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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 maintenanee
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

Vehicle diagnostic communication has been developed starting with the introduction of the first
legislated emissions-related diagnostics and has evolved over the years, now covering various use
cases ranging from emission-related diagnostics to vehicle-manufacturer-specific applications like
calibration or electronic component software updates.

With the introduction of new in-vehicle network communication technologies, the interface between
the vehicle’s electronic control units and the test equipment has been adapted several times to address
the specific characteristics of each new network communication technology requiring optimized

dat
net
Wit
of s
con
net
(lik]
gatg
test

The

To

Ref
Sys
ISO

b)

h link layer definitions and transport protocol developments in order to make the new
vorks usable for diagnostic communication.

h increasing memory size of electronic control units, the demand to update this)in¢reas
pftware and an increasing number of functions provided by these control units; techng

vorks. New applications (x-by-wire, infotainment) require high band-width and real-tim
e FlexRay, MOST), which cannot be adapted to provide the direct interface to a vehicle. Th
bways to route and convert messages between the in-vehicle networks and the vehicle i
equipment.

intent of ISO 13400 (all parts) is to describe a standardized‘vehicle interface which

separates in-vehicle network technology from the.eXternal test equipment vehicl
requirements to allow for a long-term stable external'vehicle communication interface,

utilizes existing industry standards to define a-long-term stable state-of-the-art com
standard usable for legislated diagnostic communication, as well as for manufacturer-s
cases, and

can easily be adapted to new physical arid data link layers, including wired and wireless c
by using existing adaptation layers,

hichieve this, all parts of ISO 13400 are based on the Open Systems Interconnection
erence Model specified in ISO/IEC 7498-1 and ISO/IEC 10731, which structures com
ems into seven layers. When mapped on this model, the services specified by IS
14229-2 and ISO 14229¢5 atre divided into

unified diagnosticservices (layer 7), specified in ISO 14229-1, ISO 14229-5, ISO 27145-3
presentation {layer 6):
1) for enhanhced diagnostics, specified by the vehicle manufacturer,

2) for, WWH-OBD (World-Wide Harmonized On-Board Diagnostics), specified in IS

SAE ]J1930-DA, SAE J1939-DA (SPNs), SAE ]J1939-73:2010, Appendix A (FMI), SAH

r in-vehicle

ng amount
logy of the

hecting network and buses has been driven to a level of complexity and speed similar t§ computer

b networks
isrequires
Interface to

b interface

munication
pecific use

pnnections,

[0SI) Basic
munication
D 14229-1,

D 27145-2,
J1979-DA,

SAE J2012-DA,

c)
d)
e)
f)

ina

©IS

session layer services (layer 5), specified in ISO 14229-2,

transport protocol (layer 4), specified in [SO 13400-2,

network layer (layer 3) services, specified in [SO 13400-2, and

physical and data link services (layers 1 and 2), specified in this document,

ccordance with Table 1.

02016 - All rights reserved
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Table 1 — Enhanced and legislated WWH-0OBD diagnostic specifications applicable to the

OSI layers
0OSI 7 layersa Vehicle manufacturer enhanced | WWH-0BD document reference
diagnostics
Application (layer 7) [SO 14229-1/1S0, 14229 SO 14229-1/1S0, 27145

Presentation (layer 6)

Vehicle manufacturer specific

ISO 27145-2, SAE J1930-DA,
SAE J1939-DA (SPNs),
SAE J1939-73:2010, Appendix A
(FMISs), SAE J1979-DA, SAE ]2012-
DA

S¢ssion (layer 5)

ISO 14229-2

ISO 14229-2

Pﬂysical (layer 1)

Trgnsport (layer 4) ISO 13400-2 DolP TCP and IP
Ng¢twork (layer 3)
Dgta link (layer 2) ISO 13400-3 DolP, IEEE 802.3

a Sevfen layers according to ISO/IEC 7498-1 and ISO/IEC 10731.

The applicqtion layer services covered by ISO 14229-5 have been defined in cempliance with diagndstic

services egtablished in [SO 14229-1, but are not limited to use only with them.

The transport and network layer services covered by ISO 13400-2 have/ been defined to be independent

of the physdical layer implemented.

