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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.

The proceglures used to develop this document and those intended for its further maintenange
described In the ISO/IEC Directives, Part 1. In particular the different approval criteria needed{or
different types of ISO documents should be noted. This document was drafted in accordance 'with
editorial ryles of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).
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Introduction

Driver assistance systems are more and more common in road vehicles. From the beginning, cameras
were part of this trend. Analogue cameras were used in the beginning because of lower complexity of
the first systems. With increasing demand for more advanced functionality, digital image processing has
been introduced. So-called one box design cameras (combining a digital image sensor and a processing
unit) appeared in the vehicles.

Currently, the market demands such systems with multiple functions. Even different viewing directions
are in use. It seems to be common sense that 6 up to 12 cameras in a single vehicle will be seen in the
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mapped on this model, the pretocol and physical layer requirements specified by this In

Stai

t future. Out of this and the limitation in size, power consumption, etc. it will lead to des
cameras are separated from the processing unit. Therefore, a high performance digit:
veen camera and processing unit is necessary.

5 [International Standard has been established in order to define the use casés; the com
focol, and the physical layer requirements of a video communication integface for camg
brs the needs of driver assistance applications.

video communication interface for cameras
incorporates the needs of the whole life cycle of an automotive grade digital camera,

utilizes existing standards to define a long-term stable state-of-art video communicatio
for cameras usable for operating and diagnosis purpose;

using existing adaption layers, and
is compatible with AUTOSAR.

5 part of ISO 17215 is related to the general information and use case definition. This i
Fview International Standard which is not related to the OSI model.

chieve this, itis based on the Open'Systems Interconnection (OSI) basic reference model s
IEC 7498-1 and ISO/IEC 10731, which structures communication systems into seven la

1dard, in accordance with(Table 1 are broken into following layers:
application (layer 7), specified in ISO 17215-3;

presentation layer'(layer 6), specified in ISO 17215-2;

session layer (layer 5), specified in [SO 17215-2;
transportprotocol (layer 4), specified in ISO 17215-4, ISO 13400-2;
network layer (layer 3), specified in ISO 17215-4, ISO 13400-2;

gns where
1l interface

nunication
ras, which

n interface

can be easily adapted to new physical data link layefrsincluding wired and wireless conpections by

5 a general

pecified in
rers. When
fernational

data link layer (layer 2), specified in ISO 17215-4, ISO 13400-3;
physical layer (layer 1), specified in ISO 17215-4, ISO 13400-3.
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Table 1 — Specifications applicable to the OSI layers

Applicability 0S1 7 layers Video communication interface for cameras Camera diagnostics
Application (layer 7) 1SO 17215-3
Presentation (layer 6) 1SO 17215-2
Sevenlayers | qooqion (layer5) 1S0 17215-2
according to
ISO 7498-1 Transport (layer 4) IS0 17215-4 [SO 13400-2
and
ISO/IEC 10731 Network (layer 3) Other future interface
Data link (layer 2) 1S0 17215-4 standards 1SO 13400-3
Physical (layer 1)

ISO 17215
implement
related to t

ISO 17215
cameras; if

ISO 17215
cameras.

ISO 17215
cameras. If]
over Ether

ISO 17215
ISO 172154
communic

1 has been established in order to define the use cases for vehicle communication syst
£d on a video communication interface for cameras; itis an overall International‘Standard
he OSI model.

3 covers the application layer implementation of the video communication interface
includes the APL.

2 covers the presentation layer implementation of the video communication interface

4 is the common standard for the OSI layers 1 to 4 for #ideo communication interface
complements [SO 13400-2 and ISO 13400-3 and adds the fequirement for video transmis
het.

2 and ISO 17215-3 (OSI layer 5 to 7) services have been defined to be independent of]
4 (OSI layer 1 to 4) implementation. Therefore, IS0 17215-4 could be replaced by other fut
hition International Standard.
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Scope

(O

Thip part of ISO 17215 specifies the standardized camera messages and datatypes used by a VCIC
era (OSI Layer 7).
scope of the camera application interface (API) and its context are shown'in Figure 1.
Applications hosted on ECUs want to communicate with one or mofeycameras (e.g. “Ask famera for
parpmeters.”). If the applications can use standardized services supported by the cameras (API layer 7),
the|development of a vision application should be independent of the camera used. The servjices can be
implemented by general libraries.
definition of streaming data are not an issue of this ARIL
y X X Service Service Flash Helper
Discovery Control Update | Protocols
F ~—+ —H
IEEE IEEE DHCP * /}%//// o
1722 802.1AS TP cmpue
(AVTP) (gPTR) ICMP
UDP TCP
part of AVB | padrt,of AVB xFD{E
AV-Transport |(Time Sync IPV6 / IPvd
Ethernet MAC + VLAN (802.1Q)
Ethernet Physical Layer
/\_/—\_/
o R [97] [ee] [ree] [
Figure 1 — Overview of ISO 17215
The general terminology defined in ISO 17215-1 is also used in this part of [SO 17215.
1
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2 Normative references

The following documents, in whole or in part, are normatively referenced in this document and are
indispensable for its application. For dated references, only the edition cited applies. For undated

references,

[S0°7498-1, Information processing systems — Open systems interconnection — Basic reference model

the latest edition of the referenced document (including any amendments) applies.

ISO/IEC 10731, Information technology — Open Systems Interconnection — Basic Reference Model —
Conventions for the definition of OSI services

[SO 17215

3 Terms and definitions, symbols, and abbreviated terms

3.1 Tern
For the pui

3.1.1

camera id
individual
(e.g. MEE-3

3.1.2
camerare

internal HWV registers of the camera

3.1.3

extrinsic parameters

denotes th
coordinate

3.14
focal lengf
distance oy

3.1.5
frame ratg
update rat

global shutter

exposure t

3.1.7

altpartsy, Road vehicies —Video commurnication interface for cameras { VCIC)

hs and definitions

poses of this document, the following terms and definitions apply.

pntification number
Camera identification number that identifies the supplier, camera type, and individual can
2140-194565432-DD2RT supplier, camera type, serial number)

gister

e coordinate system transformations from 3D world (vehicle) coordinates (m,°) to 3D-can
s (m,°)

h
rer which initially collimated rays are brought to a focus

e per time of caniera images

hat expesés all pixels at the same time

histogra

type of histogram that acts as a graphical representation of the tonal distribution in a digital image

3.1.8

intrinsic camera parameters

denote the

coordinate system transformations from 3D camera (m) to 2D pixel coordinates (pixel)

era

era
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pnventions
btocol and

zed video

3.2 Abbreviated terms

Term Description

API Application Programming Interface

AEC Automatic Exposure Control

AGC Automatic Gain Control

DAS Driver Assistance System

ECU Electronic Control Unit

HDR High Dynamic Range

HM Human Machine Interface

ISO International Organization for Standardization

LDR Low Dynamic Range

MA( Media Access Control

OSI Open Systems Interconnection

PSE Persistent storage entry

ROI Region of Interest, i.e. sub-part of overaltimage

RP( Remote Procedure Call

4 |Conventions

Thip International Standard is based on the conventions specified in the OSI service ¢
(ISQ/IEC°10731) as they apply“for physical layer, protocol, network, and transport pr
diagnostic services.

5 |Overview of ISO,17215

5.1 General

Thif International Standard has been established in order to implement a standard
conpmunication interface for cameras on a communication data link.

The faCus of this International Standard is using existing protocols.

— Figure 1 specifies the relation to the other parts of this International Standard.

— Figure 2 specifies the relation of this International Standard to existing protocols.

5.2 Document overview and structure

This International Standard consists of a set of four sub-documents, which provide all references and
requirements to support the implementation of a standardized video communication interface for
cameras according to the standard at hand.

— IS0 17215-1 provides an overview of the document set and structure along with use case definitions

and a common set of resources (definitions, references) for use by all subsequent parts.

© IS0 2014 - All rights reserved
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ISO 17215-2 specifies the discovery and control of services provided by a VCIC camera.

Layer 7).

the physical layer, data link layer, network layer, and transport layer (OSI Layers 1 to 4).

5.3 Open Systems Interconnection (OSI) model

[SO 17215-3 specifies the standardized camera messages and data types used by a VCIC camera (0SI

ISO 17215-4 specifies standardized low-level communication requirements for implementation of

This International Standard is based on the Open Systems Interconnection (OSI) basic reference model

as specifie

All parts ¢
ISO/IEC 10
the interac

The aim of]
guideline fi
this Intern

The OSI n
application
layer, and j

The purpo
implement|

1 in ISO/IEC 7498 which structures communication systems into seven layers.

