PETNET System: Guideline Responses

Preface to Response:

The PETNET system is composed of three major components: PET Module
(FCC ID: EQ9PET), PET RC unit (FCC ID: EO9PETRC), and PET Repeater
unit (FCC ID to be: EO9PETRPTR). The addition of the PET Repeater unit to
the PETNET system in order to provide the required coverage of larger
PETNET systems. This FCC application is for the PET Repeater unit.

The PET Repeater unit’'s (FCC ID to be: EO9PETRPTR) receiver operates
within the same FCC guidelines as the PETRC (FCC ID: EO9PETRC). The
PET Repeater unit’s transmitter operates similarly to the PET Module (FCC
ID: EO9PET) with the exception of its larger transmission block size, power
output, and variable transmission timing. All acquisition, pseudorandom
channels, and occupied bandwidth are identical to the PET module.

Filing and Measurenent Cuidelines

for Freguency Hoppi ng Spread Spectrum Systens

Section 15.31(n):

This rule specifies the nunmber of operating frequencies to
be examned for tunable equipnent. Unl ess ot herw se
specified, the hopping function nust be disabled for the
followng tests, which should be performed with the EUT
transmtting on the nunber of frequencies specified in this
Section. The neasurenents nmade at the upper and | ower ends
of the band of operation should be made with the EUT tuned
to the highest and | owest avail abl e channel s.

M easurement to be provided by ACME.
Section 15.203:

Describe how the EUT conplies with the requirenent that
either its antenna is permanently attached, or that it
enpl oys a unique antenna connector, for every antenna
proposed for use with the EUT. The exception is in those
cases where the EUT nust be professionally installed. In
order to denonstrate that professional installation is
required, the following three points nust be addressed: (a)
the application (or intended use) of the EUT, (b) the
installation requirenents of the EUT, and (c) the nethod by
which the EUT will be market ed.
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(8 The PETNET system documentation clearly specifies that its sole intended
use isto provide water submetering services to companies that market these
servicesto customers.

(b) The PETNET system isto be professionally installed by qualified and trained
installers. The PETNET system transmitting components are provided with
one type of antenna and coaxial assembly as well as instruction on proper
installation of these mandatory components.

(c) The PETNET system is marketed to water submetering companies
exclusively throughout the United States who install the equipment. The
submetering companies provide both billing of water usage and the on-site
service of any faulty equipment or system failures.

Secti on 15. 204:

Provide the following informati on for every antenna
proposed for use with the EUT: (a) type (e.g., Yagi, patch,
grid, dish, etc.), (b) manufacturer and nodel nunber, and
(c) gain with reference to an isotropic radiator.

(&) Theantenna provided with the PETNET repeater subsystem isa 5DbD
omni-directional. The system requiresthe omni-directional antennain order
to provide communication from the PET module, which istypically equally
distributed around the PET Repeater aswell asthe PETRC and other PET
Repeaters. It isnot envisioned that a directional antenna will be utilized.

(b) The manufacturer isMaxrad and the model is MFB9156RPC.
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(c) Theantenna system used by the PETNET repeater subsystem includes both
the coaxial cable and antenna. The coax is L M R-400 manufactured by Times
Microwave Systems. Thelength of the coax is50 feet and is pre-terminated
with a N-Maleand N female connectors. The connectorsare of a crimp type
and provided with heat shrink tubing to minimize water intrusion. The
attenuation of the coax at 915 MHz is2 dB. Providing both the antenna and
coaxial cableto only qualified professional installer s guar antees proper RF
Effective Radiated Power not exceeding the FCC requirements. The
following calculation isused to determine compliance: 5DBD Antenna, +2.14
| sotropic to Reference Dipole, -2 dB cableloss = 5.14 DBI antenna system
gain.

ITRON INC. 3 2/20/01



PETNET System: Guideline Responses

Section 15. 207:

If the unit is designed to be connected to the public
utility power line, the voltage conducted back onto the AC
power |ine must be neasured, in order to denonstrate
conpliance with the limt specified in this Section. See
ANSI C63. 4-1992 for the proper set up and procedures.

M easur ement to be provided by ACME.
Section 15.247(a):

Describe how the EUT neets the definition of a frequency
hoppi ng spread spectrum system found in Section 2.1, based
on the technical description.

The PET Repeater encodes information utilizing a conventional FM modulator
which modulates the carrier frequencies at +/- 75 KHz at a rate of 16 Kbps. The
transmissions are less than 400 ms on each of the 25 hopping frequencies. The
frequencies are pseudo-randomly selected and changed at a fixed interval. The
transmission frequency is not spread on each transmission over the entire width of
the band; rather it hopson 25 different channels within the band.

Carrier Frequency Separation

The EUT nust have its hopping function enabled. Use the
foll ow ng spectrum anal yzer settings:

Span = wide enough to capture the peaks of two adjacent
channel s

Resolution (or IF) Bandw dth (RBW 3 1% of the span
Vi deo (or Average) Bandw dth (VBW 3 RBW

Sweep = auto

Det ector function = peak

Trace = max hold

Allow the trace to stabilize. Use the marker-delta
function to determ ne the separation between the peaks of
t he adjacent channels. The limt is specified in one of

t he subparagraphs of this Section. Submt this plot.

