337029 -009
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Component Specification

Signal Name Description T)l/ge FiAEftglrET
PMU_PWR_EN Switchable domain  (VDD_PG) power control signal /0 O
DFU Dynamic FW update, used for FW recovery /0 |
ISP_SCL
ISP:SDA I2C Bus Data and Clock 110 10
VQPSQ (RESERVED) i For Intel test purpose only
VQPSM (RESERVED) i For Intel test purpose only
REFPADCLKP (RESERVED) i For Intel test purpose only | |
REFPADCLKM (RESERVED) i For Intel test purpose only | |

JTAG
TDI Test Data Input /10 |
TDO Test Data Output 1/0 O
TCLK Test Clock Input 1/0 |
T™S Test Mode Select lfe} |
TRSTN Test Reset lfe} |
USB
USB_RXP USB 3.1 Gen1 receive, positive side A |
USB_RXN USB 3.1 Gen1 receive, negative side A |
USB_TXP USB 3.1 Gen1 Transmit, positive side A (0]
USB_TXN USB 3.1Gen1l Transmit, negative side A
USB_DP USB 2.0 D+ line A 10
USB_DN USB 2.0D - line A 10
USB_ID Mini - receptacle identifier and test point
USB_RESREF Reference Resistor input. 200 Ohm 1% A |
Power and Ground
VDD 0.9V (Core Voltage) Power
VDD_PG 0.9V (Switched Core Voltage) Power
USB_DVDD 0.9V (USB Core Voltage) Power
VPTXO0 0.9V (USB Core Voltage) Power
VP 0.9V (USB Core Voltage) Power
*_AVDD 1.8V (MIPI Core and IO Voltage) Power
VDDPLL 0.9V (PLL Voltage) Power
VDDTS 1.8V (Temperature Sensor Voltage) Power
VDDPST18 1.8V (IO Voltage) Power
USB_VDD330 3.3V (USB Core Voltage) Power
26 337029 -009




(intel) REALSENSE’

TECHNOLOGY

) o 10 After
Signal Name Description Type RESET
VBUSO 3.3V (VBUS power monitor) Power
VSS Ground GND
* AGND Ground GND
Table 3-3. Hardware Stra ps
Pin Boot HW/FW Description
Load
EPGPIOO No FW USB connection type:
0: Peripheral (default)
1: Integrated
EGPIO4 Yes HW SPI Interface:
0: SPI on fAZo
1: SPI connected (default)
EPGPIO7 Yes FW Flash
00: 64Mbit
01: 8Mbit
EPGPIO8 10: 16 Mbit (default )
11: 32 Mbit
EPGPIO9 No FW Host interface:
0: USB (default)
1: MIPI
EPGPIO10 No Fw Board version [0] (default: 0)
EPGPIO11 No Fw Board version [1] (default: 0)
EPGPIO12 No Fw Board version [2]  (default: 0)
DFU Yes HW Go to DFU
0: Disabled (default)
1: Go to DFU mode (Recovery)
NOTES:
1 BootlLoad i Read during Boot
1 Hardware (HW) Strap 7 External hardware pin state directly configures D4 functionality
1 Firmware (FW) Strap i External hardware pin state is read by firmware and firmware

configures D4 functionality

3.3.3 Vision Processor D4 Package Mechanical Attributes

Table below provides an overview of the mechanical attributes of the package.
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Table 3-4. Vision Processor D4

Package Mechanical Attributes

Component Specification

Package Configuration

Pin Boot Load HW/FW
Package Technology Package Type FlipChip CSP (Chip Scale Package)
Interconnect Ball Grid Array (BGA) Ball
Lead Free Yes
Halogenated Flame Retardant Free Yes
Solder Ball Composition SAC125Ni

Ball/Pin Count

225 solder balls

Grid Array Pattern 15x 15
Package Dimensions Nominal Package Size (mm) 6.40 x 6.40
Min Ball/Pin pitch (mm) 0.42
Weight ~1gm
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Package Drawing

Figure 3-1. Vision Processor D4
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Table

Figure 3-2. Vision Processor D4 Ball -out
A|lB|C|D|E| F|G H| J K| LI M[N]|]P|[R

15 | vss |Y_DATAND Y_REXT Y_SCL| GPIO_0| GPIO_1| GPIO_5| GPIO_6| MopsTROE  TMS | TRSTN|SPI_WPNSPI_MISPrw.esersiv vSS | 15
14 | Y_CLKN Y_CLKRY_DATAPD Y_RCLK Y_SDA|Y_RESETNGPIO_2| GPIO_3|MODSIGN TCLK | TDO | SPI_CLKSPI_MO$Z_RESETE VSYNC 14
13 |Y_DATANLY DATAPL VSS | VSS |Y_PDOWNY_VSYNCGPIO_4| GPIO_7| LD_ERRwoneuisk  TDI | SPI_CY Z_SDA|zDATAPD Z RCLH 13
12 |BDATAND B_SCL| B_SDA|Y_AVDD VSS | VSS |veorsteieit VSS | VSS |vorsueisfr VSS | VSS | Z_SCL| Z_CLKAZDATAND ]2
11 |B.CLKNBDATAPDB REXT VSS | VvSS | vss | vDD | vDD | VDD | VvSs | VSS |z AvDQz Ppowhz DATAPLZ CLKN 17
10 |e_bATani B CLKAB_RESET®_AVDD VDD_PGVDD_PGVDD_PG VDD | VDD |VDD_PGVDD_PG ISP_SC| z_ REXTM_DATAPIZ DATANL 1 ()
9 H_DATANBB_DATAPIB_PDOWN VSS |VDD_PGVDD_PGVDD_PG VSS VSS |VDD_PGVDD_PG VSS |ISP_SDAM CLKHM_DATAN 9
8 |H_DATANPH_DATAPBB_VSYNC VSS | VSS |VDD_PGVDD PG VSS | VSS | VSS | VSS | VSS | VSS [MDATAPDM CLKN 8
7 | H_.CLKNH_DATAPRB RCLHH_AVDD VSS | VSS | VSS | VSS | VSS |VDD_PGVDD_PGM_AVDDM_RESETM PDOWNM_DATAND [
O |H_DATANL H_CLKR H_AVDOREFPADCLREFPADCLqY VSS | VDD | VDD | VSS |VDD_PGVDD_PGM REXTM_VSYNCM SDA| M_RCLH G
5 |H_DATANDH_DATAPLH_REXT VP | USB_ID| VDD | VDD | VDD | VSS | vSs | vss | vss | vss [apataPl MscL| §
4 H_SCL|H_DATAPDUS8 vDD33p V/PTXO|USB_RESREBSB_DVDP VSS | VSS |veoestercfr VSS | VSS |A_AVDD A_REXT A_CLKRADATANEL /]
3 |USB_RXNH_SDA| PRSTN| USB_DH EGPIO_[EGPIO_]1VDDTS| VSSTS|veersrarerpuu_pwr e VQPSQ VQPSMA_PDOWNA DATAPD A CLKN 3
2 |USB_TXNUSB_RXP DFU | USB_DN EGPIO_{EGPIO_13VDDPLL VSSPLLEGPIO_EGPIO_IEGPIO_BEGPIO_#f A_SCL| A_RCLKA DATAND 2
1 VSS | USB_TXP VBUSO| EGPIO_BEGPIO_JEGPIO_BCLK_XINCLK_XOUEGPIO_IEGPIO_PEGPIO_pA_VSYNCA_SDA|A_RESETN VSS 1

