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PHYTEGt a Glance
Inside Great Products. Behind Great Ideas.

3 7 Years experience 2 9 Years 41 1 Employees worldwide
in Embeddedesign Embedded Vision 40%Engineers

Made in Mainz Headquarter and Production Site in Mainz, Germany
Subsidiaries in USA, France, Chindia
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HIRIVTIES
Embedded Visiorg Range of Applications

Embedded Vision

Industrial Automation Industrial Automation Professional
) . . Consumer
(on site) (off site) Applications
\

Birthplace

Start of
Mass'Market
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Embedded Visiorg Range of Application§2)

Embedded Vision

Industrial Automation Industrial Automation Professional
(on site) (off site) Applications

low Quantity

high Unit Price

low Level of Integration

high Level of Standardization

Consumer

high
low
high

low

w Highvolumes and low unit price require a high degree of integrationlagtly customized designs
w Cost aspects antthe demand for highntegrationmake it difficult to reach &igh degree of standardization
w Professional applications can benefit from developments in the consumer market.

Embedded Vision Design with Phytec
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SOM Integration
SOS8ntercomSystem

A Call point for emergency calls in public buildings and local
publictransport

A Video image transmission from the call point to the service
control room

A Voice and video transmission \Eshernet

A Vandalismproof design of the outdoor unit, compact
operating unit with integrated display in the contmom.

PHYTERroducts and Services
A Use of phyCAM Board Level Camera in theRzalitdevice
A Use of PHYTEC System on Module irChiéPointand the
control room unit.

A Consulting and software support servicesfiyY TEfr integration of y ﬂ- = q U
' NMILEIYY

videostreaming.
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HighEndMeasuring System

Mobile profile metrology

Optical acquisition of 2D geometries
Laser lightsection technology
Evaluation of object contours
Comparison with user specific limits
Visualisatioron the user display

To To o Do Do

PHYTEPRroducts and Services

A Use of phyCAM Board Level Camera
A Use of phyCORBMX 6 QuadCore SOM
A Consulting and support by PHYTEC during

development and series production phases

Embedded Vision Design with Phytec 06.12.2023
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Medical Diagnostics
Lateral Flow Read&SEQuant Flex

Stateof-the-art rapid test reader for lateral flotests
reflective & color changeests

configurablefor many differenttests
precisemeasurement technology fanedical diagnostics

To To To Do

\

= DIALUNOX

PHYTERroducts and Services
A Development of the entire device electronics in close
cooperation with thecustomer
A Use of Board Level Camera \01

A Use of phyCORBX 6 QuadCore SOM
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CameraSystemfor Wind Measurement
ODMProject

A The embedded vision system rotates in the hub of wind
turbines and determines a variety of measurement data
by measuring the rotor blade bending in order to
optimise the efficiency and management of wind parks.

A Bxtremely robust and durable device design.

A Designed for thehallengingenvironmentalconditions.

PHYTEPRroducts and Services

A Development of the entire device electronics in close
cooperation with thecustomer
A Use of standard components

phyCAMand phyFLEX i.MX 6
A Manufacturing of the series hardware

Embedded Vision Design with Phytec 06.12.2023
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Customizing Embedded Vision

Some Examples |

| = —
@
=
——— = mw (=
Communication Lab Automation Medical Transportation Measurement Car Inspection  Energy
Challenge: Integration of many different requirements
i EMI - Optimized for
Camera requirements Ntgrated Perlphe1m£B » Cost optimized b :
attery stand Alore “~  EDA mass production
Lens Specification Motor Drivers operated or HMI Environmental Certification
iVi ; Environmental Specificat_ion j “ iz
Individual Shape of  \/arious (Procesp Sensors Safety and _ Update and Management
Product and PCB Interfaces . Security Ruggedized Maintainance

How can we handle all these requirements and design a good product in a short time?
How can we minimize the maintainance efforts while our product is out in the market?
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Advantages of Modular Design (Make & Buy)

w Reduces Design complexity whitaintaining customizability
w Module offers proven and verified design
w Development time andost are minimized

w Suitable software environment is supplied
w Software design is reduced to application level

w Lifecycle Management / Product Change Managemg
w Operating system maintenandg Phytec
w Design assistance and support available

{
/
/

{

f

Lens Camera CPU Core Customized Peripherals
Module  (System on Module) (Application Board)

Embedded Vision Design with Phytec
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Components of an (Embedded)isionSystem
Embedded Vision System

/Light Source Peripherals
R —Ir
T f
e @ § Interface | o
2S| CPU |[=» w© ||
o SE | Peripherals
1
@ HMI —> [W
cd -
£ Display
o
N
| l
Object Lens Camera Computer Interfaces

w An Embedded/isionSystem contains all optical, electrical and mechanical components needed for a specific |
w ltis typically designed and tailored for a specific task
w It also contains the application software for a specific task
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EmbeddedVisionSystemg Part 1:Microcontroller and Software
Embedded Vision System

_Light Source Peripherals
B (1 qummmmmmmmmmmmmmmmmmeessessesssssssssssssssssssssssssse >
" o % Interface | | °C
L 2| CPU [P to |
A S E Peripherals
L
o HMI [W
©
£ Display
o
U) vear 200
() ==
| |
| I
Object Lens Camera Computer Interfaces
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Use of Arm® Processors for Embedded Vision

Hardware Aspects

wArm® architectures are widely used in consumer applications

w Price / performance ratio is favorable

wAvailable in different performance classes

w Industrial and Automotive qualified components available

wMany interfaces and peripheral components are already integrated

w Dedicated interfaces for camera sensors (ofkéliP|CSi2)

w Performance for certain tasks is achieved by integrated@ud
modules / coprocessors (e.g. video compression, Al accelerator)

w Often good to very good energy efficiency

SoftwareAspects

w Easy programming under Linux with wiallown software tools and libraries

w Benefit from opersource and community concepts 0
w Reduced software maintenance effort co
w Royaltyfree licence models OpenCV

