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A DIAG-LAYER-CONTAINER specifi es the communication between a diagnostic tester and ECUs.

The diagnostic messages are defi ned from a tester‘s point of view as request and response telegrams.

Tester ECU

Request

CP_Request

CP_Response

RequestParam

Result

Response
(segmented)

DiagnosticService

Request

Response

RequestParameter 1

Result 1

RequestParameter 2

Result 2

Result 3

DOP 1

DOP 2

...

DOP N

Req_ReadDataByIdent_
MeasurementValue

RequestServiceIdent 
CODED-VALUE= 34, 
BYTE-POSTION= 0, 
BIT-LENGTH=8

RecordDataIdent
type=“TABLE-KEY”
BYTE-POSTION= 1,
ID-REF = 
TAB_RecordDataIdent_
MeasurementValue

Param_RespoServiId
CODED-VALUE= 98, 
BYTE-POSTION= 0, 
BIT-LENGTH=8

RecordDataIdent
type=“TABLE-KEY”
BYTE-POSTION= 1,
ID-REF = 
TAB_RecordDataIdent_
MeasurementValue

DataRecord 
type=“TABLE-STRUCT”
BYTE-POSTION= 3, 
ID-REF = 
TAB_RecordDataIdent_
MeasurementValue

Rsp_ReadDataByIdent_ 
MeasurementValue

Compound Data Object or TABLE

Complex data structures are composite and diagnostic specifi c data structures with complex substructures that end up in simple data 
structures. Usage of a TABLE: Example for Interpretation of a response on OBD mode $01

Table Main Elements of TABLE-ROW

A TABLE-ROW can be executed by a D-Server like a DIAG-COMM:

KEY-DOP-REF

TABLE-ROW

DIAG-COMM

SHORT-NAME                      
(for representation)

AUDIENCE

KEY
mandatory

reference to 
FUNCT-CLASS

reference to 
DOP or STRUCTURE

reference to 
STATE-TRANSITION

alternative:
TABLE-ROW-REF 

TABLE-DIAG-COMM-CONNECTOR
                        SEMANTIC=“READ”/”WRITE”

reference to

Short-Name Parameter
Identifi er

Parameter Identifi er 
Data Record

EngineRPM 0C OBD_PID_0C_STRUCT
VehicleSpeedSensor 0D OBD_PID_0D_STRUCT
AbsoluteThrottlePos 11 OBD_PID_11_STRUCT

01

1
41

3
0A

0C

2
0C

4
F0

OBD_PID_0C_STRUCT

DOP_RPM

Current Value of 
Engine RPM 
=> 2800 1/min

Parameter Identifi er 
=> $0C (Engine RPM)

Response
Service Identifi er 
=> Mode $01

PARAM_RPM   
Byte Position = 0   
DOP-REF

16-Bit
Unsigned Integer
Identical
Unit: 1/min
Display-Radix: Dec

Tester

Request
Response

ECU

DTC-DOP and Environment Data Description (ENV-DATA-DESC)

• DTC-DOP represents a single diagnostic trouble code (DTC), 
 (coded and physical format, computation methods, and collection of possible DTC values)
• ENV-DATA represents container for environment data parameters belonging to one DTC  
• ENV-DATA-DESC represents multiplexed environment data parameters data belonging to DTC information

Example: representation of PDU in UDS: trouble code, environment data

DTC-DOP

- SHORT-NAME
- DIAG-CODED-TYPE 
  PHYSICAL-TYPE 
  COMPU-METHOD
-  …

DTC: 
TROUBLE-CODE=0120h
TEXT=Throttle Position Malfunction
DISPLAY-TROUBLE-CODE= …

DTC:  …

Env11
SpeedStatus 1DTC 1 Env12

Oil-temp. DTC 2 Status 2 Env21
Speed

Env22
RPM

Response
parameter RESP_SID NRODTC

57 01 01 20 E2 26 48 46 07

SODTCDTC ENVDATA

Extraction
of referenced parameter using-
-  PARAM-SNREF = „DTC“ and
-  DOP referenced from PARAM 
(see conversion via DOP)
Searching
for ENV-DATA object using
-  switch-key and
-  VALUES
Extraction
of parameters in ENV-DATA using
-  PARAMS
Display ENV-DATA
example without 
conversin here!

Engine Speed=2450 r/min (2648h)
Vehicle Speed=75 km/h (46h)
DTC Event Counter=7 (07h)

switch-key=0120h

Trouble Code

Environment 
Data

DOP

ENV-DATA
VALUE=0120h

PARAMS

ENV-DATA
VALUE=0120h

PARAMS

ENV-DATA
VALUE=0130h

PARAMS

ENV-DATA
...

