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BOARD SUPPORT PACKAGES (BSP)

MIDDLEWARE-INTEGRATION

CUSTOM SOFTWARE ADAPTION

SOFTWARE

PHYTEC at a Glance
Inside Great Products. Behind Great Ideas.

SYSTEM ON MODULES (SOM)

SINGLE BOARD COMPUTER (SBC)

EMBEDDED IMAGING (BLC)

CUSTOM DESIGNS

Years experience
in Embedded Design

Years
Embedded Vision

Made in Mainz Headquarter and Production Site in Mainz, Germany 
Subsidiaries in USA, France, China, India

Employees worldwide
40% Engineers

HARDWARE SERVICES

SUPPORT AND DESIGN-IN SERVICES

SYSTEM-INTEGRATION

TURN-KEY DEVELOPMENT

EMBEDDED IMAGING

PRODUKTION AND ASSEMBLY

LIFECYCLE-MANAGEMENT
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Embedded Vision ςRange of Applications

Industrial Automation 
(on site)

Industrial Automation 
(off site)

Professional
Applications

Consumer

Embedded Vision

±ƛǎƛƻƴΨǎ
Birthplace

Start of
Mass Market
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Embedded Vision ςRange of Applications (2)

Industrial Automation 
(on site)

Industrial Automation 
(off site)

Professional 
Applications

Consumer

Embedded Vision

Quantitylow high

high lowUnit Price

low highLevel of Integration

high lowLevel of Standardization

ω High volumes and low unit price require a high degree of integration and highly customized designs.
ω Cost aspects and the demand for high integration make it difficult to reach a high degree of standardization.
ω Professional applications can benefit from developments in the consumer market.



06.12.2023 | Page 6Embedded Vision Design with Phytec

SOM Integration
SOS-Intercom-System

Å Call point for emergency calls in public buildings and local 

public transport.

Å Video image transmission from the call point to the service 

control room

Å Voice and video transmission via Ethernet

Å Vandalism-proof design of the outdoor unit, compact 

operating unit with integrated display in the control room.

PHYTEC Products and Services

ÅUse of phyCAM Board Level Camera in the Call-Point-device

ÅUse of PHYTEC System on Module in the Call-Point and the 

control room unit.

ÅConsulting and software support services by PHYTEC for integration of 

video streaming.
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High-End Measuring System
Mobile profile metrology

Å Optical acquisition of 2D geometries 

Å Laser light-section technology

Å Evaluation of object contours 

Å Comparison with user specific limits

Å Visualisation on the user display 

PHYTEC Products and Services

ÅUse of phyCAM Board Level Camera

ÅUse of phyCORE i.MX 6 Quad Core SOM

ÅConsulting and support by PHYTEC during 

development and series production phases
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Medical Diagnostics
Lateral Flow Reader ESEQuant Flex

Å State-of-the-art rapid test reader for lateral flow tests

Å reflective & color change tests

Å configurable for many different tests

Å precise measurement technology for medical diagnostics

PHYTEC Products and Services

ÅDevelopment of the entire device electronics in close 

cooperation with the customer

ÅUse of Board Level Camera VM-011

ÅUse of phyCORE i.MX 6 Quad Core SOM
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Camera System for Wind Measurement
ODM-Project

Å 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.

Å Extremely robust and durable device design.

Å Designed for the challenging environmental conditions.

PHYTEC Products and Services

ÅDevelopment of the entire device electronics in close 

cooperation with the customer

ÅUse of standard components

phyCAM and phyFLEX i.MX 6

ÅManufacturing of the series hardware
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Update and
Maintainance

EMI

Customizing Embedded Vision

Individual Shape of 
Product and PCB

Various (Process-) 
Interfaces

Stand Alone
or HMI

Battery 
operated

Challenge: Integration of many different requirements

Integrated Peripherals

Motor Drivers

Environmental 
Sensors

FDA 
Certification

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?

