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Company Profile

Originally launched from the University of Warwick CAN group in 1999

e CAN/control system research group — commencing 1991 included
research in Automotive networks and Industrial Controls networks

 Management buyout 2010 — company fully independent

Target Technologies : Products and Services In:-

e CAN Bus (inc. CANopen, J1939, NMEA2000), CAN-FD in vehicular and
automation systems

 Local Interconnect Network (LIN)
* FlexRay for automotive and high integrity real-time systems
e Ethernet

Provider of products, solutions, consultancy and training
Based in Warwick, UK

Distributors worldwide for X-Analyser CAN/LIN analysis tool and J1939 &
NMEA Software Stacks
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Warwick Control NMEA2000/CAN Products
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Agenda for CAN/NMEA2000

Aim: How CAN relates to NMEA2000 and how shown in X-Analyser
 Brief history of CAN

* Applications of CAN

e Technical review of CAN and NMEA2000 based on 3 Layer Model
e Physical Layer
e Data Link Layer
* Application Layer

 Utilising X-Analyser for detailed analysis of the 3 Layers
* Physical Layer — Troubleshooting a broken data bus
* Data Link Layer — Viewing CAN message IDs and Data fields
e Application Layer — Verifying real values of CAN data

. WARWICK
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The Rolling Computer System

With the major growth of electronics in cars, there is a need for

In-Vehicle Computer Networks

» WARWICK CAN bus and NMEA2000 5
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CAN - Controller Area Network

Developed by Bosch in Europe at request of BMW and Mercedes
e First definition in 1984
e First Silicon in 1987
e First use in car (S-Class Merc, BMW 8) in 1992
e |SO 11898 in 1994

Internal automobile communications
e Reduce wiring bundles
e Connect distributed controllers
Robust
e Tested against EMC

e Powerful Error Detection/Confinement

Penetrated in Industrial region
e Low Cost

e Other similar requirements as in automobile

‘ -~ WARWICK
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CAN Applications

* Automotive Systems

* Truck and Bus (SAE J1939)

Factory Automation (CANopen/ DeviceNet)
Marine Electronics (e.g. NMEA 2000)

Agricultural Equipment

Construction Machinery

&
« Automation/Robotics R |

Medical Systems

Building Controls

WARWICK
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Simple 3-layer CAN Model compared to the standard

Computer Networks ISO-OSI 7-layer Model

Application Layer 7 I
Presentation Layer 6 I
Session Layer 5 I
Transport Layer 4 I
Network Layer 3 I
Data Link Layer 2 I
Physical Layer 1 I

ISO-0SI 7 layer model

Application layer

Object layer
Prioritised message handling
Acceptance filtering

Transfer layer
Fault confinement
Error detection & report
Acknowledgement
Message framing
Arbitration

Physical layer
Bit representation
Transfer rate
Signal level and timing
Transmission medium

CAN layered architecture

OSI = Open Systems Interconnection ISO-11898

" WARWICK
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Typical CAN ECU Configuration

Input/Output Ports for Sensors and Actuators

Microcontroller IMicrocontroller with; Microcontroller
ECU 1- eg. NXP | Application Layer - eg. Freescale
| |
| | : |
: CAN Interface - CAN DatalLink . CAN Interface
I . Layer I

TX0 RX0 I . TX0 RX0

CAN Physical

Layer | CAN Transceiver

CAN Transceiver | |

Twisted Pair Wire carrying CAN Physical Signal

» WARWICK
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Aspects of the Physical Layer

* Transmission medium — Shielded twisted pair for
NMEA2000. Typically unshielded for automotive

* Bit representation — Non-Return to Zero (NRZ)

* Transfer rate — up to 1Mbps. Typically 250 Kbps for
NMEA and J1939. Typically 500 Kbps for automotive.

* Signal level and timing:
* Differential pair modulating 1 V each around 2.5 V.
* 4 usec.

* Terminator - A 120 Q terminator must be connected at
each end of the CAN bus between CAN_H and CAN_L.

98 WARWICK



Example CAN Driver output

NRZ N T T T .
Data from 110 LIS o , 0 1 0 1 1 0 !
CAN Controller v . . ; : 5 ' . | : :
N R R R T e e
: \ | [ : CAN_ITI : : : :
CAN bus 35V |
Differential Signal 2.5v —4——:—:— : ——
on twisted pair : : ! . :
15V i : . :
| . . : T I . ! —
L v 1% CANLL
] [} | n
4 psec
at 250 Kbps
_ g&ﬁﬂ!&g CAN Physical Layer 11



The CAN Transceiver

NRZ
From/to
CAN
Controller
Chip

Driver
Transistors

Comparator

CAN Driver

e WARWICK
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X-Analyser - Datalink and Physical Layers