A|lB|C|D|E|F|G|H|J|K|L|M|N|P|R
3-5. Vision Processor D4 Ball -out by Signal Name

Ball Name Ball Name Ball Name

AO01 H_AGND BO1 USB_TXP Cco1 VBUSO

A02 USB_TXN B02 USB_RXP Cc02 DFU

A03 USB_RXN B03 H_SDA C03 PRSTN

A04 H_SCL B04 H_DATAPO Cc04 USB_VDD330

A05 H_DATANO B05 H_DATAP1 C05 H_REXT

A06 H_DATAN1 B06 H_CLKP C06 H_AVDD

A07 H_CLKN BO7 H_DATAP2 co7 B_RCLK
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Ball Name Ball Name Ball Name
A08 H_DATAN2 B08 H_DATAP3 co8 B_VSYNC
A09 H_DATAN3 B09 B_DATAP1 C09 B_PDOWN
A10 B_DATAN1 B10 B_CLKP C10 B_RESETN
All B_CLKN B11 B_DATAPO Ci11 B_REXT
Al12 B_DATANO B12 B_SCL C12 B_SDA
Al13 Y_DATAN1 B13 Y_DATAP1 C13 Y_AGND
Al4 Y_CLKN B14 Y_CLKP Ci14 Y_DATAPO
Al15 Y_AGND B15 Y_DATANO C15 Y_REXT
D01 EGPIO_6 EO1 EGPIO_7 FO1 EGPIO_8
D02 USB_DN EO2 EGPIO_9 F02 EGPIO_13
D03 USB_DP EO3 EGPIO_1 FO03 EGPIO_11
D04 VPTXO0 EO4 USB_RESREF Fo4 USB_DVDD
D05 VP EO05 USB_ID FO5 VDD
D06 REFPADCLKP EO6 REFPADCLKM FO6 VSS
D07 H_AVDD EO7 H_AGND FO7 VSS
D08 B_AGND EO08 VSS FO8 VDD_PG
D09 B_AGND E09 VDD_PG F09 VDD_PG
D10 B_AVDD E10 VDD_PG F10 VDD_PG
D11 VSS E11l VSS F11 VSS
D12 Y_AVDD E12 VSS F12 VSS
D13 VSS E13 Y_PDOWN F13 Y_VSYNC
D14 Y_RCLK E14 Y_SDA F14 Y_RESETN
D15 Y_SCL E15 GPIO_0 F15 GPIO_1
GO01 CLK_XIN HO1 CLK_XOuUT Jo1 EGPIO_10
G02 VDDPLL HO02 VSSPLL Jo2 EGPIO_5
GO03 VDDTS HO3 VSSTS Jo3 VDDPST18_RIGHT
G04 VSS HO4 VSS Jo4 VDDPST18 RIGHT
GO05 VDD HO5 VDD Jo5 VSS
G06 VDD HO06 VDD Jo6 VSS
GO7 VSS HO7 VSS Jo7 VSS
GO08 VDD_PG HO8 VSS Jo8s VSS
G09 VDD_PG H09 VSS Jo9 VSS
G10 VDD_PG H10 VDD J10 VDD
Gl1 VDD H11 VDD Ji11 VDD
G12 VDDPST18 LEFT H12 VSS Ji12 VSS
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Ball Name Ball Name Ball Name
G13 GPIO_4 H13 GPIO_7 J13 LD_ERR
G14 GPIO_2 H14 GPIO_3 Ji4 MODSIGN
G15 GPIO_5 H15 GPIO_6 J15 MODSTROB
K01 EGPIO_2 Lo1 EGPIO_O Mo1 A_VSYNC
K02 EGPIO_12 Lo2 EGPIO_3 M02 EGPIO_4
K03 PMU_PWR_EN LO3 VQPSQ MO03 VQPSM
K04 VSS LO4 VSS M04 A_AVDD
K05 VSS LO5 VSS MO05 VSS
K06 VDD_PG LO6 VDD_PG MO06 M_REXT
K07 VDD_PG LO7 VDD_PG MO7 M_AVDD
K08 VSS LO8 VSS M08 M_AGND
K09 VDD_PG LO9 VDD_PG M09 M_AGND
K10 VDD_PG L10 VDD_PG M10 ISP_SCL
K11 VSS L11 VSS M11 Z_AVDD
K12 VDDPST18_LEFT L12 VSS M12 VSS
K13 LD_ON_OUT_XX L13 TDI M13 SPI_CS
K14 TCLK L14 TDO M14 SPI_CLK
K15 T™S L15 TRSTN M15 SPI_WPN
NO1 A_SDA PO1 A_RESETN RO1 A_AGND
NO02 A_SCL P02 A_RCLK R0O2 A_DATANO
NO3 A_PDOWN P03 A_DATAPO R0O3 A_CLKN
NO4 A_REXT P04 A_CLKP R04 A_DATAN1
NO5 A_AGND P05 A_DATAP1 R0O5 M_SCL
NO6 M_VSYNC P06 M_SDA R06 M_RCLK
NO7 M_RESETN PO7 M_PDOWN RO7 M_DATANO
NO8 VSS P08 M_DATAPO R08 M_CLKN
NO09 ISP_SDA P09 M_CLKP R09 M_DATAN1
N10 Z_REXT P10 M_DATAP1 R10 Z_DATAN1
N11 Z_PDOWN P11 Z_DATAP1 R11 Z_CLKN
N12 Z_SCL P12 Z_CLKP R12 Z_DATANO
N13 Z_SDA P13 Z_DATAPO R13 Z_RCLK
N14 SPI_MOSI P14 Z_RESETN R14 Z_VSYNC
N15 SPI_MISO P15 CW_CSR_RSTN R15 Z_AGND
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3.34 Vision Processor D4 Power Requirements

The Vision Processor D4  requires the following power supplies for operation.

Table 3-6. Vision Processor D4 Power Requirements
Voltage Ball Name . Nominal Max Peak Current
VDD 0.85 0.9 0.95 0.4A
VDD_PG 0.85 0.9 0.95 1.6A
USB_DVDD 0.81 0.9 0.99 0.2A
VPTX0 0.81 0.9 0.99 0.2A
VP 0.81 0.9 0.99 0.2A
*AVDD 1.71 1.8 1.89 0.2A
VDDPLL 0.85 0.9 0.95 0.2A
VDDTS 1.71 1.8 1.89 0.2A
VDDPSTRlinfgeﬁ and 171 18 1.89 0.2A
USB_VDD330 3.13 3.3 3.46 0.2A
3.3.5 Vision Processor D4 Power Sequencing
The timing requirement for power sequencing is listed below and shown in the
following figure.
f Hold Vision Processor D4 in reset
1 Ramp up power in the 3.3V
1 Ramp up power in the 0.9V
1 Ramp up p ower inthe 1.8V
9 Release Vis ion Processor D4 Reset
Table 3-7. Vision Processor D4 Power Sequencing Timing Parameters
Parameter Value Units Label
0.9V stable to 3.3V stable >=50 us T1
PMU_PWR_EN to 0.9V Stable >=50 us T2
1.8V stable to 0.9V Stable >=50 us T3
PRSTN (D4 RESET) assertion to 1.8V stable 15 us T4
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Figure 3-3. Vision Processor D4 Power Sequencing
\
3.3y :
i .
1 1
! i
1
1 1
DY | !
| I
| i
1 I
—T—
PMU_PWR_EN |
I
I
—T2—
1.8V |
I
| |
—T3— '
I
I
FRSTH !
I
|
T4
Note:  Vision Processor D4 has no specific power down sequence requirement.
3.3.6 Vision Processor D4 Spec Code

The spec code is an identif ication mark printed on Vision Processor D4

Table 3-8. Vision Processor D4 SPEC Code

Vision Processor D4 SPEC CODE
Production (Shipped in Tape and Reel) SLLY5
Production (Shipped in Tray) SLM6B
3.3.7 Vision Processor D4 Storage and Operating Conditions
Table 3-9. Vision Processor D4 Storage and Operating Conditions
Condition Description Min Max Unit
Storage (Still Air ), Not Temperature (Sustained , 0 85 oc
Operating Controlled) @
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Temperatur(tze) (Short .40 85 oc
Exposure)

Humidity Temperature/ RH:  40°C /90%
Operating, Component o
Case Temperature © Temperature 0 85 c

NOTE:

(1) Controlled conditions should be used for long term storage of product.

(2) Short exposure represents temporary max limits acceptable for transportation conditions.
(3) Component case temperature limits must be met during operation

Vision Processor D4 Ther mals

The thermal design should be such that Vision Processor D4 does not exceed
component case temperature limit. Care must also be taken to make sure that the
Vision Processor D4 heat is not transferred to other components of the imaging

system or stereo  depth module. It will be bes  t to thermally isolate Vision Processor D4
from the stereo  depth module.