Optimized for 
mass production

Cost optimized

Safety and 
Security

Camera requirements

Lens Specification Environmental 
Specification Lifecycle 

Management

Communication Lab Automation Medical Transportation Measurement Car Inspection Energy

Ruggedized

Some Examples 
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Advantages of Modular Design (Make & Buy)

ωReduces Design complexity while maintaining customizability 
ωModule offers proven and verified design
ωDevelopment time and cost are minimized

ωSuitable software environment is supplied
ωSoftware design is reduced to application level

ωLifecycle Management / Product Change Management
ωOperating system maintenance by Phytec
ωDesign assistance and support available
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Components of an (Embedded) Vision System

ω An Embedded Vision System contains all optical, electrical and mechanical components needed for a specific task

ω It is typically designed and tailored for a specific task

ω It also contains the application software for a specific task
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Embedded Vision System ςPart 1: Microcontroller and Software
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Use of Arm® Processors for Embedded Vision

Hardware Aspects 

ωArm® architectures are widely used in consumer applications

ωPrice / performance ratio is favorable

ωAvailable in different performance classes

ωIndustrial and Automotive - qualified components available

ωMany interfaces and peripheral components are already integrated

ωDedicated interfaces for camera sensors (often MIPICSI-2)

ωPerformance for certain tasks is achieved by integrated add-on 
modules / coprocessors (e.g. video compression, AI accelerator)

ωOften good to very good energy efficiency

Software Aspects 

ωEasy programming under Linux with well-known software tools and libraries

ωBenefit from open source and community concepts

ωReduced software maintenance effort

ωRoyalty-free licence models

Lite
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PHYTEC Messtechnik GmbH

P
H

Y
T

E
C

Plug-In Module Direct Soldering

phyCORE i.MX 8M Plus

Cutting Edge SOM for Vision Applications
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1) 4-lane MIPI CSI-2  2) scalable 2 / 4 cores  3) theor. score, MP/HP  4) D=decode / E=encode, all information is preliminary.

Key Characteristics NXP i.MX 8M Plus

Block Diagram Feature i.MX 8M Plus

CPU-Cores 2) 4 x ARM Cortex®-A53

CPU-Frequenz 1,8 GHz

Camera Interface 2 x MIPI CSI-2 1)

ISP 1x 12 MP / 2x FullHD

3D GPU
1 x GC7000 UL

16 / 32 GFLOPS3)

NPU 2,3 TOPS

SIMD-Unit п Ȅ !ǊƳ b9hbϰ

VPU 4) H.265 D/E 1080p60
H.264 D/E 1080p60

Secondary Core
ARM Cortex® M7

800 MHz

Interfaces USB3, CAN, Gbit Eth.

for Vision Applications
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i.MX 8M Plus ςCPU-Performance

MVTecHalconHPeekEmbedded
Demo Application Runtime

phyCORE i.MX 8M Plus
Quad Cortex A53 1.8 GHz

Check radius of bonding balls 4 ms

Read QRcode (from mix of different codes) 11 ms

Inspection of a punching die for razor blades 12 ms

Determine space coordinates of metal parts 19 ms

Tabletinspectionin blister 61 ms

DeepLearning: Sortingfruits 178 ms

Identifywine bottles 318 ms

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

Processing Speeds of Different Tasks

ωMeasured with MVTecHalconembedded
ωHPeek- Demo includes about 40 practical application examples
ωPerformance can be tested on different ARM platforms
ωAvailable as ready-to-use SD card image for PHYTEC Development Kits

CPU performance without applying hardware accelerators (GPU, NPU, etc.)

750 x 478 Pixel

|
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ResNet50 (224x224 Pixels) MobileNetV1 (224x224 Pixels) MobileNetV2 (224x224 Pixels)

i.MX 8M Plus ςNeural Processing Unit

Inference Times for Some Standard Neural Networks

Feature ResNet50 MobileNetV1 MobileNetV2

Inference (mean) 17 ms 6 ms 7 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 Plus ςNeural Processing Unit

Power Consumption with Inference

ωInference test: continuous image analysis with ResNet50
ωSimulation of different load levels
ωTypical load scenario: level 2 with 2.66 W

Measured on PHYTEC Embedded AI Kit with Alpha-BSP



06.12.2023 | Page 20Embedded Vision Design with Phytec

i.MX 8M Plus ςImage Signal Processor

Integrated Pre-processing of Raw Sensor Data

ωISP takes over processing of the sensor data, such as: 