M easur ement to be provided by ACME.
Nunber of Hoppi ng Frequencies
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The EUT nust have its hopping function enabled. Use the
foll ow ng spectrum anal yzer settings:

Span = the frequency band of operation
RBW 3 1% of the span

VBW 3 RBW

Sweep = auto

Det ector function = peak
Trace = max hold

Allow the trace to stabilize. It nmay prove necessary to
break the span up to sections, in order to clearly show all
of the hopping frequencies. The |imt is specified in one
of the subparagraphs of this Section. Submt this plot(s).

M easur ement to be provided by ACME.
Ti me of QOccupancy (Dwell Tinme)

The EUT nust have its hopping function enabled. Use the
foll ow ng spectrum anal yzer settings:

Span = zero span, centered on a hoppi ng channel
RBW= 1 MHz
VBW 3 RBW

Sweep = as necessary to capture the entire dwell tinme per
hoppi ng channel

Det ector function = peak
Trace = max hold

| f possible, use the marker-delta function to determ ne the

dwel I tine. If this value varies with different nodes of
operation (e.g., data rate, nodulation format, etc.),
repeat this test for each wvariation. The |imt 1is

specified in one of the subparagraphs of this Section.
Submt this plot(s). An oscilloscope my be used instead of
a spectrum anal yzer.

M easurement to be provided by ACME.
20 dB Bandwi dt h
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Use the follow ng spectrum anal yzer settings:

Span = approximately 2 to 3 tinmes the 20 dB bandw dth,
centered on a hoppi ng channel

RBW?3 1% of the 20 dB bandwi dt h

VBW 3 RBW

Sweep = auto

Det ector function = peak
Trace = max hold

The EUT should be transmtting at its maxi num data rate.
Allow the trace to stabilize. Use the marker-to-peak
function to set the marker to the peak of the em ssion.
Use the marker-delta function to neasure 20 dB down one
side of the em ssion. Reset the marker-delta function, and
nove the marker to the other side of the emssion, until it
is (as close as possible to) even with the reference nmarker
level. The marker-delta reading at this point is the 20 dB

bandwi dth of the em ssion. If this value varies wth
different nodes of operation (e.g., data rate, nodulation
format, etc.), repeat this test for each variation. The

limt is specified in one of the subparagraphs of this
Section. Submt this plot(s).

M easur ement to be provided by ACME.

Pseudor andom Fr equency Hoppi ng Sequence

Descri be how the hopping sequence is generated. Provide an
exanple of the hopping sequence channels, in order to
denonstrate that the sequence neets the requirenent
specified in the definition of a frequency hopping spread
spectrum system found in Section 2.1.

Each hop sequence has 25 hops numbered 0 to 24. There are 256 different hop
sequences used, numbered from O to 255. The following describes how the 256 new
hop sequences wer e gener ated.

Synthesis Algorithm for a single hop sequence:

1. A random number between 0 and 24 is selected using the random number
generator provided as a function within the compiler. The random number generator
providesa uniform distribution of values.

2. The random number selected above is the “ proposed” channel number to use
for this hop. If this channel has not been previoudy assigned, it is assigned to the
current position in the hop table. If the channel has been previoudy assigned, repeat
step 1.
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3. If all 25 positions in the hop sequence being generated are not filled, go to
step 1 and begin the process of determining the next hop value. The above algorithm
isapplied to all 256 sequences.
The code segment below shows the actual code used to generate the 256 hop
sequences. The random number generator can be seeded to start at different points.
Each seed value renders an entirely new table. There are 65,535 possible tables with
the given algorithm. The seed value selected for the tablebelow is11.

Basic Program Instructions which developed the pseudorandom channel selection

table:

FOR seq% =0TO 255

PRINT "Working on sequence#" ; seq%
'reinitialize used table

FOR hop% =0TO 24

UsedFregq% (hop%) =0

NEXT hop%

FOR hop% =0TO 24

DO

'Pick arandom hop

potentialhop% = RND(1) * 24

'Seeif the proposed hop isalready used

| F UsedFreq% (potentialhop%) <> 1 THEN

"It isnot used

UsedFreq% (potentialhop%) = 1
table% (seq%, hop%) = potentialhop%

EXIT DO
END IF
LOOP

NEXT hop%

NEXT seq%

Seed Value Selected = 11
Program Version = 1.2

Example of Hop Sequence Table Used in PETNET system components.

Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
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: 3,1,21,13,10,22,2,18,12,9,16,19,6,11,4,5,8,23,20,15,7,24,0,14,17
. 12,24,7,10,18,13,2,17,0,19,16,4,23,5,15,11,22,3,21,9,1,20,14,8,6
:9,10,12,15,13,8,21,11,19,14,22,1,2,18,4,3,5,24,17,7,6,16,20,0,23
: 12,18,20,11,2,8,1,9,3,4,22,19,14,16,0,7,5,15,10,21,24,6,17,23,13

16,8,12,5,3,6,22,7,2,0,1,23,20,4,17,21,11,14,13,15,24,9,19,18,10

: 15,20,17,18,2,11,0,9,6,4,23,7,5,19,13,3,12,14,1,16,22,8,21,10,24
: 10,23,11,4,14,22,8,5,3,16,18,17,19,7,21,9,15,1,2,6,20,24,13,0,12
: 3,13,12,7,11,20,23,4,5,24,17,1,8,14,2,10,21,22,18,6,15,16,19,9,0
:17,3,21,15,18,19,5,1,2,0,4,8,16,24,10,12,9,20,11,23,6,7,13,14,22
: 19,9,5,15,18,16,12,2,17,8,23,13,4,0,22,24,7,1,6,21,11,20,10,3,14
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Sequence 10: 16,9,23,6,11,21,3,22,5,17,14,13,2,7,10,19,1,20,24,0,18,15,4,12,8
Equal Hoppi ng Freguency Use

Descri be how each individual EUT neets the requirenent that
each of its hopping channels is used equally on average
(e.g., that each new transm ssion event begins on the next
channel in the hopping sequence after the final channel
used in the previous transm ssion event).