- click on CAN message to its CAN_H and CAN _L

Analysis Analogue Decoder Signals Tools

RawData X

X-Analyser 3: v3.10.58.17  Licensed to: Warwick Control Technologies

Display Mode: | Fixed Position . Time Display: | Absolute . | Clear Display | Save Log Load Log 39 frames
Timestamp Channel Direction Frame Mame Frame Id {(hex) Frame Type Data Length  Data
28:80:028.3858256 1 R¥ ax17C standard Frame & 22 @2 @3 2@ 22 22 89 eF =
2@:80:0@.3855872 1 RX ax13C standard Frame 8 FF BD FF 1A 22 22 @81 @8
280:20:00.3759248 1 Rx exinC Standard Frame 4 22 83 21 35
22:29:00.3768782 1 Rx ex1ED Standard Frame 3 21 FF 3A
20:20:00.3895648 1 Rx ex18E Standard Frame 3 22 2 a1
28:80:02.3898977 1 RX BX1AG standard Frame 8 84 8C 42 14 AF 2@ 2@ 32
» | ©08:80:80.3893438 1 RX ex21E standard Frame 7 82 @@ 3@ 2E A 8% BE
©8:88:98.3897181 1 Rx em221 Standard Frame 4 28 7B B0 @A
88:80:88.3497813 1 R Bx294 standard Frame 88 95 8@ 81 13 2E 4@ 35
©8:80:98.3508388 1 Rx en235 Standard Frame 4 28 88 88 35
88:80:88.3432818 1 R ex3e5 standard Frame 7 SE 14 29 8@ 28 88 12
28:80:08.3691942 1 R ex389 standard Frame & 22 82 89 88 89 88 88 A2 v
-
4300 | Es; W Datas
P :I [l 1dentifier & Bit stuffing
RTR Il rc
3500 L I IDE CRC Delimiter
§\ [ [ —| T _—I ﬂ ﬂ [ reserven [ ack
3000 | ] I J | H Mo ACK Delimiter
git stuffing [l E0F
—
:E 2500 S J., E— —— r ﬂ r s W patan —— CAM High
= 2000 [ Bit stuffing —— can Low
J J ‘.J [ } l [ W atat
1500 B | EECT I ==t = Eit stuffing
Eit: stuffing
e g 72 2 2z = 2 - = M 0ata2
2 i v v W [ i v
520 = 32 3 £ gE i g2 7 S Woataz
;I%:i 3;;‘—‘.%5‘1 o E Edi PE] A I P = o Bit stuffing
0 AMOG o =} Ll =] b | Lo - L r=] (= ] M m . Data 4
1145 i 11.45 22091 5436 4581 57.26  6&.FZ A0A7 9162 10307 11453 125095 15743 14888 16034 17179 18324 19460 20615 Z17.6  220.05 W atas
Eit stuffing
[ns]
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Utilising X-Analyser for the Physical Layer

x

W H | L Project for NMEA florida PICOSCOPE. xfg - Warwick Control Technologies X-Analyser 3 (Professional Edition) 52l - [l
X-Analyser 3: v3.10.60.352  Licensed to: Warwick Control Technologies  (3)

File Analysis Analogue Decoder Signals Tools
ope MMEA Data e Scope Frames CAM Frame Scope
Saveto CSV  I1d: 0xDFO1003, Length: 8
Yalue: 0x37C . SOF
Duration: 12 bit(s) .
3300 Tirne: 47.70 ps [l tdentifier &
| | ) ) ) ) ) i ) ) B Bit stuffing
RTR
3600 I0E
= = ] — ™1 A —" N »—-—'] el ke . FHN1 Identifier B
3300 r r‘_‘ ’| ” [- r -| Bit: stuffing
Bit stuffing
3000 Bit stuffing
RTR_Ex
2700 [l RESERVED
[ J:is
= 4 ;f' Lfﬁ W oatan
2400 I 'R Wi HE v VYV W oeta
Woataz
—
E 100 . Data 3
Pt B Data 4
L& J . glt tstL;fFlng
ata
S _AJJ L.A./\'w (WS Lw r-« Ly (R d M._J W L_«J - J u ....‘.m.J Bit: stuffing
1500 Woatas
Woata7
1200 W cre
[ CRC Delimiter
200 I Ak
ACK Delimiter
W or
600 "
— CaM High
§ @ z = = = — AN Low
300 = & & & ﬁ o o =] =] o &lo & o =]
He = 5 |52 |2 2 g & g Se |5 e &
o2 2 2| 2 2 5 o 2 BElE A )
il
-27.49 il Z7.49 54.95 g2.46 10995 13744 16493 19241 2199 247,39 27455 30236 329.85 35734 30453 41231 43956 467,29 49475 52226 54975 5TT.24
(=]