731 to the extent that they are applicable to diagnostic services. These convenfitions de
tion between the service user and the service provider through service primitiyes.

this subclause is to give an overview of the OSI model and show how jt'has been used
br this part of ISO 17215. It also shows how the OSI service conventions have been applie
htional Standard.

odel structures data communication into seven layers called:(from top to bottom)
layer (layer 7), presentation layer, session layer, transport/layer, network layer, data
hysical layer (layer 1). A subset of these layers is used inthis International Standard.

se of each layer is to provide services to the layer.above. The active parts of each I4
d in software, hardware, or any combination of software and hardware, are called enti

In the OSI nodel, communication takes place between entities of the same layer in different nodes. S

communic

The servic
above can

This Intern

hting entities of the same layer are called peer«éntities.

s provided by one layer are available at the\Service Access Point (SAP) of that layer. The I
1se them by exchanging data parameter's

ational Standard distinguishes between the services provided by a layer to the layer aboy

and the pr

tocol used by the layer to send amessage between the peer entities of that layer. The rea

f this International Standard are guided by the OSI service conventions as spgeifiedl in

fine

hs a
d to

the
ink

yer,
ies.
uch

lyer

Ve it
son

for this didtinction is to make the serviees, especially the application layer services and the transport
layer services, reusable also for other types of networks than the video communication interface

cameras. |
if demanddq

5.4 Doct

this way, the protocol i§ hidden from the service user and it is possible to change the prot
d by special system reguirements.

himent reference according to OSI model

Figure 2 illustrates therdocument references.

for
bcol
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1ISO 17215-1
" VCIC -
General information

and use case definition

Camera Application

IS0 172153
VCIC
Camera message
dictionary

OSI Layer 7 :
Application N

OSl Layer 6 IS0 172152
Presentation " VCIC
Service Discovery
and Control
OSl Layer 5
Session

| Standardized Service Primitive Interface

Video communication

Interface for cameras (VCIC) Diagnostic communication and Firmware update

/ \ SO 13400-2 .
OSl Layer 4 DolP
Transport o ' ' SO
Part 2:
L/ .. Transport - -
protocol
/ N\ and
network’
OSl Layer 3 ;
Nethrk SO 172154 _ _.Iayér_.ser\l_lces _ L
VGCIC w
N SPatd: RFC1350:
Ifplementation of Trivial File Transfer
/ N\ communication - p_rc_)tocql_
0Sl Layer 2 requirements e e :
Data Link I 150 134003 -
\ J DolP.
m .P.art 3
- : : IEEE802:3 based
OShLayer 1 wired vehicle
Physical oo . . - - interface: - - C

Figure 2 — Document reference according to OSI model

6 Camera application interface (OSI layer 7)

6.1 Specific properties

In the automotive environment, the network topologies are semi-static and the characteristics of
all components, including cameras, are bound to a specific car platform design. Components and
characteristics of components not included in the design need not to be supported.

There is no requirement for a least common video mode. The minimum compatibility requirement is
to recognize the reason of unexpected behaviour. Compatibility is ensured during the design phase.
Incompatibility will be detected during development, assembling, or repair of a car.

© IS0 2014 - All rights reserved 5
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Consequently, the standard specifies the interface to an automotive camera, but doesn’t specify the
characteristics of automotive cameras.

For instance, no mandatory or standard video formats are specified. However, all provisions are made
to implement standard video formats.

6.2 API principles

The camera API consists of a variety of data structures describing video modes, camera controls, and
stored items and a set of API functions.

The APl is
functions
the usage ¢

The addreq
Camera_fu

The imple
ISO 17215
Camera da
Camera AH
— set, ge
subscr

All API fun
the underl
request/re

Functions

The Metho

All API functions starting with ufisubscribe/subscribe are used to acquire cyclically data from
instance, avideo stream. They are using subscribe/notification mechanism. After subscribping
an event, npultiple notificatior“packages will follow.

camera, foy

Events are
The Eventg

The SOME
implement

b

ction = f { camera instance, api_function { MethodID, argl, ..argn } }.

ndependent of specific programming languages. It is an abstract list of data structures
be offered by all implementations. A fundamental principle of all camera API functior]
fremote procedure calls (RPC).

sing of multiple cameras can be expressed by:

mentation depends highly on the programming language used..Therefore, this par
pnly covers the api_function itself.

Fa structures can be read, written, and deleted using the assgciated camera API function
[ functions can be grouped by the mechanism they are using in

[, and erase functions, and

ibe and unsubscribe functions.

ctions starting with set, get, and erase are.it'sed to modify the cameras data structures

sponse mechanism. A request is followed by a single response.
hre generally identified by its Method ID.
d IDs are specified in 6.5.1.

identified by ifsespective Eventgroup ID.
roup IDs-ake specified in 6.5.2.

/1P protocol defined in ISO 17215-2 provides the mechanism for such a RPC-bg
ation.

and
s is

[ of

12]

and

ying functionality, for instance setting the exposure time of the imager. They are using a

the

sed

Camera functions and the associated structures can be grouped in functional context in

image

6.2.1

video format functions

imager functions

general camera functions (MethodID 0x0001 - 0x00FF),

(MethodID 0x0101 - 0x01FF),
control functions (MethodID 0x0201 - 0x02FF), and

(MethodID 0x0301 - 0x03FF).

Image cropping and windowing

The definition of the image windows are shown below.

© ISO 2014 - All rights reserved
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Pixel_horizontal
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totalSize

Pixel_vertical

usableSize (relativ to totalSize)

roi[0] "grabSize" (relativ to totalSize)

roi[1] (relativ to
grabSize)

roi[2] (relativ to
grabSize)

roi[n] (relativ to
grabSize)

6.3| API data types
Al

—_—

6.4] API Return codes

Each function of the API returns a byte (8 bits) to signalize the status of the operation.
— |The return codes (0x00 to Ox1E} are defined in 6.1.1.7 of ISO 17215-2.

— | The return codes (0x20 to 0%3F) are function-specific and are described in 6.5.3.

6.5 API enumerations

Figure 3 — Image cropping and windowing

1sed data types are specified in 6.3.1 of SO 17215-2

6.5/]1 enumeration.eMethodID

Purpose: This enumeration is used to identify the methods supported by the camera.

Thif enumeration is based on uint16 data type.

Table 2 — enumeration eMethodID

Name Value Description

getDataSheet 0x0001 returns the datasheet of the camera

getCamStatus 0x0002 returns the current status of the camera

setCamMode 0x0003 start, stops, and restarts the camera application in the camera

setCamExclusive 0x0011 assigns the control of the camera exclusively to the requesting client

eraseCamExclusive 0x0019 removes the exclusive control look for the requesting client

setHostParameters 0x0022 sets the host parameters using persistent storage entries

getHostParameters 0x0024 the requested host parameter by reading persistent storage entries

eraseHostParameters 0x0029 forces the camera to erase the requested host parameters addressed
by the PSE ID

© IS0 2014 - All rights reserved
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Table 2 (continued)

Name Value Description

setRegionOfInterest 0x0101 sets the parameter for a region of interest addressed by index

setRegionsOfInterest 0x0102 sets the parameter for all supported regions of interest

getRegionOfInterest 0x0103 returns the parameter for region of interest addressed by ROI index

getRegionsOfInterest 0x0104 returns the parameter for all supported region of interest

eraseRegionOfInterest 0x0109 erases all parameter for the requested ROI

setVideoFormat 0x0111 sets the video format for a ROI addressed by ROI index

getVideoFormat 0x0113 reads the parameter of the current video format, addressed by the ROI
index

eraseVideoFprmat 0x0119 erases all video format parameter for the requested ROI

setHistograjnmFormat 0x0121 the histogram format parameter for a ROI addressed by ROI index

getHistograjpnmFormat 0x0123 the parameter of the current histogram format, addressed by the RPI
index

eraseHistogfammFormat 0x0129 erases all histogram format parameter for the requested ROI

SubscribeR(IVideo 0x0131 starts the transmission of a video streamfor the requested ROI

UnSubscribgROIVideo 0x0132 stops the video streaming for the requested ROI

SubscribeR(QIHistogram 0x0133 starts the transmission of the histograms for the requested ROI

UnSubscribgROIHistogram 0x0134 the transmission of the histograms for the requested ROI

setCamContfol 0x0201 sets the parameter for a camera control addressed by the control index

setCamContfols 0x0202 sets the parameters fob all camera controls

getCamContfol 0x0203 returns the currentparameter for a camera control addressed by the
control index

getCamContfols 0x0204 returns all'eurrent camera control parameter

setCamRegigter 0x0301 writes the content of a register of the cameras imager addressed by
physical register address

setCamRegigters 0x0302 yvrites (atomic access) the content of a register block of the camera
imager

getCamRegigter 0x0303 reads the content of a register of the camera imager address by the
physical register address

getCamRegisters 0%0304 reads the content of a register block of the camera imager

setUsedRegikterSet 0x0305 forces the camera to write the imager register set stored in the
requested PSE to the imager

6.5.2 enumeration'éEventGroupType

Purpose: This enumeration is used to identify the event groups supported by the camera.

This enumerabion is based on uint16 data type.

Table 3 — enumeration eEventGroupType

Name Value Description

AllEvents 0xB000 Event group ID for all events

VideostreamEvents 0x9000 Event group ID for video streams

HistogrammEvents 0xA000 Event group ID for histograms

6.5.3 enumeration eCamErrorCodes

Purpose: This enumeration defines the camera API specific return codes. The values are in the
range of 0x20 to 0x3F.