For other application areas, this document can be used with any Ethernet physical layer.

vi
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Road vehicles — Diagnostic communication over Internet
Protocol (DoIP) —

Part 3:

W

ired vehicle interface based on IEEE 802.3

1

Thi
phy

Thi

equipment. This document specifies the following aspects:

Thd
con
und

IEC
IEE

3

For
the

Scope

sical and data link layer based on IEEE 802.3 100BASE-TX.

5 interface serves as the physical basis for [P-based communication between the vehid

requirements for signal and wiring schematics in order to ensure physical layer compati
vehicle interface and Ethernet networks and test equipmentcommunication interfaces;

discovery/identification of the in-vehicle diagnostic Ethérnet interface;
activation and deactivation of the in-vehicle diagnostic Ethernet interface;
mechanical and electrical diagnostic connectorfeéquirements;

this edition has been modified to include thejidentification of two Ethernet pin assignmg

Normative references

following documents are referred to in the text in such a way that some or all of th
Ktitutes requirements of this document. For dated references, only the edition cited 3
ated references, the latestedition of the referenced document (including any amendmen

60950-1, Information-technology equipment — Safety — Part 1: General requirements

F: 802.3-2015, IEEE Standard for Ethernet

Terms aivd definitions

the purposes of this document, the terms and definitions given in ISO 13400-1 and ISO 1
following apply.

5 document specifies the vehicle communication interface and test equipment requiremnents for a

le and test

pility of the

ents.

Pir content
pplies. For
[s) applies.

1.229-1 and

3.1

automatic medium-dependent interface crossover
Auto-MDI(X)

device that allows the Ethernet hardware to decide whether a cross-linked cable or a one-to-one
connected (patch) cable is used for the connection between two Ethernet ports and which configures
the physical layer transceiver (PHY) according to the type of cable in order to correctly connect Tx and
Rx linesterm

©IS
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3.2

DolP Edge Node
host inside the vehicle, where an Ethernet activation line in accordance with this part of ISO 13400 is
terminated and where the link from the first node/host in the external network is terminated

3.3

link segment

twisted-pa

ir link for connecting two physical layers (PHYs) for 100BASE-TX

Note 1 to entry: Adapted from IEEE 802.3:2008, 1.4.355.

4 Abbr

Cat5
DolP
DoEth
FMI
MAC
MDI
PE
PHY
Rx
SPN

Tx

5 Convg
ISO 13400
they apply
6 Docu
[SO 13400
ISO 13400

bviated terms

category 5 cable as specified in TIA/EIA-568-BI[1]
diagnostics over Internet Protocol

diagnostics over Internet Protocol on Ethernet
failure mode indicator

media access control

medium-dependent interface

protective earth conductor

physical layer transceiver

receive

suspect parameter number

transmit

pntions

is based on the conventions discussed in the OSI Service Conventions (ISO/IEC 10731
to diagnostic services.

ment overview

is applicable to vehicle diagnostic systems implemented on an I[P communication networ

as

has)been established in order to define common requirements for vehicle diagnostic syst

LIS

implement

doman 1P communication nnk.

Although primarily intended for diagnostic systems, ISO 13400 has been developed to also meet
requirements from other IP-based systems needing a transport protocol and network layer services.

Figure 1 ill

ustrates the most applicable application implementations utilizing DolP.

© ISO 2016 - All rights reserved
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|
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|
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1 Session o |
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! I
- AN 1
IS, ¢ J !
| Diagnostic communication over Internet Protocol (DoIP) |
| |
| ﬁ |
| P I
: 0SI Layer 4 150134002 :
| Transport PR _:DMP |
: \ } l'lPart 2; :
| ¥ Transport |
| protocol |
] ( \ and |
| network |
1 0sI Layer 3 layer services |
| Network |
| |
! \—/ \/\ !
1 |
| |
I/ \ |
1 |
1 0SI Layer 2 |
| B 1S0 13400-3 |
| Data Link DolP |
| \ / |
I Part 3: |
| IEEE802.3 based |
[ \ wired vehicle |
[ interface !
! 0SI Layer 1 |
: Physical :
| \—/ \/\ I
| |
e e e e e N\ e 1
Figure-1— DoIP document reference according to the OSI model