Status Window

or MMEA florida PICC

READY

WARWICK CAN bus and NMEA2000
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Utilising X-Analyser for the Physical Layer checking
Reflections — missing terminator or severed bus

W

File:

bwvv

Analysis

Analogue Decoder

Signals Tools

Project for NMEA florida PICOSCOPE. xfg - Warwick Control Technologies X-Analyser 3 (Professional Edition)

X-Analyser 3: v3.10.60.352

Licensed to: Warwick Control Technologies

H = @ x

)]
N

Picoscope NMEA Data

3600

3400

3200

3000

2800

2600

[m/]

2400

2200

2000

1800

1e00

1400

124.01 125.81

Status Window

READY

WARWICK

CONTROL TECHNOLOGIES

Decoded Scope Frames

Saveto CSV  Id: 0xDFO1003, Length: 8

\

127.6 129.4

CAN Frame Scope %

Reflection width
can determine length
to break

131.2

AN MM AN
v
=}
o
£
%".‘
{'=]
132,99 134,79 136.59 138.39 140,18 141.98 143.78 145.57

CAN bus and NMEA2000

147,37

a3 AHHJH

149,17 15097 152,76 154.56

W soF

[ 1dentifier &
Bit: stuffing
RTR
IDE
Identifier B
Bit stuffing
Bit: stuffing
Bit: stuffing
RTR_Ex

[ RESERVED

W

[ pE
Bit: stuffing

Woata

Woataz

B oata 3

B Data 4

Woaas

Woatas

Woata7

| feils

B CRC Delimier

| Elas

ACK Delimiter

W cor

— CAN High
—— CAM Lowe

2
=
(]

156,36 158,16

[Ls]

o
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X-Analyser Benefits — Physical Layer

CAN frame timing and triggering
* Normal oscilloscopes
* Tricky to set up triggering
 Where do you trigger? On Start of Frame?
 How do you ensure you get the CAN ID that you want?
* X-Analyser
* Just pick bit rate and grab a snapshot of bus activity

Relate physical signals to a frame and therefore to a particular
NMEA2000 device

Save each frame as a Comma Separated Variable file
e Can later import into Excel

Normal TDR requires bus to be powered down so pulse can be
injected

. WARWICK
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What is a Reflection on a CAN bus?

* Transmission line model
* Z, is the characteristic impedance of the CAN bus
* Z, is the load impedance (which is the terminator)

il

2V [ () Vn‘ 41,

\‘_f
e Reflection

* Happens when Z, does not match Z, due to
 Terminator and cable tolerances
* Bus cable breaks and shorts

* Energy travels to the end of cable and is reflected back to

transmitting device
§) WARWICK
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https://en.wikipedia.org/wiki/File:Equivalent_incident_wave_and_load.svg

Scenario for Demonstration
— The Network

80m

2000
Device Device Tester Device

Device

NMEA 2000 devices, e.g.
* Fuel Level Display

* GPS

* Water Speed Sensor

WARWICK
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Scenario for Demonstration
— Cable Break

70m

Cable
break

2000
Device Device Tester Device

Device

70 metre break on 5ns/m cable
» Reflection approx. 700ns

WARWICK
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Data Link Layer incorporates
Two Sub-Groups

e Object Layer
— Acceptance filtering
— Prioritised message handling

e Transfer Layer
—Message framing
—Bus Access and Arbitration
—Acknowledgement
—Error detection & report
— Fault confinement

& WARWICK
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Object Layer

e Acceptance filtering
— All nodes receive a CAN message

— Decision to filter the message into the Microcontroller or
discard it is made at the CAN controller

* Prioritised message handling

— All CAN messages have its priority set by its identifier
(CAN ID).

— The lower the message CAN ID, the higher its priority.

o WARWICK
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Transfer Layer — CAN Frame Format

Bus Idle Interframe
Space
11 or
. . . 0..8 . 1 . . . >=3
1 Bit 29 1 Bit | 6 Bits 15 Bits . 1Bit| 1Bit | 7 Bits .
. bytes Bit Bits
Bits
I— End of Frame
— ACK Delimiter
— . ACK Slot ACK
— CRC Delimiter
— CRC Sequence
— Data Field
— Control (2 bits reserved, DLC 0-3 is the data length code)
—  RTR Bit Arbitration RTR = Remote Transmission Request
— ldentifier Field CRC = Cyclic Redundancy Check
ACK = Acknowledge
— Start of Frame DLC = Data Length Code
WARWICK 22
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Physical CAN Frame Format