Clock

Vision Processor D4 requires a single 24  MHz clock oscillator. All  clocks required by
stereo depth module are generated by  Vision Processor D4.

Serial (SPI) Flash Memory

Vision Processor D4 requires 16Mbit Serial Flash Memory for its firmware storage. The
recommended part number is | S25WP016 (www.issi.com ) or equivalent

Stereo Depth Module

The stereo depth  module compon ents ar e described in Table 3 -10. The st ereo depth
printed circuit board ~ and components are encapsulated in a common metal stiffener.

Table 3-10. Stereo Depth Module

337029 -009

Component Description
Left and Right Imagers 2 HD image sensors
Infrared (IR) Projector Class 1 laser compliant  (optional)
Color Sensor 1080p RGB image sensor  (optional)
Depth Module Connector 50 pin connector plug
Privacy LED Indicator when  stereo module is  streaming data  (optional)
Stiffener Reinforcement housing to keep imagers aligned
Label Manufacture and product identifier information

35
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‘ Other Components Laser Driver, EEPROM, Voltage Regulators, etc.

Figure 3-4. Stereo Depth Module (Intel ® Real SenseE Depth Module D410

Inéel SR ° d —
IS © WOO000EXX GRCOOE — o
STus  xo000000000% e
Right Module IR Camera Left
Imager Label Projector Connector Imager

Figure 3-5. Stereo Depth Module (Intel ® Real SenseE Depth Mddul e D430

Module Label
Intsl SROGL E o
JOO0OO4-KX QR OODE
000000 BARCODE
. o o
CE\\S_\\US HXXDOOOXXX
ik
L T = il
Camera
Right Imager IR Projector Connector Left Imager
Table 3-11. Stereo Depth Module SKU Properties
In tel © Intel © Intel © In tel © In tel ®
Stereo Module Real Sens| Real Sens| RealSense E Real Sens| Real Sens
Depth Module Depth Module Depth Module Depth Module Depth Module
D400 D410 D4 15 D420 D430
Baseline 55mm 55mm 55mm 50mm 50mm
LefURight Standard Standard Standard Wide Wide
Imagers Type
H:65+2 / H:65%2 / H:65+2 / H: 873/ H:87+3/
De(pdtz rzg;/) HD V:40+1 / V:40+1/ V:40+1/ V:58+1 / V:58+1/
9 D:72+ 2 D:72+2 D:72+2 D: 9543 D:95+3
H:50+2 / H:50%2 / H:50%2 / H: 753/ H:75+3 /
Dep(;he ':ge\g)VGA V40t 1/ V:40+£1 / V:40£1 / V62t 1/ Vi62+1 /
9 D: 61+2 D:61+2 D:61+2 D: 893 D:89+3
IR Projector - Standard Standard - Wide
. H:67 /V:41] H:67 /V:41/ H:90 /V: 63 /
IR Projector FOV - D: 75 D:75 - D: 99
Color Sensor - - 0oVv2740 - -
H:69+1 /
Colorfg\ryera ) ) V 4241 | ) )
D77 £1
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Module X=74.7mm X=74.7mm X=83 .7mm X=70.7mm X=70.7mm
Dimensions Y=10mm Y=10mm Y=10mm Y=14mm Y=14mm
(mm) Z=4.7mm Z=4.7mm Z=4.7mm Z=10.53mm Z=10.53mm
NOTE:
1 Hi Horizontal FOV,V 1 Vertical FOV,D 1 Diagonal FOV, X i Length,Y 1 Breadth,Z i
Thickness

1 Depth FOV specified at 2 meters

1 Dueto mechanical tolerances of +/
lens and module to module by ~ +/

-5%, Max and Min FOV values can vary from lens to
- 3 degrees.

3.6.1 Left and Right Imagers

The stereo depth module has two camera  sensors referred here as  imagers, they are
identical parts and are conf  igured with identical settings. The imagers are labeled

ilefto and Arighto from t hamodderlopking autward heof t he
stereo imager pairs are referred a s Standard or Wide based on imager field of view.

camer

Table 3-12 . Standard Left and Right Imager Properties

Parameter Camera Sensor Properties

Image Sensor OmniVision 0OV2740

Active Pixels 1920 x 1080
Sensor Aspect Ratio 16:9

Format 10 - bit RAW
F Number fl2.0

Focal Length 1.88mm

Filter Type IR Cut i D400, None i D410, D415 , Camera D415
Focus Fixed
Shutter Type Rolling Shutter

Signal Interface MIPI CSI -2, 2X Lanes

Horizontal Field of View 69.4°
Vertical Field of View 42 .5°
Diagonal Field of View 77°
Distortion <=1.5%

Table 3-13. Wide Left and Right Imager Properties

Parameter Camera Sensor Properties

Image Sensor

OmniVision 0OV9282

Active Pixels

1280 X 800

Sensor Aspect Ratio

8:5

337029 -009
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Parameter Camera Sensor Properties
Format 10-bit RAW
F Number /2.0
Focal Length 1.93mm
Filter Type IRCut i D420, None i D430, D435 /D435i
Focus Fixed
Shutter Type Global Shutter
Signal Interface MIPI CSI -2, 2X Lanes
Horizontal Field of View 91.2°
Vertical Field of View 65.5°
Diagonal Field of View 100.6 °
Distortion <=1.5%
3.6.2 Infrared Projector
The infrared projector improves t he ability of the stereo camera system to determine
depth by projecting a static infrared pattern on the scene to increase textu re on low

texture scenes.  The infrared projector meets class 1 laser safety under normal
operation. The power  delivery and laser safety circuitsa  re on the ste reo depth
module. The infrared projector is referred as Standard or Wide based on field of
projection.

Table 3-14 . Standard Infrared Projector Parameters

Parameter Properties
Projector Infrared
Pattern Type Static
llluminating Component Vertical -cavity surface -emitting laser (VCSEL)  + O ptics
Laser Controller PWM
Optical Power 360mW average, 440mW peak
Laser Wavelength 850nm + 10 nm nominal @ 20°C
Laser Compliance Class 1, IEC 60825 -1:2007 Edition 2, IEC 60825 -1:2014
Edition 3
Horizontal Field of Projection 64°+3°
Vertical Field of Projection 41°+£3°
Diagonal Field of Projection 72°+3°
Table 3-15.Wide Infrared Projector Parameters
Parameter Properties
Projector Infrared
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Parameter

Properties

Pattern Type

Static

llluminating Component

Vertical -cavity surface -emitting laser (VCSEL) + optics

Laser Controller

PWM

Optical Power

360mW average, 4.25W peak

Laser Wavelength

850nm + 10 nm nominal @ 20°C

Laser Compliance

Class 1, IEC 60825 -1:2007 Edition 2, IEC 60825
Edition 3

-1:2014

Horizontal Field of Projection 90°+3°
Vertical Field of Projection 63 °+3°
Diagonal Field of Projection 99°+3°

3.6.3 Color Sensor

The c olor sensor on the stereo depth

texture information. Usages for the texture information include overlay on a depth

image to create a color point cloud and overlay on a

Table 3-16. Color Sensor Properties

module in addition to color image provides

3d model for reconstruction.

Parameter

Camera Sensor Properties

Image Sensor

OmniVision 0OV2740

Color Image Signal Processor Discrete
Active Pixels 1920 X 1080
Sensor Aspect Ratio 16:9

Format 10-bit RAW RGB
F Number fl2.0

Focal Length 1.88mm

Filter Type IR Cut Filter
Focus Fixed

Shutter Type Rolling Shutter

Signal Interface

MIPI CSI -2, 1 Lane

Horizontal Field of View 69.4 °
Vertical Field of View 425°
Diagonal Field of View 77°
Distortion <=1.5%

337029 -009
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Depth  Module

The d epth module ¢ onnector
module. The connector

Connector

provides signal
on stereo depth module

Component Specification

and power

Table 3-17 . Depth Module 50 -pin Connector Plug Details

interfa ce to the stereo depth
is a 50 -pin connector plug.