Tensor

Embedded Vision Design with Phytec 06.12.2023 | Page 14
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phyCORE i.MX 8M Plus
Cutting Edge SOM for Vision Applications

Plugin Module Direct Soldering

Embedded Vision Design with Phytec 06.12.2023 | Page 15



SN
Key Characteristics NXP i.MX 8M Plus

for Vision Applications

Block Diagram W

Security
Arm® TrustZone®
DRM Ciphers
Secure Clock
eFuse Key Storage
Random Number

32 KB Secure RAM

System Control
Smart DMA x3

XTAL
PLLs
Watchdog x 3
PWM x 4
Timer x 6
Secure JTAG

Temperature Sensor

Main CPU Platform

2 x/4 x Arm Cortex®-A53
32 KB I-cache | 32KB D-cache

Arm Neon™ I FPU

512 KB L2 Cache (ECC)
Secondary Cores

I Cadence® Tensilica® HiFi 4 DSP I l Cortex-M7

868 KB On-Chip RAM

Machine Learning
Neural Processing Unit: 2.3 TOPS

Graphics
3D Graphics: GC7000UL
2D Graphics: GC520L
Video
1080p60 H.265, H.264, VP9, VP8 decoder

1080p60 H.265, H.264 encoder
Vision
Dual Camera ISP (2 x HD/1 x 12MP) HDR, dewarp
2 x MIPI-CSI (4-lane) with PHY

Display
HDMI 2.0a Tx (€ARC) with PHY
MIPI-DSI (4-lane) with PHY
1 x LVDS Tx (4 or 8-lane) with PHY

Audio
18 x I2S TDM 32 bit at 768 kHz
SP/DIF Tx and Rx
eARC (HDMI)
ASRC
8-ch. PDM Microphone Input

Connectivity and I/O
2 x USB 3.0/2.0 Dual-Role with PHY

2 x Gbit Ethernet with IEEE® 1588, AVB
(One also supports TSN)

2x CAN/CAN FD

1 x PCle® Gen 3 — 1-lane
L1 Substates

4 x UART 5 Mbit/s, 6 x I°C, 3 x SPI

External Memory
32-bit LPDDR4/DDR4
(Inline ECC)

3 x SDIO3.0/ 2 x eMMC5.1
Dual-ch. QuadSPI (XIP) or
1 x OctalSPI (XIP)
NAND Controller (BCH62)

CPUCores? 4 x ARM Cortex@53
CPUFrequenz 1,8 GHz
Camera Interface 2x MIPICS®2YD
ISP 1x 12 MP / 2x FullHD
1 x GC7000 UL
by 16 / 32 GFLOPS
NPU 2,3 TOPS
SIMDUnit n E ! NY b9l
VPUY H.265 D/E 1080p60

H.264 D/E 1080p60

ARM Cortex® M7

Secondary Core 800 MHz

Interfaces USB3, CAN, Gbit Eth.

1) 4lane MIPI CS2 2) scalable2 / 4 cores 3) theor.score, MP/HP %) D=decode E=encodeallinformation is preliminary.

Embedded Vision Design with Phytec
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.MX 8M Plusg CPUPerformance
Processing Speeds of Different Tasks

w Measured withMVTecHalconembedded

w HPeek Demo includes about 40 practical application examples

w Performance can be tested on different ARM platforms

w Avalilable as readio-use SD card image for PHYTEC Development Kits

MV TecHalconHPeekEmbedded phyCORE i.MX 8M Plus - pail tipe Zé
Demo Application Runtime Quad Cortex A53 1.8 GHZ SHI
Check radius of bonding balls 4 ms
ReadQRcode (from mix of different codes) 11 ms
Inspection ofa punching die forazor blades 12 ms
Determine space coordinates of metal parts 19 ms
Tabletinspectionin blister 61 ms | -
DeepLearningSortingfruits 178 ms ' 75 X 4 pie|
Identify wine bottles 318 ms
CPU performance without applying hardware accelerators (GPU, NPU, etc.) H “LCON

a product of MVTec

Averaged measured values from selected examples of the MVTec HPeek Demo Application. Further examples in the appdratidaftttizata without warranty

Embedded Vision Design with Phytec 06.12.2023 | Page 17
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I.MX 8M Plusg Neural Processing Unit
Inference Times for Some Standard Neural Networks

Inference time forResNet50 Inference time forMNv1 Inference time forMNv2
—— time[s] ] —— time[s] —— time[s]
0.0175 1 —— mean: 0.0171s 0.0067 —— mean: 0.0063s 0.0072 - —— mean: 0.0069s
0.0174 - 0.0066 - 0.0071
é 0.0173 - § g
g § 0.0065 2 0.0070
2 0.0172 - g g
g [ [
" 0.01711 ~ 0.0064 1 ~ 0.0069 1
0.0170 A 0.0063 0.0068 4
0 200 400 600 800 1000 ) 200 400 600 800 1000 0 200 400 600 800 1000
runs runs runs
ResNet50 (224x224 Pixels) MobileNetV1 (224x224 Pixels) MobileNetV2 (224x224 Pixels)
ResNet50 MobileNetV1 MobileNetV2
Inference (mean) 17 ms
Switch time 0,2 ms 2,0 ms 0,8 ms
Warmup time 8,810 s 1,765 s 1,252 s
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I.MX 8M Plusg Neural Processing Unit