A?K
35Vv Soildeﬂtjfgcwrgj h (. Data ot r*—"*f"‘"FCR’“C*
CAN_H
Lsy—tdie L NTAN N NININGNIN N 1 R (IS NNINESE
CAN_L
1.5V U S ) L
by
Start of Frame (SOF) Cylic Redundancy Check
Arbitration Field (CRC)
|dentifier (ID) Acknowledge Slot
Control Field End of Frame
Data Field Interframe Space

PRI
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File Analysis  View  Signals

Look at CAN frame on X-Analyser 3

cad File

Display Mede: | Chronolegical -

Licensed to: A{tr%n%
LAl Object Transmitter 1

Time Display: | Absolute

- | Clear Display | save Log Load Leg

Add New Transmitter Import OTR

l0 log file loaded for playback

Timestamp (ms) Channel I Direction Frame Id (hex) Frame Type | DLC l Data
Tl me arrivi ng 0:04:06.7640 CAN 1 Rx ex43e Std. Frame 7 AE @8 7A 0O 00 20 60 Data
0:04:06.7050 CAN 1 Rx ex2e1 Std. Frame 8 @@ @0 7D @@ 27 10 @8 7D Length
on the 0:84:06.7250 CAN 1 RX ex430 Std. Frame 7 AE @8 7B 0@ 20 @0 60 m—
n etWO rk 0:04:06.7250 CAN 1 Rx ex2e1 Std. Frame 8 COd e
2:04:06.7450 CAN 1 Rx ex201 Std. Fra (DLC)
> 84 CAN 1 Rx ox43e Std. Framd Fos 78 00 00 00 60
y 94:06.7650 CAN 1 Rx ex201 Std. Frame
84:06.7660 CAN 1 Rx ox430 Std. Frame CAN Data
1] CAN 1 Rx. ex201 Std. Frame .
184:06.7850 CAN 1 Rx x420 Std. Frame 8 Fleld
x 104:06.7850 CAN 1 Rx ex620 Std. Frame 8 22 2@ @2 25 09 ee ee 02
P oure :04:06,7870 CAN 1 Rx ox430e Std. Frame 7 AE @8 7B @@ ©e ee 6o 4 Kvaser Leaf Light v2 0
lamer Value I Unitsr 104:06.8050 CAN 1 Rx ex201 Std. Frame 8 @@ ee 7D ee 27 1@ ee 7D / R Frames =
1 T 1 104:06.8060 CAN 1 Rx ex43e Std. Frame 7 AE @8 7B @@ 0@ e 6o e
:104:06.8250 CAN 1 Rx 0x201 Std. Frame 8 00 00 7D 08 27 10 @0 7D o |
104:06.8270 CAN 1 Rx Std. Frame 7 AE @8 7B @@ 20 ee &e e
:04:06.8450 CAN 1 ox201 Std. Frame 8 @0 00 7D 0@ 27 10 @0 7D s o7
CAN 104:06.8479 s ex43e Std. Frame 7 AE @8 7A @@ 20 @0 60 Rl
— 1084:06.8650 CAN 1 Rx Std. Frame 8 @0 ee 7D @@ 27 1@ ee 7D P Frameare |119.34
Ident|f| er 104:06.8680 CAN 1 Rx ox43e Std. Frame 7 AE 08 7B 0@ 00 00 60 \ o
:04:06.8850 CAN 1 Rx ex201 Std. Frame 8 @0 ee 7D @@ 27 1@ ee 7D e
184:06.8850 CAN 1 Rx ox42e Std. Frame 8 FF 00 00 75 42 20 00 00
:04:06.8850 CAN 1 Rx ex620 Std. Frame 8 @0 20 02 25 00 00 00 02 = . )
184:06.8380 CAN 1 Rx ox430 Std. Frame 7 AE @3 7B @@ 00 00 60 - BUS S'[a'[IS'[ICS
 Bus Load
»ev:]a;‘n%' 1 F;T:a::: 1 mﬁﬂgﬁemm Trom Tempiate Stanaara Layout e Er ror Fram es
Info 15:02:56 Analysis started at 15/01/2014 15:02:56 ° Fram e CO u nt I
Info 15:06:42 Analysis stopped at 15/01/2014 15:06:42, analysis ran for 3m, 46s, 650ms
Info 15:21:49 Analysis started at 15/01/2014 15:21:49

WARWICK
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Conventional Bus Access for
Controller Area Network

(CAN) bus — Contention type data access.

Event Based

* Every node attempts to transmit packets of data when it
wants to.

* Many times data is transferred at a periodic rate.

Arbitration
* Every node must contend for network access.
* The network is a virtual one wire bus.