8 © ISO 2014 - All rights reserved
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Table 4 — enumeration eCamErrorCodes

Name Value Description
E_LOCKED_BY_FOREIGN_INSTANCE 0x20 Camera service is already locked by another client
E_LOCK_EXPIRED 0x21 The camera lock has expired
E_NOT_LOCKED 0x22 Camera is not locked
E_INVALID_PS_ENTRY 0x24 The requested PSE ID is unknown
E_INVALID_PS_OPERATION 0x25 The requested PSE operation is not allowed, e.g. store on
a RO PSE
E_IIFVALID_PS_DATA 0x26 I'he PSE contains a CRC16 error
E_NJO_MORE_SPACE 0x27 No more space available to store the PSE
E_INVALID_ROI_INDEX 0x30 The requested ROl is out of range
E_IllIVALID_ROI_NUMBER 0x31 The requested number of ROlIsds otit of rang¢, defined by
sDatasheet.numOfRegionOflhterest
E_INVALID_VIDEO_FORMAT 0x32 Invalid value in video format
E_lIilVALID_HISTOGRAM_FORMAT 0x33 Invalid value in histggram format
E_IllIVALID_CONTROL_INDEX 0x35 The requested canmControllndex is out of ranjge or not
supported by the camera
E_INVALID_CONTROL_MODE 0x36 The requested control mode is not supported by the
camera
E_INVALID_CONTROL_VALUE 0x37 Therequested control value is out of the range, defined
inis€amControl
E_INVALID_REGISTER_ADDRESS 0x38 The register address is not supported by thelimager
E_IIlIVALID_REGISTER_VALUE 0x39 The value for the given register address is nqt supported
by the imager
E_INVALID_REGISTER_OPERATION 0x3A The requested operation (read or write) for ghe given
register address is not supported by the imager
6.5/4 enumeration eCameraMode
Puipose: This enumeration\type defines the camera operating modes which can be spt by using
the[setCamMode method.
Table 5 — enumeration eCameraMode
Narpe Value Description
StaftCameraService 1 The camera application shall be started
StoppCameraService 2 The camera application shall be stopped. Power-intensive cqmponents
like imager should be switched off.
ReStart€ameraService 3 The camera application shall restart. When restarting, the chmera appli-
cation shall use the PSE ‘UseAtBootTime’
StopCamera 4 The camera device shall enter standby mode (uC OFF, Communication-
Controller OFF) and stores the settings.
This state can only left by repowering or wake up on LAN
6.5.5 enumeration eControllndex

Table 6 — enumeration eControllndex

Name Value Description
exposureTime 1 Controls the integration time
Brightness 2 Controls the black level offset

© IS0 2014 - All rights reserved
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Table 6 (continued)
Name Value Description
Gain 3 Controls the gain circuits of the camera
Hue 4 Controls the hue circuits of the camera
Saturation 5 Controls the saturation circuits of the camera
Gamma 6 Controls the gamma correction circuit of the camera
whiteBalance 7 Controls the white balance circuit of the camera
synchronization 8 Controls the synchronization method
Heater 9 Controls the method to use the heater
6.5.6 enumeration eControlSupportedModes

Purpose:

This enumeration defines the valid values for the supported modes.6f operatiop of
camera controls.

Table 7 — enumeration eControlSupportedModes

Name Value Description

StatnotSuppprted 0 Control not supported

StatRW_nA_hO 1 Read/write, no continuous automatic, no OnePush automatic
StatRO_nA_10 3 Read only, no continuous,autematic, no OnePush automatic
StatRO_A_n 5 Read only, continuous antomatic, no OnePush automatic
StatRW_A_np 7 Read/write, continuetis automatic, no OnePush automatic
StatRO_nA_ 9 Read only, no.continuous automatic, OnePush automatic
StatRW_nA_pD 11 Read/write, no continuous automatic, OnePush automatic
StatRO_A_O 13 Read only,"continuous automatic, OnePush automatic
StatRW_A_O 15 Readywrite, continuous automatic, OnePush automatic

Manual mdde: The written value will be.taken.

One push
value. The?lﬁ

Automatic mode: Built-in automatic control works until the mode of operation changes.

tomatic mode: The built-in’ automatic control works until the automatic reaches the desjred

the mode switches automatically back to manual mode.

6.5.7 entimeration.eControlMode

Purpose: Thissenumeration type is used to set the mode of operation of a certain camera contyol.
Table 8 — enumeration eControlMode

Name Value Description

ModeManual 2 Manual mode, value not modified

ModeManualModified 3 Manual mode, value modified

ModeAuto 4 Continuous automatic mode

ModeOnePush 8 onePush automatic mode

10 © ISO 2014 - All rights reserved
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enumeration ePersistentStoragelD

Persistent storage entry identifiers are used to identify the payload of the Set/Get/

Restore host parameter functions. The four LSB bits are used to allow up to 16 entries of the same type.

NOTE

specific identifiers are in the range of 0x8000 to OxFFFF.

Table 9 — enumeration ePersistentStoragelD

Predefined persistent storage entry identifiers are in the range of 0x0000 to 0x7FFF. The manufacturer

Name Value Description

UseAtBootTime 0x0000 |The payload consists of a list of persistent storage entriesi\The structure
sPersistentEntryList shall be used. Only existing entries'with the ID
ROISetting and ImagerRegisterBlock are valid.

ImajgerCharacteristic 0x0010 |The payload consists of imager type specific information. The structure
sImagerCharacteristic shall be used and be iniplemented as fead only
entry.

Def¢ctpixelmap 0x0020 |The payload consists of the imager exemplar specific defect pixel map.
The structure sPixelMap shall be used and might be implempnted as
read only entry.

intrfinsicCamParam 0x0030 |The payload consists of the intrinsic calibration parameter. [The struct
sIntrinsicCamParam shall be‘used and might be implementegd as read
only entry.

ExtfinsicCamParam 0x0040 |The payload consists‘f the extrinsic calibration parameter.|The struct
sExtrinsicCamParain shall be used.

ROIBetting 0x1lyyx |The payload consists of the parameter set for a ROIL. The struycture sRe-
gionOfInterestshall be used, y = roilndex, x = number of entJy belonging
to the roilndex.

ImajgerRegisterBlock 0x20xx |The payload consists of an block of imager registers,. The stfucture
sImagerRegisterBlock shall be used xx = number of entry.

Each ROI has its own ID, and up to 16 PSEs*for each ROI are allowed. The ID shall fit in the fange given

by humOfRegionOfInterest in the camiera data sheet. The PersistentStoragelD 0x1012, fdr example,
identifies the second entry for the ROI'with the index 1. Up to 256 PSEs for imager register|parameter
arelallowed.

Thg boot parameter entry contains a list of PSEs. Only existing entries with the ID ROIjetting and
ImdgerRegisterBlock are-valid for this PSE ID. If this entry exists, the camera shall use corjtent of the
listed PSE as initial parameter set.

6.6 API structures

6.6{1 structure sPixelPosition

Purpose: Definition of the position of a single pixel relative to a window defined in| 6.2.1. The
effelcts/of the optical system (e.g. lens) are included.

Figure 4 illustrates the single pixel evaluation.
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NOTE 1

Origin (0,0)
~ horizontal direction
N i
| ®
&8
c |~ &
S | X >
8 |
| &
.‘;:3 Y (Pixel_horizontal) P (xy)
[0]

ooking along the optical axis of camera to the object.

Figure 4 — sPixel

Table 10 — structure sPixelPosition

Name Type Description
X unitlé Number of pixels in vefitical direction
Y unitl6 Number of pixels in-herizontal direction
6.6.2 structure sPixelMap
Purpose: This structure defines a group of independent pixels. This structure is used, for instahce,
to report the position of defect pixel in the imager.
Table 11 — structure sPixelMap
Name Type Description
numberOfErjtries unit32 Number of used entries counted from the first
entry
pixelPositions sPixelPosition[numberOfEntries] Array of pixel positions
6.6.3 structure sRectangle
Purpose: Définition of a rectangular area using two pixels coordinates (see Figure 5).
P1(xy)
N
Y
N
P2 (xy)
Figure 5 — sRectangle
12 © ISO 2014 - All rights reserved
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Table 12 — structure sRectangle

Name Type Description
P1 sPixelPosition Left upper pixel of the rectangle
P2 sPixelPosition Right lower pixel of the rectangle
6.6.4 structure simageDimension
Purpose: Definition of the image dimension.

Table 13 — structure sImageDimension
Name Type Description
Width uint16 Width in pixel
Height unitl6 Height in pixel
6.6/5 structure simagerRegister

Purpose: Definition of an address/value pair of imager register.
Table 14 — structure simagerRegister
Narme Type Description
regfddress uint16 Address of the register
regYalue unitl6 Valuié of the register
Each register is addressed by a 16-bit number. Each register is 16 bits wide. Smaller physi¢al register
shall be LSB bound.
6.6/6 structure simagerRegisterBlock
Purpose: Definition of a block of address/value pairs of imager register.
Table 15 — structure simagerRegisterBlock
Name Type Description
regCount uint16 Number of registers to be written
imagerRegister sImagerRegister[regCount] Array of regCount register address and value pajrs of the
imager
6.6)7 structure simagerCharacteristic
Purpose: Defines the characteristics of the camera.
Table 16 — structure simagerCharacteristic
Name Type Description
totalSize sImageDimension Maximum size of the imagers pixel array, P1 is always 0,0;
see 6.2.1
usableSize sImageDimension Usable size of the imagers pixel array, coordinates are rela-
tive to total size; see 6.2.1
pixelSizeX uint16 Horizontal pixel size [pm] = pixelSizeX/100
pixelSizeY uintl6 Vertical pixel size [pm] = pixelSizeY/100

© IS0 2014 - All rights reserved
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Table 16 (continued)

6

Name Type Description

shutterType unit8 0: global shutter
1: rolling shutter

sensorldentifier uint8[32] Sensor identifier UTF-8 encoded

6.6.8 struct sIntrinsicCamParam

Purpose: The intrinsic camera parameters determine the projection from 3-D camera coordinates

to 2-D pixe| coordinates. The intrinsic parameters of the camera can be read out by application software

and can belused for back-projection form a 2-D image position to a line in 3-D space.

