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Foreword—This FAE Recommended Practice has been developed by the Truck and Bus ;Elegtronic Interface
Subcommittee df the Truck and Bus Electrical and Electronics Committee. The objectives of the slibcommittee are
to develop information reports, recommended practices, and standards concerned with(the requirements design
and usage of deivices which transmit electronic signals and control information among vehicle conpponents.

This document is intended as a guide toward standard practice and is subject to ¢change so as tq keep pace with
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2.1

211

3.

Scope—This SAE Recommended Practice defines a method for implementing a bidirectional, serial
communications link over the vehicle power supply line among modules containing microcomputers. This
document defines those parameters of the serial link that relate primarily to hardware and software
compatibility such as interface requirements, system protocol, and message format that pertain to Power Line
Communications (PLC) between Tractors and Trailers.

This document defines a method of activating the trailer ABS Indicator Lamp that is located in the tractor.
References

Applicable Publications—The following publications form a part of this specification to the extent specified

h i U Ir ac-athansicatndioatad tha Iot taoraion of CAL S bloaotione choll
erein. nigss-oethrermse TTOTCTC U e O tC ST VT STOTT UT- O T PO TtioTT S STaA AP PTy-

SAE PuBL|cATIONS—AVvailable from SAE, 400 Commonwealth Drive, Warrendale, PA 1509610001.

SAE J15%87—Joint SAE/TMC Recommended Practice for Electronic Data ™ Interchange Between
Micocomputer Systems In Heavy-Duty Vehicle Applications
SAE J1708—Serial Data Communications Between Microcomputer Systems In Hegvy-Duty Vehicle
Applications
SAE J1939—Recommended Practice for a Serial Control and Communications Vehicle Network

Abbreviations

ABS- Anti lock Brake System

ASK - Amplitude Shift Key modulation
ECU- Electronic Control Unit

MID - Message ldentifier

NRZ - Non Return to Zero modulation
PGN - Harameter Group Number

PL- Power Line

PLC - Ppwer Line Communications
PLCC- FBower Line Carrier Communications
PRK - Phase Reversal Keying modulation
RF- Radio Frequency

Intellectual |Property Rights=Attention is called to the possibility that implementation of this document may
require the yse of subject,matter covered by patent rights. By publication of this document, no|position is taken
with respec} to the existence or validity of any patent rights in connection therewith. The SAE is not
responsible for identifying patents for which a license may be required.

Intellon Corporation

5100 WestSitver-Springs Boutevard
Ocala, Florida 34482

[Spread Spectrum Carrier technology]

Power Talk

100 Morey Drive

Woodridge, IL 60517

[Spread Spectrum modulated PLC Communications in Vehicles]
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5.2

Network Description

PLC Network—Figure 1 shows a typical PLC network. A typical network consists of Electronic Control Units
(ECU) with, PLC transceivers, mounted on the tractor and trailer(s). These ECUs communicate to each other
by sending Radio Frequency (RF) signals over the power line. These ECUs interface to the power line through
a PLC transceiver.

The tractor PLC ECU must provide control for the Trailer ABS Indicator Lamp that is mounted in the tractor cab.
This can be done by either a direct connection to the lamp, or by providing an appropriate control message (for
example, by SAE J1587 or SAE J1939) to another ECU which then controls the lamp.

=3

PLC Transc
transceiver.
transceiver.
into a signa
This signal (
power line.

LGround

Tractor Trailer 1 Trailer 2
J1587/J1939

Trailer ABS (optional)
Hicator Lamp L
oV / ECU ECU ECU

L@— PLC PLC PLC

Transceiver Transceiver Transceiver
Tractor /Trailer Trailer/Trailer, . .
Trailer/Trailer
Connector Connector
Connector
i LN
Power Line

ABS Constant Power

FIGURE 1 —EXAMPLE'OF PLC NETWORK

eiver—The microprocessor of ancelectronic module interfaces to the power ling
Refer to Figure 2. The microprocessor sends digital data (Tx) to a coding device in the PLC
This data is in the format described in SAE J1708. The coding device convert$ the digital data
suitable for being transmitted on the power line. This signal will be described
Signal_out) is then passed through the appropriate amplifier and filters before it is poupled onto the
Conversely, a PLC signal (Signal_in) is taken from the power line, filtered, and de¢oded into digital
data (Rx). Tlhis data is sent to'the host microprocessor in a format defined by SAE J1708.

through a PLC

n later sections.