The PET Repeater utilizes a pseudo-randomly coded transmission hopping
sequence from the table below. The selection of the hop sequenceis determined by
thelower 8 bits of the unit’sidentification number. In addition, the unit will, upon
initial power up, select a random channel within its sequence to start the hopping
process. The unit will continueto hop through all channelsin its sequence before
utilizing any channel again. This processwill go on indefinitely, thus providing
equal use of all 25 hopping channels. The unit will utilize a predeter mined program
time between each channel hop even when presented with continuous data. Thetime
between transmissions will typically be set between 30 seconds and 5 minutes,
depending on the application, but in no case will it be less than 20 seconds.

System Recei ver | nput Bandw dth

Describe how the associated receiver(s) conplies with the
requirenent that its input bandwidth (either RF or 1F)
mat ches the bandwi dth of the transmtted signal.

The Pet Repeater is equipped with a synthesized dual conversion super-hetrodyne
receiver. The low IF of the system utilizes a 10.7 MHz IF of 360 KHz at the 3 dB
down points. The bandwidth is determined by the use of 3 stages of Toko ceramic
filters, each filter with a 380 KHz bandpass. The composite bandpass of all filters
results in a 360 KHz total bandwidth. The part number for these filters is
SK107M0-AE-10. Attached, in PDF format, is the specification of the filters. The
transmitter-occupied bandwidth is nominally 275 KHz. The remaining difference
between the occupied bandwidth and the receiver bandwidth is necessary for
frequency instability between the transmitter and receiver as well as component
variations of the ceramicfilters.

— ™ _ _
System Recei ver Hoppi ng Capability

Descri be how the associated receiver(s) has the ability to
shift frequencies in synchronization with the transmtted
signal s.

The PETRC receiver shifts frequenciesin synchronization with the PET Repeater’s
transmitter by utilizing a constant time slot and frequency that is determined in the
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acquisition mode (25 channelsin table below). During acquisition mode, the receiver
is tuned to one of 7 acquisition channels and listens for transmissions from a PET
Repeater. Upon reception of a valid message from a PET Repeater, the receiver has
sufficient information (see message format below) to shift frequencies in
synchronization with the transmitter. The information provided in the acquisition
messaging is 1) the serial number of the transmitter and 2) the time between
transmissions to be expected. The serial number provides the receiver information
on the expected pseudo-random channels on which the transmitter will operate
through the use of a common look up table of pseudo-randomly selected frequencies
and serial numbers. The table (provided below) has 256 possible sequences that are
associated to the lower 8 bits of the serial number.

Time between transmission information is contained in each transmission. The
timing information is entered in the PET Repeater during installation and is held
constant.

Inter-Concentrator Communications., Large Block Mode

+— Start of Transmission - Most Significant Bit of Most Significant Byte Transmitted First
l+— Start of bytes included in CRC3IZ Calculation

Dotting Fatisrn Freambis Lemgth | Comg. MEG Length | Comp. amroe Dest. Frimary Eeconchary Me=el LE.]
CnALLLikonn I-FEIS] [LEE] JLengi | Tepe | (MSE) | Lemoth Concen Coreen. Pargloed Feyinad Packet Tener
4112 bivbees: 212 v (brefaal | (LS | Oxtd J dhates] | OSSN Dol Serial Ienifier K ardificr el alus
rhyb=c] (1= 1Ly Flanber Mumb e [amcords) [=econds]
36 ket a0 ks & ki B bz Shis | &bl EEis 32bds Z2 ks =3 B bk 2 his 32 bl

Packet 1 of 45 packets maximum

[+— Continue Transmission - Most Significant Bit of Most Significant Byte End of bytes included in 4
CRC32 Caleulation
&pe o
Blesamge FETD Consunplion Herchosare Wi Transmi Aeional Packets
e Tn il [,:t"ffﬁ] 45 packsls nasinie
B s 32 bk 32k B b= A kvt 32 bike 120 bix per packst
End of Transmission

+— 32 Bit CRC, Most Significant Bit of Most Significant Byte Transmitted First

PET Concentrator
CRCIE Large Block Mode
Message Type
el 0x11 717 decimal
212009 d

PET Channels
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Sequence | Frequency | Channel
0 903.7 8
1 904.1 10
2 904.9 14
3 905.5 17
4 906.1 20
5 906.7 23
6 907.1 25
7 907.9 29
8 908.5 32
9 909.1 35

10 909.7 38
11 910.3 41
12 911.1 45
13 919.1 85
14 919.9 89
15 920.5 92
16 921.1 95
17 921.7 98
18 922.5 102
19 922.9 104
20 923.5 107
21 924.1 110
22 924.7 113
23 925.3 116
24 926.1 120
ITRON INC. 10
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Bold Text Indicates Acquisition Channels

Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
Sequence
Sequence

Sequence
Sequence 9:

O~NO UG WNEO

Sequence 10:
Sequence 11.
Sequence 12:
Sequence 13:
Sequence 14:
Sequence 15:
Sequence 16:
Sequence 17:
Sequence 18:
Sequence 19:
Sequence 20:
Sequence 21.
Sequence 22:
Sequence 23:
Sequence 24:
Sequence 25:
Sequence 26:
Sequence 27:
Sequence 28:
Sequence 29:
Sequence 30:
Sequence 31
Sequence 32:
Sequence 33:
Sequence 34:
Sequence 35:
Sequence 36:
Sequence 37:
Sequence 38:
Sequence 39:
Sequence 40:
Sequence 41:
Sequence 42:
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: 3,1,21,13,10,22,2,18,12,9,16,19,6,11,4,5,8,23,20,15,7,24,0,14,17
:12,24,7,10,18,13,2,17,0,19,16,4,23,5,15,11,22,3,21,9,1,20,14,8,6
: 9,10,12,15,13,8,21,11,19,14,22,1,2,18,4,3,5,24,17,7,6,16,20,0,23
: 12,18,20,11,2,8,1,9,3,4,22,19,14,16,0,7,5,15,10,21,24,6,17,23,13
: 16,8,12,5,3,6,22,7,2,0,1,23,20,4,17,21,11,14,13,15,24,9,19,18,10
: 15,20,17,18,2,11,0,9,6,4,23,7,5,19,13,3,12,14,1,16,22,8,21,10,24
: 10,23,11,4,14,22,8,5,3,16,18,17,19,7,21,9,15,1,2,6,20,24,13,0,12
: 3,13,12,7,11,20,23,4,5,24,17,1,8,14,2,10,21,22,18,6,15,16,19,9,0
:17,3,21,15,18,19,5,1,2,0,4,8,16,24,10,12,9,20,11,23,6,7,13,14,22

19,9,5,15,18,16,12,2,17,8,23,13,4,0,22,24,7,1,6,21,11,20,10,3,14
16,9,23,6,11,21,3,22,5,17,14,13,2,7,10,19,1,20,24,0,18,15,4,12,8
6,22,16,14,11,0,2,7,8,12,5,17,4,15,20,18,3,19,13,21,9,1,23,24,10
19,18,12,7,22,2,8,14,9,11,5,20,13,1,15,6,3,10,24,16,21,23,17,4,0
14,6,23,24,22,4,12,19,1,5,10,8,0,16,15,2,11,20,13,7,9,21,17,3,18
3,12,2,18,7,21,23,14,20,10,17,4,11,9,15,8,24,6,22,1,16,19,13,0,5
5,22,20,11,0,19,1,23,14,24,13,15,10,21,8,17,6,2,9,16,12,4,18,7,3
8,16,13,7,3,21,9,12,15,22,17,11,24,6,10,14,2,4,1,5,0,23,20,19,18
10,22,7,0,2,12,23,18,15,6,21,3,16,24,11,9,19,4,20,13,5,14,17,1,8
23,16,7,0,5,20,1,6,15,21,12,2,11,17,4,10,13,9,24,3,22,19,18,14,8
10,18,13,15,1,23,2,8,6,4,22,12,7,20,9,5,11,14,0,17,16,24,3,19,21
13,6,20,3,10,19,8,16,14,0,4,22,24,1,15,5,12,2,18,11,7,17,9,23,21
23,1,9,8,13,17,15,16,19,12,10,24,22,6,3,5,11,7,4,14,21,18,20,0,2
3,12,9,11,7,17,10,18,8,0,21,14,4,24,16,15,2,13,20,5,1,6,19,22,23
18,8,7,3,9,17,21,12,1,15,19,20,24,23,14,13,5,0,6,22,2,10,16,4,11
2,23,20,9,4,18,10,17,21,13,3,19,5,0,22,14,8,15,11,1,7,16,6,12,24
6,19,1,21,4,9,13,0,18,11,16,15,10,7,20,2,22,17,12,23,14,5,8,3,24
18,17,7,15,22,4,3,6,12,14,19,16,2,20,10,1,5,23,9,21,24,8,11,13,0
20,4,23,12,14,5,2,21,7,19,3,6,1,16,15,24,13,22,18,8,9,10,11,17,0
2,21,11,23,9,12,15,24,16,7,19,6,14,18,13,5,8,4,17,10,1,22,0,20,3
9,7,14,18,15,24,21,13,6,19,2,0,16,11,22,17,10,5,20,3,8,12,4,23,1
3,13,5,20,11,9,22,10,17,15,7,23,24,6,16,14,12,4,2,8,0,18,21,19,1
1,21,18,10,15,14,17,12,23,6,19,8,11,2,20,9,5,13,22,16,3,0,7,4,24
8,16,1,12,11,20,21,24,9,17,2,15,22,10,6,14,13,19,3,23,7,18,5,4,0
16,1,12,5,4,11,21,15,10,3,8,22,20,7,24,18,19,6,2,0,9,17,23,13,14
11,7,22,6,14,16,12,10,9,15,4,17,5,8,2,18,19,3,21,1,20,0,23,13,24
5,10,11,15,22,21,6,16,13,3,14,19,17,9,7,4,20,18,1,2,24,8,23,12,0
15,12,22,0,7,8,9,4,19,21,13,20,1,3,14,24,10,18,6,23,16,11,2,17,5
11,13,5,8,9,2,20,17,7,23,1,6,18,16,0,3,21,4,12,14,10,19,15,22,24
8,18,4,2,7,14,20,17,13,15,3,19,9,22,21,16,12,0,10,6,23,1,11,5,24
22,9,8,15,14,5,21,3,18,10,7,1,17,20,11,23,12,6,13,2,4,19,16,0,24
5,6,10,15,19,22,12,9,11,21,18,13,23,14,8,7,2,20,24,3,4,0,1,17,16
4,5,23,2,22,7,3,20,18,16,8,15,13,14,21,12,9,6,11,10,1,17,0,19,24
14,18,4,1,17,12,16,15,22,5,9,10,11,19,21,8,2,6,3,13,20,0,23,24,7