4 De-Mosaicing(Debayering) 
4 Black levelcalibration(BLC)
4 Bad Pixel Correction (DPCC)
4 Color Calibration, White Balance
4 High Dynamic Range (HDR) calculations
4Wide Dynamic Range (WDR, local tone mapping)
4Measurements for AEC, AGC, AF

4 LensShadeCorrection
4 LensDistortionCorrection(Dewarping)

Example: Fisheye - Dewarping

Color Filter 
Array

Image Memory

De-Mosaicing

Images: Phytec / ISP Block Diagram: NXP
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i.MX 8M Plus ςImage Signal Processor

Integrated Pre-processing of Raw Sensor Data

ωBenefits of integrated ISP

4 No separate ISP required on camera side 
4 Possibly lower data rate on camera interface 
4 Relieves CPU load compared to software ISP

ωCalibration of the ISP is needed
4 for the specific camera model
4 for the custom lens parameters

Calibration data are loaded from calibration
files (XML).
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Processor

CPU

Camera

Image-
Sensor

CPU-Board

Processor

CPUMIPI

CSI-2
ISP
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i.MX 8M Plus ςISP ςCalibration Service

ωCalibration data for Phytec phyCAM-Board Level Cameras VM-x16 / VM-x17 / VM-x20 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 phyCAM modules 
VM-x16, VM-x17, VM-x20:

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 control (basiccalibration).

AWB (Auto White Balance) Automaticwhite balance (for colorcameras, basiccalibration).

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

Defect Pixel Cluster Correction Automatic correction of defect pixels (for cameras without internal DPC).

WDR3 (Wide Dynamic Range) contrast improvement of details in difficult light conditions.

ωISP Calibration Package
The calibration package includes the basic calibration of aindividual camera - lens combination at a fixed 
price. The calibration is based on a phyCAM camera and a Phytec lens.
Package price: 1350,- EUR *) Prerequisites and detailed scope of services on request

Thefollowingfunctions are included in the Optics 1 calibration package:

Dewarp /ƻǊǊŜŎǘƛƻƴ ƻŦ ƭŜƴǎ ŘƛǎǘƻǊǘƛƻƴǎ όαCƛǎƘŜȅŜ ŜŦŦŜŎǘϦύ

Lens Shade Correction /ƻǊǊŜŎǘƛƻƴ ƻŦ ǘƘŜ ƭŜƴǎΩ ŜŘƎŜ ǎƘŀŘƛƴƎ

CPROC Optional fixed tuning of brightness, contrast, saturation and HUE
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PHYTEC Messtechnik GmbH
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phyCORE AM68A / TDA4Vx

Preview: Latest SOM for Vision Applications
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1) 4-lane MIPI CSI-2, 8 virtual channels 2) scalable 2 / 4 cores  3) theor. score, MP/HP  4) D=decode / E=encode, all information is preliminary.

Key Characteristics Texas Instruments AM68A

Feature AM68A

CPU-Cores 2 x ARM Cortex®-A72

CPU-Frequency 2.0 GHz

Camera Interface 2 x MIPI CSI-2 16VC 1)

ISP
ÅVPAC 720 MPix/s
ÅDMPAC depth/motion

3D GPU
1 x BXS4-64
50 GFLOPS3)

NPU 8 TOPS

SIMD-Unit 2 Ȅ !ǊƳ b9hbϰ

VPU 4) H.265 D/E 4k60
H.264 D/E 4k60

Secondary Core
ARM Cortex® R5F

1 GHz

Interfaces USB3, CAN, Gbit Eth.

for Vision Applications
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AM68x / TDA4Vx ςImage Signal Processor

Vision Pre-processing Accelerator (VPAC)

ωVPAC takes over pre-processing of the sensor data, such as: 
4 De-Mosaicing (Debayering)
4Global/Local Brightness and Contrast Enhancement
4 Defect Pixel Correction
4 Spatial Noise Filter
4White Balance, Exposure, Focus Statistics
4WDR / HDR calculations
4 Edge Enhancement
4Multiple Color Format Output
4Multi Scalar Block (Image Pyramid)
4 Lens Shade Correction
4 Lens Distortion Correction (Dewarping)

ωDMPAC supports stereo depth and motion estimation

Multi-ScalingDe-Warping Engine

Images: Texas Instruments
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1) 4-lane MIPI CSI-2, 4 virtual channels each 2) theor. score, MP/HP  3) D=decode / E=encode, all information is preliminary.