PLC Transceiver

Signal_out

Power
Line

Host

microprocessor | _

Tx and Rx are in
J1708 message

format

1. pLc
Coder/
Decoder
Rx

-

Signal_in

Band Pass
Filter

Coupling
( Band Pass Network

Filter

messages in
J2497 format

FIGURE 2—PLC TRANSCEIVER
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6.1

6.2

Coupling Examples—The PLC transceivers will interface to the power line, relative to the negative line,
through the appropriate coupling network. Figure 3 illustrates two possible coupling networks. One provides
capacitive coupling and the other provides transformer (inductive) coupling of the PLC signals onto the power

line.”
+ - + -
—i— —
PLC PLC 3 [
Transceiver Transceiver
|
Power Power
Line Line
Capacitive Coupling Transformer Coupling
FIGURE 3—POWER LINE COUPLING TECHNIQUES
Power Line| Message—The message sent on the power line has two major parts, the pream
body. Refer|to Figures C1 and C2 in Appendix C for following descrigtions.
Message Fgrmat Between Host Microcontroller and PLC Transceiver—The communicati

host microcontroller and the PLC transceiver follows the SAE.J1708 message format. The ¢

SAE J1708
microcontrol
microcontrol

message format is the character gap between the first and second charag
er must wait 2 bit times after receiving the-stop bit of the first character ech
er before sending the second character. .Refer to Figure C1 in Appendix C.

ble and the data

bns between the
nly exception to
ters. The host
pbed back to the

bower line is as

Message Fgrmat On The Power Line—The format of the message that is placed on the
follows.
Message:
Preamble:
Inftial Symbol(s) Less than 2 symbols
Start bit 1 Logic low, SUPERIORB2 symbol
D£ta bits 8 Either Superior or Inferior symbol
Stop bit 1 Logic high, Inferior symbol
Data Bofy:
Syng: 5 Logic high, SUPERIOR61 symbol
Eachdata character:
Startit I Cogic tow, SUPERTORE2 Sympbot
Data bits 8 Either superior symbol
Stop bit 1 Logic high, SUPERIORB1 symbol
Character Gap 0 — 4 symbol times
End of message 5 Logic high, SUPERIORS1 symbol

A symbol is the signal, encoded on the power line, that is the representation of a binary state. The symbols will
be discussed in more detail in subsequent sections.

The preamble is created by the PLC transceiver and uses the first character it receives, of the message to be
sent, from the host microcontroller (i.e., the MID). After the preamble, the transceiver retransmits the first data
character again in the data body. The host microcontroller SHOULD NOT resend the first data character again
to the PLC transceiver.
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6.2.1

6.2.2

PReEAMBLE FORMAT—Refer to Figure C1 in Appendix C. The preamble starts with less than two complete
initial SUPERIORB2 symbols. The initial symbol(s) are followed by a start bit, 8 data bits, and 1 stop bits.
The start bit is a SUPERIOR62 symbol and the stop bit is an Inferior symbol. The data bits are either
symbol.

DATA BoDY FORMAT—A sync segment follows the preamble. This sync segment consists of 5 SUPERIORO1
symbols.

Following the sync segment is the first data character. Data characters consist of a start bit, followed by
8 data bits, and 1 stop bit. These data characters in the data body are the same characters from the SAE
J1708 message sent to the PLC transcelver by the host mlcrocontroller The start bit is represented by a
SUPERIO i hits can be either
symbol.

The data ¢haracters are separated by character gaps of zero to four SUPERIORO1symbol$. The character
gaps are required because the bit time (symbol time) of the message on the power line is dlifferent than the
bit time of the message sent between the host microprocessor and the power/linetransceiver.

The end df the message is terminated with five consecutive SUPERIORB1 symbols (logid highs) after the
stop bit of the last (nth) character. Refer to Figure C2 of Appendix C.