Parmeter

Description

Diagram

Number of Contacts

50

Product Name

Plug Assembly

NOVASTACK 35 -P

Part Number 20708 -050E
(IHOUSING |
Manufacturer Website WWW.i - pex.com
Stereo Depth Module Label
Table 3-18. Stereo Depth Module Product Labeling
’T. =! Dimension Value Unit
- } A Label Width 17 mm
QR CODE | -
> BARCODE J B Label Height 6.9 mm
O a C Scan Code Width 5 mm
D Scan Code mm
. . i . Height 5
For illustration purpose only, subject to

change

Scan Code Format
XXXXXXXXXXXXOOOOOOXKXXXXX - XXX

Table 3-19. Stereo Depth Module Label Fields
Group Field Description Type
Company Intel Manufacturer Static
™ 1
Model Number RealSense ™ Camera Camera Model Number Static
4XX
Product Assembly XXXXXX Product Identifier Code Static
Number ) . .
Manufacture Configuration Dynamic
- XXX
Code
000000 Product Material Code Static
Serial Number XXXXXXXXXXXX Manufacture Unit Code Dynamic
337029 -009
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Note: Product Material Code (MM code) within the QR code on the label of the device will
read A0000000O. The QR code MM code will be zero.

Table 3-20.Intel ® Real SenseE Depth MoSekies erodudt@éntifier Code and
Product Material Code

Production Man u?ggguurgt gjoenr}}gher;%gg% ode . Product Material Code
Depth Module D400 J32082 -100 951934
Depth Module D410 J32106 -100 951913
Depth Module D415 J32114 -100 952000
Depth Module D420 J51355 -100 956826
Depth Module D430 J42086 -100 954010
3.6.6 Stiffener

The stiffener maintains the precise alignment of the camera sensors and assists in
subassembly rigidity. The stiffener consists of a bottom and a top plate. The stiffener
is of stainless steel grade AlSI 304.

3.6.7 Temperature Sensor
The stereo depth  module is equipped with a thermal sensor that is use d for laser
safety control (IR Projector) .The Intel® RealSense E S DK Ibrar§ provides access

to the thermal sensor readouts . Temp erature information does not reflect the
ambient temp erature of the module .

3.6.8 Other Stereo Depth Module Components

Table 3-21. Other Stereo Depth Module Components

Component Description
Laser (IR The depth module implements a laser driver which controls the infrared
Projector) Driver laser within the infrared projector system.
Laser (IR The depth module implements a laser safety control circuit that adjusts
projector) laser drive output. When laser power and depth streaming is enabled and if
Thermal Control stereo depth  module temperature is > 60° C, laser power is halved. If
temperature is not lowered below temperature limit within a certain

interval, the laser is shut off.

EEPROM The depth module implements  flash memory for storing the calibration data.

Fork/Screw Mount Secure placement and mounting to system/chassis /heat sink
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Table 3-22.Intel® Real SenseE Depth

MoMEechbaneal Didhehisions

Voltage The stereo depth module implements  DC to DC voltage converter s
Regulator s
Mechanical Dimensions

Dimension Min Nominal Max Unit
Width 74.5 747 74.9 mm
Height 9.8 10 10.2 mm
Depth 4.5 4.7 4.9 mm
Flatness Tolerance - 0.2 - mm
Weight 6.5 7.2 8 gr
Table 3-23.Intel ® Real SenseE Dept h MoMechaneal Dimehdons
Dimension Min Nominal Max Unit
Width 74.5 4.7 74.9 mm
Height 9.8 10 10.2 mm
Depth 4.5 4.7 4.9 mm
Flatness Tolerance - 0.2 - mm
Weight 7.3 8.1 8.9 gr
Table 3-24.Int el® Real SenseE Depth MoMechaneal Difiehsons
Dimension Min Nominal Max Unit
Width 89.5 89.7 89.9 mm
Height 9.8 10 10.2 mm
Depth 4.5 4.7 4.9 mm
Flatness Tolerance TBD mm
Weight TBD gr
Table 3-25.Intel® Real SenseE Dept h MoMechaneal Difiehsions
Dimension Min Nominal Max Unit
Width 70.5 70.7 70.9 mm
Height 13.8 14 14.2 mm
Depth 10.33 10.53 10.73 mm
Flatness Tolerance - 0.2 - mm
Weight TBD or
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Table 3-26.Intel® Real SenseE Dept h MoMechaneal Difedsions

Dimension Min Nominal Max Unit
Width 70.5 70.7 70.9 mm
Height 13.8 14 14.2 mm
Depth 10.33 10.53 10.73 mm
Flatness Tolerance - 0.2 - mm
Weight 13 14.5 16 gr
3.6.10 Stereo Depth Module Power Sequence
Figure 3-6. Stereo Depth Module Power Sequenc e
I I
] ]
I
I I
I I
I I
3.3V : :
I |
I
I I
I I
I I
]
1.8V k—>=100us—x
I I
I I
3.6.11 Stereo Depth Module Storage and  Powered Conditions
Table 3-27 . Stereo Depth Module Storage and  Powered Conditions
Condition Description Min Max Unit
Storage (Ambient), Not Temperature (Sustained, 0 50 oc
Powered Controlled) @
Temperature (Short ) °
Exposure) @ 40 70 ¢
Humidity Temperature/ RH:  40°C / 90%
Case Temperature
Powered P3)(4)(5) Temperature 0 50 °Cc

NOTE:
(1) Controlled conditions should be used for long term storage of product.
(2) Short exposure represents temporary max limits acceptable for transportation conditions.

(3) C ase temperature limits must be met for all temperatures when powered
(4) C ase temperature is specified for the overall depth module
(5) Case temperature 0° minimum and lower temperatures is non -condensing
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Vision Processor D4

Component Specification

SenseE Viocedsw D4 BBard

D4 Board enables an easy and quick option for system

to integrate Vision Processor D4 into a system.

Board

Type

Description

USB Peripheral
Type-C

Connects to Host -C connector and

cable

Note : When connecting to host system, connect Type
the camera prior to connecting device to host system port.

USB 3.1 Gen 1 portthrough USB Type

-C connection to

Table 3-29.

Vision Processor D4

Board Components

Components

Description

Vision Processor D4

Stereo Depth Processing ASIC

16Mb Serial Flash

Vision Processor D4  firmware storage

24 MHz Crystal

Clock source for  Vision Processor D4

Realtek * ISP with external serial flash

Color image signal processor

Depth Module Receptacle

50 pin receptacle for connection to
Module

Stereo Depth

USB Type -C

USB peripheral connector for connection to Host
USB 2.0/ USB3.1Genl port

External Sensor

Sync Connector

Interface t o external sensor interrupts/sync signals

Voltage Regulators

DC to DC conver ters powering Vision Processor D4
Board and stereo depth  module .

Mounting holes

Vision Processor D4 Board secure mounting

Figure 3-7. Vision Processor D4 Board (USB Periphe ral Type -C)
Vision Processord Depth Module
Receptacle
= === | Prwe———————
: g P ==, [ |\J)-
[ [ = = EL,
8 SRRTT =R = Eoby o]
0 % I /| o2 =
o B e = === ;
JAE . :IIIIIII]IrIQFL‘EIIIIEI]] b =
g {1
+ m i - o @ ‘::
USB Typ& External Sensor
Connector Sync Connector
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3.7.1 Mechanical = Dimensions
Table 3-30 . Vision Processor D4 USB Type -C Board Mechanical Dimensions
Dimension Min Nominal Max Unit
Width 72.2 72.4 72.6 mm
Height 15.8 16 16.2 mm
Depth 3.74 3.94 4.14 mm
Weight 3.56 3.96 4.36 gr
3.7.2 Depth Module Receptacle

The Vision Processor D4  Board interface to stereo depth module is through 50 pin
receptacle on the board.

Table 3-31. Depth Module Receptacle Details

Par ameter Description Diagram

Number of Contacts 50

NOVASTACK* 35 -P
Receptacle Assembly

Product Name
@CONTACT/

Part Number 20709 -050E ©HOUSING/
Manufacturer Website WWW.i -pex.com
3.7.3 Flex and Rigid Interposer Interconnect
The high speed interposer a  t one end has the 50 pin depth module receptac le to
connect into 50 pin depth module plug on stereo depth module and atthe  other end
has the 50 pin depth module plug to connect into 50 pin depth mo dule receptacle on
Vision Processor D4 Board . The high speed flex Interposer is custom developed and

procured by system integrator.
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Flex Interposer (lllustration)

Component Specification

Figure 3-9.