The sIntrirfsicCamParam data structure containing the intrinsic camera parameters is defined in Table

17.
Table 17 — struct sIntrinsicCamParam

Name Type description

distortionM¢del unit8 This parameter indicates in later editions of this International Standgrd
the distortion model used. It is fixed t0-0 in this part of [SO 17215.

padl unit8 Unused

pad2 unit8 Unused

pad3 unit8 Unused

principalPointX float64 X coordinate of the principal point [pixel]

principalPoiftY float64 Y coordinate of the'principal point [pixel]

ScaleX float64 Dimensionless scale factor (distance, measured in units of the pixel
width of the imager, between imager plane and the imager-side projef-
tion centre of the camera)

scaleY float64 Dimiensionless scale factor (distance, measured in units of the pixel
Height of the imager, between imager plane and the imager-side proj€c-
tion centre of the camera)

k1 float64 Radial distortion coefficient 1

k2 float64 Radial distortion coefficient 2

k3 float64 Radial distortion coefficient 3

k4 floatb4 Radial distortion coefficient 4

ks float64 Radial distortion coefficient 5

ke float64 Radial distortion coefficient 6

Py float64 Tangential distortion coefficient 1

Py float64 Tangential distortion coefficient 2

USil’lg the constants contained in the above data structure, a Z-D vector (U, V) can be computed ITom a

given 3-D vector (x, ), z) as defined by the below formulae.

X'=— (1
Y
y'== (2)
zZ
2 4 6
1+kr®+kor™ +kgr
T 1 2 3 +2p1X'y'+p2(r‘2+2r'2) @

14

1+k4r2 +k5r4 +kgr
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1+kr? +kor® +kor®
™ 1 2 3 +
6 TP1

2 12 "o
= 5 7 (r +2y )+2p2xy
1+kyr® +ker™ +kgr

u=principalPoint X * x "'+ scaleX

v=principalPointY * y"+scaleY

(5)

(6)

(7)

The vector (x, y, z) shall define a position in a right-hand orthogonal 3-D camera coordinate system with

the

x-axis pointing to the right, the y-axis pointing down, and the z-axis being parallel to the o

ptical axis,

tha

The
pixe

6.6

Purpose:

to 3

appllication software and can be used, in conjunction with the intfinsic camera parameter

pro
coo

The

Tabje 18.

is pointing to the view direction of the camera.

vector (u, v) shall be the 2-D pixel position of the projected image of (x, y, z), whereayis'the
] position and v is the vertical pixel position with (u, v) = (0, 0) denoting the top left pixel o

9 struct sExtrinsicCamParam

The extrinsic camera parameters determine the mappingfrom 3-D vehicle @
-D camera coordinates. The extrinsic parameters of the cameralean be written and o

ection form a 2-D image position to a line in 3-D space that’is defined in terms of
Fdinate system.

sExtrinsicCamParam data structure containing the\extrinsic camera parameters is

Table 18 — struct sExtrinsicCamParam

horizontal
the image.

oordinates
ead out by
5, for back-
the vehicle

defined in

Nar

ne

Type

Déscription

rotq

tionMat float64[9]* }3-by-3-element rotation matrix

tvec

float64[3] |3-D translation vector

Using the constants contained in the'above data structure, a 3-D vector (x, y, z) can be computed from a

give

Thd

n 3-D vector (X, Y, Z) as defined by the below formulae.

x =rotationMat[0]* X +rotationMat [1]*Y +rotationMat|2]* Z + ty,. [ O]
y =rotationMat[3]* X + rotationMat[4]*Y +rotationMat[5]* Z +ty,. [1]
z =rotationMat [6]* X + rotationMat [7]*Y +rotationMat [8]* Z + t . [2]

vector (X, Y, Z) shall define a position in a right-hand orthogonal 3-D vehicle coordinate

(8)

9

(10)

ystem.

NO

E The orientation and offset of this coordinate system relative to the vehicle body is not de

International Standard.

ined by this

The vector (x, y, z) shall define a position in a right-hand orthogonal 3-D camera coordinate system with
the x-axis pointing to the right, the y-axis pointing down, and the z-axis being parallel to the optical axis,
that is pointing to the view direction of the camera.

6.6.

Purpose:

10 structure sPersistentEntryList

Definition of the extrinsic parameters of the camera.

© IS0 2014 - All rights reserved
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Table 19 — structure sPersistentEntryList

Name Type Description
numberOfEntries uint16 Number of persistent entries
listOfEntries uint16[numberOfEntries] List of persistent storage entry IDs

6.6.11 structure sPersistentStorageEntry

Purpose:

This structure defines the content of a persistent storage entry (PSE) used in the Set/Get/

Restore host parameter functions.

Table 20 — structure sPersistentStorageEntry

Name Type Description

Flag uint32 0=PSEisR/W 1 =PSEis RO

Length uint16 Length of persistent data in byte

PersistentStpragelD uint16 Use enumeration ePersistentStoragelb, see 6.5.8

PersistentD4ta uint8(Length) Persistent data, the structure of tHe“persistent data are ident}-
fied by the PersistentStoragelD

CRC16 uint16 CRC16 calculated using 16 £LSB'of the CCITT X.25 Polynome

Persistent |[storage entries are used to store various types of data/in the camera’s flash or EEPRPDM.

The structpre of data type to be stored is identified by the persistent storage ID. They can be storef as

RW or RO ¢ntry. When writing to an existing RO PSE, the cameras shall return an error. When wrifing

to an existing RW PSE, the existing PSE shall be replaced~The length of an entry shall not exdeed

maxLengthOfPersistenEntry reported in the camera datasheet.

For the foll
— bootp
— charag
defect

intrins

extrin

imagel

6.6.12 str

ROI paframeter;

owing data types, predefined identifier exists:
hrameter;

teristic of the imager;

pixel map of the imager;

ic calibration parametet;

5ic calibration parameter;

register-parameter.

ucture sTimeStamp

Purpose: Pefintttorrofa Tilucotauly.
Table 21 — structure sTimeStamp
Name Type Description
802ASExtension uint16 Additional 16 bits for compatibility to I[EEE 802.AS
secondsField uint32 Portion of the timestamp in units of seconds
nanosecondsField uint32 Fractional portion of the timestamp in units of nanoseconds. The
nanosecondsField member is always less than 10e9
EXAMPLE +2,0000000 01 sisrepresented by secondsField=00000000 000216 and nanosecondsField =0000
000116.
16 © ISO 2014 - All rights reserved
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6.6.13 structure sDatasheet

Purpose: Defines the characteristics of the camera.

Table 22 — structure sDatasheet

Name Type Description

deviceldentification uint8[256] String mirrored to the camera API but managed by the
generic device, UTF-8 encoded

standardVersion unit32 Number of the highest supported International Standard

imagerCharacteristic sImagerCharacteristic Description of the cameras imager

intrfinsicCamParam sIntrinsicCamParam Intrinsic parameter of the camera

extfinsicCamParam sExtrinsicCamParam Extrinsic parameter of the camera

defgctPixelMap sPixelMap Supplier information of defect pixels

nunmOfTemperatures unit32 Number of temperature sensor,of the device

nunpOfRegionOfInterest unit32 NumOfRegionOfInterest >\0 is mandatory, seefalso 6.6.14

maxLengthOfPersistentEntry unit32 Maximum allowed Jength of a PSE

6.6{14 structure sRegionOflnterest

Purpose: This structure definition of a rectangular region of interest. It is used to $pecify the

parpmeter for an Event ID derived by the roilndex.

Table 23 — structure sRegionOfinterest

Narpe

Type Description

roijizeAndPosition

sRect Rectangular region of interest, the roiResolution|in roilndex
0 defines the grab size of the camera; roiResolutijons for a
roilndex > 0 shall fit within the roiResolution given by roiln-

dex=0
vidg¢oFormat sVideoFermat For more details, see 6.6.15.
hisogrammFormat sHistogrammFormat For more details, see 6.6.16.

ThgROIs (regions of interest) are used toacquire datafromthe cameraimage using subscribe/notification
me¢hanism. The data cat be the image content of the region itself or a histogram of the regi¢n.

ROIs are interpreted-as an array of structures and referenced by its index (roilndex). The related event

gropip ID is deriyed.from the roilndex and the event group type.