6.3 Message ELcoding—The preamble and data body are encdded onto the power line| using different

6.3.1

modulation

chniques.

PREAMBLE|ENCODING—The preamble is encoded onto the, power line using “Amplitude Shift|[Key” modulation
(ASK). Allogic “0” is encoded using a particular waveform. This waveform is a logic symbol known as a
Superior State Phase 2 or SUPERIORB2. The characteristic of this waveform is described i a later section.
The logic ['1” is encoded by the absence of anysignal. This logic symbol is known as @n Inferior state.
These symbols are illustrated in Figure 4.

ngw nym ngn ngn mim

‘F l’ I |||H ﬁ | ir|||=\I lmh' ||||| || |\ “ Ml | | I(II

J| l|l1| l |
“—— SUPERIORG®2|——» €—— INFERIOR — P € —— SUPERICR @2 —)4— SUPERIOR@®2

\
A
\ 4
A
Y
A
A
Y

114 us ll4ps 114 ps 114 us ll4 pus

il i || || ‘ ‘| \“ ‘ H"F'l!”' I|| |
el " L R
\ ‘ M' ‘|||| '|; |’:i||.. ||H||||“H " |1 1\ iH-, ||| |"|I|HIH‘I‘ I'f ||l|

|| I||;|

FIGURE 4—EXAMPLE OF PREAMBLE LOGIC SYMBOL ENCODING

The bit time during the preamble is 114 ps, whereas the time of the SUPERIOR62 symbol is 100 ys. There
are 14 ps of idle time between two consecutive SUPERIORB2 symbols. This extra idle time increases the
ability to detect the preamble.
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6.3.2 DATA BoDY ENCODING—The data body is encoded onto the power line using “Non Return to Zero” (NRZ)
“Phase Reversal Keying” (PRK) Modulation. There are two signals used to encode binary logic symbols “1”
and “0". Both are superior state. The signal for a logic “1” symbol is known as “Superior State Phase 1" or
SUPERIORB1. The signal for a logic “0” symbol is known as “Superior State Phase 2" or SUPERIOR62. The
signal for a SUPERIORB2 has the same function as SUPERIORO1 except it differs in phase by 180 degrees
(SUPERIORS2 = -SUPERIORS1). Examples of these symbols are shown in Figure 5. The SUPERIOR62
symbol is the same symbol used in the coding of the logic “0” in the preamble. The characteristics of these
waveforms are described in a later section.

"l" ] L IFaN/a -'“ |1 ; : I "0"
100 ps 100 ps 100 us 100 pns 100 ps
l |
'Iu | ||H ’ I M y H' ' | W ||'1|| fl.
I It | ‘ { [ f| | ' '
\ “\ I w}\\\ it u(l I h, i \ (“,H\l Y '1 ‘ \’{u"u |
| J{ IH il '\\ JJ ||'\ th”
‘||M“ ‘U“ |||‘ |\|| “‘H‘ |l| ||‘| ‘“ /I “J ||J||‘|‘ HJ M ’ f ” ‘ ‘ ,”IH' |||(\
lll “ | ||;|.|,| Al l
SUPER‘OR( 1 SUFPERICRO2 SUPERIOR®1 SUPERIOR®1 SUPERIOR® 2
FIGURE 5—EXAMPLE OF DATA BODY LOGIC SYMBOL ENCODING
6.4 Message Timing
Message between host microprocessor and PLC Transceiver:
Bit tije is 104 us (9600 bits per second).
Message sent on power line:
Bit tijne of preamble is 114 us (8772 bits per second).
Bit tijne of data body is 100-lis (10 000 bits per second).
Symbol time is 100 ps,
The tolerande is +£0.5% over the operating temperature and humidity range of the PLC transcaiver.
6.5 Contention|Resolution—The preamble is used to resolve contention between two messages transmitted
simultaneougly.
The ASK encading method provides the means of arbitration. One preamble will have signall (SUPERIOR82)

in a bit location that the contending preamble has no signal (INFERIOR). Thus, the SUPERIOR62 symbol will
overwrite the INFERIOR symbol.