Rigid Interposer (lllustration)
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Figure 3-10. Depth Module Receptacle and Plug Conne ctor Pin Position
[ 52 (VDD 3.3V) |
GMD 2 1 RGEB_RSTN
RGE_MDPO 4 3 RGB_XCL
RGE_MDMNO B 5 GMND
GMD 8 7 RGB_FSYNC
RGEB_MCP 10 9 RGEB_STROEE
RGB_MCM 12 11 RGB_SDA
GMD 14 13 RGB_SCL
MDPO_L 16 15 GMND
MDMNO_L 18 17 VDD18Y
GMND 20 19 VDD 18Y
MCP_L 22 21 LED_PSY
MCM_L 24 23 DWVSYNC
GMD 26 25 NC
MDP1_L 28 27 XVCLKE_L
MDMN1_L 30 29 GMND
GMD 32 31 ST_RST_M
MDPO_R 24 33 FF_RSTn
MOMNO_R 36 35 GND
GMD 38 ar KVCLE_R
MCP_R 40 39 [2C_5CL
MCN_R 42 41 [2C_SDA
GMND 44 43 LASER_PWM
MDP1_R 46 45 LASER_PWRDM
MDMN1_R 48 47 LASER_PWM1
GMD 50 49 FLAGE
[ 51 (GND) |
Table 3-32. Interposer Interconnect Signal Descriptio n
Position Qﬁ{ﬁergggg / Depth  Module Interconnect Description
1 RGB_RSTN_N RGB_RSTN_N [RGB Sensor Reset
2 GND GND Ground
3 RGB_XCL RGB_XCL RGB Sensor Clock
4 RGB_MDPO RGB_MDPO RGB Sensor MIPI Data Lane 0 differential pair positive
5 GND GND Ground
6 RGB_MDNO RGB_MDNO RGB Sensor MIPI Data Lane 0 differential pair
negative
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Position Qﬁ{ﬁergg:rrg / Depth  Module Interconnect Description

7 RGB_FSYNC RGB_FSYNC RGB Sensor Sync

8 GND GND Ground

9 RGB_STROBE RGB_STROBE [RGB Sensor Strobe

10 RGB_MCP RGB_MCP RGB Sensor MIPI Clock differential pair positive

11 RGB_SDA RGB_SDA RGB Sensor 12C Bus Data

12 RGB_MCN RGB_MCN RGB Sensor MIPI Clock differential pair negative

13 RGB_SCL RGB_SCL RGB Sensor 12C Bus Clock

14 GND GND Ground

15 GND GND Ground

16 MDPO_L MDPO_L Left Imager MIPI Data Lane 0 differential pair positive

17 VDD18V VDD18V 1.8V Power

18 MDNO_L MDNO_L Left Ir_nager MIPI Data Lane 0 differential pair
negative

19 VDD18V VDD18V 1.8V Power

20 GND GND Ground

21 LED_PSY LED_PSY Privacy LED control signal

22 MCP_L MCP_L Left Imager MIPI Clock differential pair positive

23 DVSYNC DVSYNC VSYNC

24 MCN_L MCN_L Left Imager MIPI Clock differential pair negative

25 NC NC No Connect

26 GND GND Ground

27 XVCLK_L XVCLK_L Clock to Left Imager

28 MDP1_L MDP1_L Left Imager MIPI Data Lane 1 differential pair positive

29 GND GND Ground

30 MDN1 L MDN1 L Left Imager MIPI Data Lane 1 differential pair
negative

31 ST_RST_N ST _RST_N Reset signal to Left and Right Imager

32 GND GND Ground

33 FF_RSTn FF_RSTn Laser Error

34 MDPO_R MDPO_R FI?ci)gifiltivl(renager MIPI Data Lane 0 differential pair

35 GND GND Ground

36 MDNO_R MDNO_R S(ie%r;tﬁl\;zager MIPI Data Lane O differential pair

37 XVCLK_R XVCLK_R Clock to Right Imager

38 GND GND Ground
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Position Qﬁ{ﬁergggg / Depth  Module Interconnect Description
39 12C_SCL 12C_SCL 12C Bus Clock
40 MCP_R MCP_R Right Imager MIPI Clock differential pair positive
41 12C_SDA 12C_SDA I12C Bus Data
42 MCN_R MCN_R Right Imager MIPI Clock differential pair negative
43 LASER_PWM LASER_PWM |IR Projector Control Signal
44 GND GND Ground
45 LASER_PWRDN | LASER_PWRDN |IR Projector Power Down
46 MDP1 R MDP1_R FI?(i)giriltivl‘renager MIPI Data Lane 1 differential pair
47 LASER_PWM1 LASER_PWM1 |IR Projector Control Signal
48 MDN1_R MDN1_R Sei}ggk;ttilvn;ager MIPI Data Lane 1 differential pair
49 FLAGB FLAGB IR Projector Fault Detect
50 GND GND Ground
51 GND GND Ground
52 VDD33V VDD33V 3.3V power
Figure 3-11. Depth Module Connector Orientation and Pin Position

Stereo Depth Module

Pig Positiorl

O _=

Vision Processor4Xard

@%}

=i

=[] HDEIJJ:UIEIEEIO
T = 5 Eél';EIIEI CEI’UD
mJ [ 12

]

EIE%

E ﬁm@nﬁmm

Tﬁ*h

\:nD %‘ﬂj

1000000040
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Table 3-33. Custom Flex Interposer Ordering Logistics

Vendor

Sales Contact

COCOM CONSUMER
ELECTRONICS LTD.

Janine Langdale
email:

Janine.Langdale@cc -e.co.uk

(O) +44 (0) 1444 461620
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| | (M) +44 (0) 7905 692131

External Sensor

Sync Connector

The external sensor connector provides the interface for external sensors to

synchronize to depth output.

Table 3-34 . External Sensor Connector Details

Parameter Description

Diagram

Number of Contacts 9

9 Positions Header,

Product Name Shrouded Connector

SMO9B -SRSS-

Part Number TB(LF)(SN)

Manufacturer Website www.jst -mfg.com

Table 3-35. External Sensor Sync Connector Pin List

3.7.5

50

Pin Signal Function Description
1 |GPIO3 GVSYNCO Not Defined
2 |GPIO4 GVSYNC1 IR Projector Power Down signal
3 GPIO5 GVSYNC2 External IR Projector Fault Detect
4 GVSYNC3 External IR Projector
GPIO6
5 [Z_VSYNC VSYNC Depth VSYNC
6 [LASER_PWMO LASER PWMO Laser control signal
7 [LASER_PWM1 LASER PWM1 Laser control signal
8 |[vDD33V Power 3.3V
9 |GND Ground Ground
USB Peripheral Connector i Type -C
USB Type -C connector consists of 24 signal pins designed in a symmetrical way . The

connector z height is as low as 3mm and enables

enhanced user experience by

allowing the USB  Type - C plug to be plugged into a receptacle either right side up or

upside down. Interoperability be
stand ard legacy cable assemblies
specification.

tween USB Type -C and legacy USB is possible through
defined in USB Type -C Cable and Connector
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Recommend usin g a certified USB Type -C cable and connector for use with Intel®
Re al Se nGamdfa D400 Series products.