Power Consumption with Inference

+ TensorFlow! e R
w Inference test: continuous image analysis with ResNet50 ., \
w Simulation of different load levels Rl \
w Typical load scenario: level 2 with 2.66 W € onnx

elQ™
NPU load - test
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Measuredon PHYTEC Embedded Al Kit with AIRB&
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I.MX 8M Plus; Image Signal Processor
Integrated Preprocessing of Raw Sensor Data

w ISP takes over processing of the sensor data, such as

4

De-Mosaicing(Debayering

4 Blacklevelcalibration(BLC)

A DD BMD

BadPixelCorrection (DPCC)

ColorCalibration White Balance

High Dynamic RangelDR)alculations

Wide Dynamic Rang@VDR, local tone mapping)
Measurements for AEC, AGC, AF

LensShadeCorrection
LensDistortionCorrection(Dewarping

Color Filter

Array

De-Mosaicing

Embedded Vision Design with Phytec

RAW datf
(8~14 bi

Camera

Interface|”

Image Memory

| ISP Control
L 20bit 12bit 12bit
»| IR L biTea| Exp lBLo| O | | Lsc | AYB | pippcc| opF | |wor| [ P || onR (| com | awor Pamma
itch Gma| Gain 1S out
- 8 bit 9 10 bit
| -
MP Image || 4:2:2
wrDMA| PPROY | stabilizer || conv | | ©5C
YUV data
(8~12bit)
v
AXI output

Example: FisheyeDewarping

Images: Phytec / ISP Block Diagram: NXF

06.12.2023
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I.MX 8M Plus; Image Signal Processor
Integrated Preprocessing of Raw Sensor Data

w Benefits of integrated ISP

4 No separate ISP required on camera side Camera CPUBoard

4 Possibly lower data rate on camera interface
Sensor

4 Relieves CPU load comparedsttwarelSP

Interface
Interface

w Calibration of the ISP is needed

Processor
4 for the specific camera model
4 for the custom lens parameters
Calibration data are loaded from calibration
files (XML).
Camera CPUBoard
Image ] h { MIPI H H ]
Sensor } CSi L=k CPU
Processor

Embedded Vision Design with Phytec
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1.MX 8M Plusc ISP¢ Calibration Service

w Calibration data for Phytec phyCABbard Level Cameras VW6 / VMx17 / VMx20 are included in the BSP:
These functions are already included in the BSP of the phyCORE i.MX 8M plus module as standard calibration for the plW€sAM

VM-x16, VMx17, VMx20:

Demosaic Conversion of the raw color data of the sensor (RGGB) into RGB values.
Denoise/Sharpen Filter Visual improvement of image quality.

AEC (Auto Exposure Control) Automaticexposure and gain contrdbasiccalibration).

AWB (Auto White Balance) Automaticwhite balancgfor colorcameras basiccalibration).

BLC (Black Level Correction) Black level adjustment (for cameras without internal BLC).

Defect Pixel Clustezorrection Automatic correction of defect pixels (for cameras without internal DPC).
WDR3 (Wide Dynamic Range) contrast improvement of details in difficult light conditions.

w ISP Calibration Package
The calibration package includes the basic calibrationiodi@idualcamera- lenscombination at a fixed
price. The calibration is based on a phyCAM camera and a Phytec lens
PaCkag@rice: 1350, EUR,) prerequisites and detailed scope of services on request

Thefollowingfunctions are included in the Optics 1 calibration package:

Dewarp /| 2NNBOlGA2y 2F tSya RAAG2NIAZ2Yy A O0aCAakKSe
Lens Shade Correction /| 2NNBOlAz2y 2F GKS fSyaQ SR3IS &Kl RAyS3
CPROC Optional fixed tuning of brightness, contrast, saturation and HUE

Embedded Vision Design with Phytec 06.12.2023 | Page 22
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phyCORBRMG68A / TDA4VX
Preview: LatesBOM for Vision Applications

Embedded Vision Design with Phytec 06.12.2023 | Page 24
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Key Characteristics Texas Instruments AM68A

for Vision Applications

AMG68A Superset Block diagram wip 16nmFF

ISP (LDC, Scalar, RGB-Ir)

}

Boot & Device

Application Cores Deep Learning e hi i
Accelerator (8 TOPS) . /\3[’ (;;:z_éis;;:fme
Arme l Arme CPUCores 2 X ARM Cortex®72
Cortex A72 Cortex A72
- = Display Subs stedr_n :
Viion Procyming il U7 eeor o4 i CPUFrequency 2.0GHz
Accelerator (VPAC) 1x eDP + 2x DSk 1x DPI

Camera Interface 2 x MIPICSI2 16VQ®

1) 41lane MIPICSI2, 8 virtual channeld scalable2 / 4 cores 3) theor.score,MP/HP 4) D=decodéd E=encodeall information is preliminary.

Embedded Vision Design with Phytec

A VPAC 720 MPix/s

Manager
- Sl A DMPAGiepth/motion
Extended MCU Cortex RSF
2 50 GFLOPS
Hardware Security Module >
e UDMA  System st Setuice SIMDUnit 2E I NX¥ b9hb
Manager IOMMU  Monitor Firewali PC
VPUY H.265 D/E4k60
General Connectivity & 10 Control Peripherals Muttimedia U H.264 D/ E4k60
McsPy GPIO McASE 1x RGMII/RMII
: SecondancCore ARM Cortex®5F
H EE " - 1 GHz
; CSI-TX (4L)
- Interfaces USB3, CAN, Gbit Eth.

06.12.2023 |  Page25
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AM68x / TDA4Vx Image Signal Processor
Vision Preprocessing Accelerator (VPAC)

w VPAC takes over pygocessing of the sensor data, such as: De-Warping Engine Multi-Scaling
4 DeMosaicing (Debayering) -

Global/Local Brightness and Contrast Enhancement
Defect Pixel Correction

SpatialNoise Filter

White Balance, Exposure, Focus Statistics

WDR /HDR calculations

Edge Enhancement

Multiple Color Format Output

Multi Scalar Block (Image Pyramid)

Lens Shade Correction

Lens Distortion Correction (Dewarping)

ol
£ .