Refer to Figure C1 of Appendix C. As each transceiver sends out its preamble, it observes the preamble on
the power line. When one transceiver detects a SUPERIORB2 symbol in the bit location where there should be
an INFERIOR symbol, it will immediately stop transmitting and place itself in the receiver mode so as not to
corrupt the preamble of the dominant message. When in the receive mode, the output of the transceiver is

placed in tri-

state so as not to load the line and block the incoming signal.

The received preamble is echoed back to the host microcontroller so it will know that it has lost arbitration and

not to contin

ue sending the remainder of its message.
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7.1

7.2

NOTE— The delay in the first character echoed back to the host microcontroller from the PLC transceiver is
considerably larger than the delay typically found in SAE J1708 communications. This is due to the
PLC preamble decoding process.

Transmitter Characteristics—The transmitter shall be a differential driver capable of driving the specified
carrier waveform on the PL network. The following sections detail the transmitter requirements for generating
the SUPERIOR (either phase) and INFERIOR states on the power line network.

Waveform Generation—The AC output voltage generated during either SUPERIOR state shall be a swept
sine wave. Figure 6 shows the waveform for a SUPERIOR state. The signal shall be impressed upon the DC
power line voltage. It will begin at the 0° point at 203 kHz and linearly sweep to a frequency of 400 kHz in
66 ps (19 ful-eyetesythentineary-sweep -4-pHs-{ful-eyele)and-thentneary-syeep to 203 kHz
in 33 ps (5 full cycles). The resultant waveform is thus 100 ps + 100 ns ending at the 0° poin} after 25 cycles.
The carrier may begin with either a positive or negative going phase. The shape and relative|amplitude of the
waveform oyer time is a complex function designed to reduce out-of-band radiated-interference from the
carrier. The gpecification for the waveform is given as a table in Appendix A.

+a-1-00-lckl=
O~ TOU KT 1

AC Line
Voltagp
« 25 Cycles »
100 us +/- 100 ns
FIGURE 6—FREQUENCY SWEPT CARRIER WAVEFORM
The only difference between the waveform of SUPERIORS1 and SUPERIORBO2 is that they are 180 degrees

out of phasej
automaticall

Amplitude—
shown in Fi
output levelg

(SUPERIORS1 =-\SUPERIORB2). The phase difference depends upon the spec
y sensed by the PLC transceiver.

-The amplittde of the carrier output voltage during either SUPERIOR state, ir
jure 7 atithe power line connector of the device, shall be between the minimur
giver’in the following table. The output voltage is measured between adjacent

fic design and is

to the test load
h and maximum
waveform peaks

developing t
by the switct

TABLE 1—OUTPUT VOLTAGE

Maximum
7 Vpp

Minimum
2.5 Vpp

Load Range
10 Q-2kQ

ne-highest differential amplitude. These output levels will be met over the load r?rge represented

To ensure proper reception and minimum out of band interference, the normalized envelope shape of the
transmitted swept carrier will match the envelope shape of the waveform of Table Al in Appendix A to within
+10% measured while driving the test circuit of Figure 7, with the switch in the closed position.
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Power Line Transmitter ) 1 OmH
Under Test i . 3 A
™S _ '
\7 Oo— | +'__ )
) Vdm J C1 c2 [ )vpl
N
< R1 < R2 -T
[ 1W [
v 'Y . v
NoAA A
10 mH
Syitch closed: Minimum network impedance from 100-400 kHz
Switch open: Maximum network impedance from 100-400 kHz
C1 R1 C2 R2 V,,
5uF 10Q 15nF 2kQ 12 Vdc
ESR<1Q

C1 should have equivalent series resistance less than 1 ohm,
Note: The int¢nt is to present a nearly real load to the PLC transceiver. Cl and €2 are for AC coupling of R1 and R2 respect|vely. Their
impedance and ESR must be much less than R1and R2 respectively within redsonable component characteristics.
FIGURE 7—OUTPUTDRIVER TEST CIRCUIT
The 10 mH inductors must have a self resonahce much greater than the PLC band (> 400 KHE) and saturation
and maximym current limits above DC current levels used by the PLC Transceiver or devides connected in
parallel with|the PLC Transceiver.

