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3D Vision in Robotics
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3D Machine Vision Market Size and Forecast
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Market Size and Forecast

Source : Markets and Markets Analysis

2.13B

CAGR 11.07%
Three Key Factors of Growth:

Manufacturing - 3D Object Analysis

Non-Industrial - 3D Machine Vision

Robotics - 3D Vision Integration
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3D Vision Technology

Time of Flight Stereo Vision Structured-Light
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3D Solution Comparison

类型 TOF RGB双目 结构光

工作原理 依据光的飞行时间 RGB图像特性点匹配
三角测量间接计算 主动投射已知编码图案

测量精度 厘米级 毫米级 0.01mm-1mm

测量范围 100m以内 2m以内，距离远，测距不准确 10m以内

影响因素 不受光照变化和表面纹理影响 受光照变化和表面纹理影响，
夜晚无法使用

不受光照变化和表面纹理影响;
容易被强光淹没，不适合室外

其他
分辨率一般
帧率较高

功耗较高，全面照射

分辨率高
帧率高
功耗较低

分辨率较高
帧率一般

功耗一般，局部照射
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3D Camera Market Share and Forecast

20%

60%

20%

2016

Time-of-Flight Stereo Vision Structured Light

25%

65%

10%

2022

Time-of-Flight Stereo Vision Structured Light

Source : 2016 Allied Market Search Report
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Seeing In the Dark
˃ Dual Sensor (IR + Visible Light)

Starlight Camera

Image captured /w 0.001 Lux

Blacklight Camera

Brightness ColourfulnessFull Color In the Dark˃ Enhanced ISP

HDR+

ISP
AI Engine

Scene Judgement
Edge Detection

Para Adjustment

AI + ISP
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Night Vision Market Overview and Forecast
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7.73B

CAGR 8.8%



© Copyright 2019 Xilinx赛 灵 思 工 业 物 联 网 研 讨 会
XILINX IIoT SEMINAR

Industrial Vision Evolutions

˃ High-Resolution Sensor, High-Speed I/F, High-Throughput System

Resolution(60Hz) 1080x720@
2MP

1920x1080@
4MP

3840x2160@
8MP

Bit Rate(Gbps)
Bits Per pixel (12bit) 1.782 3.564 7.128 Memory

4K Sensor: 
4lane*1.782G

4K: N*7+ Gbps

SLVS
LVDS
MIPI

SLVS-EC

USB
Ethernet

CoaXPress
Camera Link

4K: N*7+ Gbps
Video/Image

Interface
ISP Video Processing Pipeline

+ AI

8MP for Video Surveillance Camera
8MP to 29MP for FA Camera
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Onsemi – Xilinx Joint Demo in 2019 China Vision Show

ZCU104 Demo for HiSPi
XGS 12000 – 4K CMOS Global Shutter
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Framos - Sony - Xilinx 

˃ SLVS-EC RX IP Core for Xilinx FPGAs
Receiver IP Core
Supporting SLVS-EC v1.2
AXI4-Lite control interface
1, 2, 4, 8 Lane Support

‒ Configurable by user
Full interface speed (2.376Gbps)

‒ Baud Grade 2
All supported pixel formats

‒ RAW: 8, 10, 12, 14 bits per pixel
‒ Dynamic mode change

Error detection
‒ CRC – Cyclic Redundancy Check

Embedded data extraction

˃ Supported Device Family 
Xilinx Artix-7™
Xilinx Kintex-7™
Xilinx Zynq-7000™ SoC
Xilinx Kintex Ultrascale™
Xilinx Kintex Ultrascale+™
Xilinx Zynq UltraScale+™ MPSoC 

Xilinx FPGA

SLVS-EC
(1-8 lanes) …

H/V Sync
Pixel Data
Control

TRX 
≥2.4Gbps

SLVS-EC RX 
IP Core

Status
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Framos SLVS-EC IP Resource & Demonstration
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High-Speed I/F (3D Vision, Higher Resolution & Faster Frames)

Not Only Data Rate, But Also IEEE 1588, GenDC(for 3D Data Format) …

GigE 1.2 -> GigE 2.0 -> GigE 2.1 

CXP 1.1 -> CXP 2.0 -> CXP 2.1 

USB3.0 -> USB3.1 -> USB3.2
Camera Link HS -> CLHS XP

(CLHS) 
SLVS-EC 1.2, MIPI 2.1

GigE -> 2.5/5GigE(NBASE-T) -> 10GigE

CXP-6 -> CXP-10/12 

5Gbps -> 10Gbps -> 20Gbps
2.4Gbps -> 10Gbps

8K @ 30fps
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Xilinx MIPI Solution – Higher Data Rates Rollout

Spartan-7 Artix-7 Kintex-7 Virtex-7 Zynq-7000
Kintex / 
Virtex 

UltraScale
UltraScale+

MIPI D-PHY 
External 

D-PHY chip
or XAPP894

External 
D-PHY chip
or XAPP894

External 
D-PHY chip
or XAPP894

External 
D-PHY chip
or XAPP894

External 
D-PHY chip
or XAPP894

External 
D-PHY chip
or XAPP894

Native IO 
support

1.5Gbps/Lane

MIPI DSI / 
Host (TX) IP 

Provider

Xilinx
NWL 

Xilinx
NWL 

Xilinx
NWL 

Xilinx
NWL 

Xilinx
NWL NWL Xilinx

NWL 

MIPI DSI / 
Peripherals (RX)