²ƘŀǘΩǎ bŜȄǘΚ ςphyCORE i.MX 95

Feature NXP i.MX 95

CPU-Cores 6 x ARM Cortex®-A55

CPU-Frequency 2.0 GHz

Camera Interface 2 x MIPI CSI-2 8VC 1)

ISP 500 MPixel/s

3D GPU
ARM Mali G310
51.2 GFLOPS2)

NPU 2 TOPS

SIMD-Unit 6 Ȅ !ǊƳ b9hbϰ

VPU 3) H.265 D/E 4k30
H.264 D/E 4k30

Secondary Cores
1x ARM Cortex® M33 
1x ARM Cortex® M7

Interfaces
USB3, 5x CAN-FD, 2x 
Gbit Eth., 10Gbit Eth.

Machine Vision Differentiators

ω2 MIPI CSI-2 Interfaces support Virtual Channels
ωISP and ISI are daisy chained
ωVPU supports 4K encoding / decoding
ωARM Mali G310 GPU
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Performance Data of Phytec Vision SOMs compared

Wide spectrum for Imaging Applications

Feature STM32MP157 i.MX 8M Mini i.MX 8M Plus TI AM68A

Image Capture 1 x parallel 1 x MIPI CSI-2 1) 2 x MIPI CSI-2 1) 2 x MIPI CSI-2 1), 16 VC

Image Pipeline DCMI CSI ISI / 2x ISP ISP VPAC

Image Pipline Size 4 MPixel 5 MPixel 12 MPixel / 2x FullHD >8 MPixel / 8x FullHD

CPU-Cores 2) н Ȅ /ƻǊǘŜȄϰ !тп Ȅ /ƻǊǘŜȄϰ !роп Ȅ /ƻǊǘŜȄϰ !рон Ȅ /ƻǊǘŜȄϰ !тн

CPU Frequency 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 BXS-4-64

3D GFLOPS 3) 3.2 6.4 16 / 32 50

OpenCV/VX 4) - OpenCV 4.0.1 OpenCV 4.0.1 tbd.

SMID-Unit н Ȅ !ǊƳ b9hbϰп Ȅ !ǊƳ b9hbϰп Ȅ !ǊƳ b9hbϰн Ȅ !ǊƳ b9hbϰ

VPU 5) -
H.265  -/D 1080p60
H.264 E/D 1080p60

H.265 D/E 1080p60
H.264 D/E 1080p60

H.265 D 4k60 / -
H.264 D 4k60 / E 1080p

NPU - - 2.3 TOPS 8 TOPS

*) selected derivatives, selected features  1) 4-lane MIPI CSI-2   2) scalable   3) theor. values MP/HP   4) as of Q4/2021   5) D=decode / E=encode, preliminary information
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CPU Performance of Phytec Vision SOMs

Wide spectrum for Imaging Applications

*) DMIPS based on ARM platform performance data. The table does not reflect impact of different memory / bus options, cache sizes or other limiting factors.

2223

7866

7866

15040

1330

Highlighted yellow: selected SOMs for Imaging Applications

12600
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Graphics Performance of Phytec Vision SOMs compared

Wide spectrum for Imaging-Applications

*) DC[htǎ Ϫ оо ōƛǘ ŀŎŎƻǊŘƛƴƎ ǘƻ ƳŀƴǳŦŀŎǘǳǊŜǊΩǎ ǎǇŜŎƛŦƛŎŀǘƛƻƴ

6,4

16

50

Highlighted yellow: selected SOMs for Imaging Applications

51,2
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Drivers and Middleware
Integrated ready-to-use in the BSPs

SOFTWARE DRIVERS MIDDLEWARE                                    

Video-4-Linux
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Embedded Vision System ςPart 2: Camera Interface
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Basic Requirements on the Sensor

ωImage Resolution (Pixel count)
4 How much details do you need to see?