Figure 3-12. USB Type -C Receptacle Pin Map

Al A2 A3 Ad A5

A6 A7 A8 A9 Al0 All Al2

GND | TX1+ | TX1- | Vveus | cc1 |

p+ | D- |sBu1 | veus | RX2- | RX2+ | GND

GND | Rx1+ | Rxt- | veus [sBuz | D- | D+ [ cc2 [ wvaus | mxa- | ™2+ | anD
B12 B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 Bl
Table 3-36 .USB Peripheral Connector Pin List
Pin Signal Function Description
Al GND Power Delivery Ground
A2 TX1+ USB 3.1 Gen 1 Data First SuperSpeed TX Differentia | Pair Positive
A3 TX1- USB3.1Genl Data First SuperSpeed TX Differentia | Pair Negative
A4 VBUS Power Delivery 5V
A5 CC1 Control Configuration Chann el 1
A6 D+ USB2.0 Data USB 2.0 differential pair positive
A7 D- USB2.0 Data USB 2.0 differential pair negative
A8 SBU1 Sideband Sideband Use Signal 1
A9 VBUS Power Delivery 5V
A10 RX2- USB 3.1 Gen 1 Data Second SuperSpeed RX Differentia | Pair Negative
A1l RX2+ USB 3.1 Gen 1 Data Second SuperSpeed RX Differentia | Pair Positive
Al12 GND Power Delivery Ground
B1 GND Power Delivery Ground
B2 TX2+ USB 3.1 Gen 1 Data Second SuperSpeed TX Differentia | Pair Positive
B3 TX2- USB 3.1 Gen 1 Data Second SuperSpeed TX Differentia | Pair Negative
B4 VBUS Power Delivery 5v
B5 CcC2 Control Configuration Chann el 2
B6 D+ USB 2.0 Data USB 2.0 differential pair positive
B7 D- USB 2.0 Data USB 2.0 differential pair negative
B8 SBU2 Sideband Sideband Use Signal 2
B9 VBUS Power Delivery 5V
B10 RX1- USB 3.1 Gen 1.0 Data |First SuperSpeed RX Differentia |l Pair Negative
B11 RX1+ USB 3.1 Gen 1.0 Data |First SuperSpeed RX Differentia | Pair Positive
B12 GND Power Delivery Ground

337029 -009

51




(inteD REALSENSE

ECHNOLOGY Compo nent Specification

Table 3-37 . Recommended USB Type C cable Assemblies Ordering Logistics

Vendor Website /Part Number
Newnex Technology Corp. http://www.newnex.com/realsense -3d-camera -connectivity.php
3.7.6 Color Image Signal Processor (ISP)

The color sensor data is sent to discrete Image Si  gnal Processor (ISP ) on the Vision
processor D4 Board forimage adjustments, image scaling and processing functions to
help compensate for inherent inaccuracy in lens and sensor in providing a better

image quality. The processed color image is sent to the Vision Processor D4

Table 3-38. ISP Properties

Parameter ISP Properties

ISP Part Number on  Vision Processor D4 Board RTS5845

1M-bit Serial Flash for ISP Winbond * W25X10CL or equivalent
Interface To  Vision Processor D4 MIPI CSI -2, 2X Lanes
Interface To RGB Sensor MIPI CSI -2, 1X Lane
3.7.7 Vision Processor D4 Board Power Requirements
The Vision Processor D4 Board is powered through VBUS power of the USB connector.
The Vision Processor D4  Board inturn power sources the stereo depth module.
Table 3-39. Vision Processor D4 Board Power Requirement S
Parameter Min Nom Max Unit
VCC Supply Voltage 4.75 5V 5.25V Y,
ICC Supply Current 700 mA
Supply Voltage Ramp Rate 0.5 5 ms
3.7.8 Vision Processor D4 Board Thermals
The Vision Processor D4  Board should be screw mounted on to a heat sink or a heat
dissipating structure element using screw forks on Board . Thermal conductive tape
(electrically non -conductive) should cover the entire back side area (non -component

side) of the ASIC  Board for thermalt ransfer onto heat sink or heat dissipating
structu re element.

52 337029 -009



http://www.newnex.com/realsense-3d-camera-connectivity.php

(intel) REALSENSE’

TECHNOLOGY

3.7.9 Vision Processor D4 Board Storageand  Powered
Conditions
Table 3-40. Vision Processor D4 Board Storage and Powered Conditions
Condition Description Min Max Unit
Storage ( Ambient ), Not Powered Temperature
(Sustained, 0 50 °c
Controlled) ®
Temperature
(Short -40 70 °Cc
Exposure) @
Humidity Temperature/ RH:  40°C / 90%
g?age(s')remperature , Powered Temperature 0 50 oc

NOTE:
(1) Controlled conditions should be used for long term storage of product.
(2) Short exposure represents temporary max limits acceptable for transportation conditions.

(3) C ase temperature limits must be met for all temperatures when powered
(4) Case temp erature is specified for the overall Vision Processor D4 Board
(5) Case temperature 0° minimum and lower temperatures is non -condensing
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3.7.10 Intel ® Real SenseE Vision Procemduotr D4 Board
Identifier and Material Code
Table 3-41. Vision Processor D4 Board Product Identifier and Material Code
Production Product Identifier Product Material Code
Code - Manufacture
Configuration Code
Vision Processor D4 Board J32139 -120 952019
Vision Processor D4 Board V2 @ K38178 -100 999AFP
Vision Processor D4 Board V3 K94249 -100 99A2NX
NOTE:
(1) The V1 ASIC ( without IMU) is validated and supports all D400 depth modules.
(2) The V2 ASIC is intended for the D430 Module ( Product Material Code  #954010).  Full
validation has been done on this combination. Support will be limited to D430 with the
V2 ASIC.
(3) The V3 ASICisinten ded for the D4 50 Module. Full validation has been done on this
combination.
3.8 Intel® Real SensekE Depth Ch$esesa D40

Figure 3-13. Intel ©® RealSense ™ Depth Camera D415
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Table 3-42.Depth Camera SKU properties

D400 series Depth
Cameras

Intel ®Real Sens
Depth Camera
D415

Intel ®Real Sens
Depth Camera
D435

Intel ®Real Sens
Depth Camera
D435 i

Intel ®Real Sens
Depth Camera
D4 55

Depth module

Intel ® Real Sens
Depth module D415

Intel ® Real Sens
Depth module D430

Intel ® Real Sens
Depth module D430

Intel® Real Sens
Depth module D4 50

Baseline 55mm 50mm 50mm 95mm
Left/Right Imagers Standard Wide Wide Wide
Type
Depth FOV HD H:65 +2 /V:40 +1 / H:87+3/V:58 1 / H:87+3/V:58 1 / H:87+3/V:58 +1 /
(degrees) D:72+2 D:95+3 D:95+3 D:95+3

Depth FOV VGA
(degrees)

H:50 2 /V:40+1/
D:61 +2

H:75+3/V:62+1/
D:89+3

H:75+3/V:62+1/
D:89+3

H:75+3 /V:62+1/
D:89+3

IR Projector

Standard

Wide

Wide

Wide

IR Projector FOV

H:67 /V:41/D:75

H:90/V:63/D:99

H:90/V:63/D:99

H:90 / V:63/ D:99

Color Sensor

0oVv2740

0oVv2740

0OVv2740

0ov9782

Color Camera FOV

H:69+1 /V: 42+1

H:69+1 /V: 42+1

H:69+1 /V: 42+1

H:87+3 /V:58%1

D77+ 1 D77+ 1 D77+ 1 /D: 95+ 3
IMU NA NA 6DoF 6DoF

NOTE : H i Horizontal FOV,V i Vertical FOV,D i Diagonal FOV, X 1 Length,Y 1 Breadth,Z 1

Thickness
3.8.1 Depth Camera D40 0 Series Mechanical Dimensions
Table 3-43.Intel ® Real SenseE Depth Camera D415 Mechanical Di mensi

Dimension Min Nominal Max Unit

Width 98.85 99 99.15 mm

Height 22.85 23 23.15 mm
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Depth 19.85 20 20.15 mm
Weight 68.4 72 75.6 or
Flatness Tolerance - 0.15 - mm

Table 3-44.Intel ®Real SenseE Depth Ca b435i aMedhuBcal Dimensions

Dimension Min Nominal Max Unit
Width 89.85 90 90.15 mm
Height 24.85 25 25.15 mm
Depth 24.85 25 25.15 mm
Weight 68.4 72 75.6 gr

Flatness Tolerance - 0.15 - mm

Table 3-45.Intel ® Real SenseE Depth Camera D455 Mechanical

Dimension Min Nominal Max Unit
Width 1235 124 124.5 mm
Height 28.5 29 29.5 mm
Depth 255 26 26.5 mm
Weight gr
Flatness Tolerance - 0.2 - mm
3.8.2 Depth Camera D400 Series Thermals
3.8.21 Depth Camera D400 Series  Storage and  Powered Conditions
Table 3-46 . Depth Camera D400 Series Storage and  Powered Conditions
Condition Description Min Max Unit
Storage ( Ambient ), Not Temperature (Sustained, 0 50 oc
Powered Controlled) ®
Temperatur(Ze (Short .40 70 oc
Exposure) @
Humidity Temperature/ RH: 40  °C/90%
Ambient , Powered @ ® Temperature 0 35 °Cc
Backside Case Temperature 0 44 °c

Temperature, Powered

NOTE:
(1) Controlled conditions should be used for long term storage of product.