7.3 SUPERIOR®1 to SUPERIORG2 Transition—During the output transition from the end of pne SUPERIOR
state to the beginning of another SUPERIOR state of the opposite phase, the waveform amplifjude +2 intervals
(Table Al in[Appendix A) about'the transition point may assume any value necessary to implg¢ment the phase
reversal (legs than the maximum waveform amplitude allowed during this interval) provided| the out-of-band
signal level fequirements.of 7.4 are met.

7.4 Conducted [Emjssions Limit—Table 2 lists the maximum conducted emissions measured a{ Vdm of the test
load describpgin Figure 7, measured in any 9 KHz band.

TABLE 2—CONDUCTED EMISSIONS LIMIT
Elsewhere from
Frequency 20 kHz to 80 kHz 100 kHz to 400 kHz 2.5 MHz to 5.0 MHz 530 kHz to 30 MHz
Limit \ <5mV RMS <7.0Vpp <500 pv RMS <1mV RMS
7.5 ECU Isolation—The PLC transceiver essentially connects in parallel to the power supply of the ECU into

which the transceiver is integrated.

Some component configurations in the power supply may cause

attenuation and distortion, which may lead to conducted emissions exceeding the recommended limits.
Examples of ECU and PLC isolation are shown in Appendix B.
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8.1

9.1

9.1.1

9.11.1

9.1.1.2

9.1.1.3

Receiver Characteristics—The PLC receiver must detect the two valid swept frequency carrier unit symbol
state waveforms of SUPERIOR61 and SUPERIOR62. Detection is assumed to occur, for specification
description purposes, by correlating the received waveform with an internal model of the waveform. This
process requires that reporting of a valid medium state occur only after the complete state (100 ps) has been
received.

SUPERIOR States Recognition—Unit SUPERIOR state symbol recognition (of either phase) will occur when
the received swept frequency carrier signal level is 5.0 mV p-p and <7.0 V p-p, at the power line connector of
the device, in the band from 100 kHz to 400 kHz and the transmitted swept carrier waveform meets the relative

amplitude and waveform timing requirements given in Section 7.

The receivegh

no retries) v
<7.0 V p-p
messages 0
exceed:

2% when th
occupying a
the receiver

2% when th
presence of
attenuation i
400 kHz.

Software F\
described in

Cab Mountsg
Trailer ABS
Tractor ABS
mounted on

TRAILER D
mounted t
tractor mo

Lamp O
This me

hen the swept carrier waveform is received with a signal level in the range,of 3
without any interfering signals or signal impairments, measured using’a m
f data with a message length of five bytes. In addition, the received (packet e

e swept carrier waveform is received in the presence of a _censtant carrier i
ny single frequency from 20 kHz to 1 MHz producing a signal-totinterfering noise
terminals.
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This message is defined in Section 10.

ntifier (MID) 11.

Power up (Bulb Check)—When power is applied and the trailer ABS device becomes active, if the lamp is