4 Keep Nyquist-Shannon sampling theorem in mind

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

ωColor or Monochrome sensor, Spectral Response

ωShutter type (global or rolling)

4 Global Shutter: All lines are exposed in same moment of time.

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

4 Global is more expensive compared to rolling shutter types.

Camera selection (1)

Global Shutter Rolling Shutter Distortions
Images: Phytec
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Interfacing

ωInterface type (matching CPU-Interface)

ωRequired cable length (signal quality and EMI)

ωAvailability of Software drivers

ωMechanical dimensions

Camera selection (2)

Purchasing aspects

ωLead times / availability

ωLong term availability

ωCustomizing (sensor and lens assembly)

ωPrices

uThe Phytec imaging team supports you in the selection process.

Bayer Color Sensor

ω color filter array 
on single-chip-
sensors

ω requires 
α5Ŝ-Bayeringά
(by software/ISP)

raw image (RGGB)                  interpolated color image

Images: Wikipedia
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Ready-to-use camera modules for direct connection to a digital processor interface

ωMinimal design effort for camera integration into an embedded system

ωThe phyCAM interface makes it easy to switch between camera models on the hardware side

ωStandard size (34 x 34 mm) or mini-Version for S-Mount Lenses

ωAvailable with lens holders for S-mount (M12) or C/CS-mount lenses or as plain sensor version

ωBSPs of the compatible processor modules already include software drivers for the cameras

phyCAM ςBoard Level Cameras

phyCAM with
S-Mount lens holder

phyCAM with
C/CS-Mount lens holder

phyCAM plain sensor
for  custom optics
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phyCAM ςConcept

VM-x16-Χ 

ω1 MPixels

ωGlobal Shutter

ωColor or Monochrom

ωespecially suitable for 

applications with fast moving 

objects

VM-x17-Χ

ω5 MPixel

ωRolling Shutter

ωColor or Monochrom

ωcovers all resolutions between 

1 and 5 MPixels by adjustable 

image size

Latest Linecard with MIPI CSI-2 Interface

VM-x20-Χ 

ω2.3 MPixels

ωGlobal Shutter

ωColor or Monochrom

ωα¦ǇƎǊŀŘŜ ƻŦ ±a-ȄмсάΣ

fills gap between VM-x16 and 

VM-x17 

new
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ωHirose FH41 / FH48 (vertical / horizontal)

ω30 pin, matched impedance, defined ground concept

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

ω4 lanes, 10 GBit/s MIPI CSI-2 interface

ωFour freely assignable multipurpose pins (e.g. trigger / strobe)

ωSupply voltage 3.3V / 5V switchable
(5V for 3rd party cameras with integrated pre-processing)

ωDesigned for professional, industrial use

ωOpen spec, design guide available

ωAlready introduced for many embedded SOMs

PHYTEC phyCAM-M ςInterface

Pin Assignment phyCAM-M

A well defined MIPI CSI-2 Connector for Professional Applications
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Hirose FH41 / FH48

ωInexpensive, good availability
ωCompact size
ωHorizontal and vertical version available
ω30 pin, matched impedance, defined ground concept
ωfeatures dedicated Ground contacts for shield
ωSuitable for FFC or freely formed flexible printed circuit boards (FPC)

phyCAM-M ςConnector Benefits
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Both Inexpensive FFC-solution and FPC Adapter as Integration Option

ωFFC solution
- inexpensive Flat Foil Cables are available from stock
- board-to-camera solution
- works out of the box for most designs

ωFPC option
- Flexible Printed Circuit allows total customization 
- individual cable shapes and forms
- easy design of adapters ςno PCB needed

phyCAM-M ςVersatile Connectivity

simple FFC
board-to-camera solution
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ωMIPICSI-2 matched impedance design
ωOptimized High Frequency Ground Concept
ωDedicated Shield connections

ωLow Electromagnetic Interference
ωHigh Signal Quality

phyCAM-M ςElectrical Characteristics

MIPI CSI-2 Signal Integrity
PHYTEC i.MX6 Reference Design phyBOARD-Nunki with 
VM-017 5.1 MPixels camera module, 15 cm cable

EMI Radiation EN 55011, Class B
PHYTEC i.MX8 M Reference Design phyBOARD-Polaris 
with VM-017 5.1 MPixels camera module, 15 cm cable
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phyCAM-M ςConnectivity