S S T T S S S o

w DMPAC supports stereo depth and motion estimation

Images: Texas Instruments
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2 K| 0 Q& cphy&BREK.MX 95
Machine Vision Differentiators

w 2 MIPI C&2 Interfaces support Virtual Channels
w ISP and ISl are daisy chained

w VPU supports 4K encoding / decoding CPUCores 6 X ARM Cortex®55
w ARM Mali G310 GPU

CPUFrequency 2.0GHz
i.MX 95 VISION PROCESSING PIPELINE Camera Interface 2 x MIPICSi2 8VC&)
Camera support NXP Image Signal Processor (ISP)
. 2x MIPI-CSI2 x4 lanes +  Optimized for Machine Vision applications ISP 500 M P|Xe|/S
- Supports up to 8 raw cameras via Virtual Channels + 20bpp pipeline supports up to 8 sensors w/aggregate 500MPixel/s
- Single 4K60P MIPI Camera with Overdrive mode + HDR combining of 2 exposures ARM Mal' G310
+ Networked “Smart” Cameras * Support color, monochrome & RGB-IR sensors 3D GPU 51 ZGFLOPS
- Up to 32 streams from Ethernet, PCle, USB, or Wi-Fi connections +  Advance de-noising and edge enhancement for low-light conditions )
Supports 2 Regions of Interest
NPU 2TOPS
o Arm® Cortex™-A . C
@ R UM B 20 SIMDUnit 6E | NX¥ bohb
e + Image Engine Arm® Mali™ 3D
+Upto8 ;‘;"5‘2 sst;omr(s scaling + De-warp: GPU
x e o P -rx re + Stream I lr i e ine Vision
gg:gggggg channels 5 'S:fﬁqﬁsgi‘f“ = duplication Z?stjr:it;: - x:z:o:svw VPU3) H 265 D/mkso
i " Jeeating oo H.264 D/&k30
currectiodn
* Noise re tion
- RGB. R suppon 1 SecondanC 1x ARM Cortex® M33
econaarycores
VPU 1x ARMCortex®@&17
'x::ﬂi’x - H264/H265
N @ o Tt + Up to 4K60P BN oo USBSSX CAN:D, 2X
Smart Cameral(s) . 2xPCle Gen 3 x1 * Encode/Decode up I nte rfaces o .
- USB 3 (5Gbps) T PGS Ghit Eth , 10Gbit Eth.
| NK

1) 4lane MIPICSI2, 4 virtual channels eadtheor. score, MP/HP 3) D=decodé E=encodeall information is preliminary.

Embedded Vision Design with Phytec
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Performance Data of Phytec Vision SOMs compared

Wide spectrum for Imaging Applications

STM32MP157 I.MX 8M Mini I.MX 8M Plus TI AMG6BA

Image Capture 1 x parallel 1x MIPICSD 2xMIPIC&YD 2xMIPIC&Y, 16 VC
Image Pipeline DCMI CsSli ISI /2x ISP ISP VPAC
Image Pipline Size 4 MPixel 5 MPixel 12 MPixel / 2x FullHD >8 MPixel / 8x FullHD
CPUCores? H E /2NISEm ET/ 2NIGSEm 'Epd 2NISEun !Po/ 2NISEn ! TH
CPUFrequency 650 MHz 1.8 GHz 1.8 GHz 2.0 GHz

Realtime CPU Cortex M4, 209 MHz Cortex M4, 400 MHz Cortex M7, 800 MHz Cortex R5, 1.0 GHz

3D GPU 1 x Vivante GC Nano 1 x GC Nano Ultra 1 x GC7000 UL 1x BXSI-64
3D GFLOP3 3.2 6.4 16 /32 50
OpenCV/VX) - OpenCV 4.0.1 OpenCV 4.0.1 thd.
SMIDUnit H E ! NY b9hbi# ! NY bOmb¥E ! NY b9hwuE ! N¥ b9hbu

H.265 -/D 1080p60 H.265 D/E 1080p60 H.265 D 4k60 /

5) -
VPU H.264 E/D 1080p60 H.264 D/E 1080p60 H.264 D 4k60 / E 1080p

NPU - - 2.3 TOPS 8 TOPS

*) selected derivatives, selected features ipde MIPI CS2  2) scalable 3) theor. values MP/HP 4) as of Q4/2021=dgcode / E=encodpreliminaryinformation

Embedded Vision Design with Phytec 06.12.2023 | Page 28
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CPU Performance of Phytec Vision SOMs
Wide spectrum for Imaging Applications

CPU Performance Comparison Phytec Products

DMIPS
? 2000 40|OO 60|00 80|OO 10900 12?00 144?00 16?00 18000 :
|.MX6UL 700MHz Cortex A7 __1330__ N
STM32MP13 1Ghz Cortex A7
AM335x 1GHz Cortex A8

STM32MP1 2x 650MHz Cortex A7
|.MX6 1GHz Solo Core A%

RZ/G2UL & RZ/Five

|.MX7 Dual 1GHz Cotex A7

AM64x 2x 1 GHz A33 (64Bit) 16 Bit LPDDR4

1.MX93 Dual 900 MHz Cortex A55 (64Bit) 16 Bit LPDDR4
|.MX6 1 GHz Dual Core A9

|.MX8X 4x1.2 GHz A35 (64Bit)