7 |Ethernetphysical and data link layer requirements

7.1 Geweral information

Eth'\vv\r\i- ic o collaction of cavaral o dorde o Diffarant o caiccinn +acbaoologing nd Speeds

CTIICT 1o o COMCCTIUT O Sty Crol—Startaar o 1UT - O rCTeIrT Cr oSS STOTT cCCTTIoToOSTIcS

contained in IEEE 802.3 and is a frame-based networking technology for wired local area networks.
Frames are defined as the format of data packets on the wire. The Internet Protocol (IPv4) theoretically
allows for a maximum IP packet length of 64 Kbytes. This size is limited by the Ethernet specification,
which defines a 16-bit-length field and requires a minimum packet length of 64 bytes, as well as allowing
for a maximum payload length of 1 500 bytes. Consequently, IP packets can have a maximum length of
only 1 500 bytes on Ethernet. However, [P allows for fragmentation of IP packets over multiple Ethernet
frames to work around this limitation. The rules for fragmentation of IP packets differ between IPv6
and IPv4 and are not specified in this document.

The Ethernet connection of a vehicle works with four transmission lines in accordance with IEEE 802.3
100BASE-TX, as well as using an additional activation line. The Ethernet controller in the DolP Edge
Node can be switched on and off via the activation line when the test equipment is connected to, or
disconnected from, the vehicle.

© IS0 2016 - All rights reserved 3
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There are two types of Ethernet patch cables available:

one-to-one (1:1) connection, which is usually used to connect an end-node (e.g. a computer) with a

network hub or switch. In this case, the pins of each RJ45 connector of the patch cable or the cable to
the vehicle connector are directly connected to each other (e.g. Rx+ on the source port is connected

to Rx+

on the destination port).

cross-linked connection, which is usually used to connect two end nodes directly with each other

(e.g. computer to computer). In this case, the Tx pins on the source port of the patch cable are
connected to the Rx pins on the destination port and vice versa.

types of p

7.2 Ethe

This subcld
DolP Edge
and the Do

[DoEth-00

[DoEth-00

NOTE
100 Mbit/s
can still be

[DoEth-00

7.3 Ethe

This subcl
the DolP H
Ethernet a

[DoEth-00

[DoEth-005]
[DoEth-006]

[DoEth-007]
[DoEth-008]

NOTE

T

rnet physical layer requirements

use specifies the requirements for implementation of the physical layer of Ethernet by

[P Edge Node PHY so as to allow for guaranteed operation even in hoisy environments.

1] The DolP Edge Node shall support the 100BASE-TX (@00 Mbit/s Ethernet) standar
specified in IEEE 802.3.

2] The DolP Edge Node shall support the 10BASE-T\[10 Mbit/s Ethernet) standard as s
ified in IEEE 802.3.

he requirement to support 10 Mbit/s is intendedas a fall-back solution in environments whe
fonnection cannot be established between theitwo Ethernet interfaces. In such cases, the conned
pstablished at a reduced speed.

3] The DolP Edge Node shall provide for isolation of 1 500 V for 1 min between the tr{
former coils, in accordance with IEC 60950-1 (TNV1 circuit) and [EEE 802.3, on the
to the outside network.

rnet data link layer requirements

huse specifies the requirements for implementation of the data link layer of Etherne
dge Node se-as to allow for backwards-compatible communication with older version|
the bestachievable data rate.

4] The DolP Edge Node shall support 10 Mbit/s Ethernet on the link to the external netw

the

Node, including stub length in the vehicle and maximum cable length-bétween test equipnjent

1 as
hec-
re a

tion

Ans-
ink

by
s of

Drk.

The DolP Edge Node shall support 100 Mbit/s Ethernet (L00BASE-TX).

The DolP Edge Node shall support Auto-Negotiation as specified in IEEE 802.3, which is

an Ethernet procedure for automatic handshaking of two directly networked interfaces

to connect with identical parameters (i.e. transmission rate and duplex mode).

linked), the test equipment shall support the Auto-MDI(X) feature.

The DolP Edge Node is not required to support the Auto-MDI(X) feature.

© ISO 2016 - All rights rese
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7.4 Ethernet PHY and MAC requirements
[DoEth-009] The DolP Edge Node shall use an Ethernet device that allows for detection of physical

connects and disconnects (link detection) and notification of upper communication layers
about these occurrences.