WARWICK CAN Data Link Layer 25
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Transfer Layer — Access and Arbitration
CSMA/CD with Bitwise Arbitration

 CSMA/CD — Carrier Sense Multiple Access/Collision Detect
— Multiple nodes sharing a virtual single wire (MA)

— When a CAN node (ECU) is ready to transfer a CAN message,
it senses if the bus is busy or not.

* Non-destructive Bit wise Arbitration

— All CAN messages have its priority set by its identifier (CAN
D).
— The lower the message CAN ID, the higher its priority.

. WARWICK
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Collision Detect + Bitwise Arbitration

t'l t?
Node A = Recessive

ID 1493
(5D5Hex)

Dominant

EEEENBNQ gAEEENEI R
Node B | I | I | I .
ID 1501 (5DDHex) et Loc D

AR EENI R

Nodec TIIIIIIIIIIIIIE EIIIIIIIIIIE :
ID 2013 | | | T aan D

(7DDHex)

Bus

ID 1493
(5D5Hex)

tl1 & t2 , Node C and Node B lose arbitration

~ WARWICK
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Transfer Layer — Error Detection and Report

* Error conditions
— CRC error —if the transmitter CRC and the receiver CRC do
not match.
- Bit error — While a node is transmitting, it is checking the
data at its receiver in the CAN driver.
— Stuff error — if a receiver sees 6 consecutive bits of the same
polarity before the End of Frame.
* Error reporting
— When a node detects an error it will transmit an Error Frame.
— An Error Frame consists of six Dominant bits — this breaks the
Bit Stuffing rule.
- All nodes detect and ignore the last frame.
— Transmitted message will attempt to re-transmit.

WARWICK Page 28
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Transfer Layer — Fault Confinement

Error modes
— Error Active — Normal operating mode. When a node detects

an error, it sends an Error Active frame of 6 Dominant bits.

— Error Passive — Intermediate operating mode. When a node
detects an error, it sends an Error Active frame of 6 Recessive
bits — no real effect on the bus.

— Bus Off — Node stops transmitting and removes itself from
the CAN bus. Power must be cycled before it can return to
the bus.

Transition between Error modes is determined by the CAN
Controller’s Error Counters.

. WARWICK
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Utilising X-Analyser for the Data Link Layer

W H P I~ - Praject for NMEA florida PICOSCOPE. xfg - Warwick Control Technologies ¥-Analyser 3 (Professional Edition) H = & x

Analogue Decoder Signals Tools X-Analyser 3: v3.10.60.352 Licensed to: Warwick Control Technologies (?}

Analysis

Picoscope NMEA Data Decoded Scope Frames x-S

Display Mode: | Fixed Position .| Time Display: | Clear Display | Savelog Loadlog 14 frames

ope -

Timestamp Channel Direction Frame Id (hex) Frame Type Datalength Data
2e.88:84:13.7186887 Analogue TxReq @xesF2ese8 Ext. Frame 8 @@ @@ @8 FF FF 7F FF FF
88.88:84:19.7192845 Analogue TxReq exesriels3 Ext. Frame g FE 11 2B 1F 82 77 @D FF
89.82:84:19.7181828 analogue TxReq 2xesrF 28189 Ext. Frame 8 43 @2 @@ 2@ @2 7F 7F FF
22.80:84:19,45944986 Analogue TxReq exegrEezes Ext. Frame g 9% FC EC 7D 11 @@ FF FF
88.88:84:19.2771384 Analogue TxReq @x1DEFFF88 Ext. Frame g 64 3D 28 38 28 6D 48 TA

3 88.88:84:18. 8667868 Analogue TxReq exenrFalees Ext. Frams g 96 F@ A4 42 48 8B D6 1B
80.82:84:18. 8694561 Analogue TxReq ex19F 48383 Ext. Frame 8 96 D3 79 @@ 9E 29 &4 ee
88.88:84:18.9348898 Analogue TxReq Bx13FABaE83 Ext. Frame B 95 F@ FF FF FF FF FF FF
28.88:84:18.9212659 Analogue TxReq @xesrFse382 Ext. Frame g @@ 88 @8 FF FF FF FF FF
©2.88:84:18.9556456 analogue TxReq exeDF2ase3 Ext. Frame 8 26 @@ @@ FF FF FF FF FF
22.82:84:19.2281863 Analogue TxReq ex19F 21482 Ext. Frame g @2 C9 23 FF 7F FF FF @8
28.88:82:20.8184848 Analogue TxReq @xBCASDFFE Ext. Frame e
20.00:84:89.947819¢6 Analogue TxReq B8xETE std. Frame 2 e1 B8
28.88:84:89.9488835 Analogue TxReq ax17E std. Frame R... @

Status Win

READY Project for NMEA florida P

WARWICK CAN bus and NMEA2000
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Application Layer

e Application Layer is the embedded program within the ECU’s
Microcontroller.