EventgrouplD =eEventGroupType +(roilndex +1) (11)

Table 24 — Event ID

Name Value Description

VideoStream1 0x9001 Event ID for video events related to ROl index 0 (main video stream)

VideoStream2 0x9002 Event ID for video events related to ROl index 1

VideoStreamN 0x900n Event group ID for events related ROl index n, given by sDatasheet.numOfRe-
gionOfInterest-1

Histogram1 0xA001 Event ID for histogram events related to ROl index 0

Histogram2 0xA002 Event ID for histogram events related to ROl index 1

© IS0 2014 - All rights reserved
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Table 24 (continued)
Name Value Description
HistogramN 0xA00n Event ID for histogram events related ROI index n, given by sDatasheet.numOf-
RegionOfInterest-1
Each camera shall support at least one ROI with the index 0. The number of supported ROIs is given

numOfRegionOfInterest in the sDatasheet structure.

The region 0 represents the main video stream of the camera and its use is described in the video
format striicture (see 6.6.15). The content of region 0 shall be always transported via AVTP packalges.

Therefore,
or uncomp

All other rg
lines of theg

transmissionMethod shall be set always to 0. They can either be transmitted as compregsed
Fessed stream.

gions are optional. They can be used to read out details of the image. This cotdd be the extra
imager with black level or register information.

Also, the mleasurement fields for exposure control threaded as region of interest. If the ROIs are usefl as

measurem
Histogram

All ROIs w
notificatiol

Since notif

ent window for automatic functions like AGC or AEC, the histogram format shall be defiped.
values shall be calculated for all enabled ROIs.

th index 1 to 15 can be transported as AVTP or notification/packages. The structure of|the
 packages is defined in 6.6.18 and 6.6.16

cation package are limited in size, the decision which transport method is used is depending

on the amqunt of data to be transmitted.

6.6.15 structure sVideoFormat

Purpose: This structure defines the parameter of the video format associated to certain ROI.

Table 25 — structure sVideoFormat

Name Type Description

videoFormatEnabled uint8 Disabled = 0
Enabled = 1

transmissiopMethod uint8 0 use AVTP packages
1 use notification packages

transmissiopCycle uint16 Only once =0
Every nimages >0

WidthAndH¢ight sImageDimension Actual size of the transmitted video image. In case the fraﬂle
size given by resolution does not match the size given by the
associated roiResolution (resolution.x < > grabSize.P2.x 1
grabSize.P1.x or resolution.y < > grabSize.P2.y — grabSize
P1l.y), the image is scaled by the imager.

frameRate uint32 Frame rate (interlaced: not field rate!) * 216, TODO: Check if
precision is sufficient

Interlaced uint8 0: progressive scan video
1: interlaced video

18 © ISO 2014 - All rights reserved
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Table 25 (continued)

Name

Type

Description

colourSpace

uint8

: Grayscale8
:YUV411
:YUV422
:YUV444
RGBS

: Grayscalel6

RGB16

: signed Grayscalel6
: signed RGB16
RAWS

:RAW16

11: Grayscale12

2: RAW12

© V0 ©® N ol A W N m O

vendor specific codés start at 128

maxBitrate

uint32

upper limit for'bit rate after compression, not apjplicable to
uncompressedtransmission in MBit/s

vid¢oCompression

uint8

0: UNCQMPRESSED
1: JPEG
2 H264

vendor codes starting at 128 can be used for spedific codec
profiles

6.6{16 struct sHistogramFormat

Purpose: This structure definés the histogram format used for a certain ROI.

Table 26 — struct sHistogramFormat

Name Type Description
histogramEnabled uint8 Disabled = 0
Enabled = 1
hisogramUpdateCy/cle uint8 Defines how often a histogram will be calculated.
only once =0
every nimages >0
useflVideoComponent uint8 Defines from which video component the histogram is|derived.
0:Y, I: R, 2: G, 3: B, manufacturer specific codes starting at 128
dataType uint8 2:unitl6
4: unit32
binSize uint8 Defines the resolution of a histogram.
With a bin size of 1, a bin for each value in the range of the selected
component is used. If the bin size is 4, a bin for four consecutive
values in the range of the component is used.
numberOfBins uint16 Number of histogram bins

© IS0 2014 - All rights reserved
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The resolution of a histogram and the size of the resulting histogram need to be considered when
setting the histogram format. Theoretically, all pixels of a ROI can fall into one single bin. Therefore, the
dataType shall be selected accordingly. This number of bins is calculated with Formula (12):

_ (2expbinDepth)
numberOfBins = — (12)
binSize
EXAMPLE1 binSize = 1, bitDepth = 10, ROI width = 128, and ROI height = 128
numberOfPixels =128 x 128 = 16 384 (13)
Therellore, the histogram data type has to be chosen as uint16:
dataType = 2
The nymber of histogram bins is then given by:
numberdfBins = (2‘”‘71"10) x2=1024x2=2 048 (14)
EXAMPLE 2  binSize = 2, bitDepth = 10, ROI with = 1 024, and ROI height = 480
number(fPixels = (1024 x480) = 4 915 20 15)
Therefore, the histogram data type has to be chosen as uint32:
dataType = 4
The numbdr of histogram values is then given by:
, 2exp10 i
numberdfBins = = x4=(1024+2)x4=2048 16)
6.6.17 structure sHistogrammContent
Purpose: This structure definesthe format of a histogram notification package.
Table 27 — structure sHistogrammContent
Name Type Description
roilndex uint8 ROI from which the histogram is derived
nBins Uint16 The notification package contains nBins RoiValues
firstBin Uint16 Index of the first roiValue in this package in the
array of histogram values
timeStamp sTimeStamp Time stamp of the image in sequence from whic}
the histogram is derived, for more details, see
6.6.12
numberOfROIValues uint32 numberOfHistValues specified by the ROI defintion
in bytes, see 6.6.16
histogramValues uint8 [nBins] Array of histogram values

If the size of a histogram exceeds the supported size of a notification package, the histogram shall be
split in multiple notification packages.

For example, the supported package size is 1 400 and number of ROI values is 1 024. The notification,
then, shall be transmitted as one package (nBins = numberOfROIValues).

1st package nBins = 1 024, firstBin = 0, numberOfROIValues = 1 024

20 © ISO 2014 - All rights reserved


https://standardsiso.com/api/?name=df69c44a3895a325328a0dfcc6b31f91

1SO 17215-3:2014(E)

For example, the supported package size is 1 400 and number of ROI Values is 2 048. The notification,
then, shall be split in to two packages.

1st package nBins = 1 024, firstBin = 0, numberOfROIValues = 2 048
2nd package nBins = 1 024, firstBin = 1 024, numberOfROIValues = 2 048

6.6.18 structure sVideoContent

Purpose: This structure defines the format of a video content notification package.

Table 28 — structure sVideoContent

Narme Type Description

roilpdex uint8 ROI from which the video contént is derfved

nBins Uintl6 Notification package contains nBins ROJValues

firsfBin Uint16 Index of the first ROIValue in this packapge in the
array of ROI values

timgStamp sTimeStamp Time stamp 6fthe image, in sequence from which
the histogram is derived; for more detalls, see
6.6.12,

NumberOfROIValues uint32 Width'x height x bitdepth given by sVid¢oFormat.

eplourSpace, see 6.6.15.

ROIContent uint8 [nBins] Uncompressed content of the ROI

If the sizes of the video content exceeds the supported-size of a notification package, the video content
shall be split in multiple notification packages.

For|example, the supported package size is 1. 400 and number of ROI values is 1 024. The nfotification,
then, shall be transmitted as one package (uBins = numberOfROIValues).

1stpackage nBins = 1 024, firstBin = 0, aumberOfROIValues = 1 024

For|example, the supported packagesize is 1 400 and number of ROI Values is 2 048. The nptification,
then, shall be split in to two paekages (nBins < numberOfROIValues).

1stpackage nBins = 1 024, fivstBin = 0, numberOfROIValues = 2 048
2nd package nBins = 14024, firstBin = 1 024, numberOfROIValues = 2 048

6.6/19 Structure.sControlMode

Purpose: Definition of a camera control mode register.

Table 29 — Structure sControlMode

Name Type Description
SupportedModes unit8 Use 6.5.6.
ControlMode uint8 Use 6.5.7.

On read, the control mode field reports the current mode of operation for this control.

On write, the mode of operation will change according to the value written in this field. Only supported
modes of operation are valid. If set to an unsupported mode, the cameras shall return an error code

6.6.20 structure sUnsignedCtl

Purpose: Definition of an unsigned camera control.
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Table 30 — structure sUnsignedCtl

Name Type Description
ControlStatus sControlMode See 6.6.19.
ControlValue uintl6 For information on valid values, consider sCamControl.

6.6.21 structure sSignedCtl

Purpose: Definition of a signed camera control.
Table 31 — structure sSignedCtl
Name Type Description
ControlStatys sControlMode See 6.6.19.
ControlValu sint16 For information on valid values, consider sCamGomntrol.

6.6.22 structure sCombinedCtl

Purpose: Definition of a combined camera control.
Table 32 — structure sCombinedCtl
Name Type Description
ControlStatys sControlMode See 6.6.19.
ControlValu¢A uint8 For informatioh‘en valid values, consider sCamControl.
ControlValu¢B uint8 For information on valid values, consider sCamControl.