Full 10 GBit/s 4-Lane MIPI CSI-2 InterfaceI²C Control Bus

4 Multipurpose I/O PinsAutomatic Voltage Selection

Strong Power Supply Path
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VM-020 Benefits

Corning Liquid Lens
(option)

High quality metal S-Mount
lens holder (option)

optimized 
heat dissapation

Image sensor AR0234
Industrial graded

2.3 MP Global Shutter

2,3 MPixel Global Shutter Board-Level Camera

phyCAM-M for best
MIPI CSI-2 signal quality

EEPROM

Trigger/Strobe

Low noise
Power supply

Liquid Lens Driver
(Option)

Feature VM-020

Resolution 2.3 MPixels

Sensor Type monochrom / color

Shutter Type Global

Image Sensor onsemi AR0234

Framerate
120 fps @2.3MPixel
136 fps @Full HD

Dynamic Range 71.4 dB

AEC / AGC auto / manual

Sensitivity
22.3 ke-/lux·sec (COL)
56 ke-/lux·sec (BW)

Special Features
Liquid Lens Driver
EEPROM
Embedded Statistics

new

new



06.12.2023 | Page 48Embedded Vision Design with Phytec

phyCAM-M-mini

Lens supply and
assembly service

High quality metal  S-Mount
lens holder (option)

optimized
heat dissapation

Center holes

only 18 x 26 mm 

Industrial graded
image sensor

phyCAM-M for best
MIPI CSI-2 signal quality

Configuration
EEPROM

M2 screw
mounting

Low noise
power supply

Smallest board level camera for S-Mount lenses
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phyCAM Interfaces for MIPI CSI-2 ςBased Systems
Interchangeability at hardware level

phyCAM-M

ωMIPI CSI-2 Interface

ωFFC/FPC-cable, 30 pin

ωCable length up to 15 cm

ωwell defined connector for MIPI CSI-2

ω4 LVDS data lanes, 1 clock lane

ω2.5 Gbit/s per lane = 10 Gbit/s

ωI²C control bus

ωsupports 3,3V and 5V -Supply

ω4 Multi-purpose pins

15 cmphyCAM-L

ωFPD-Link III ςInterface Standard

ωCoax Cable, UMCC Gen.1 Connector

ωCable length bis 15 m (RG58)

ωάǇƭǳƎ-and-Ǉƭŀȅέ hardware compatible

ωtransmits MIPI CSI-2 data transparent

ω4.16 Gbit/s data channel

ωControl channel with I²C-Bus and GPIOs

ω12 V Power over Coax - Supply

ωExpansion-Connector on camera
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phyCAM-L
Industrial FPD-Link III Solution

phyCAM-L  Camera

Image-
Sensor

Extension

FPD-Link III
Serializer

p
h
yC

A
M-

L

15m

Application Board

p
h
yC

A
M-

L

FPD-Link III
Deserializer

phyCORE SOM

ISP
MIPI
CSI-2

I²C

/
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Parameter* FPD-[ƛƴƪ LLLϰ ±ш[ƛƴƪϰ

Data Rate 4.16 Gbps 4.16 Gbps

Target Market Automotive Industrial

Operating Temp. -плΧҌмлр °C -нлΧҌур °C

Functional Safety AEC-Q100 -

Cost $$ $

*) selected features and chip derivatives, preliminary information

FPD-[ƛƴƪ LLLϰ ŀƴŘ ±ш[ƛƴƪϰ ςBehind the Scenes of phyCAM-L

Texas Instruments High-Speed SerDes Chipsets

ω¢ǿƻ άŦƭŀǾƻǳǊǎέΥ Ct5-Link III and V³-Link
ωFPD-Link III targets automotive applications
ωV³Link is designed for industrial applications
ωV³Link is more cost effective compared to FPD-Link III

4 Phytec phyCAM-L cameras modules are available as
both FPD-Link III and V³-Link versions    
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phyCAM-L Extension Interface
Add function extensions to the camera head easily 

Expansion Connector

Pin Function

1 Vcc out

2 I²C SDA

3 I²C SCL

4 GND

5 STROBE out

ωThe Extension connector allows easy addition of individual 
add-on boards in front of or behind the camera board.
Features:
4 Power-over-Coax Supply Voltage
4 I²C ςInterface
4 Sensor Strobe Signal for Camera Sync.