ENV-DATA-DESC
SHORT-NAME
LONG-NAME
DESC
ADMIN-DATA
PARAM-SNREF=„DTC“

Usage of ODX data in the ECU life cycle: data exchange processes 
The data model may contain all diagnostic data of a vehicle and its physical ECUs for the exchange between participants and systems.
• Specifi cation, documentation and exchange of ECU diagnostic data for all phases of product life cycle
• Executable technical specifi cation

ECU Supplier Independent 
Workshops

OEM 1

OEM N

                Cooperation projects use ODX

ODX data is input and output                                              ODX data is input
for common specifi cation          … for documentation          for applications and D-server

Specifi cationRequirement

Specifi cation

Requirement

Test &
Integration Production

Production

Service

Service

ServiceImplementation

Specifi cation Test &
Integration

Test

Modular Vehicle Communication Interface / MVCI System / D-Server (ISO 22900-2 and -3)
The ODX modeled diagnostic data enables a MVCI system to communicate with the vehicle (ECUs) and interpret the diagnostic data  
exchanged between the external test equipment and the ECUs. For an ODX compliant external test equipment implementation effort has 
to be spent to convert diagnostic data into information to be displayed by the tester.

PDX
Vehicle Info

Function Dictionary
Protocols

ECUs/Variants
Flash Data

ECUconfi g/VariantCoding
Communication Parameters

Runtime
Database

Transformation

ASAM MCD-3D  API (D-Server API)

Application

readEngineSpeed                        2800 rmp

IF IF

Job Processor 

Flash Data Processor

Data Processor

D-PDU API

Communication Processor 

21,C0 61,C0,0A,F0      

ECU ECU

Vehicle information specifi cation: LOGICAL-LINK 
One purpose of vehicle information specifi cation (VEHICLE-INFO-SPEC) is to give to give a D-server access to the vehicle by describing the 
vehicle topology. A LOGICAL-LINK specifi es the complete access information to an ECU in order to enable the communication from the tester 
to the physical ECU within the vehicle.   

Tester / Application

D-Server

D-PDU-API

PIN

VEHICLE-CONNECTOR
MEMBER-LOGICAL-LINKPHYSICAL-VEHICLE-LINK

GATEWAY-LOGICAL-LINK
Gateway

ECU N

ECU A
ECU B

ODX Database

VEHICLE-INFO-SPEC / 
VEHICLE-INFORMATION

VEHICLE-CONNECTOR

PHYSICAL-VEHICLE-LINK

LOGICAL-LINK:
PHYSICAL-VEHICLE-LINK 
(ECU or GATEWAY) 
contains more information referencing 
-  COMPARAM 
-  PROTOCOL 
-  BASE-VARIANT           
-  ...

ECU Variant Coding - ECU-CONFIG

Variant Coding describes a procedure  that allows the ECU software to be adapted to specifi c vehicle model (optional components, 
equipments and instrumentation) or a localization specifi c environment (e.g. country). 
ECU-CONFIG contains a set of data elements that allow modifying subsections of the ECU‘s memory using diagnostic communication.  

A CONFIG-RECORD object acts as a notional memory buffer, which corresponds to a contiguous section of the ECU’s permanent memory. 
A CONFIG-RECORD connects data and description with the ECU’s permanent memory and the diagnostic services to manipulate. 

00 00 00 00 00 00 00 00 
00 00 00 00 00 00 00 00 
00 00 00 00 00 00 00 00 
00 00 00 00 00 00 00 00 
00 00 00 00 00 00 00 00 
00 00 00 00 00 00 00 00 
00 00 00 00 00 00 00 00 
00 00 00 00 00 00 00 00

ECU

ECU-MEMORY CONFIG-RECORD

CONFIG-RECORD

CONFIG-RECORD

IDENT-VALUE

IDENT-VALUE

DATA-RECORD

DATA-RECORD

CONFIG-ITEM

Sub-types: 
CONFIG-ID-ITEM
DATA-ID-ITEM
OPTION-ITEM
SYSTEM-ITEM

DIAG-COMM

DOP

w
rit

e read

SOURCE-START-ADDRESS= “10”
UNCOMPRESSED-SIZE=“6 “(bytes)

notional memory buffer 
correspending to contiguous 
section of ECU’s permanent memory

„A0 00 00 00 00 00 
00 00 00 00 00 00 FF“

...
Example: text table for interpretation 

„01“ – „Typ A“
„02“ – „Typ B“

…

„01“
 

„11 11 11 11“

cut out memory buffer with attributes
SOURCE-START-ADDRESS and   
UNCOMPRESSED-SIZE bytes

CONFIG-DATA

VALID-BASE-VARIANT

CONFIG-RECORDS
01 01 10 10 11 11

00 00 01 00 00 00 FF
A0 01 00 11 11 11 11               

DIAG-COMM-
DATA-CONNECTORreference to

ECU Memory Programming - FLASH  

The data transfer from a D-Server to any ECU is the programming of ECUs, called „ECU Memory Programming“. FLASH describes 
the data for upload / download (fl ash) procedure. A diagnostic application selects one SESSION to initiate a fl ash process. 