* Rules to standardise a system’s use of CAN message ID
designation, e.g. Engine ECU, GPS, Water speed sensor, Radar

* Rules to standardise how the data is arranged in the CAN
message, e.g. Engine Speed, Engine Temp, Water Speed,
Longitude, Latitude, etc.

e Various Standards, e.g. NMEA2000, J1939, CANopen, etc.

e Automotive industry is “non-standard”, i.e. every car
manufacturer sets its own Proprietary Standard.

o WARWICK
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Application Layer also known as
The CAN Higher Layer Protocol (HLP)

Common CAN HLPs

* Proprietary — as designated by each car manufacturer

e SAE J1939 — Originally for Truck and Bus industries. Utilised by
many specialised vehicle industries. More Plug and Play rules.

* NMEA 2000 — Based on J1939 for the Marine Electronics
industry. More Plug and Play rules.

 CANopen — Originally for automation industries. Utilised by many
other industries, e.g. medical equipment, off-road vehicles,
maritime electronics, railway applications or building
automation.

* DeviceNet — Developed for automation and manufacturing
industries. Popular in USA and Asia.

. WARWICK

CONTROL TECHNOLOGIE.



NMEA2000 PGN Database

* Properties of an application’s CAN system:
—> Parameter Group Number (PGN)— CAN IDs (priority)
—signals and fields within each PGN.
* Determined during the design of an ECU.
* This information is used to convert the "raw" CAN data to a "real
world" values.
* Allows analysis/test tools to view the values of parameters within
the CAN frame Data Field.

. WARWICK
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NMEA2000

e CAN extension of NMEA-0183

e 250k bits/second vs. 4.8k bits/second for NMEA
0183

e Based on J1939

e Specified and certified by US based National Marine
Electronics Association

e Bus topology (e.g. CAN bus 120 ohm terminated)

e Certification to ensure conformance and trademark
use

98 WARWICK



NMEA2000 Applications

e <ol Ni£229980
FERIAEE®N
Reskiiabr gtgggy% ,‘

Tée6dimertartor

Trank-hingne "4 .[,

WARWICK CAN Application Layer 35
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Comparison with J1939

e Physical Layer number of nodes more dependant on
Power Supply.

e Fast Packet Protocol

— New feature specifically for NMEA2000

— NMEA 2000 provides a faster means to stream up to 223
bytes of data as well as the J1939 Transport Protocol of the
1785 bytes.

e Application layer
— Own application specific message defined

— More Marine oriented rather than road transport
— Data Page Set to logic 1 for NMEA2000 (set to O for J1939)

o WARWICK
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Parameter Group Number (PGN)
in the 29 bit CAN ID

16 bits represent the PGN

N
a N

Priority Reserved DP PDU Format PDU Specific Source Address
3 bits 1 bit 1 bit 8 bits 8 bits 8 bits

* PDU — 16 bits effectively represents the PGN

* Describes the content and purpose of the message, e.g.
* OxFO04 — Electronic Engine Controllerl
* OxFOO5 — Electronic Transmission Controller2

. WARWICK
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CAN ID Format for J1939/NMEA2000

Priority (3 bits)

— Used to prioritise messages by CAN arbitration
Data Page (1 bit)

— Extends the number of PGN that can be defined

— J1939 set to Page O, Page 1 for NMEA2000
PDU (Protocol Data Unit) — (16 bits)

— Describes message content

— This is effectively J1939/NMEA2000 jargon for PGN
Source Address (8 bits)

— Unique address for an ECU

. WARWICK
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Signals

Engineering signals carried by CAN data field
— Description even down to specific signals (e.g. Engine Speed)
— Start bits within the data field
— Scaling and offset
— Bit length
—>Rules can be viewed in the NMEA2000 Specification and PGN

database

o WARWICK
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NMEA2000/J1939 Signals use Intel Bit Format
Engine Speed Example

Example DLC 8, Start bit 24, Length 16

Byte Physical Bit Intel Length (16 bits)
0 1 2 3 4 5 6
0o 7l8 158 23[24 3132 3940 47|48 5956
Isb|msb
7.6 5 4 3 2 1 0[1514131211.10 9 8 i
7 . o5 12 . 8p3 1831 24[39 327 40[s5 4863
Bit Index A
Bit Progression from start bit:Bitwise Left, Bytewise Right
Start bit (24)
Motorola Forward
0 1 2 3 4 5 6
0 .. .. 7]8 .. - 1516 - . 23124 . 31[32 .. _ .. 39040 .. 47]48 . 55056
msb Isb
155141312111098?654321 0
7 0l15 12 gl23 16131 24139 32147 40155 48ls3