not to be turned on (no faults), the trailer device has the option to send one or more initial “ON”
command(s) for a bulb check. Otherwise, it shall send the “OFF” commands (Example 2.8 in Figure 8).
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9.1.2 TRACTOR DEVICE CONTROL FUNCTIONS—The device in the tractor, that physically controls the cab mounted
Trailer ABS Indicator Lamp, shall activate the lamp as indicated in the following.
9.1.2.1 Lamp On Function—When the tractor device receives an “ON” message, from the power line, it shall turn
on the Lamp for 2.5 s (Example 2.1 in Figure 8). In the event of multiple trailers sending conflicting control
messages, the “ON” message has priority (Example 2.2 in Figure 8).
9.1.2.2 Lamp Off Function—When the tractor device receives an “OFF” message, over the power line, it shall turn
the lamp off 2.5 s after the receipt of the last “ON” message (Examples 2.3 through 2.5 in Figure 8).
When the tractor device no longer receives “ON” or “OFF” messages, from the power line, it shall turn off
the lamp-46-secends-afterthe+eceiptof-thelastON-message{Example-2-6-n-Hgure-8)
9.1.2.3 Power oh (Bulb Check):—When the ignition becomes active and the first control méssagg that the tractor
device receives within 3 s is an “OFF”, then the tractor device will turn on the lamp-for 2.5 s or longer if an
“ON” mgssage is received (Examples 2.7 and 2.8 in Figure 8). If an “ON" message is recgeived during this
time, thg tractor device will then control according to the preceding sections.
If no lanmp control messages are received, then the tractor device will-not perform a bulb|check (Example
2.9 in Fipure 8).
Example Comments
21 | famplon -1 1 11 10 10 10 10... _ Lamp on when ON mesbage
0.5s received (MID 10)
lamploff ——- L
2.2 | oM M oMy 140 11 4o Lam‘ponwithmultipletr ilers .
ampfon | (dollies) and ON message received
lamp|off | 058 < b
2.3 | tamplon _-.10 10 11 11 11 1L It 1., Lamp off 2.5 seconds affer last ON
tamploft | 055 | | | o ;neerelstsage sent. OFF mgssages
2.4 amplon - 10 MM My I 1 14 14 Lamp off, multiple trailerp
2.5 oMl 1111 1 Lamp off with multiple trailers and
lampjon L ON message from one tfailer no
lamp)off | 0SS — longer received.
26 | jamplon -2 J0-10 Lamp off 10 seconds after loss of
messages
lamploff. =71 0.5sr=< N 9
t t+10 sec
2.7 lamp on H—H—H—H— me-cheﬁmhegOFF
> 0.55 < | | - messages detected within
lamp Oﬁ. seconds of ignition activation.
ignon  t<3sec t+2.5sec
2.8 | jamp on LA K P Bulb check NOT performed when
> 0.55 = OFF messages are detected after
lamp off | ! L L ! I oo L
! I 3 seconds of ignition activation.
ign on t > 3sec
2.9 | lampon Lamp not to be activated with no
lamp off | 058 | | ! control messages available.

FIGURE 8—CONTROL OF CAB MOUNTED TRAILER ABS INDICATOR LAMP BY TRACTOR DEVICE
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9.1.3

9.1.4

10.

10.1

10.2

10.3

SAE J1587 INDICATOR LAMP CONTROL—The tractor PLC unit will send a message onto the SAE J1587 bus to
indicate the control status of the Trailer ABS Indicator Lamp. This message is to facilitate control of a Trailer
ABS Indicator lamp that is mounted in an electronic instrument panel with no dedicated control input. The
Parameter Identifier (PID) for the control of this lamp is defined in SAE J1587.

SAE J1939 INDICATOR LAMP CONTROL—The tractor PLC unit will send a message onto the SAE J1939 bus to
indicate the control status of the Trailer ABS Indicator Lamp. This message is to facilitate control of Trailer
ABS Indicator lamp that is mounted in an electronic instrument panel with no dedicated control input. The
Parameter Group Number (PGN) for the control of this lamp is defined in SAE J1939.

PLC Network Message Format Definitions—The definitions of the PLC network messages, which are not

tha + AT otio £ actranio

o AC _DRocommandad Dea P~ | + Data _lntor
C I T T IV M\CCUTTITIICTIO T O 1 Tactict—1OT L IC T UTITC Dot 11t 1Tg

hange Between

described i
Microcompu

Trailer ABS

Messag
- DATA
- Updat

The purposs
Trailer ABS

- DATA
- Updat

The purposs
Trailer ABS

Format:
- Data 3
- Updat

State signal

AL o
C— o7 JOTTT

ter Systems In Heavy-Duty Vehicle Applications, J1708 and J1587, are described
Indicator Lamp ON (MID10)
e Identifier (MID) 10d

= 00d
b rate = 500ms

Indicator Lamp OFF (MID 11)—Message ldentifie"(MID) 11d

= 255d
P rate = 500ms

Active (MID 87)—Message Identifier (MID) 87d

MID / data / checksum
255d
P rate = 500 ms and when ABS is first active.

used in the tractor vehicle dynamic control system for calculating trailer dynamics.