Application Example

Expansion Demonstrator VZ-019

ω12 separatly dimmable illumination LEDs

ωDriver for Corning Liquid Lens

ωRGB Status-LED

Power over Coax power supply,
fully controllable via phyCAM-L



06.12.2023 | Page 56Embedded Vision Design with Phytec

phyCAM ςOverview of models 

ω all camera modules are available with different lens holders
ω Customization services (e.g. delivery with your individual lens mounted)
ω Price indication: approx. 40 EUR per piece at 1000 (non-binding sample price, not for phyCAM-L)

¤ Latest version on www.phytec.de/produkte/embedded-vision

5 MPixel 2.3 MPixel 1 MPixel
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Embedded Vision System ςPart 3: Optics and Lenses
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Embedded Vision System
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Focal Length

ωCharacterizes the field of view
ωDepends on object distance and sensor size
ωShort focal lengths cause radial distortion
ωObserve minimum object distance (MOD) 

Lens Selection (1)

Rules of thumb for focal length calculation:

f = lens focal length w= horizontal field of view
s = width of the sensor
O = width of the object 
D = object distance

Fisheye effect caused by 
small focal length

small sensor  =
small focal length

Images: Wikipedia 

Sensor-Format s (typical)

мκнά 6,4 mm

мκнΦрά 5,6 mm

мκоά 4,8 mm

мκпά 3,6 mm

D
O

s
f Ö=

4 Always test a lens extensively in your target application
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Optical Resolution
ωLƴŘƛŎŀǘƻǊ ŦƻǊ ǘƘŜ έƻǇǘƛŎŀƭ ǉǳŀƭƛǘȅέ ƻŦ ŀ ƭŜƴǎ

ωDetermined by application requirements

ωDepends also on sensor size 
4Smaller sensors require better optics for the same 

number of pixels!

ωLenses for more than 5 ς8 MPixels sensors usually
become expensive

Lens Selection (2)

Image: Wikipedia 

?How can we describe the quality of a lens?

ωCharacteristic value: Optical transfer function
4aŀƴǳŦŀŎǘǳǊŜǊǎ ƻŦǘŜƴ ǎǇŜŎƛŦȅ άaŜƎŀǇƛȄŜƭǎ ŀǘ ǎŜƴǎƻǊ ǎƛȊŜ Ȅέ

4better: Modulation Transfer Function (MTF)
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Lens Selection (3)

Depth of Field 

ωDistance range in which the image is "sufficiently" sharp.

ωCharacteristic: Depth of Field

ωlonger focal length => smaller DOF 

ωAperture: iris further closed => higher DOF

Images: Wikipedia 

Aperture

ωIncreases the depth of field by cutting the outer rays.

ωCharacteristic: f-stop no. , f-number, f-ratio, F

ωEach F-stop is           of the previous.

ωAperture: iris further closed => higher DOF

4 S-Mount Lenses can be customized with a specific
aperture at higher quantities
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Optical Filters

ωAllow improvement of the image.

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

ωCan be integrated into a lens or the lens holder.

4 Color Sensors require an IR cut filter to preserve 
natural colors (especially in daylight).

Lens Selection (4)

Images: PHYTEC Messtechnik

without IR-cut filter       with IR-cut filter

Color distortion by infrared light

typical transmission of the color filters on the sensor Transmission characteristics of IR cut filters

Band pass
for IR-LEDs
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ωPrinciple: Electrowetting

ωShape of an insulating liquid can be changed 
by electric voltage

ωDepending on the voltage applied, a lens 
element can be a divergent lens, a flat lens or 
a convergent lens:

Corning Varioptic Liquid Lens

Pictures: Corning

Shape of drop as voltage increasesPrinciple of Electrowetting

0V30V60V80V90V120V

Divergent Lens Flat Lens Convergent Lens

Adjustable Focus Control by Software
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Corning Varioptic Liquid Lens
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PHYTEC Lens- and Camera Assembly Service 

ωSupport on the selection of lens parameters

ωCustomized lenses are possible

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

Individual Optics for Your Serial Product

Picture: PHYTEC Messtechnik

Camera assembly at
our dust-reduced 
optics workstations

CAD modeling of camera system