Motorola Backward

0 1 2 3 4 5 6
0 7|8 15116 23|24 31132 - ) 39140 47148 55|56
msb Isb
151413121110, 9 8/ 7 6 5 4.3 2 1 0
63 . .. 5B6Js5 . 48|47 ... 40]39 . 32131 - 24|23 16|15 12 87
"I
-~ WARWICK
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Utilising X-Analyser for the Application Layer
Viewing Signals

W H [ | iy r ¥ Object Transmitter Project for NMEA florida KVASER..xfg - Warwick Control Technologies X-Analyser 3 (Professional Edition) (Kl - a2l x
Analysis Analogue Decoder Signals Tools Transmitter X-Analyser 3: v3.10.60.352  Licensed to: Warwick Control Technologies (%)
I+l save Project . & = Add Channel ] =
Ij Wi -~
New Project Open Project | Stop  Show Configuration  Clear Al “H Load Database Channel
i Displays Options
Project Analysis Channel Configuration =
Real Time Playback O R x Kvaser NMEA Data Scope Gauges A@ll Object Transmitter O R x

Load File Display Mode: | Fixed Position . Time Display: | Clear Display | Savelog Load Leg 13 frames

Mo log fileloaded for playbadc

Timestamp Frame Mame
29.82:80:44. 8122156
28.88:88:44. 852

Frame Type Datalength Data

Farameters, Rapld Update 1F28@ Src/Dest: @7 ngle Frame & 28 22 @8 FF Fi

Position, Rapid update 1F2@1 Src/Dest: @3/FF si ame & 97 13 2B 1F 3¢

Position 28.88:88: 2287 System Time 1F218 Src/Dest: @3/FF Single Fra D FE A4 42 &

9161639 GN55 DOPs 1FA83 src/Dest: @3/FF Single Frame DC D3 2C @1 E:

e2.e0 e 44, 2449487 NS5 Position Data 1FE@5 src/Dest: @3/FF Fast Packet 47 D7 A4 42 38 ¢

B 22.28 28:44. 7799296 COG & S0G, Rapid update 1F882 Src/Dest: @3/FF Single Frame 8 DB FC 63 EF 17

Sie” a3 B E ea.off:e9:42.7471743  Engine Parameters, Dynamic 1F201 Src/Dest: @8/FF Fast Packet 26 B B 13 FF Fiie = Al e

Configure 0.0eQea: 44, 5131542 PGN 126728 (1EFea) 1EF@@ Src/Dest: @a/FF Single Frame g 24 3D 20 302 24§ Reset

MName Value Units 28.80:8:44. 3668582 pattery Status 1F214 src/Dest: @2/FF Single Frame 28 C9 84 FF 7§

. rFY
4 Kvaser Leaf Light v2 0

Speed_Water_Referenced 3.45 mfs 2a.88:88: 1355395 speed, Water Referenced 1F583 Src/Dest: @2/FF Single Frame 88 59 81 FF Ff

Latitude 52.2916759  deg | 2o.00:88:44. GNSS Sats in view 1FAB4 Src/Dest: B3/FF Fast Pa 147 D7 FD 8C 1B C4 TxFrames |68

e LEEEEEE | dy | 22.02:08:44.894713 luid Level 1F211 Src/Dest: FE/FF & Frame & 82 18 27 @8 o Emor Frames |1

Fluid_Level 40 % 5 Bus S :
88.08:88:24. 8339586 BEBEE Srof) single Frame 4 B8 28 88 88 s State |Online

Bus Load 399%

Signals Pan Message Name & PGN interpretation| - =

Rx Frames/s  (75.93

b
Status Window r
Severity Time Message
Info 12:50:42 Channel CAN 1is now mapped to interface Kvaser Leaf Light w2 0
Info 12:53:51 Analysis started at16/09/2016 12:53:51
Info 12:53:54 Analysis stoppedat 16/09/2016 12:53:54, analysis ran for3s, 632ms
Info 12:54:51 Analysis started at16/09/2016 12:54:51

or MMEA florida
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Utilising X-Analyser for the Application Layer
Converting Signals to Graphs/Scope

W H B Hh~ - Project for NMEA florida KVASER . xfg - Warwick Control Technologies X-Analyser 3 (Professional Edition) H == = x

File Analysis Analogue Decoder Signals Tools X-Analyser 3: v3.10.60.352  Licensed to: Warwick Control Technologies (%)