[.MX6 1 GHz Quad Core A%

AM854x 4x 1,2 GHz A53 (64Bit) 16 Bit LPDDR4

AMS62x 4x 1,4 GHz A53 (64Bit) 16 Bit LPDDR4

Raspberry PI 3 4x 1.4 Ghz A53 (64Bit)

|.MX 8M Nano Quad 1.6GHz (| Temp) Cortex A53 (64Bit) 16 Bit LPDDR4
[.MX8 M Quad 1.6 GHz (| Temp) Cortex A53 (64Bit)
[.MX93 Dual 1,7 GHz Cortex A55 (64Bit) 16 Bit LPDDR4
[.MX8 M Mini 1.8 Ghz Cortex A53 (64Bit) 32 Bit LPDDR4+
[.MX8 M Plus 1.8 Ghz Cortex A53 (64Bit) 32 Bit LPDDR4
AMSXXX 1.7 GHz Dual Core A15

1.MX85 2 Ghz Hexa Core A3

Rockchip RK3288 1.8 GHz Quad A17

TI TDA4VE 2.0 Ghz Dual A72 (64Bit) 32 Bit LPDDR4-|

2223 [

Product

7866
7866

12600

15040

Highlighted yellow: selected SOMs for Imaging Applications

*) DMIPS based on ARM platform performance data. The table does not reflect impact of different memory / bus options, caahetls&dimiting factors.
Embedded Vision Design with Phytec
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Graphics Performance of Phytec Vision SOMs compared
Wide spectrum for Imaginépplications

GPU Performance Phytec Products
GFLOP’s
0 10 20 30 40 50 60 70 80 90 100 1?0 1%0

1 1 1 1 1

AM335x 1Ghz Cortex A8

1.MX8 M Mini GC NanoUltra | g 4
3D (1 shader) .

AMG2x

.MX8 M Nano
GCT7000UltraLite (2 shaders)
Raspberry Pl 3 4x1.4Ghz
AS53 (64Bit)

1.MX& M Plus GC7000UL 16
(2shaders)

1.MX6 GC2000 GPU (High
Prec.)

1.MX8 M GC7000Light (4
shader)

1.MX8X GC7000Light (4
Shader)

Product

AMSTXX 2x SGX544 MP2

TI TDA4Ve / AM68x IMG | 50 .
BXS-64-4

1.MX85 Arm Mali G310 51,2

Highlighted yellow: selected SOMs for Imaging Applications

Y DC[ hta X oo o0Al I O0O2NRAY3 (G2 YIydzZl Olid2NENDRA &ALISOAFAOLGAZY
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Driversand Middleware
Integratedready-to-use in the BSPs

o 0 HALCON
i c 0 . ?‘ ~_ a product of MVTec nf

Video4-Linux OpenCV OpenCL -..«g streamer TensorFlow

|
SOFTWARE DRIVERS  MIDDLEWARE

Embedded Vision Design with Phytec 06.12.2023 | Page 31
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EmbeddedVisionSystemg Part 2:Camera Interface
Embedded Vision System

_Light Source Peripherals
T >
.‘i"'
E @ § Interface | | o
L Q—b 2El cPU |[—® o |e=O—|
o S E Peripherals
—I_. —L
) Y i
E —
£ Display
o
(n vear 200
() ==
| |
I I
Object Lens Camera Computer Interfaces

Embedded Vision Design with Phytec 06.12.2023 | Page 32



PR TEG

Camera selectiorfl)

BasicRequirements on the Sensor

wlmage Resolution (Pixebunt)
4 How much details do you need to see?
4 Keep NyquisShannon sampling theorem in mind

wFrame Rate
4 Can often be increased by using ROI (decreasing resolution)

wColor or Monochrome sensor, SpectRdsponse

wShutter type(globalor rolling)

4 Global Shutter All lines are exposed in sammment of time.

4 Rolling Shutter Lines are exposed sequentially in time.
May cause distortions of moving objects.

4 Global is morexpensive compared to rolling shutter types

Rolling ShutteDistortions

ImagesPhytec

Global Shutter

06.12.2023 | Page 33
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Camera selectiorf2)

Interfacing

wlnterface type (matching CPldterface)
wRequiredcable length (signal quality and EMI
wAVvailability of Software drivers

wMechanical dimensions

Purchasing aspects

wlLead times availability

wlLong term availability

wCustomizing (sensor and lens assembly)
wPrices

BayerColor Sensor

Color Filter
Array

w color filter array
on singlechip-
sensors

W requi[es
a 5-Bayering
(by software/ISP)

raw image (RGGB)

interpolatd color image

u The Phyte@maging teansupports you in the selection process.

Embedded Vision Design with Phytec

ImagesWikipedia
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phyCAMc Board Level Cameras

Readyto-use camera modules for direct connection to a digital processor interface

w Minimaldesign effort for camera integration into an embedded system
w ThephyCAM interfacenakes it easy to switch between camera modelgl@nhardware side

w Standard siz€34 x 34 mmor mini-Version for SMount Lenses
w Availablewith lens holders for-$ount (M12) or C/G&ountlenses or as plain sensor version

wBSPs of the compatible processor modules alreadydesoftware drivers for the cameras

phyCAM with phyCAM with phyCAM plain sensor
SMount lens holder C/CSMiount lens holder for custom optics
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phyCAMc¢ Concept
Latest Linecard with MIPI G3linterface
new
VM-x16-X VM-x20-X
w 1 MPixels w 2.3 MPixels
w Global Shutter w Global Shutter
w Color or Monochrom w Color or Monochrom
w especiallysuitable for wa! LJAN) REME &I + a
applications with fasimoving fills gap between VM16 and
objects VM-x17

Embedded Vision Design with Phytec

VM-x17-X

w 5 MPixel

w Rolling Shutter

w Color or Monochrom

w coversall resolutions between
1 and 5MPixels byadjustable
image size

P R 94V-0 .
AN £225430 KB-04 j
SelS - 0! b4r 16135

< | AR
e

. 7
®
4
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PHYTEC phyCAM ¢ Interface