This messag
500 ms whil
transmitted,
motion is no

 in the<active state. To indicate that this message is supported by the trailer ECU
with.afupdate rate of 500 ms, during the first 2.5 s following the application of p

in this section.

of the message identifier is to command tractor mounted, Trailer ABS Indicator Lamp to be ON.

of the message identifier is to commangditractor mounted Trailer ABS Indicator Lamp to be OFF.

which indicates that.the ABS in the trailer is actively controlling an ABS event. This information is

e is to bersent on change to ABS active state and continued to be broadcast with &n update rate of

this message is
pwer and vehicle

| detected.

PREPARED BY THE SAE TRUCK AND BUS LOW SPEED
COMMUNICATIONS NETWORK SUBCOMMITTEE OF THE
SAE TRUCK AND BUS ELECTRICAL AND ELECTRONICS COMMITTEE
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Al

APPENDIX A

SUPERIOR STATE WAVEFORM

The specification for the waveform during SUPERIOR State is given as a table, below, describing the relative
amplitude of the waveform over 360 evenly spaced intervals (over the 100 ps frequency sweep period). The
values shown in the table for each point are relative to a maximum of +0.5 about a 0.0 reference level. The

values for the waveform of the opposite phase will be identical except for having the opposite sign.

TABLE A1—DIGITIZED 100 MS WAVEFORM—360 INTERVALS (361 POINTS)