6.6.23 structure sCamControl

Purpose: Defines the parameters to contkol the camera
Table 33 — structure sCamControl
Name Type Description
exposureTime sUnsignedCtl Controls the integration time
Unit ps, range values within the frame period, resolution ps
Brightness sSignedCtl Controls the black level offset
Init %, range -20 % - 20 %, resolution 0.1 %
Gain sSignedCtl Controls the gain circuits of the camera
Unit db, range -20 - 20 dbB, resolution 0.2 db
Hue sUnsignedCtl Controls the hue circuits of the camera
Unit deg, range 0 - 360 deg, resolution 1 deg
Saturation sUnsignedCtl Unit %, range 0 - 100 %, resolution 1 %
Gamma sUnsignedCtl Controls the gamma correction circuit of the camera
Unit none, range 0 - 10, resolution 0.01
whiteBalance sCombinedCtl Controls the white colour, using R and B when in RGB mode, using
Uand V when in YUV mode
Unit %, range 0 - 100 %, resolution 1 %
22 © ISO 2014 - All rights reserved
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Table 33 (continued)

Name Type Description

Heater sUnsignedCtl Controls the heater of the camera

Range on - off

Tem

perature sUnsignedCtl Controls the temperature of the camera

See 6.6.25 for more information.

6.6.24 structure sCamsStatus

Purlpose: Defines the camera status information.
Table 34 — structure sCamStatus

Narhe Type Description

locedBy uint32 User of the camera (e.g. IP addresS)\is’set/unset by spgcific meth-
ods.

powerStatus uint8 Value mirrored to the camgra-API, but managed by the generic
device

Tenjperature uint16 Actual temperature-of'tthe camera

6.6{25 Temperature

6.6)25.1 General

Application requests the internal temperature of the camera.

The camera has to respond always on requestwith the corresponding 16-bit temperature in
The camera puts the temperature informatien with the below defined resolutions (7 bits to
the[16-bit word. Bits not in use are mandatory to be set always to 0. This makes it possible t
wotd can always be analysed at the application.

The temperature information jSithen transmitted in a 16-bit value over the communicati
(twp’s complement word).

In the application, the user- can choose different resolutions for conversion, based on the
denpand.

E.g|for less temperature accuracy, only 2°C/LSB resolution is necessary, therefore, only ¢
signed indicator)will be evaluated. Or if a high accuracy is necessary, a resolution of 0.007 8
be ysed by evaluating the 16-bit value (incl. signed indicator) information.

Table 35 — Temperature resolution

formation.
15 bits) on
nat a 16-bit

bn channel

hpplication

bits (incl.
C/LSB can

Parameter Resolution range
Min. resolution 0.007 8°C/LSB
Max. resolution 2°C/LSB

The chosen method allows realizing all relevant temperature ranges, as the following application
example, from -55 °Cto +125 °C, whereas, the theoretical temperature range, according to the resolution,

cou

©IS

1d be -256 °C to +254 °C, to be open for future technologies.

02014 - All rights reserved
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Table 36 — Example for temperature ranges

Temperature range Theoretical Application example
Min. temperature -256°C -55°C
Max. temperature +254°C +125°C

6.6.25.2 Definition of 16-bit temperature value

Table 37 characterizes the definition of 16-bit temperature values.

Table 37 — Definition of 16-bit temperature value

Application can scale up to maximum resolution
of 15 bits, if a high resolution has to be used.

Bits Description Values
15 MSB is signed indicator with two’s complement |Positive temperature value 0
format .
Negative temperature value 1
14:8 Temperature value standard 7 bits =2 °C/LSB
7 bits standard resolution (°C/LSB)
7:0 Temperature value extended 8 bits =1 °C/LSB
8 bits extended resolution (°C/LSB) 9 bits = 0,5 °C/LSB

Depends on the application, on how many bits 10 bits = 0,25°C/LSB
will be used/analysed.

11 bits = 0,125 °C/LSB

12 bit$=0,0625 °C/LSB
13.bits = 0,03125 °C/LSB
14 bits = 0,015625 °C/LSB
15 bits = 0,0078125 °C/LSB

Not used 1lesolution bits are mandatory to be sét-fixed to “0” at the camera (sender), to guarantee
compatibiljty with the application (receiver).

6.6.25.3 Fprmula to calculate the temperature value

Formula (117) is used to calculate the.temperature value:

Tempernature [°C] = Resolutjon [°C / LSB] *TemperatureValue [LSB]

NOTE §election of the resolution value is related to the resolution bits which are used for evaluation.

examples b¢low.

6.6.25.4 Examples

In the following example, the possible resolutions are displayed for a positive temperature of +102 °C.

17)

See

The

red marked bits are the evaluated resolution bits, which are mandatory to be linked to the corresponding
resolution setting (e.g. 7-bit resolution is linked to 2 °C/LSB).

Table 38 — Temperature value calculation (positive values)

Setting Temperature value calculation (positive values)
Used bits Resolution 16-bit binary value * Dec value Temperature
resolution (°C/LSB) (incl. signed indicator) (LSB) (°C)
7 bits of 15 bits 2 00110011 0000 0000 51 +102
8 bits of 15 bits 1 0011 0011 0000 0000 102 +102
9 bits of 15 bits 0,5 00110011 0000 0000 204 +102

24
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Table 38 (continued)
Setting Temperature value calculation (positive values)
10 bits of 15 bits 0,25 0011 0011 0000 0000 408 +102
11 bits of 15 bits 0,125 0011 0011 0000 0000 816 +102
12 bits of 15 bits 0,062 5 0011 0011 0000 0000 1632 +102
13 bits of 15 bits 0,031 25 0011 0011 0000 0000 3264 +102
14 bits of 15 bits 0,015 625 00110011 0000 0000 6528 +102
15 bits of 15 bits 0,007 8125 0011 0011 0000 0000 13056 +102

For|the given example, the temperature value is then calculated with Formula (18):

T=2°C/LSB x51LSB=+102°C

In this example, the possible resolutions are displayed for a negative temperature of -6 °C.
red| marked bits are again the evaluated resolution bits, which are nrandatory to be linked to the
corfesponding resolution setting (e.g. 7-bit resolution is linked to 2° C£LSB):

Table 39 — Temperature value calculation (negative values)

(18)

The

Setting Temperature‘value calculation (negative values)

Used bits Resolution 16-bit binary value** Dec value Tempegrature

resolution (°C/LSB) (incl. signed indicator) (LSB) (1)
7 bits of 15 bits 2 1111 00110000 0000 -13 26
8 bits of 15 bits 1 1111 0041 0000 0000 -26 26
9 bits of 15 bits 0,5 11110011 0000 0000 -52 26
10 |bits of 15 bits 0,25 1111 0011 0000 0000 -104 26
11bits of 15 bits 0,125 1111 0011 0000 0000 -208 26
12 |bits of 15 bits 0,062 5 1111 0011 0000 0000 -416 26
13bits of 15 bits 0,031 25 11110011 0000 0000 -832 26
14 |bits of 15 bits 0,015 625 1111 0011 0000 0000 -1664 -6
15|bits of 15 bits 0,0078125 1111 0011 0000 0000 -3328 26

Thd temperature value is then calculated with Formula (19):

T =2 °C/LSB&(-13) LSB = -26 °C

(19)
Tabre 40 shows the corresponding calculated temperature output value for a fixed resolutign of 9 bits,
whilchiis linked to 0.5 °C/LSB, for some specific 16-bit temperature values.
Table 40 — Temperature value with fixed resolution
Settin Temperature value with fixed resolution
g 0,5°C/LSB
Used bits Resolution 16-bit binary value * Dec value Temperature
resolution (°C/LSB) (incl. signed indicator) (LSB) (°Q)
9 bits of 15 bits 0,5 0011 1110 1000 0000 250 +125
9 bits of 15 bits 0,5 0010 1010 1000 0000 170 +85
9 bits of 15 bits 0,5 00000001 0000 0000 4 +2
9 bits of 15 bits 0,5 0000 0000 1000 0000 2 +1
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Table 40 (continued)
Setting Temperature vaOluS% (‘:/vith fixed resolution
,5°C/LSB
9 bits of 15 bits 0,5 0000 0000 0000 0000 0 0
9 bits of 15 bits 0,5 11111111 1000 0000 -2 -1
9 bits of 15 bits 0,5 1111 1111 0000 0000 -4 -2
9 bits of 15 bits 0,5 1110 1100 0000 0000 -80 -40
9 bits of 15 bits 0,5 1110 0100 1000 0000 -110 -55

The tempe
T=0.5

Left hand s

Fature value is then calculated with Formula (20):

°C/LSB x (250) LSB = + 125 °C

ide leading bit is the signed indicator bit. Red marked bits are used for the/resolution (f

20)

fom

7 bits to max. 15 bits).
6.7 APIreference
6.7.1 ge{DataSheet (MethodID 0x0001)
Purpose: This method returns the datasheet of the camera.
Input parameters: None
Output parameters:
Table 41 — Output parameters getDataSheet (MethodID 0x0001)
Name Type Déscription
Datasheet sDatasheet Datasheet of the camera

Specific en

ror codes: No speseific error codes

6.7.2 gefCamStatus (MethodID 0x0002)

Purpose:
Input par3

Output pa

This methodmreturns the current status of the camera.
meters: . Nonhe

rameters:

Table 42 — Output parameters getCamStatus (MethodID 0x0002)

Name

Type

Description

camStatus

sCamStatus Current status of the camera

Specific error codes: No specific error codes.