Connection between ECU-MEM and access to ECU 

ECU-MEM-CONNECTOR

FLASH-CLASS

SESSION-DESC

IDENT-DESC

LAYER-REF

ALL-VARIANT-REF

ECU-MEM-REF

SHORT-NAME

PARTNUMBER

OWN-IDENT

00 00 00 00 00 00 00 00 
00 00 00 00 00 00 00 00 
00 00 00 00 00 00 00 00 
00 00 00 00 00 00 00 00 
00 00 00 00 00 00 00 00 
00 00 00 00 00 00 00 00 
00 00 00 00 00 00 00 00 
00 00 00 00 00 00 00 00

ECU

ECU-MEMORY (target)

group sessions by certain criteria

information about sessions and jobs 
for download or upload

information about the ECU identifi cation

supported logical link by

ECU-MEM

PHYS-MEM

FLASHDATA

DATABLOCK

SESSION

physical memory layout of an ECU

fl ashdata as inline code

logical structure of FLASHDATA

logical units for programming

description of memory of  ECU

addtionally

BASE-VARIANT

ECU-VARIANT

reference to
1  *  (orderd)

reference to

SECURITY

CHECKSUM

EXPECTED-IDENT

list of

list of

Elements of SESSION

reference to 

reference to 

OWN-IDENT
EXPECTED-IDENT

describes 
DIAG-COMM 
and result 
parameter

reference to 

Elements of DATA-BLOCK
SECURITY

OWN-IDENT

FILTER

SEGMENT

TARGET-
ADDR-OFFSET

LOGICAL-BLOCK-
INDEX

list of

reduce fl ash data from source with

list of programmable segments

offset between source address and target address in ECU

parameter for a service “eraseMemory” (optional attribute)

list of

Elements of FLASHDATA

INTERN-FLASHDATA EXTERN-FLASHDATA

DATAFORMAT

SIZE-LENGTH

ADDRESS-LENGTH

ENCRYPT-COMPRESS-METHOD

representation of data

parameter LengthOfMemorySize

parameter LengthOfMemoryAddress

parameter dataFormatIdentifi er

fl ashdata as inline code 

optional 

fl ashdata in extern fi le

}

ODX data describes four kinds of Information: 
- administrative information: input to program an ECU (i.e. fl ash job, 
  compatibility of data with ECUs or fi les containing the actual fl ash data,…)
-  physical architecture: memory addresses of areas in ECU   
  (e.g. internal fl ash, extern fl ash)
- logical architecture: segments of data and segments   
  (e.g. boot code, data segments, code segments,…)
- data: the data itself can be stored in the ODX data or can be kept external.

FUNCTION-DICTIONARY

A function in ODX represents a vehicle subsystem considered from the point of view of diagnostics. A FUNCTION-NODE aggregates 
the features. A hierarchy of nodes may contain the function catalog representing the functional layout of the vehicle.

Input (0..n)

VARIANT

Parameter name

Output (0..n)

DTC

Unit

Physical type

Job (0..1)

TABLE-ROW LOGICAL-LINK

Component (0..1)

ENV-DATA DIAG-COMM

FUNCTION-NODE

}
EXAMPLE “Error detection” and “Central Lock (Low)” as common functions related to 3 ECU variants

ECU 1- Door Driver Side 
(COMPONENT)

ECU 2 - Door Passenger 
(COMPONENT)

ECU 3 – Dashboard  
(COMPONENT)

FUNCTION-DIAG-COMM-CONNECTOR=
„Lock Door“
FUNCTION-DIAG-COMM-CONNECTOR=
„Move Window“

FUNCTION-DIAG-COMM-CONNECTOR=
„Lock Door“
FUNCTION-DIAG-COMM-CONNECTOR=
„Move Window“

FUNCTION-DIAG-COMM-CONNECTOR = 
„Display_Warning“

FUNCTION-DIAG-COMM-CONNECTOR = 
„Accoustic_Warning“

DTC-CONNECTOR
DTC-SNREF/SHORT-NAME=“Closing Window 
failed“

DTC-CONNECTOR
DTC-SNREF/SHORT-NAME=“Closing Window 
failed“

...                                                

Error 
Detection

1. „ReadAllDTC“  =  „ReadDTC“ (Door Driver Side) + „ReadDTC“ (Door Driver Side) + „ReadDTC“ (Dashboard )
2. “DTC (Low)”  =  „Closing Window failed“ (Door Driver Side) + “Closing Window failed“ (Door Passenger)
3. “DTC (High)”  = …

Central 
Lock
(Low)

„Lock Door“  =   „Move Window“ (Door Driver Side) + „Lock Door“ (Door Driver Side) + 
                                         „Move Window“ (Door Driver Side) + „Lock Door“ (Door Passenger)              
“DTC” =  „Closing Window failed“ (Door Driver Side) + “Closing Window failed“ (Door Passenger)
„Warning“  = „Accoustic_Warning“ (Dashboard) + „Display_Warning“ (Dashboard)

Data processing

Test application

D-Server

Physical Bus 110010 01 00100100 01111100 001010... ...