A well defined MIPI G&IConnector for Professional Applications

wHirose FH41 / FH48 (vertical / horizontal)

w30 pin, matched impedance, defined ground concept
w Suitable for FFC or freely formed flexible printed circuit boards (FPC)
w4 lanes, 10 GBit/s MIPI ESinterface
w Four freely assignable multipurpose pins (e.g. trigger / stroljé

w Supply voltage 3.3V / 5V switchable
(5V for 3rd party cameras with integrated ppeocessing)

w Designed for professional, industrial use
w Open spec, design guide available
w Already introduced for mangmbedded SOMs

Pin Assignment phyCAM
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phyCAMM ¢ Connector Benefits

Hirose FH41 / FH48

w Inexpensive, good availability

wCompact size

w Horizontal and vertical version available

w30 pin, matched impedance, defined ground concept

wfeatures dedicated Ground contacts for shield

w Suitable for FFC or freely formed flexible printed circuit boards (FPC)

®Shielded FFC Signal connection area

S
ry. Con
T

Gf&/
Y
Lm0 o,

N b 200t
- Vicy Cts Ground contact connection area

Fig.2 Fia.3
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phyCAMM ¢ Versatile Connectivity

Both Inexpensive FFolution and FPC Adapter as Integration Option

w FFC solution
- inexpensive Flat Foil Cables are available from sto
- boardto-camera solution
- works out of the box for most designs

simple FFC
boardto-camera solution

w FPC option
- Flexible Printed Circuit allows total customization
- individual cable shapes and forms
- easy design of adaptegsno PCB needed
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phyCAMM ¢ Electrical Characteristics

wMIPICSI2 matched impedance design
w Optimized High Frequency Ground Concept
w Dedicated Shield connections

wLow Electromagnetic Interference
w High Signal Quality

Pegel [dByVim]
80

[T T

T D S

50

E = e e BERCECT T T O T e R R PR R RO R EREEPEREE L .

S T T N ;

20

30M S0M TOM 1001 2000 3001 soom 16 26
Freguenz [Hz]

—— MES 20158_01_pre PK
= LI EN 55011 F QP 3mB 2G
—— LI ENS5011F QP 3m& 2G Field Strength QP Limit

EMI Radiation EN 55011, Class B MIPI CS? Signal Integrity
PHYTEC i.MX8 M Reference Design phyB®ARDs PHYTEC i.MX6 Reference Design phyBOWAIRK) with
with VM-017 5.1 MPixels camera module, 15 cm cable VM-017 5.1 MPixels camera module, 15 cm cable
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phyCAMM ¢ Connectivity

Embedded Vision Design with Phytec

[2C Control Bus

2

Full 10 GBit/s 4ane MIPI C&l Interface

4 Multipurpose I/O Pins

06.12.2023
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VM-020 Benefits
2.3 MPixel Global Shutter Boak@velCamera

optimized
heat dissapation

Image sensor AR0234
Industrial graded
2.3 MP Global Shutter

High quality meta&Mount

Corning Liquid Lens
lens holder (option)

(option)

Resolution
Sensor Type
Shutter Type
Image Sensor

Framerate

Dynamic Range
AEC /| AGC

Sensitivity

Special Features

EEPROM

Trigger/Strobe

Low noise
Power suppl

2.3 MPixels
monochrom / color
Global
onsemi AR0234

120 fps @2.3MPixel
136 fps @Full HD

71.4 dB
auto / manual

22.3 kellux-sec (COL)
56 ke/lux-sec (BW)

Liquid Lens Driver
EEPROM
Embedded Statistics

new
Liquid Lens Driver
(Option)

phyCAMM for best

MIP1 CS2 signal quality
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phyCAMM-mini

Smallest board level camera foiv®unt lenses

only 18 x 26 mm

optimized phyCAMM for best
heat dissapation MIPI CSP signal quality

Configuratio

Lens supply and
PRy EEPROM

assembly servic

Industrial gradec
Image sensor

Low noise
power supply

High quality metal -Mount

lens holder (option) Center holes M2 screw

mounting
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phyCAM Interfacedor MIPI CSE ¢ Based Systems

Interchangeability at hardware level
phyCAMM

w MIPI CS? Interface

w FFC/FP€able,30 pin

w Cable length up t45 cm

w well defined connector for MIPI C3I
w 4 LVDS ata lanes 1 clock lane

w 2.5Gbit/s perlane= 10 Gbit/s

w I12C ontrol bus

w supports3,3Vand5V-Supply

w 4 Multi-purpose pins

Embedded Vision Design with Phytec

phyCAML

w FPDLIink llic Interface Standard

w Coax Cable, UMCC Gen.1 Connector
w Cable lengttbis 15 m (RG58)

w A LItaddd It hardware compatible
w transmits MIPI C&J data transparent
w 4.16 Gbit/sdata channel

w Control channel witi*GBusand GPIOs
w 12 V Power over Coaxsupply

w ExpansiorConnector orcamera

06.12.2023
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phyCAML

Industrial FPELInk Il Solution

= phyCAML Camera

Image ~{ FPBLink Il /
Sensor |« Serlallze
___/

DC
DC

Application Board

:

— phyCAML]—/

Embedded Vision Design with Phytec

a

v

phyCAML

15m

=]
S v

[ FPDBLink Il
Deserializer.

i

Qo

<

A

(@]

L N

_____________
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FPD[ Ay 1 L LL ucBekii the Scgnks/ol phyCAM

Texas Instruments HigBpeed SerDes Chipsets

, wip TEXAS INSTRUMENTS
©E 62 Tt @hidiNGnd VEInkC t 5

w FPDBLInk Il targets automotive applications
wV3Link is designed for industrial applications
w V3Link is more cost effective compared to ARk Ill