11
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Sequence 43:
Sequence 44:
Sequence 45:
Sequence 46:
Sequence 47:
Sequence 48:
Sequence 49:
Sequence 50:
Sequence 51.
Sequence 52:
Sequence 53:
Sequence 54:
Sequence 55:
Sequence 56:
Sequence 57:
Sequence 58:
Sequence 59:
Sequence 60:
Sequence 61.
Sequence 62:
Sequence 63:
Sequence 64:
Sequence 65:
Sequence 66:
Sequence 67:
Sequence 68:
Sequence 69:
Sequence 70:
Sequence 71.
Sequence 72:
Sequence 73:
Sequence 74:
Sequence 75:
Sequence 76:
Sequence 77:
Sequence 78:
Sequence 79:
Sequence 80:
Sequence 81
Sequence 82:
Sequence 83:
Sequence 84:
Sequence 85:
Sequence 86:
Sequence 87:
Sequence 88:
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1,17,7,24,5,16,10,21,3,2,8,9,15,12,6,19,20,14,18,22,13,0,23,11,4
19,9,24,23,22,21,4,16,7,5,2,6,20,1,10,18,14,12,11,3,8,17,0,15,13
17,6,4,12,11,8,22,9,7,20,16,13,1,14,3,23,19,5,2,21,10,18,15,0,24
18,22,14,2,10,5,7,15,6,19,21,1,0,9,4,23,12,3,8,16,11,24,17,20,13
15,10,22,1,2,4,7,20,21,16,17,9,6,8,18,14,24,5,12,0,23,19,11,3,13
8,19,16,10,2,20,0,4,22,11,24,3,15,23,6,14,1,21,9,13,12,7,18,17,5
16,1,12,5,22,13,3,20,14,4,10,17,11,21,23,6,18,2,24,9,15,7,0,8,19
8,23,18,20,1,3,4,16,0,11,5,21,6,2,19,24,17,13,15,22,14,7,12,9,10
7,20,4,21,24,1,17,11,18,19,5,0,14,12,16,15,3,22,23,8,10,13,6,2,9
6,18,17,15,2,14,12,11,16,20,9,13,21,7,1,10,8,5,23,24,3,22,4,0,19
4,5,3,7,9,18,10,17,19,1,21,16,20,6,14,8,12,11,22,23,15,24,2,13,0
5,20,0,4,19,1,16,14,17,2,7,15,8,6,12,23,21,9,11,13,10,18,3,22,24
16,12,19,5,11,7,0,1,3,13,10,24,15,8,14,20,22,4,2,21,18,9,17,6,23
10,2,20,9,14,17,15,21,13,5,11,23,7,22,1,18,3,4,6,8,19,12,16,0,24
14,1,7,0,8,12,11,20,19,23,17,2,22,9,5,18,3,16,4,13,15,21,6,10,24
21,20,22,18,2,4,6,13,5,10,19,3,7,8,16,9,15,14,11,17,23,12,24,0,1
6,4,18,10,13,8,3,20,19,12,5,15,16,9,23,22,2,11,0,7,17,1,21,14,24
22,15,16,4,2,10,23,13,3,19,0,18,8,5,14,12,9,6,20,11,21,7,17,24,1
6,18,17,12,10,2,16,9,4,14,22,19,8,3,24,15,23,11,21,13,1,5,7,0,20
16,14,15,3,23,5,7,21,6,19,10,0,18,9,8,17,22,4,20,13,11,1,24,2,12
19,9,7,20,24,5,15,11,8,22,4,23,18,17,21,0,3,1,14,2,12,13,10,16,6
3,11,12,20,7,6,9,16,0,22,14,10,23,17,2,13,18,8,21,19,15,4,1,5,24
12,0,18,24,5,15,6,20,21,2,10,17,8,4,14,11,3,1,22,7,9,16,19,23,13
11,14,3,17,4,15,9,19,22,18,8,2,5,23,20,6,13,7,10,0,1,24,16,21,12
9,20,18,16,17,15,10,22,1,13,21,5,3,2,6,7,11,14,23,4,19,8,24,12,0
21,14,8,13,15,11,9,19,7,22,17,3,10,16,4,20,18,2,23,5,1,12,6,0,24
18,13,10,12,4,14,11,7,22,20,8,21,1,24,19,15,16,6,5,17,9,23,0,2,3
16,11,5,12,2,3,23,21,8,18,20,10,4,1,19,9,22,14,6,15,13,7,24,17,0
22,7,18,17,9,15,2,24,0,16,21,20,11,23,3,19,13,14,1,6,10,8,5,4,12
21,6,16,5,3,17,1,2,15,0,20,23,9,14,19,7,10,12,13,11,4,18,8,24,22
15,19,21,24,20,7,14,9,3,23,1,4,11,0,6,2,16,18,8,13,5,12,17,10,22
8,7,5,21,15,20,14,9,3,2,23,1,18,4,10,22,24,6,16,19,13,12,11,17,0
18,12,4,7,14,22,16,20,11,21,15,2,19,23,1,8,6,13,17,0,3,9,24,5,10
7,4,13,0,14,6,8,11,10,15,21,19,22,18,23,5,16,12,9,2,17,1,20,3,24
13,24,7,14,17,18,15,12,4,8,10,1,21,9,0,11,16,22,5,3,19,2,23,6,20
24,23,18,14,21,8,5,9,4,1,12,13,10,17,19,22,20,0,11,6,7,15,3,16,2
1,23,5,22,20,2,3,17,4,14,6,7,24,8,10,9,19,11,18,21,13,15,16,12,0
21,15,0,14,13,23,3,1,20,10,5,11,12,7,2,18,6,4,24,8,9,16,19,17,22
11,1,16,23,20,14,6,22,4,19,7,3,8,12,21,15,17,10,5,18,13,24,9,2,0
7,1,21,6,2,14,24,9,4,18,13,11,5,3,23,8,15,17,20,22,16,12,10,19,0
9,13,23,22,12,21,8,3,15,7,18,11,2,17,4,14,5,19,6,20,16,10,0,24,1
3,10,17,18,11,1,15,20,5,7,6,2,21,4,14,22,9,12,0,19,13,23,16,8,24
13,23,20,17,12,3,8,15,24,10,19,21,14,6,22,11,18,2,0,16,7,5,4,9,1
24,18,16,14,11,13,1,12,5,21,9,17,22,10,6,15,3,20,19,23,8,7,2,0,4
15,12,2,17,3,13,10,1,4,20,22,5,23,14,11,6,9,18,7,16,8,24,21,19,0
1,22,13,11,21,23,2,4,3,12,20,24,15,10,6,9,18,7,17,5,0,16,8,19,14
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Sequence 89:
Sequence 90:
Sequence 91.
Sequence 92:
Sequence 93:
Sequence 94:
Sequence 95:
Sequence 96:
Sequence 97:
Sequence 98:
Sequence 99:

Sequence 100:
Sequence 101
Sequence 102:
Sequence 103:
Sequence 104:
Sequence 105:
Sequence 106:
Sequence 107:
Sequence 108:
Sequence 1009:
Sequence 110:
Sequence 111:
Sequence 112:
Sequence 113:
Sequence 114:
Sequence 115:
Sequence 116:
Sequence 117:
Sequence 118:
Sequence 119:
Sequence 120:
Sequence 121
Sequence 122:
Sequence 123:
Sequence 124:
Sequence 125:
Sequence 126:
Sequence 127:
Sequence 128:
Sequence 129:
Sequence 130:
Sequence 131
Sequence 132:
Sequence 133:
Sequence 134:

ITRON INC.

12,6,9,1,11,10,20,21,22,17,2,8,23,19,3,15,14,4,5,13,7,18,16,0,24
23,13,18,4,5,14,9,12,2,21,16,8,6,11,15,20,3,7,24,17,1,10,22,19,0
17,15,21,13,2,8,18,23,1,20,4,22,3,11,6,16,0,5,10,12,19,9,7,24,14
22,24,13,2,14,8,4,21,16,17,6,19,18,20,9,1,11,12,3,10,15,5,0,23,7
21,6,2,8,5,22,4,1,10,9,12,13,7,16,11,14,0,3,20,17,24,19,23,15,18
20,3,22,15,8,19,2,11,21,6,1,4,5,17,13,18,23,14,7,10,16,9,12,24,0
13,6,5,12,15,24,14,20,9,11,3,10,18,2,7,16,1,23,22,17,21,19,8,0,4
11,6,17,21,10,16,4,8,22,7,2,9,1,5,14,3,19,20,12,0,23,13,18,15,24
17,5,10,24,21,14,13,18,22,9,7,12,20,1,2,6,19,0,11,3,23,4,16,15,8
17,7,2,1,21,20,3,15,22,8,12,13,18,10,0,5,16,6,24,9,11,14,4,19,23
7,17,9,20,21,16,13,10,0,12,23,15,5,2,18,8,24,4,1,22,19,14,3,11,6
8,16,11,6,9,10,15,13,14,12,23,18,5,24,2,20,7,19,3,0,1,4,17,21,22
7,1,19,11,21,20,4,9,8,12,2,17,0,22,18,23,24,14,10,13,5,3,15,6,16
1,4,21,17,16,5,19,3,7,6,18,24,11,14,23,8,9,12,10,20,2,22,0,13,15
4,5,11,9,16,19,13,3,7,18,6,15,2,14,1,12,20,23,10,17,8,24,22,0,21
12,23,5,8,9,22,20,6,16,1,17,21,11,18,10,4,13,14,15,7,2,24,3,19,0
12,8,1,22,20,9,23,24,7,2,17,10,15,19,6,14,3,4,18,5,16,11,0,21,13
12,7,13,14,8,21,10,4,23,19,1,5,20,22,9,16,15,3,17,11,18,6,24,0,2
13,23,5,2,4,11,24,12,1,14,7,6,10,17,16,0,15,21,9,8,22,18,20,3,19
21,10,9,19,12,3,4,17,15,22,1,5,23,24,6,14,16,0,7,2,13,8,11,18,20
13,9,3,7,8,18,0,5,6,24,19,17,22,1,11,20,23,2,10,21,4,12,15,14,16
2,0,12,4,21,23,18,1,13,15,10,5,19,17,3,6,14,7,16,9,11,20,22,8,24
17,6,22,15,12,0,9,8,5,19,18,2,11,21,4,1,13,10,16,20,3,14,23,24,7
10,5,15,13,3,11,16,21,9,12,6,18,7,19,8,4,22,20,0,17,14,1,24,2,23
20,19,6,2,9,16,13,11,21,14,5,15,12,10,8,4,22,17,23,18,0,1,24,7,3