Ij I save Project - ﬁ Y P Start time limited analysis = Add Channel .Im
fy -~

New Project OpenProject | Stop  Show Configuration  Clear Al ~quisition Time ds 10 “H Load Database Channel
i Displays Options
Project Analysis Channel Configuration .
Real Time Playback Or X Kwaser NMEA Data ¥ Object Transmitter
Load File Select Signals Export Zoom ~ Synchronise = FuelLevd I
No log file loaded for playbads
4 :Speed_Water_Referenced::Speed_‘Water Referenced
s Fluid_Level:Fluid_Lewvel
- | L
.
E 2
o
Pasition
28838588858 5¢83+8
E 222222222022 82E
S 2L o sSERBRELBREEREE
e Time
Configure
; ; 80 "
Name Value Units 4 Kvaser Leaf Light v2 0
Speed_Water_Referenced  3.35 mfs »D»Q 40
Latitude 52.2916692  deg Tx Frames 170
Longitude -1.5894566 | deg 0 Emor Frames |1
; 5
Fluid_Level 100 o Bus State Orline
= = o = f=] = = = = = ) = o = =
(=] o (=] (=] o o (=] (=] o o o o (=] o o
ZE2gege2eggzez22azeoe 353%
S 22255 5 RBREEBREEE Max Bus Load  [4.84%
Time Fx Frames/s  [66.95
Status Win
Severity Time Message
Info 12:50:42 Channel CAN 1is now mapped to interface Kvaser Leaf Lightv2 0
Info 12:53:51 Analysis started at16/09/2016 12:53:51
Info 12:53:54 Analysis stopped at 16/09/2016 12:53:54,analysis ran for3s, 632ms
Info 12:54:51 Analysis started at16/09/2016 12:54:51

for NMEA florid,
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Utilising X-Analyser for the Application Layer
Converting Signals to Gauges

W H m - - Project for NMEA florida KVASER. xfg - Warwick Control Technologies X-Analyser 3 (Professional Edition) 52l - jal x
File Analysis Analogue Decoder Signals Tools X-Analyser 3: v3.10.60.352  Licensed to: Warwick Control Technologies  (3)
IH save Project . ﬁ = Add Channel ]m
Ij W i -
Mew Project Open Project Stop  Show Configuration  Clear Al "1 Load Datzbase Channel
e Displays Options
Froject Analysis Channel Configuration <

¥  Object Transmitter = R 4

Real Time Playbadk O ® X Kvaser NMEA Data Scope

Load File
Mo logfileloaded for playbadc _ X Latitude I X Speed_Water_Referenced

Fluid_Level 96.00 % [ Latitude 52.25 deg [ Speed_Water_Referenced 4.02m=

T

Position

R

L) BRI B

Signals

Configure - Reset
Mame Value Units :‘- Longitude o x X ; e 4 4 Kvaser Leaf Light v2 0 -
Speed_Water_Referenced  4.02 mfs i Longitude -1.58 deg
Latitude 52.2917666  deg e
Longitude -1.589466  deg ™ 2
Fluid_Level 96 %

Bus State Online

3.93%
4.84%
7488

T

Max Bus Load
R Frames/s

Status Win

Severity Time Message
Info 12:50:42 Channel CAN 1is nowmapped to interface Kvaser Leaf Lightv2 0
Info 12:53:51 Analysis started at 16/09/2016 12:53:51
Info 12:53:54 Analysis stoppedat 16/09/2016 12:53:54,analysis ran for3s, 632ms
Info 12:54:51 Analysis started at 16/09/2016 12:54:51

NMEA florid
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X-Analyser CAN NMEA2000 J1939 CANopen

Latest Production Version

Aimed at high level users and developers, features for NMEA2000 include:

CAN Identifier interpretation into PGN, Source Address, Pr. etc.

CAN signals database for PGNs up to 8 bytes (database available to NMEA2000
members)

 CAN map PGNs and SA to signal scope and gauge displays
Interactive Generator (Input PGN, SA, Pr. etc. and send on the fly)

Record and playback of network activity (Save logs in variety of different file
formats inc. text & CSV)

Bus load % statistics (minimum, maximum, current)

Error frame monitoring

Virtual network for playback on your desk (no interface required)
Multiple network channel support

Hardware interfaces available (M12, Deutsch and DSUB CAN interfaces)

* No transport protocol support currently — shown as a sequence of 8 byte frames

. WARWICK
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X-Analyser CAN NMEA2000 J1939 CANopen
Latest Beta Version

New features for NMEA2000 integrators:
* Full Transport Protocol integrated including Fast Packet Protocol

* NMEA 2013 database integrated. Entertainment PGNs integrated
(hard coded)

* PicoScope for physical layer analysis (inc. wire break detection)

WARWICK
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Words of Wisdom

Live'a®an a Fish
and he will eat for 3 day.

Teach a Man to Fish
and he will sit ip 3 boat
and drink Beer a] day.

FISH 247
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