4 PhytecphyCAML camerasnodules are available as

both FPELInk Il and \fink versions

Data Rate 4.16 Gbps 4.16 Gbps
Target Market Automotive Industrial
Operating Temp. -nnXbvnp -HN XBEp
Functional Safety AEGCQ100
Cost $$ $

*) selected features and chip derivatives, preliminary information
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phyCAML Extension Interface

Add function extension® the camera head easily

Application Example

(S Expansion Demonstrator \Z.9
Wlas e T - - P
1 * w 12 separatly dimmable illumination LEDs
2 °C SDA w Driver for Corning Liquid Lens
3 I2C SCL w RGB StatukED
4 GND
5 STROBE out Power over Coax power supply,
fully controllable via phyCAM

w The Extension connectatlowseasy addition of individual
add-on boards in front of or behind theamera board.
Features:

4 Powerover-Coax Supply Voltage
4 12C¢ Interface
4 SensoiStrobe Signal for Camera Sync.
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phyCAMc¢ Overview of models

5 MPixel

2.3 MPixel

1 MPixel

Image Resolution 2592 x 1944 (5 MPix) 2592 x 1944 (5 MPix) Mini 2592 x 1944 (5 MPix) 1920 x 1200 1920 x 1200 1280 x 800 (1 MPix) 1280 x 800
(2.3 MPix) (2.3 MPix) (1 MPix) Mini

Camera Series VM-017 VM-117 VM-011 VM-020 VM-120 VM-016 VM-116

Color / Monochrome -COL [ -BW -COL/-BW -CoL -COL [ -BW -COL /- BW -COL/ -BW -COL /- BW

Image Sensor (-COL/-BW) AR0521 AR0521 MTIP0O6 ARD234 AR0234 ARD144 ARD144

Color Format (~-COL/-BW) Bayer Pattern [ Y Bayer Pattern | Y Bayer Pattern Bayer Pattem | Y Bayer Pattem [ Y Bayer Pattem | Y Bayer Pattern [ Y

Optical Format 1/25° 5.7 mm x 43 mm 1/2.5" 5,7 mm x 43 mm 1/2.5" 5.7 mm x 4.28 mm 1/2.6" 5761 mm x 3.6 mm 1/2.6" 5761 x 3.6 mm 1/4" 284 mm x 2.4 mm 1/4" 384 mm x 2.4 mm

Pixel Size 2.2 pm x 2.2 pm 2,2 ym x 2,2 pm 2.2pm x 2.2 pm 3umx3 pm 3pmx3pm 3um x 3 pm 3pm x 3 pm

Dynamic Range 40dB 40 dB 67 dB 7.4ds 71448 71.4dB 71448

High Dynamic Range = = = - = = =

Shutter Type Rolling Rolling Rolling Global Global Global Global

Features (optional) Strobe | Trigger / EEPROM Strobe / Trigger Strobe | Trigger / EEPROM Strobe / Trigger / EEPROM Strobe/Trigger/EEPROM |  Strobe | Trigger / EEPROM Strobe / Trigger

Operating Temperature -25°C...+85°C (Junction) -25°C...+85°C (Junction) -25°C..+70°C -25°C..+85°C -25°C..+85°C -25°C..+85°C -25°C...+85°C

PCB Dimensions 34 mm x 34 mm 18 mm x 26 mm 34 mm x 34 mm 34 mm x 34 mm 18 mm x 26 mm 34 mm x 34 mm 18 mm x 26 mm

Interface phyCAM-M | phyCAM-L phyCAM-M phyCAM-P | phyCAM-S phyCAM-M phyCAM-L phyCAM-M phyCAM-M phyCAM-L . phyCAM-P phyCAM-S  phyCAM-M
MIPI CSI-2 FPD Link Il MIPI CSI-2 parallel VDS MIPI CSI-2 FPD Link Il MIPI CSI-2 MIPI CSI-2 . FPD Link Il . parallel . VDS MIPI CSI-2

Frame Rate (full-size image) to 60 fps : to 60 fps to 60 fps to 15 fps to 15 fps 120fps {max) : tbd. 120 fps (max.) to 60 fps : to60fps i to60fps  to60 fps to 60 fps

Frame Rate (Standard Video) 120 fps (Full HD) : 120 fps (Full HD) 120 fps (Full HD) 60 fps (HD) 50 fps (HD) 134 fps (Full HD) :  tbd. 134 fps (Full HD) 66 fps (HD) 66 fps (HD) 86 fps (HD) 66 fps (HD) 66 fps (HD)

Video Interface 8/10/12 Bit : 8/10/12 Bit 8/10/12 Bit 8/10/12Bit : 8Bit 8/10 Bit 8/10 Bit 8/10 Bit 8/10/12 Bit i 8/10/12 Bit : 8/10/12 Bit : BBit 8/10/12 Bit

Supply Voltage 33voC 45-132VDC 3v 28VDC 33voc 33vDcC 45-132VDC 33voc 33voc : 45-132VDC : 28VDC i 33vDC 33vioc

Article Number VM-017-COL-M  VM-017-COL-L VM-117-COL-M VM-011-COL VM-011-COL-LVDS VM-020-COL-M VM-020-COL-L VM-120-COL-M VM-016-COL-M VM-016-COL-L 'VM-016-COL-P VM-016-COL-S  VM-116-COL-M
VM-017-BW-M VM-017-BW-L VM-117-BW-M VM-020-BW-M VM-020-BW-L VM-120-BW-M VM-016-BW-M VM-016-BW-L 'VM-016-BW-P VM-016-BW-S  VM-116-BW-M

o Latest version on www.phytec.de/produkte/embeddeaasion

w all camera moduleare availablewith different lensholders
w Customizatiorservices €.g. delivery withyour individual lens mountéd
w Price indication: approx. 40 EUR per piec&G10(non-binding sample price, not for phyCANI