IP Provider
NWL NWL NWL NWL NWL NWL NWL

MIPI CSI2 / RX
IP provider

Xilinx
NWL 

Xilinx
NWL 

Xilinx
NWL 

Xilinx
NWL

Xilinx
NWL NWL Xilinx

NWL

MIPI CSI2 / TX
IP provider

Xilinx
NWL 

Xilinx
NWL 

Xilinx
NWL 

Xilinx
NWL

Xilinx
NWL NWL Xilinx

NWL

*2.5Gbps support on all US+ devices with exception of A484 package devices

28nm Family Kintex / Virtex UltraScale UltraScale+

MIPI D-PHY External D-PHY chip
800Mbps/Lane

External D-PHY chip
800Mbps/Lane

Native IO support
1.5Gbps/Lane

MIPI DSI / Host (TX) Xilinx NWL Xilinx

MIPI CSI2 / RX Xilinx NWL Xilinx

MIPI CSI2 / TX Xilinx NWL Xilinx

US+*

2.5Gbps/Lane

In 2019.1



© Copyright 2019 Xilinx赛 灵 思 工 业 物 联 网 研 讨 会
XILINX IIoT SEMINAR

Xilinx Video Processing Subsystem (VPSS)

Motion Adaptive/ 
Spatial 

Deinterlacer

Scaler
(4K, bi-linear, bi-

cubic or 
polyphase) 

Chroma 
resampler

(4:2:0 <-> 4:4:4)
Color matrix

(RGB <-> YUV)

Video Processing Subsystem

Up to 4K60
RGB/YUV

444, 422,420
8,10,12,16bpc

Up to 4K60
RGB/YUV

444, 422,420
8,10,12,16bpc

External Mem interface through VDMA

Letter Box

XAPP1291 – VPSS Ref Design
UP/Down/Cross conversion up to 4K using VPSS
Video Mixer with 4 layer mixing and logo insertion

Run-time configuration through SW application
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Coming Out in 2019

˃ HDMI2.1

˃ DP1.4

˃ VPSS

-> 8K @ 60fps

-> 8K @ 60fps

-> 8K @ 30fps

˃ Hardened Video Codec Unit (OMX 
& Control Software)

Low Latency (Encoder + Decoder) 
~1 Frame(1/60fps)
PL DDR Extension to 4K @ 
60fps/8K @ 15fps
32 Streams 480P
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Deep Learning in Machine Vision (Xilinx Partners)

IDS_Kortiq

Silicon Software - VisualAppletsMVTec - HALCON
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Xilinx ML Stack

reVISION Stack Xilinx - Deephi Stack

Xilinx DNNDK v3.0 Enables TensorFlow 
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xfOpenCV Library
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xfOpenCV Library
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DPU Scalability

Z701056G

Peak 
Perf 
INT8 
(OPS)

Z7012S102G
Z7014S/Z7015115G

Z7020230G

Z7030700G
ZU2576G

ZU31.2T

ZU41.6T

ZU52.4T

ZU62.9T

ZU73.5T

ZU9

ZU11

ZU15

4.1T

5.5T

6.8T

Z7035
1.7T Z7045

Z71002.8T

DPU Configuration

* B256/288/512/3136 work in progress
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What about NANO?

128 Core Maxwell
472GFLOPs(FP16)

Video Encode (4K@30)
Video Decode (4K@60)

JETSON NANO

XCZU2EG-2SFVA625I
576GFLOPs(INT8)

DP-8020
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DL Computing Capability

DP8020 Performance w/o Pruning

DPU Configuration in DP8020

## GoogleNet (inception v1)
xx@jetson:/usr/src/tensorrt/bin$ vim ../data/googlenet/googlenet.prototxt
xx@jetson:/usr/src/tensorrt/bin$ ./trtexec --output=prob --deploy=../data/googlenet/googlenet.prototxt --
fp16 --batch=1
output: prob
deploy: ../data/googlenet/googlenet.prototxt
fp16
batch: 1
Input "data": 3x224x224
Output "prob": 1000x1x1
name=data, bindingIndex=0, buffers.size()=2
name=prob, bindingIndex=1, buffers.size()=2
Average over 10 runs is 12.0836 ms (host walltime is 12.1413 ms, 99% percentile time is 12.1615).
Average over 10 runs is 12.0969 ms (host walltime is 12.1459 ms, 99% percentile time is 12.1207).
Average over 10 runs is 12.0677 ms (host walltime is 12.116 ms, 99% percentile time is 12.1035).

## ResNet-50
deploy: ../data/googlenet/ResNet50_224x224.prototxt

Average over 10 runs is 26.9436 ms (host walltime is 27.0048 ms, 99% percentile time is 27.0306).
Average over 10 runs is 27.3821 ms (host walltime is 27.4398 ms, 99% percentile time is 31.7578).
Average over 10 runs is 26.9322 ms (host walltime is 26.9891 ms, 99% percentile time is 27.076).
Average over 10 runs is 27.4419 ms (host walltime is 27.4969 ms, 99% percentile time is 31.9613).

Average over 10 runs is 48.4162 ms (host walltime is 48.4783 ms, 99% percentile time is 48.6366).
Average over 10 runs is 49.337 ms (host walltime is 49.4007 ms, 99% percentile time is 53.3199).
Average over 10 runs is 48.377 ms (host walltime is 48.436 ms, 99% percentile time is 48.4871).

NANO ≈ DP8020

Int8 support requested on hardware without native Int8 support, performance will be negatively affected

82 fps

37 fps

20 fps
UG1327 – DNNDK User Guide
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