6.7.3

Purpose:

setCamMode (MethodID 0x0003)

This method starts, stops, and restarts the camera application in the camera

A client shall look the camera using the setCamEclusive method before requesting this method.

Input parameters:

26
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Table 43 — Input parameters setCamMode (MethodID 0x0003)

Name Type Description

cameraMode uint32 Use enumeration eCameraMode

Specific error codes:

Table 44 — Error codes setCamMode (MethodID 0x0003)

Error code

E_LUURKED_DBY_FUREIGN_INSTANCE

E_LOCK_EXPIRED

6.7/4 setCamExclusive (MethodID 0x0011)
Pu;l:)ose: This method assigns the control of the camera exclusively to the requesting dlient.

In an application with more than one ECU, one instance should be able to.eontrol the camera ¢xclusively.
Thi instance will issue the method “setCamLocked”.

If the attribute lockedBy of the data structure sCamStatus is 0, the‘instance ID of the requefpting client
(e.gl IP address) shall be stored in the attribute lockedBy.

All pet/erase methods can only be used by the instance with the ID stored in lockedBy. Refjuest from
other instances shall be answered with the E_LOCKED _BY.FOREIGN_INSTANCE error.

When lockedBy is not 0, the camera shall report the ExLOCKED_BY_FOREIGN_INSTANCE error.
If time to live was set to 0OXFFFFFFFF, the camera shall use its default timeout parameter instead

Aftér time to live or default time out is reached, the look expires. If this is the case, lockedBy phall be set
to (x00000000.

Input parameters:

Table 45 — Input parameters setCamExclusive (MethodID 0x0011)

Narmhe Type Description

TTL uint32 Time to live, after this time (in seconds) the look expirgs

Output parameters: None

Sp€cific error'codes:

Table 46 — Error code setCamExclusive (MethodID 0x0011)

EITOI code

E_LOCKED_BY_FOREIGN_INSTANCE

6.7.5 eraseCamExclusive (MethodID 0x0019)
Purpose: This method removes the exclusive control look for the requesting client.

The Instance ID of the requesting client shall fit the Instance ID stored in parameter lockedBy of the data
structure sCamStatus. If this is the case, lockedBy shall be set to 0x00000000.

When the Instance ID doesn’t match the lockedBy value, the camera shall report the E_LOCKED_BY_
FOREIGN_INSTANCE error.

Input parameters: None
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Output parameters: None

Specific error codes:

Table 47 — Error code eraseCamExclusive (MethodID 0x0019)

Error code
E_LOCKED_BY_FOREIGN_INSTANCE
E_NOT_LOCKED

6.7.6 setiHostParameters (MethodID 0x0022)
Purpose: Sets the host parameters using persistent storage entries.
A client shdll look the camera using the setCamEclusive method before requesting this method.

Input parameters:

Table 48 — Input parameters setHostParameters (MethodID-0x0022)

Name Type Description
numberOfErjtries uint32 Nuinber of PSE
hostParams sPersistentStorageEntry[numberOfEntries] Array of PSEs

Specific erfror codes:

Table 49 — Error codes setHostParameters (MethodID 0x0022)

Error code

E_INVALID_PS_ENTRY
E_INVALID_PS_OPERATION
E_INVALID_PS_DATA
E_NO_MORE_SPACE

E_LOCKED-BY/ FOREIGN_INSTANCE
E_LOCK\EXPIRED

6.7.7 gefHostParameters (MethodID 0x0024)

Purpose: Returns-the requested host parameter by reading persistent storage entries.

Input parameters:

Table 50 — Input parameters getHostParameters (MethodID 0x0024)

Name Type Description
persistentEntryList sPersistentEntryList List of requested PSE IDs
Output parameters:

Table 51 — Output parameters getHostParameters (MethodID 0x0024)

Name Type Description
numberOfEntries uint32 Number of PSE
persistentEntries sPersistentStorageEntry[numberOfEntries] Array of PSEs as in Table 48

Specific error codes:
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Table 52 — Error codes getHostParameters (MethodID 0x0024)

Error code
E_INVALID_PS_ENTRY

6.7.8 eraseHostParameters (MethodID 0x0029)

Purpose: This method forces the camera to erase the requested host parameters addressed by the
PSE ID.

pd.

Table 53 — Input parameters eraseHostParameters (MethodID,0x0029)

Narhe Type description

-

pergistentEntryList sPersistentEntryList List of requested PSE ID§

Ouflput parameters: none

Sp€cific error codes:

Table 54 — Error codes eraseHostParameters (MethodID 0x0029)

Error code

E_INVALID_PS_ENTRY
E_INVALID_PS_OPERATION
E_LOCKED_BY_FOREIGN,_INSTANCE
E_LOCK_EXPIRED

6.7]19 setRegionOfInterest (MethodID 0x0101)

Puipose: This method sets-the parameter for a region of interest addressed by index.
A cliient shall look the camera’using the setCamEclusive method before requesting this methpd.

Input parameters:

Table 55 — Input parameters setRegionOfInterest (MethodID 0x0101)

Narhe Type Description

roilpdex uint32 Index of the requested ROI, shall be within the suppgorted range
given by sDatasheet.numOfRegionOfInterest

reglommOTITterest SRegiomofimterest Parameterfor tire ROt giverr by Totimdex

Specific error codes:

Table 56 — Error parameters setRegionOfInterest (MethodID 0x0101)

Error code

E_INVALID_ROI_INDEX
E_INVALID_HISTOGRAM_FORMAT
E_INVALID_VIDEO_FORMAT
E_LOCKED_BY_FOREIGN_INSTANCE
E_LOCK_EXPIRED
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6.7.10 setRegionsOfInterest (MethodID 0x0102)
Purpose: This method sets the parameter for all supported regions of interest.
A client shall look the camera using the setCamEclusive method before requesting this method.

Input parameters:

Table 57 — Input parameters setRegionsOfInterest (MethodID 0x0102)

Name Type Description
numOfRegionOfInterest uint32 Number of ROIs, shall not exceed numOfRe+
gionOfInterest
roiParametdr sRegionOfInterest [numOfRegionOfIn- | Array of ROl parameter
terest]

Output parameters: None

Specific erfror codes:

Table 58 — Error codes setRegionsOfInterest (MethodlD-0x0102)

Error code

E_INVALID_ROI_INDEX
E_INVALID_ROI_NUMBER
E_LOCKED_BY_FOREIGN_INSTANCE
E_LOCK_EXPIRED

6.7.11 gefRegionOfInterest (MethodID 0x0103)

Purpose: This method returns the parameter for region of interest addressed by ROI index.

Input parameters:

Table 59 — Input parameters getRegionOfInterest (MethodID 0x0103)

Name Type Description

roilndex uint32 Index of the requested ROI, shall be within the supported range
given by sDatasheet.numOfRegionOfInterest

Output parameters:

Table 60 — Output parameters getRegionOfInterest (MethodID 0x0103)

Name Type Description

regionOfInterest sRegionOflInterest Parameter of the requested ROI

Specific error codes:

Table 61 — Error codes getRegionOfInterest (MethodID 0x0103)

Error code

E_INVALID_ROI_INDEX

6.7.12 getRegionsOfInterest (MethodID 0x0104)

Purpose: This method returns the parameter for all supported region of interest.
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Input parameters: None

Output parameters:

Table 62 — Output parameters getRegionsOfinterest (MethodID 0x0104)

Name Type Description
numOfRegionOfInterest uint32 Number of returned RegionOfInterest
regionOfInterest uint32[numOfRegionOfInterest] Array of ROl indizes

Sp cificerrorcodes:

Table 63 — Error codes getRegionsOfinterest (MethodID 0x0104)

Error code
E_INVALID_ROI_INDEX
E_INVALID_ROI_NUMBER

6.7]13 eraseRegionOfInterest (MethodID 0x0109)

Puitnose:
Input parameters:

This method erases all parameter for the requested ROI.

Table 64 — Input parameters eraseRegionOfInterest (MethodID 0x0109)

Narme

Type Desc¢ription

roilphdex

uint32 Iifdex of the requested ROI, shall be within the support
given by sDatasheet.numOfRegionOfInterest

bd range

Output parameters: None

Specific error codes:

Table 65 — Ervor codes eraseRegionOfInterest (MethodID 0x0109)

Error code
E_INVALID_ROI_INDEX

6.7{14 setVideoFormat (MethodID 0x0111)

Purpose:

This method sets the video format for a ROl addressed by ROI index.