(2) Short exposure represents temporary max limits acceptable for transportation conditions
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(3) The camera ambient temperature when powered@®to 35°C is the validated range in which
Intel® qualified the camera. This range is a standard range in which Intel® qualifies consumer
products. The camera internal thermal solution was designed to #eemternal components at
or below their max powered temperatures. As stated able3-21, the projector temperature
FYyR GKS LINE 2 S iv 80RXisicritial 85 the-usiefohé projettbr for camera
operations (use of projector can be determined by application developer based on necessity in
dzal 38 Y2RStoo® ¢KS LyGaStt wSIFt{SyasSu 5SLIWK /I YSNI
35°C maxambient temperature when powered with degradation in performance and no
guarantee of the camera meeting the depth quality metric

(4 ' YOASYlG YSIya SYy@ANRYYSyl sKAES GKS OFYSNF Aa Fad
screw attachment and is not conrted to any mechanical or thermal material

3.8.2.2 Depth Camera D400 Series Thermal Solution Guidance
The I ntel E Real SenseE Depth Camera D400 Series camer ¢
designed taking into account the necessary thermal and mechanical aspects that goes
into producing a standalone peripheral camera. Those aspects include the
temperatures for all  of the components associated with the module (projector , vision

processor, IMU and camera sensors ) when powered

The Intel E Real Se (hspe/Bithsém/liZelRealSensel/librealsense )
provides temperature sensor readout based on Intel E F
capabilities.  The readouts should be used as a reference/guide, but not to be used as

a replace ment for thermal solutions that comply with  the temperatures of the camera .
If monitoring the temperature of the cameras is necessary due to thermal concern, it

is recommended to monitor librealsense temperature readouts from the ap plication
level and act upon the temperatures if within <5 °C of the max temperatures when
powered of the component temperatures that the SDK makes available.

In order to aid in development of thermal solution and heat dissipation, the
recommendations bel ow provide some guidance to system integrators.

Recommendations to improve heat dissipation on the D400 Series Depth Cameras

Passive Cooling Recommendations:

1 Mounting Bracket Material T Utilize mounting screws (2xM3 screws) and
material that is the same or similar in nature (equal or lower thermal
resistance or high conductivity) as the peripheral housing that the D400 Series
depth cameras are made out of. Material T Aluminum 6000 series.
1 Increased Mating Surface i Mounting bracket mating surface with D400 series

depth camera can be increased by a factor of 2x. The larger the mounting
bracket mating surface to the depth camera the better.

0 Reduction of mating surface imperfections, defects, roughness and
gaps is recommended. Any increase in defects in the material can
increase the thermal contact resistance reducing effectiveness of heat
dissipation of the thermal solution. Attachment opti ons should
comprise of epoxy compounds or thermal tape/paste.

1 HeatSink 7 The addition of a heat sink can also improve heat dissipation from
the D400 series depth camera. Use of a material suchas  Aluminum 6000
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series or similar with equal or lower therma

is recommended.

Active Cooling Recommendations:

Component Specification

| resistance to the mating surface

1 While heat pipes and liquid cooling solutions offer great advantages, they also
increase the complexity of system integration substantially. The use of a fan
with direct air flow to the depth camera (back mounting surface 2xM3 screws)

is preferable .

Depth Camera D400 Series Product Identifier and Material

Code
Table 3-47 . Depth Camera D400 Series Product Identifier and Material Code
Production Product Identifier Code Product Material
Manufacture Configuration Code
Code
Depth Camera D415 J72476 -100 961443
Depth Camera D415  (Multi Pack) J72476 -100 962304
Depth Camera D435 J72479 -100 961448
Depth Camera D435 (Multi Pack) J72479 -100 962305
Depth Camera D435i K38179 -100 999AFR
Depth Camera D435i (Multi Pack) K38179 -100 999AXG
Depth Camera D455 K83122 -100 999WCT
Depth Camera D455 (Multi Pack) K83122 -100 999WCR

3.84

58

Camera Lens C leanin g P rocedure
1. Do not use any chemical or water on the camera lens

2. Remove dust and dirt as much as possible from the lens with a lens blower

brush.

3.  Wipe with adry, clean micro

-fiber cloth

88
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4 Functional Specification

4.1 Vendor ldentification (VID) and Device
Identification (DID)

Table 4-1.Vendor ID and Device ID Table

Depth Module/Depth Camera Vendor ID Device ID
Intel ® Real SenseE Depth Mo 8086 0x0AD1
Intel ® Real SenseE Depth Mo 8086 0x0AD2
Intel® Real SenseE Depth Mo 8086 0x0AD3
Intel ®* Real SenseE Depth Ca 8086 0x0AD3
Intel® Real SenseE Depth Mo 8086 OX0AF6
Intel ® Real SenseE Depth Mo 8086 0x0AD4
Intel® Real SenseE Depth Cal 8086 0x0B07
Intel ®* Real SenseE Depth Ca 8086 0x0B3A
Intel® Real SenseE Depth Cal 8086 0x0B5C

4.2 Vision Processor D4 Data Streams

Intel ® RealSense E Vision Processor D4 Depth  imaging system provides high qualit y
depth data to a host system. The depth data is generated with stereo vision
technology that is optionally assisted by an infrared projector. The imaging system

has the ability to syncronize wi th c olor stream .

Table 4-2. Image Formats (USB 3.1 Genl)

Format Resolution Frame Rate Comment
(FPS)

1280x720 6,15,30
848X480 6,15,30,60,90
640x480 6,15,30,60,90 Depth

Z [16 bits]
640x360 6,15,30,60,90
480x270 6,15,30,60,90
424x240 6,15,30,60,90

Y8 [8 bits] 1280x720 6,15,30 Luminance
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Self - Calibration

Format Resolution Frame Rate Comment
(FPS)

848X480 6,15,30,60,90 Left and Right Imager
640x480 6,15,30,60,90

640x360 6,15,30,60,90

480x270 6,15,30,60,90

424x240 6,15,30,60,90

1280x720 6,15,30

848X480 6,15,30,60,90

. 640x480 6,15,30,60,90 Color Stream from  Left Imager
UYVY [16 bits] 0 0 &

640360 6,15,30,60,90 (D400, D41 D415)
480x270 6,15,30,60,90

424x240 6,15,30,60,90
1920x1080 6,15,30

1280x720 6,15,30

960x540 6,15,30,60

848x480 6,15,30,60 Color Stream from RGB camera

YUY2 [16 bits] 640x480 6,15,30,60 (Camera D415 & D435 /D435i )

640x360 6,15,30,60

424x240 6,15,30,60

320x240 6,30,60

320x180 6,30,60

1920x1080 15,25 D400/D410/D415

Calibration [24 bits]
1280x800 15,25 D420/D430/D435 /D435i
. Intel E Real Sensce
Intel E Real 256x144 90 Calibration and Tare format

(D400 Series)

NOTE:

1. Depthand Color are mapped as separated interfaces. Each one of the interfaces is
working independent with the other interface (Virtual channel in MIPI and End Point in

USB).

2. To ensure USB 3.1 support, connect D400 series USB connector first prior to connecting

depth dev ice to host system port.