Embedded
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EmbeddedVision Systemg Part 3:Optics and Lenses

Embedded Vision System

_Light Source Peripherals
— ]
* *
E é§ Interface | | o
| g—-h 2| CPU |[—» to |
o S E Peripherals
—I_. —L
o \ HMI [W
©
£ Display
(@]
(n Year -z011
() ==
| |
I I
Object Lens Camera Computer Interfaces
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Lens Selectioll)

Focal Length

wCharacterizes the field of view

wDependson object distance and senssize
wShort focal lengths cause radial distortion
wObserve minimum object distance (MPD

Rules of thumb for focal length calculation: Fisheye effect caused by
S l small focal length
f - — CD Q N L small sensor=
O C ¢O (6} C small focal length
f =lens focal length w = horizontal field of view
s =width of the sensor ,
) ) 6,4
O =width of the object mEHd - mm
D =object distance MK H ®p o >,6mm
MK O G 4,8mm
A Always test a lens extensively in your targpplication MK G 3,6mm

Images: Wikipedia
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Lens Selectiol(2)

Optical Resolution
WLYRAOFUG2NI F2NJ GKS £2LWGAOIE ljdz2 tAG@eg 2F I f
wDetermined by application requirements

wDepends also on sensor size

4 Smallersensors require better optics for the same
numberof pixeld

wLenses for more than &8 MPixels sensors usually

w»
<
QX

becomeexpensive
. . Object: Line Pattern Modulation Transfer Function
?How can we describe the quality of a lens? l]]II]]]llllﬂI —
wCharacteristic value: Optical transfer function Object Modulation

sal ydzFH OUdzNENBE 2F0GSy aLISOATE |[[da[g" LA F
4 better: Modulation Transfer Function (MTF) “ 50 %

Image: Line Pattern

Image Modulation /
1 2 3 4 5 6 7 8 line pairs / mm

Image: Wikipedia
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Lens Selection (3)

Depth of Field

wDistance range in which the image is "sufficiently” sharp. " '.'; s s lene bareel
s rfore a istance Ooppomsyy

wCharacteristicDepth of Field s are using. 1f you the
the depth of field wi)

wlonger focal lengt>smallerDOF ce to infinity.9 For

wAperture: iris further closeg>higherDOF mera has a hyperd

A AN less,
Aperture

wlncreases the depth of field by cutting the outer rays. e a0 B
wCharacteristic:-6top no. , fnumber, tratio, F o o o
wEach Fstop is1/+2 of the previous.

L _ . f/4.0 /5.6 /8.0
wAperture: iris further closed => higher DOF ° ° °
4 SMount Lenses can be customized with a specific

aperture at higher quantities

Images: Wikipedia
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Lens Selection (4)

Optical Filters
wAllowimprovement of the image.

wSeparate information from the spectrum
(e.g. fuorescence, infrared or UV illumination).

wCan be integrated into a lens or the lens holder.

4 Color Sensors require an IR cut filter to preserve

_ _ _ without IRcut filter with IRcut filter
natural colors (especially in daylight).

Color distortion by infrared light

o IR filter (typical) transmission values
4 ------Green (B)
Green (R) 100
35 Red w / \'7/;,~; NS \ )
/“‘/ v ‘1 ’{\I
30 80 ) + ‘ -
N/ S\ [
> il A\ [
5 W
£ ol | ||
£ £ [ L\ ] | ]
i \ . . =
: \ w1 A |\
° 19 | \ \ | ‘l \ \
X > ; |
s il § 3y | N —Band pass
0 ared Light N’ N- for IRLEDs
350 4;0 5;0 5'50 7;0 850 950 1050 350 40 £50 850 750 850 950
Wavelength (nm) wavelength (nm)
typical transmission of the color filters on the sensor Transmission characteristics of IR cut filters Images: PHYTEC Messtechnik
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Corning Varioptic Liquid Lens
Adjustable Focus Control by Software

w Principle: Electrowetting O
w Shape of an insulating liquid can be changed o
by electric voltage
w Depending on the voltage applied, a lens . BIoIE
element can be a divergent lens, a flat lens or Flecton

a convergent lens: Principle of Electrowetting Shape of drop as voltage increases

37V 50V
.G ELECTROSTATIC PRESSURE L S ELECTROSTATIC PRESSURE
o ©
S) S)
R
.............. ... T RO (S LS
s = >
WINDOW — WINDOW — © — WINDOW WINDOW — [© — WINDOW
©)
n n
METAL— | | L—_METAL METAL—— | | L —METAL METAL—— | | L—_METAL
INSULATION INSULATION INSULATION
Divergent Lens Flat Lens Convergent Lens

Pictures: Corning
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Corning Varioptic Liquid Lens
Autofocus System Integration

Application Board

{ SOM
e N

L e e—

AF

p

- Lens 12C
ol

Lens Position

> m
= =
= =
@) @)
= =
o o

Alogrithm
> — —_— Statistiscs
: : MIPI | [ h | -
_ Sensor csi ™ ISP =+ Image Data
/ \ o W,
’ _Om %ﬁ
or
Ot .

phyCAML with

VM-020 Expansion Board
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Individual Opticsfor Your Serial Product

PHYTEC Leresnd Camera Assembly Service
wSupport on the selection of lens parameters
wCustomized lenses are possible

wAssembly of phyCAM module, filter, and lens for
your specific application

CAD modeling afamerasystem

phyCAM Module

Filter Glass Lens Holder Customized Lens

Picture: PHYTEC Messtechnik

Camera assembly at
our dustreduced
optics workstations
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