NOTE A DolP Edge Node Ethernet Controller is not required to support Wake on LAN (WoL) as activation of
the Ethernet hardware is ensured using the separate activation line described in 7.5.

7.5 Ethernet activation line requirements

7.5{1 Vehicle activation line requirements
Redsons for activating and deactivating the Ethernet Controller are
— |reduction of electromagnetic interference, and

— |reduction of power consumption of the DolP Edge Node.

Thg Wake on LAN (WoL) feature cannot be used for this purpose as-itrequires knowledge pf the MAC
ess of the controller in order to wake it up and this is typically not known when a vehicle|drives into
air workshop. Another disadvantage of the standard WoL féature is that the Magic Packiet requires
the [Ethernet controller to process the complete frame, which-fesults in increased current consumption.

re 2 shows a schematic configuration of Ethernet<and the activation line with the electrical
parpmeters listed in Table 2.

© IS0 2016 - All rights reserved 5


https://standardsiso.com/api/?name=d15f1eaad098c5463d27f834ca357c35

ISO 13400-3:2016(E)

Vehicle side Test Equipment side
] By S LG
[ {
I i
XFRM () Re(y| XFRM
7 U
Rx(+) Tx(+)
- U
[ Vo
XFRM Lo Lo XFRM
| RO ) L) mx0)
] = ]
> Cat5 =
- batt ¢
R act Rext
4|:m . T Activation line
l C, >
- Vbat —‘7 ( PIN | GND
Key
Cin int¢rnal capacitance
Lyt actjvation current
Rext extprnal resistance
Rin int¢rnal resistance
Vact actjvation voltage
Vbatt battery voltage
GND grojund
XFMR Ethernet transformer
Eigure 2 — Equivalent circuit diagram
Table 2 gives an overviéw-of the electrical parameters.
Table 2 — Overview of electrical parameters
Electrical pa- 12V 24V
rameter VT Typicatl Maximum | Minimom Typical VXTI
Rin 2,9 kQ (-1 %) — 10 kQ (+1 %) 2,9 kQ (-1 %) — 10 kQ (+1 %)
Cin 10 nF (-5 %) — 330 nF (+5 %) 10 nF (-5 %) — 330 nF (+5 %)
Lact 0 mAa — 8,5 mA 0 mAa — 10 mA
Rext 510 Q (-5 %) 510 Q — 1kQ (-5 %) 1kQ —
Vact ov — 16V ov — 32V
Vact (t < 60 s)a -14V — 28V -14V — 32V

a  Limiting values.

© ISO 2016 - All rights reserved
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[DoEth-011] The deactivation voltage threshold (Vipactive) shall be 2 V (see Table 3), implying that a
voltage value below 2 V shall not activate the Ethernet controller of the DolP Edge Node
if Ethernet is already deactivated. This is to avoid random activation caused by ground
shift or electromagnetic interference (see Figure 3).

[DoEth-012] The guaranteed activation voltage threshold (Vactive) shall be 5 V.

[DoEth-013] The Ethernet hardware shall be activated within 200 ms of the signal V¢t reaching be-
tween Vactive and Viax. Itis anticipated that the system designer could include a filter time

constant in the receive circuit of less than 200 ms.

The Ethernet hardware shall remain active while V¢t is between Victive and Wmax.

[DdEth-014] The vehicle shall interpret V,ct falling below Vipactive for at least 200 ms'as a gignal from

the Test Equipment indicating that the Ethernet hardware can be deactivated.

[DdEth-021] When the activation line is in the “guaranteed active” state, communication shall be al-

lowed, although it will only be possible after a link has been detected.

Figuire 3 depicts the Ethernet activation and deactivation voltage thresholds and timings.

vaft[v]

Vix=32Vj-————————— — — —

xO
N c\)jr guaranteed active

N

@)

N

V. ctive =5V ————————————

=
5

infctive =2V

N

RS

eactivation
criteria fulfilled

| deactivatio
| \ criteria fulfil

d

»

/min =0V, r

200 ms

>

200 ms

t [ms]

NOTE All areas in Figure 3 which are not shown as “guaranteed active” or “deactivation criteria fulfilled”
represent undefined behaviour.