3. USB 2.0 supports a subset of the resolution/frame rate given the bandwidth
requirements. Please refer to firmware release notes as part of firmware releases -

https://dev.intelrealsense.com/docs/firmware -releases
Table 4-3. Image Formats (USB 3.1 Genl) i D455
Format Resolution Frame Rate  (FPS) Comment
Z [16 bits] 1280x720 5,15,30 Depth
337029 -009
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Format Resolution Frame Rate  (FPS) Comment
848X480 5,15,30,60,90
640x480 5,15,30,60,90
640x360 5,15,30,60,90
480x270 5,15,30,60,90
424x240 5,15,30,60,90
1280x720 5,15,30
848X480 5,15,30,60,90
640x480 5,15,30,60,90 Luminance
Y8 [8 bits] .
640x360 5,15,30,60,90 Left and Right Imager
480x270 5,15,30,60,90
424x240 5,15,30,60,90
1280x720 5,15,30
848X480 5,15,30,60,90
640x480 5,15,30,60,90
UYVY [16 bits] Color Strleam from Left
640x360 5,15,30,60,90 mager
480x270 5,15,30,60,90
424x240 5,15,30,60,90
1280 x800 5,15,30
848x480 5.15,30,60 Color Stream from RGB
camera
640x480 5,15,30,60
YUY2 [16 bits] L
640x360 5,15,30,60 ,90 Calibration uses 1280x720
15,30 FPS
480x270 5,15,30,60 ,90
424 x240 5,15, 30,60 ,90
Calibration IR
Imager Y12I 1280 x800 15,25
[24 bits]
Rematlell®8ens Intel E Real Sen
Sel- 256x144 90 Calibration and Tare
Calibration format
NOTE:

1. Depth and Color are mapped as separated interfaces. Each one of the interfaces is
the other interface (Virtual channel in MIPI and End Point in

working independent with

USB).

2.  To ensure USB 3.1 support, connect D400 series USB connector first prior to connecting
depth device to host system port.

3. USB 2.0 supports a subset of the resolution/frame rate given the ba

ndwidth

requirements. Please refer to firmware release notes as part of firmware releases -

https://dev.intelrealsense.com/docs/firmware

-releases
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Table 4-4. Simultaneous Image Streams (USB 3.1 Genl & USB2.0 )
Color Color IMU
Left (RGB D435i /D455
Depth Imager ( Comment
Imager) Camera)
D400/D410 D415/D435/D435i /D455
716 Y8 Gyro &
Accelerometer
716 uYVY Gyro &
Accelerometer
716 Y8 YUV2 Gyro &
Accelerometer
716 YUV2 Gyro &
Accelerometer
NOTE:
1. RGBtodepth hardware syncis only sup ported with the same frame rate for all streams.

2. For Depth and R GB camera simultaneous streaming , itis recommended to have  color
resolution to  be the same or higher than depth resolution.

3. USB 3.1 Genl supports all resolution/frame rate combinations in a typical dedicated = USB port
configuration. Ona  USB hub with other devices (e.g. other RealSense cameras),
considerations regarding bandwidth requirements have to be taken.  To ensure USB 3.1
support, connect D400 series USB connector first prior to connecting depth device to host
system port.

4. USB 2.0 supports a subs et oft he resolution/frame rate combinations given  the bandwidth
requirements . Please refer to firmware release notes as part of firmware releases -
https://dev.intelrealsense.com/docs/firmware -releases

4.3 Depth Field of View (FOV)

The depth field of view is the common overlap of the individual left and right Imager
field of view for which Vision Processor D4 provides depth data

Table 4-5. Depth Field of View

Format D400/D410/D415 D420/D430 /D435 /D435i /D455
Horizontal FOV (VGA 4:3) 48 74
Vertical FOV (VGA 4:3) 40 62
Diagonal FOV (4:3) 60 88
Horizontal FOV (HD 16:9) 64 86
Vertical FOV (HD 16:9) 41 57
Diagonal FOV (HD 16:9) 72 94
NOTE:
9 Dueto mechanical tolerances of +/ -5%, Max and Min FOV values can vary from lens to
lens and module to module by ~ +/ - 3 degrees.

62 337029 -009
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1 The Depth FOV specified is at 2 meters distance.

4.4 Depth Field of View at Distance (2)
Depth Field of View (Depth FOV) at any distance (2) can be calculated using the
equation
‘000 w - 000 w

0Q Dl ©» —— oA 0ARP—Y 570
C C

Depth FOV = Depth Field of View

HFOV = Horizontal Field of View of Left Imager on Depth Module

B = Baseline

Z = Distance of Scene from Depth Module

Figure 4-1. Depth Field of View to Depth Map illustration

TECHNOLOGY

Z, Invalid Depth Band -

7, nvalid Depth Band — *\\\\\\\\- 2, Vald Depth

AN

y \ /
7 : \\ﬁ ;
47— 7 7,DepthFov
7 Z,DepthFOV
HFOV / eep
Baseline (B)
NOTE S:
1 As the scene distance from the depth m odule increase s, the invalid depth band decrease s
in the overall depthimage . Overall depth image is invalid depth band plus valid depth
map.
337029 -009 63
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Invalid Depth Band

The depth data generate d with stereo vision usest  he left imager as the reference for
stereo matching resulting in a non  -overlap region in the field of view of left and right
imager s wher e we will not have depth data a t the left edge of the frame. Closer
scenes result in a wider invalid depth band than scenes at larger  distances .

Figure 4-2. Left Invalid Depth Band

64

The width of the invalid depth band can be calcul  ated using the following equations
In terms of horizontal FOV
006 YY®OEQEDE L KD O EEYE OGN Qo €08 GO EXD
. . A 000w
0f¢zwzOA+——
C
"0¢ U GAOHID & @O QO QIDY 0LV Y
In terms of focal length
006 YY®OEQEDE U KD O EXEYE OGN QA €0 GO EXD
82O 2 "0Y0"Y

"0¢ 0 GO ¢ @O QD 'Q a6iz "AD
B= Baseline
Z= Distance of Scene from Depth Module

F= Focal length

HFOV= Horizontal Field of View of Left Imager on Depth Module

337029 -009
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HRES= H orizontal Resolution

The equation s stand valid f or a base configuration of camera settings . Default camera
configuration in firmware may have settings optimized for depth performance that

may imp act the actual width of invalid depth band when compared to the calculated
width of the invalid depth band from equations.

Minimum -Z Depth

The Minimum -Z Depth is the minimum distance from depth camera to scene for which
Vision Processor D4 provides depth data.

Table 4-6.Minimum -Z Depth

4.7

D400/D410/D415 D420/D430 D450

Resolution

Min -Z (mm) Min -Z (mm) Min -Z (mm)

1280x720 450 280 520
848X480 310 195 350
640x480 310 175 320
640x360 240 150 260
480x270 180 120 200
424x240 160 105 180

Depth Quality Specification

There are a set of standard metrics based on accuracy, data validity, and temporal
stability are used to quantify depth quality.

Although the module is designed for a cert ain depth FOV, t he measurements are
taken within 80% of this FOV, define d as region of interest (ROI). This ROI will best
align with intended usage area and the optical param eters qualification field

Table 4-7: Depth Quality Metric

METRIC DEFINITION @

Depth Accuracy

Measure the difference for valid pixels relative to a ground truth surface.

Fill Rate Percentage of pixels that have a valid depth value.
Depth Standard Deviation Measures the total spatial noise for each valid pixel relative to a best fit plane.
Pixel Temporal Noise Measures the total temporal noise for each valid pixel relative to a best fit plane.
NOTES:
(1) Each measurement is taken from a predefined region of interest (ROI) which is within 80% of the depth

field of view (FOV).

337029 -009
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Table 4-8: Depth Quality Metric lllustration

Functional Specification

66

Resolution )

DEPTH ACCURACY AND DEPTH RMS ERROR FILL RATE
Table 4-9. Depth Quality Specification
D400/D410/D415 D420/D430/D435/ D455
D435i
. (up to 2 Meters and (up to 4 Meters and
Metric 80% ROI, HD (up to 2 Meters and 80% ROI, HD
Resolution ) 80% ROI, HD Resolution )

Z-accuracy (or absolute

O 2% O 2% O 2%
error)
Fill rate O 99% O 99% O 99%
RMS Error (or Spatial o 2% O 2w O 2w
Noise)
Temporal Noise 0O 1% O 1% 0O 1%

NOTES:

1)  The Depth Quality spec applies to depth modules
integrated in overall system and has successfully completed

process .

2)  For Depth Quality metric definitions and test
fil ntRéal SenseE Camer a

3) Laser Power:

Depth

methodology,

that have been completely

the OEM calibration

refer to white paper
Testing

a) D410/D415/D430/D435/D435i150mW, Exposure: Auto Exposure

337029 -009
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