A client'shall look the camera using the setCamEclusive method before requesting this meth

Input parameters:

Table 66 — Input parameters setVideoFormat (MethodID 0x0111)

Name Type Description

roilndex uint32 Index of the requested ROI, shall be within the supported range
given by sDatasheet.numOfRegionOfInterest

Format sVideoFormat Video format parameter for the addressed ROI

Specific error codes:
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Table 67 — Error codes setVideoFormat (MethodID 0x0111)

Error code

E_INVALID_ROI_INDEX
E_INVALID_VIDEO_FORMAT
E_LOCKED_BY_FOREIGN_INSTANCE
E_LOCK_EXPIRED

6.7.15 getVideoFormat (MethodID 0x0113)

Purpose: This method reads the parameter of the current video format, addressed by the:ROI
index.
Input parameters:
Table 68 — Input parameters getVideoFormat (MethodID 0x0113)
Name Type Description
roilndex uint32 Index of the requested ROI, shall béxwithin the supported rangg
given by sDatasheet.numOfRegiontOfInterest
Output parameters:
Table 69 — Output parameters getVideoFormat'(MethodID 0x0113)
Name Type Description
Format sVideoFormat video formataddressed by the ROI index

Specific en

6.7.16 era
Purpose:
A client shz:

Input par3

ror codes:

Table 70 — Error codes.getVideoFormat (MethodID 0x0113)

Error code
E_INVALID_ROKINDEX

seVideoFormat (MéthodID 0x0119)
This method-erases all video format parameter for the requested ROI.
11 look thecamera using the setCamEclusive method before requesting this method.

meters:

Table 71 — Input parameters eraseVideoFormat (MethodID 0x0119)

Name

Type Description

roilndex

uint32 Index of the requested ROI, shall be within the supported range

given by sDatasheet.numOfRegionOfInterest

Output pa

rameters: None

Specific error codes:

32

Table 72 — Error codes eraseVideoFormat (MethodID 0x0119)

Error code

E_INVALID_ROI_INDEX
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Table 72 (continued)

Error code
E_LOCKED_BY_FOREIGN_INSTANCE
E_LOCK_EXPIRED

6.7.17 setHistogramFormat (MethodID 0x0121)

Purpose: This method sets the histogram format parameter for a ROl addressed by ROI index.

A clrnmﬂwmwm&nﬁmmmmm
Input parameters:

Table 73 — Input parameters setHistogramFormat (MethodID0x0121)

Narpe Type Description

roilpdex uint32 Index of the requested ROI, shall be within the supported
range given by sDatasheet.numOfRegionOfInterept

Format sHistogrammFormat Histogram format parameter for the addressed RPI

Sp€cific error codes:

Table 74 — Error codes setHistogramFormat (MethodID 0x0121)

Error code

E_INVALID_ROI_INDEX
E_INVALID_HISTOGRAM (FORMAT
E_LOCKED_BY_FOREIGN_INSTANCE
E_LOCK_EXPIRED

6.7{18 getHistogrammFormat (MethodID 0x0123)

Puipose: This method neads the parameter of the current histogram format, addressed by the ROI
index.
Input parameters:

Table'75 — Input parameters getHistogrammFormat (MethodID 0x0123)

Name Type Description
roilpdex uint32 Index of the requested ROI, shall be within the suppoited range
given by sDatasheet.numOfRegionOfInterest

Output parameters:

Table 76 — Output parameters getHistogrammFormat (MethodID 0x0123)

Name Type Description

Format sHistogrammFormat |video format addressed by the ROI index

Specific error codes:
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Table 77 — Error codes getHistogrammFormat (MethodID 0x0123)

Error code
E_INVALID_ROI_INDEX

6.7.19 eraseHistogramFormat (MethodID 0x0129)

Purpose:

This method erases all histogram format parameter for the requested ROI.

A client shall look the camera using the setCamEclusive method before requesting this method.

Input pars

meters:

Table 78 — Input parameters eraseHistogramFormat (MethodID 0x0129)

Name Type Description

roilndex uint32 Index of the requested ROI, shall be within the sdpported range
given by sDatasheet.numOfRegionOfInterest

Output parameters: None

Specific erfror codes:

6.7.20 Sul
Purpose:

Input pars

Table 79 — Error codes eraseHistogramFormat (MethodID 0x0129)

Error code

E_INVALID_ROI_INDEX
E_LOCKED_BY_FOREIGN_INSTANCE
E_LOCK_EXPIRED

pscribeROIVideo (MethodID 0x0131)
This method starts the transmission of a video stream for the requested ROI.

meters:

Table 80 — Input parameters SubscribeROIVideo (MethodID 0x0131)

Name

Type

Description

roilndex

uint32 Index of the requested ROI

The roilnd
video form

Output pa

bx shall.bewithin the supported range given by sDatasheet.numOfRegionOfInterest. A v|
at needs to be set and enabled before calling this method

rameters:

alid

When the transmissionMethod of the requested ROI video format indicates the use of notification
packages, the requesting instance will receive a cyclic notification. The cycle is defined by the parameter
transmissionCycle.

Table 81 — Output parameters SubscribeROIVideo (MethodID 0x0131)

Name Type Description
ROIContent sVideoContent Content of the registered ROI
See 6.6.18.
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When the transmissionMethod of the requested ROI video format indicates the use of AVTP packages,
the requesting instance will receive cyclic AVTP packages. The cycle is defined by the parameter
transmissionCycle.

Specific error codes:

Table 82 — Error codes SubscribeROIVideo (MethodID 0x0131)

Error code
E_INVALID_ROI_INDEX
E_INVALID_VIDEO_FORMAT

6.7121 UnSubscribeROIVideo (MethodID 0x0132)
Purpose: This function stops the video streaming for the requested ROI.

Input parameters:

Table 83 — Input parameters UnSubscribeROIVideo (MethodID 0x0132)

Name Type Description

roilhdex uint32 Index of the requésted ROI, shall be within the suppoyted range
given by sDatasheet.numOfRegionOfInterest

6.7122 SubscribeROIHistogram (MethodID 0x0133)

PUIlfose: This method starts the transmission'of the histograms for the requested ROI
Input parameters:

Table 84 — Input parameters SubscribeROIHistogram (MethodID 0x0133)
Narme Type Description
roilpdex uint32 Index of the requested ROI

The roilndex shall be within the supported range given by sDatasheet.numOfRegionOfInterest. A valid
hisfogram format needs(to be set and enabled before calling this method.

Output parameters:

The requesting\nstance will receive cyclic a package. The cycle is defined by the |parameter
hisfogramUpdateCyle.

Table 85 — Output parameters SubscribeROIHistogram (MethodID 0x0133})

Name Type Description
ROlhistogram sHistogrammContent Histogram of the registered ROI
See 6.6.16.

6.7.23 UnSubscribeROIHistogram (MethodID 0x0134)
Purpose: This method stops the transmission of the histograms for the requested ROI.

Input parameters:
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Table 86 — Input parameters UnSubscribeROIHistogram (MethodID 0x0134)

Name Type Description

roilndex uint32 Index of the requested RO], shall be within the supported range
given by sDatasheet.numOfRegionOfInterest

6.7.24 setCamControl (MethodID 0x0201)

Purpose: This method sets the parameter for a camera control addressed by the control index.

A client shall look the camera using the setCamEclusive method before requesting this method

Input parameters:

Table 87 — Input parameters setCamControl (MethodID 0x0201)

Name Type Description
camControllndex unit8 Use eControllndex, see 6.5.5.
camControl void Use the type belonging to the camContrpllndex, see 6.6.23.

Specific exfror codes:

Table 88 — Error codes setCamControl (MethodID 0x0201)

Error code
E_INVALID_CONTROL_INDEX
E_INVALID_CONTROL_MODE
E_INVALID_CONTROL_VALUE
E_LOCKED_BY_FOREIGN_INSTANCE
E_LOCK_EXPIRED

6.7.25 setiCamControls (MethodID 0x0202)
Purpose: This method sets the(parameters for all camera controls.
A client myst look the camera uging the setCamEclusive method before requesting this method.

Input parameters:

Table:89 — Input parameters setCamControls (MethodID 0x0202)

Name Type Description

camControld sCamControl

Specific error codes:

Table 90 — Error codes setCamControls (MethodID 0x0202)

Error code
E_INVALID_CONTROL_MODE
E_INVALID_CONTROL_VALUE
E_LOCKED_BY_FOREIGN_INSTANCE
E_LOCK_EXPIRED

For controls not intended to be changed, the ControlMode Field shall be set to appropriate.

36 © ISO 2014 - All rights reserved



https://standardsiso.com/api/?name=df69c44a3895a325328a0dfcc6b31f91

1SO 17215-3:2014(E)

6.7.26 getCamControl (MethodID 0x0203)

Purpose: This method returns the current parameter for a camera control addressed by the
control index.

Input parameters:

Table 91 — Input parameters getCamControl (MethodID 0x0203)

Name Type Description
camControllndex unit8 Use eControllndex see 6 5.5
Output parameters:

Table 92 — Output parameters getCamControl (MethodID 0x0203)

Narhe Type Description

can]Control sCamControl Parameter of the requested camera.control

Sp€cific error codes:

Table 93 — Error codes getCamControl (MethodID 0x0203)

Error code

E_INVALID_CONTROL_INDEX

6.7)27 getCamControls (MethodID 0x0204)

Purpose: This method returns all current'camera control parameters.
Inp'[.lt parameters: None
Output parameters:
Table 94 — Output parameters getCamControls (MethodID 0x0204)
Name Type Description
canjControl sCamControl Data structure of all control parameters

Sperific error codés;

Table 95 — Error codes getCamControls (MethodID 0x0204)

Error code
E_INVALID_CONTROL_INDEX

6.7.28 setCamRegister (MethodID 0x0301)

Purpose: This method writes the content of aregister of the camera’s imager addressed by physical
register address.

A client shall look the camera using the setCamEclusive method before requesting this method.

The camera shall check if the imager register pair contains an unsupported register address/value pair
and respond accordingly.

Input parameters:
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