i value i value | Value | value | value i value value
0 0.0000 52 0.4001 104 0.2039 156 -0.2319 208 -0.2202 260 -0.1932 32 -0.1875
1 0.0816 53 0.4082 105 0.3419 157 -0.3436 209 -0.1164 261 -0.2437 33 -0.2684
2 0.1328 54 0.3351 106 0.3867 158 -0.3534 210 0.0251 262 -0.2930 34 -0.3319
3 0.1827 55 0.1916 107 0.3435 159 -0.2372 211 0.1559 263 -0,3328 315 -0.3758
4 0.2149 56 0.0225 108 0.1955 160 -0.0465 212 0.2239 264 013436 36 -0.3865
5 0.2149 57 -0.1517 109 0.0135 161 0.1443 213 0.1887 265 -0/3322 317 -0.3758
6 0.2041 58 -0.3040 110 -0.1777 162 0.2879 214 0.0855 266 +0.2899 38 -0.3192
7 0.1585 59 -0.4053 111 -0.3300 163 0.3224 215 -0.0369 267 -0.2362 319 -0.2377
8 0.0784 60 -0.4295 112 -0.3968 164 0.2392 216 -0.1417 268 -0.1844 3p0 -0.1300
9 -0.0246 61 -0.3560 113 -0.3592 165 0.0663 217 -0.1717 269 -0.1244 3p1 -0.0099
10 -0.1479 62 -0.2197 114 -0.2226 166 -0.1424 218 -0.1099 270 -0.0644 3p2 0.1101
11 -0.2628 63 -0.0397 115 -0.0333 167 -0.2973 219 <0,0006 271 -0.0214 3p3 0.2087
12 -0.3550 64 0.1511 116 0.1679 168 -0.3643 220 0,1301 272 0.0450 3p4 0.2857
13 -0.3973 65 0.3067 117 0.3104 169 -0.2894 221 0.2072 273 0.1182 3p5 0.3330
14 -0.3973 66 0.4053 118 0.3760 170 -0.1157 222 0.2285 274 0.1903 3p6 0.3542
15 -0.3257 67 0.4140 119 0.3520 171 0.0871 223 0.1508 275 0.2680 3p7 0.3437
16 -0.2056 68 0.3428 120 0.1970 172 0.2640 224 0.0235 276 0.3330 3p8 0.3099
17 -0.0533 69 0.2091 121 -0.0002 173 0.342¢4 225 -0.1019 277 0.3760 3p9 0.2498
18 0.1161 70 0.0251 122 -0.2097 174 0.2908 226 -0.1727 278 0.3836 3B0 0.1469
19 0.2619 71 -0.1636 123 -0.3590 175 0.1266 227 -0.1645 279 0.3652 3B1 0.0447
20 0.3736 72 -0.3028 124 -0.4078 176 -0.0813 228 -0.0615 280 0.3330 3B2 -0.0806
21 0.4404 73 -0.3971 125 -0.3412 177 -0.2519 229 0.0706 281 0.2849 3B3 -0.2061
22 0.4301 74 -0.4018 126 -0.1846 178 -0.3221 230 0.1922 282 0.2142 3p4 -0.3261
23 0.3652 75 -0.3310 127 0.0255 179 -0.2640 231 0.2578 283 0.1541 3B5 -0.3847
24 0.2442 76 -0.1904 128 0.2122 180 -0.1073 232 0.2122 284 0.0834 3B6 -0.4295
25 0.0997 77 -0.0173 129 0.3430 181 0.0898 233 0.0815 285 0.0126 3B7 -0.4197
26 -0.0529 78 0.1690 130 0.3652 182 0.2509 234 -0.1116 286 -0.0842 3p8 -0.3646
27 -0.2115 79 0.3120 131 0.2746 183 0.3223 235 -0.3090 287 -0.1826 3B9 -0.2791
28 -0.3218 80 0.4082 132 0.1053 184 0.2717 236 -0.4610 288 -0.2641 310 -0.1586
29 -0.3973 81 0.3867 133 -0.1035 185 0.1194 237 -0.5000 289 -0.3436 31 -0.0362
30 -0.4008 82 0.2915 134 -0.2753 186 -0.0765 238 -0.4600 290 -0.3949 32 0.0839
31 -0.3596 83 0.1316 135 -0.3597 187 -0.2281 239 -0.3383 291 -0.4295 313 0.2039
32 -0.2610 84 -0,0686 136 -0.3426 188 -0.2899 240 -0.1861 292 -0.4295 3p4 0.2962
33 -0.1148 85 -0,2594 137 -0.2216 189 -0.2405 241 -0.0338 293 -0.4022 35 0.3670
34 0.0648 86 =0:3827 138 -0.0450 190 -0.0906 242 0.0862 294 -0.3514 316 0.4108
35 0.2065 87 -0.4295 139 0.1366 191 0.0855 243 0.1612 295 -0.2821 317 0.4189
36 0.3373 88 -0.3796 140 0.2936 192 0.2163 244 0.1827 296 -0.2006 3118 0.3781
37 0.4082 89 -0.2444 141 0.3545 193 0.2578 245 0.2041 297 -0.1202 349 0.3059
38 0.4082 90 -0.0536 142 0.3048 194 0.1963 246 0.2134 298 -0.0269 350 0.1803
39 0.3334 91 0.1479 143 0.1651 195 0.0377 247 0.2363 299 0.0753 351 0.0312
40 0.1922 92 0.3134 144 -0.0235 196 -0.1379 248 0.2471 300 0.1648 352 -0.1211
41 0.0277 93 0.4032 145 -0.1992 197 -0.2578 249 0.2714 301 0.2606 353 -0.2349
42 -0.1524 94 0.3829 146 -0.3111 198 -0.2899 250 0.2793 302 0.3421 354 -0.3321
43 -0.2968 95 0.2805 147 -0.3328 199 -0.2106 251 0.2599 303 0.3960 355 -0.3752
44 -0.3963 96 0.0953 148 -0.2436 200 -0.0608 252 0.2213 304 0.4189 356 -0.3474
45 -0.4295 97 -0.0992 149 -0.0753 201 0.0939 253 0.1613 305 0.4082 357 -0.2874
46 -0.3944 98 -0.2729 150 0.1111 202 0.1929 254 0.1013 306 0.3738 358 -0.1970
47 -0.2861 99 -0.3790 151 0.2669 203 0.2041 255 0.0413 307 0.3008 359 -0.0985
48 -0.1417 100 -0.3865 152 0.3385 204 0.1154 256 -0.0161 308 0.2068 360 0.0000
49 0.0277 101 -0.3174 153 0.2986 205 -0.0262 257 -0.0536 309 0.0975
50 0.1922 102 -0.1589 154 0.1497 206 -0.1610 258 -0.0858 310 0.0096
51 0.3230 103 0.0283 155 -0.0441 207 -0.2362 259 -0.1400 311 -0.0981
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