5,16,10,14,24,13,23,18,2,9,8,4,6,7,20,3,11,12,15,1,21,19,17,22,0
8,17,10,3,23,5,1,18,9,4,19,12,11,7,24,2,21,20,22,15,6,13,14,16,0
7,22,3,5,21,9,1,24,4,14,16,2,13,10,23,18,15,6,17,11,20,8,0,12,19
18,7,8,3,1,21,19,9,12,22,13,14,5,23,0,20,11,2,17,10,4,24,15,6,16
13,16,21,9,2,15,10,1,20,3,4,6,19,17,14,12,23,11,0,18,5,22,7,24,8
19,1,5,3,17,13,7,6,23,15,22,14,24,9,18,2,12,8,4,20,16,11,21,0,10
8,19,14,21,15,5,3,13,2,12,11,9,20,0,18,6,4,16,1,10,24,23,22,7,17
18,23,1,16,10,19,24,4,15,5,13,17,7,8,2,3,21,22,9,0,12,20,11,14,6
3,12,13,1,11,14,7,16,15,4,19,23,18,17,20,5,0,2,21,24,22,6,8,9,10
1,7,11,16,19,5,23,13,8,9,20,17,15,14,18,4,10,2,3,12,21,0,6,24,22
0,2,18,12,1,11,15,23,10,16,19,17,21,20,13,22,6,24,3,14,7,4,8,9,5
23,1,10,11,8,4,18,15,13,12,3,17,19,7,16,9,22,6,24,0,20,5,14,2,21
2,1,17,16,19,9,18,15,3,23,0,10,14,4,6,11,24,7,5,20,8,13,12,21,22
2,10,6,9,13,7,5,0,14,17,11,3,19,15,8,4,24,12,23,20,21,1,16,22,18
2,18,15,13,12,9,16,3,24,10,0,17,5,7,19,11,14,22,23,21,6,4,20,8,1
7,1,4,12,9,13,11,17,10,5,21,16,23,6,18,24,14,3,19,8,15,2,0,22,20
3,1,9,17,15,7,16,22,23,21,13,14,10,4,11,18,12,2,8,6,5,0,24,20,19
3,2,17,15,1,8,19,12,11,22,23,14,5,20,9,4,21,24,18,6,16,10,7,13,0
5,24,4,22,23,9,3,12,19,20,18,8,17,16,21,1,7,10,0,15,13,14,2,11,6
13,0,16,14,24,20,2,5,9,23,1,3,19,15,22,17,18,21,10,8,7,12,6,4,11
3,12,18,11,19,17,21,1,14,6,4,15,20,8,9,13,0,5,16,2,23,10,22,7,24
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Sequence 135:
Sequence 136:
Sequence 137:
Sequence 138:
Sequence 139:
Sequence 140:
Sequence 141.
Sequence 142:
Sequence 143:
Sequence 144:
Sequence 145:
Sequence 146:
Sequence 147:
Sequence 148:
Sequence 149:
Sequence 150:
Sequence 151
Sequence 152:
Sequence 153:
Sequence 154:
Sequence 155:
Sequence 156:
Sequence 157:
Sequence 158:
Sequence 159:
Sequence 160:
Sequence 161
Sequence 162:
Sequence 163:
Sequence 164:
Sequence 165:
Sequence 166:
Sequence 167:
Sequence 168:
Sequence 169:
Sequence 170:
Sequence 171
Sequence 172:
Sequence 173:
Sequence 174:
Sequence 175:
Sequence 176:
Sequence 177:
Sequence 178:
Sequence 179:
Sequence 180:

ITRON INC.