Graphical user interface
Ignition: ON

Physical Representation
(Output of DOP)

Coded Value
(Input for DOP)

Data Object Property (DOP)

Evaluation / Interpretation

Check of Ranges

Identifi cation: version 2.4

Battery Voltage: 12.4 V
DiagService:
readBatteryVoltage 

PDX

Methods of Conversion

Physical: 12,4 V

Unit:      V

Type:      fl oat

Binary:    01111100

Dec: 124
Format:   Motorola
Mask: 01111111

LOWER-LIMIT: 0
UPPER-LIMIT: 15

PRECISION: 1
X=CodedValue*0,1
X=12,4

Send 
Set 

Execute
Parameterize

…

Receive 
Evaluate
Interpret
…

Parameters

Diagnostic Communication
Services and Jobs

Content of ODX Container - Packaged ODX (PDX)
A PDX container is used to exchange ODX databases. It may contain the ODX database entirely or in parts.

PDX

Flash Data

VEHICLE-INFO-SPEC

FUNCTION-DICTIONARY

ECU-CONFIG

PROTOCOL

FUNCTIONAL-GROUP

BASE-VARIANT

ECU-VARIANT FLASH

COMPARAM-SPEC

...
...

...
...

...
...

...
...

...
...

...
EC

U
-S

H
AR

ED
-D

AT
A

COMPARAM-SUBSET 
(Application)

COMPARAM-SUBSET 
(Transport)

COMPARAM-SUBSET 
(Physical)

DIAG-LAYER-CONTAINER

PDX
Catalogue

Other
specifi cation
documents

-doc
-pdf

•   DTC-DOP represents a single display trouble code (DTC) (refer to description    )
    -  Conversion
    -  DTC: collection of possible DTC values
•   ENV-DATA: container for environment data parameters belonging to one DTC
•   ENV-DATA-DESC: multiplexed environment data parameters data belonging 
    to DTC information
•   TABLE: multiplexed data parameters with table structure (refer to description      )

DATA-OBJECT-PROP (DOP) describes data objects in the diagnostic data stream.

default not defi ned
internal

TAB-INTPTEXTTABLE

The data object property contains the arguments for a D-server to convert coded byte format to physical representation format 
(and vice versa).

DATA-OBJECT-PROP represents a single value
• Conversion: 8 different COMPU-METHODs 

 IDENTICAL, LINEAR,     
 SCALE-LINEAR, rational function (RAT-FUNC),
      TEXTTABLE, linear interpolation (TAB-INTP),
     scale rational function, computational code
• UNIT: modeling of physical units

STRUCTURE

•   Multiplexer (MUX): multiplexed data parameters

PARAM PARAM ...

STRUCTURE: container for data parameters of any class

FIELD: container for data parameters that are repeated within the PDU
          -  STATIC-FIELD contains a recurring structure. 
 The number of repetitions is fi xed.
          -  DYNAMIC-LENGTHFIELD is a fi eld of items with variable number  
 of repetitions. The number of repetitions can only be calculated at 
 runtime  (DETERMINE-NUMBEROF-ITEMS).
          -  END-OF-PDU-FIELD is a fi eld of items which are repeated until    
 the end of the PDU.
          -  DYNAMIC-ENDMARKER-FIELD is a fi eld of items which are 
 repeated until an end-marker (TERMINATION-VALUE).

Protocol Data Unit
(PDU )
structured in

PDU with switch

PDU repeats 
items e.g. 
termination 
value „FF“

DYNAMIC-ENDMARKER-FIELD

MUX

ph
ys

ic
al

ph
ys

ic
al

ph
ys

ic
al

ph
ys

ic
al

ph
ys

ic
al

internal

internal

00 no

01 yes

physical

internal

internal

internal

IDENTICAL
f(x)=x

SCALE-LINEAR
f(x)=0,5x-1
f(x)=3 

LINEAR
f(x)=0,5x-1

RAT-FUNC
        

SWITCH-KEY

CASE STRUCTURE

CASE STRUCTURE

STRUCTURE STRUCTURE STRUCTURE

... ...

“STRUCTURE_Timestamp”

“Year”, “Month”, “Day”,..

FF
if 0<x<5 or 5=x
if 5<x

ODX 2.2    Open Diagnostic Data Exchange