Figure 3 — Ethernet activation and deactivation voltage thresholds and timings

Table 3 defines the activation and deactivation voltage thresholds.

© IS0 2016 - All rights reserved 7
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Table 3 — Activation and deactivation voltage thresholds

Parameter Threshold
Vactive 5V
Vinactive 2V
Vmin ov
Vmax 32V

7.5.2 Vehicle activation line circuit example - Option 1 requirements

The pin 8 ipterface circuit on the vehicle side is required to fulfil two requirements. Firstly; tHe cir
should prefgent resistive impedance and an input capacitance on pin 8 with respect to-Sighal Gro
pin 5 accofding to Table 4. This is used by the External Test Equipment to confirth the vehicle

assignment in Option 1.

Secondly,
and provi

connectivity to the ISO 13400-4 diagnostic connector.

e circuit is required to detect the voltage on pin 8 and according(to Figure 3 and Tab|

cuit
und
pin

e 3

e a corresponding signal to the vehicle internal systems to enable?or disable DolP Ether

Figure 4 shows the activation line circuit example - Option 1, which results in a switching volf

u3v3

D 10kQ 5%

e

(activationf deactivation) threshold on the activation line of nominally 3,4 V.

|

Test | Vehicle

¢quipment | side

side |
|
|
|
|
|
|
| 47KQ 5%
=< — S
|
[
| S 10 nF 12kQ 1% 10 k@ 5% —— 100 nF
|
|
|
|
1

Figure 4 — Activation line circuit example - Option 1

Table 4 deffines the electrical parameters of the circuit example in Figure 4.

—» nC

BC847BW

net

age

Table 4 — Electrical parameters of activation Iine circuit example - Option T in Figure 4

Electrical parameter Minimum Typical Maximum
Rin 9,3 KQ 9,56 KQ 9,8 KQ
Cin 10 nF (-5 %) 10 nF 20 nF (+5 %)

The base-emitter resistance of a transistor needs to be taken into account when calculating Rjy.

7.5.3 Vehicle activation line circuit example - Option 2 requirements

The pin 8 interface circuit on the vehicle side is required to fulfil two requirements. Firstly, the circuit
should present resistive impedance and an input capacitance on pin 8 with respect to Signal Ground

© ISO 2016 - All rights reserved
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pin 5 according to Table 5. This is used by the External Test Equipment to confirm the vehicle pin

assignment in Option 2.

Secondly, the circuit is required to detect the voltage on pin 8 relative to Signal Ground pin 5 and
according to Figure 3 and Table 3 and provide a corresponding signal to the vehicle internal systems to

enable or disable DolP Ethernet connectivity to the ISO 13400-4 diagnostic connector.

Figure 5 shows the activation line circuit example - Option 2, which results in a switching voltage
(activation, deactivation) threshold on the activation line of nominally 4,4 V.

Test Vehicle u3v3
equipment side
side

36 kQ 5%
l S @
< 220nF | 133K0 1% 11kQ &%~ 100 nF

Figure 5 — Activation line citcuit example - Option 2

Tabje 5 defines the electrical parameters of the @ircuit example in Figure 5.

D 10kQ'5%

BC847BW,|

=P ng

Table 5 — Electrical parameters of activation line circuit example - Option 2 in Figure 5
Electrical parameter Mihimum Typical Maximym
Rin 29 kQ (-1 %) — 3,3k (+] %)
Cin 200 nF (-5 %) — 330 nF (+§ %)

The base-emitter resistance of a transistor needs to be taken into account when calculating

7.5/4 Principles.o6factivation line operation

called @ptions 1 and 2.

Ifa

Rin.

The activationdlifie electrical parameters specified in this document have been extended a(:Ld changed
to he a bidiregtional signal from external test equipment to the vehicle. These modificati
the|identification of two different pin configurations on the vehicle side of the diagnostig

S support
connector

1e Option 2

Ethernet pin assignment, then the external test equipment could use this same method to differentiate
such a vehicle as having a different Ethernet pin assignment and respond with a change to the internal
pin multiplexer settings accordingly.

© ISO 2016 - All rights reserved
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7.5.5 External test equipment activation line requirements

[DoEth-017] In order to establish communication with the DolP Edge Node over Ethernet, the test
equipment needs to provide a voltage signal (V4ct) on the Ethernet activation line in
accordance with the requirements in Table 3. Thus, only for the “guaranteed activation”
range as depicted in Figure 3 can communication with the vehicle be performed reliably.
Outside this range, taking into account timing described by [DoEth-014], it depends on the
vehicle manufacturer’s design whether communication can still be performed.

NOTE1 Additional pre-conditions may be necessary in order to perform communication with the vehicle
(e.g. ignitiopkey-—Run—position)—Dependingo e—vrehielemantfacturer s power-network-arehiteetarenthis
implies thaonly providing the activation voltage signal does not necessarily “wake up” the vehicle.

[DoEth-01f8] When a connection is no longer required by the external test equipment-it shall send a
signal to the vehicle’s Ethernet hardware requesting deactivation according to [ DoEth-(14].

[DoEth-023] External test equipment which could be used with vehicles usingyboth Options 1 and 2
Ethernet pin assignment shall be capable of

— measuring the voltage on the activation line using an’A/D converter or analggue
comparator;

— applying a switchable pull-up resistor of 4,7 KOhm (£5 %) to the activation line;

— applying a switchable pull-up source voltage and current according to the limigs in
the parameter Table 5;

— measuring the pull-up source voltage including any switch losses;
— calculating the voltage on pin 8-telative to the pull-up source voltage;
— determining the vehiclepin configuration according to the result of the calculatjon;

— switching Ethernet.Signals vehicle TX+, vehicle TX- from pins 3, 11 to pins 1, 9 ac-
cordingly;

— applying a voltage above 5 V (e.g. pull-up resistor) to the activation line. The extefnal
test equipment shall not exceed the specified input current (see Table 2).

NOTE 2  Rhysically diseohnecting the external test equipment from the vehicle automatically results in| the
deactivation voltage thresholds specified in 7.5.1.

7.5.6 Vehiclemnanufacturers activation line requirements

[DoEth-O')')} Vehicle manufacturers ncfng-

— Option 1 Ethernet pin assignment shall comply with the resistor and capacitor values
as specified in Table 4;

— Option 2 Ethernet pin assignment shall comply with the resistor and capacitor values
as specified in Table 5.

7.6 Spice simulation of activation line options

A Spice simulation result is shown here to illustrate the typical voltage/time profile using the example
circuit with nominal component values. Component tolerance for the vehicle side components has been
included to illustrate the effect of component tolerance.
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Simulation setup:

— external test equipment pull-up applied with nominal resistance = 4,7 KOhm;

— traces show voltage on activation line for Options 1 and 2 including vehicle resistor tolerance spread;
— measurement sample point: tg + 250 ps;

— ground offset is assumed to be zero in this simulation;

— activation period has been intentionally shortened to illustrate rise/fall responses on the same trace.

Figlire 6 shows the activation line simulation - Option determination based on voltage.

24 12V V(vactiavate) V(pin8a) V(ping-tol) V(pin8a+tol) V(pin8b) V(Einsb-ml{v ~ Fpingbsiol
NonlISO
22 11V- . 13400
20 10V 0,83 *V,
18 9V- 4
Option 1 .
16 8V- Option

14 10V-

0,53 *V,
12 8v-+ » pullupSource

Option 2
10, OV-il el i i iaiom——ll ), [ Riseesisssiess
Qption
8 4v- b4
6 3V-
4 2V-+
2 1V-4 NonlISO
13400
ov- T T T —
e Oms 50ps ... 100ps________. 150ps .. 200ps 0N 250ps . F 300ps 350ps ________A400ps _______| [450ps |

Figure 6 — Activation line simulation - Option determination based on voltage

7.7] Process to determine Optiens 1, 2 or non-ISO 13400

Figiire 7 shows the process forydetermining the option using the resistive determination method. The
vehijicle circuit presents different resistance to ground for each Ethernet option. The input|{resistance
of the vehicle circuit on pin‘8 is determined by applying a current through a known pull-up [resistance,
detecting the resultantvoltage on pin 8 comparing it with the source voltage and determining the
vehjcle resistance bythe ratio metric method.
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