14,23,12,8,9,16,13,21,18,7,10,19,11,22,0,2,5,6,15,3,20,17,4,1,24
18,4,5,1,15,21,16,6,13,14,19,8,3,12,22,17,7,2,11,23,10,20,9,0,24
24,16,8,12,21,20,14,17,15,11,19,1,3,7,18,22,0,9,23,5,13,4,10,2,6
24,13,15,7,21,2,8,1,19,3,5,14,6,23,18,16,10,22,4,9,20,12,17,11,0
18,7,9,13,14,19,4,12,21,2,10,16,22,8,23,1,0,6,20,3,24,11,15,5,17
22,7,4,5,12,10,13,20,11,8,0,21,23,18,1,6,19,9,17,16,15,2,14,24,3
17,14,6,1,18,3,11,9,7,16,2,4,22,23,15,20,5,0,12,13,21,8,19,10,24
7,9,6,5,23,16,11,15,21,20,4,17,24,8,3,14,22,1,18,2,13,19,12,0,10
20,17,4,8,3,0,5,14,21,6,9,12,7,15,11,18,13,22,24,10,23,16,2,19,1
4,11,13,19,1,23,20,2,10,0,17,15,3,9,18,8,14,16,5,12,22,6,7,24,21
18,11,10,9,3,15,19,12,23,7,13,1,17,16,22,6,2,21,20,8,5,4,0,14,24
12,1,20,3,13,23,2,14,15,5,17,10,11,9,8,22,16,7,19,21,18,6,4,0,24
16,14,2,23,5,18,13,8,3,12,11,6,4,22,17,21,20,9,10,1,15,19,24,7,0
15,7,23,10,4,20,19,6,2,9,5,14,12,1,21,8,22,3,17,16,13,11,24,18,0
4,10,18,15,21,6,19,8,2,7,9,1,13,23,17,22,11,14,12,20,5,0,24,16,3
10,4,23,19,2,20,21,18,15,24,5,3,13,7,1,17,11,22,16,14,6,12,9,0,8
16,2,19,3,4,22,12,1,18,20,8,0,11,24,6,7,13,14,9,5,10,17,23,21,15
12,9,8,6,21,23,22,17,20,19,3,11,15,5,2,16,0,10,1,24,4,14,18,7,13
11,16,22,13,14,4,21,7,19,2,0,6,8,15,12,10,23,20,1,18,5,9,24,17,3
21,15,22,6,14,16,2,3,10,1,17,7,23,20,9,18,0,13,11,5,19,24,8,12,4
10,24,15,16,4,12,1,7,11,6,17,0,14,5,22,23,3,9,2,18,21,8,20,13,19
23,18,3,10,9,2,17,4,1,12,22,11,5,21,6,7,19,20,14,13,16,8,24,15,0
1,12,8,18,22,24,10,21,7,4,20,23,13,3,16,6,0,2,17,19,15,9,5,11,14
1,10,20,21,4,5,2,13,0,11,22,23,18,19,15,17,12,9,16,6,3,7,8,14,24
19,12,18,4,7,20,3,9,13,5,10,1,23,2,16,22,11,6,8,21,15,17,24,0,14
21,24,17,10,23,2,14,20,5,22,19,18,8,11,9,15,7,3,13,16,4,0,1,12,6
13,3,12,0,15,20,17,5,14,6,19,22,2,1,10,8,7,11,9,23,21,4,18,24,16
13,16,8,4,1,5,19,20,22,2,9,6,7,18,11,10,14,12,17,23,15,3,0,21,24
2,94,3,20,11,21,17,8,18,16,15,0,12,23,22,1,19,6,24,14,13,10,7,5
12,16,17,11,9,8,23,15,3,19,24,5,22,14,18,10,20,0,13,21,1,4,6,7,2
7,5,15,24,11,2,6,20,4,1,21,12,9,19,18,14,16,8,17,13,23,22,0,3,10
24,23,5,7,14,21,17,19,3,4,9,15,13,2,12,1,16,20,10,18,22,6,8,11,0
11,10,4,21,22,9,14,3,20,16,15,5,23,13,0,12,2,19,8,17,18,1,6,7,24
22,5,2,9,3,18,8,12,11,24,4,10,17,13,0,1,19,20,23,7,16,14,15,21,6
21,23,15,3,16,14,8,20,19,13,4,1,7,2,17,5,18,10,9,22,6,24,12,11,0
6,14,23,8,16,13,15,19,2,4,5,9,11,22,7,18,21,17,20,10,0,3,1,12,24
3,5,11,19,4,0,9,20,8,17,10,2,24,1,15,18,13,16,14,12,23,22,6,21,7
8,13,7,16,17,14,18,15,11,19,12,5,9,1,2,21,4,0,10,3,23,20,6,22,24
4,21,2,17,8,15,6,3,20,9,14,12,7,18,13,16,1,24,10,23,22,11,19,5,0
7,21,11,20,10,18,19,14,16,22,23,15,5,9,4,8,2,12,17,13,24,1,6,0,3
2,4,1,5,19,15,8,23,11,7,21,10,13,3,17,14,18,0,20,16,12,22,24,6,9
8,17,1,10,7,12,13,0,24,21,5,11,14,4,3,15,22,16,2,23,20,18,19,6,9
21,2,22,24,8,17,15,4,9,3,19,14,1,7,18,23,10,0,11,5,12,16,13,20,6
4,17,1,7,14,3,23,6,13,15,18,8,9,11,5,20,19,16,21,0,24,10,12,2,22
19,21,4,12,20,7,9,14,6,18,15,8,1,0,10,3,2,22,23,16,5,13,24,11,17
14,1,20,17,7,21,5,3,4,9,6,12,8,18,11,13,16,0,19,10,2,23,15,22,24
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Sequence 181
Sequence 182:
Sequence 183:
Sequence 184:
Sequence 185:
Sequence 186:
Sequence 187:
Sequence 188:
Sequence 189:
Sequence 190:
Sequence 191
Sequence 192:
Sequence 193:
Sequence 194:
Sequence 195:
Sequence 196:
Sequence 197:
Sequence 198:
Sequence 199:
Sequence 200:
Sequence 201
Sequence 202:
Sequence 203:
Sequence 204:
Sequence 205:
Sequence 206:
Sequence 207:
Sequence 208:
Sequence 2009:
Sequence 210:
Sequence 211
Sequence 212:
Sequence 213:
Sequence 214:
Sequence 215:
Sequence 216:
Sequence 217:
Sequence 218:
Sequence 219:
Sequence 220:
Sequence 221.
Sequence 222:
Sequence 223:
Sequence 224:
Sequence 225:
Sequence 226:

ITRON INC.

15,6,8,18,21,1,13,2,7,24,5,10,14,12,3,22,16,17,11,23,19,4,9,20,0
0,13,14,23,22,6,9,24,11,18,1/,7,21,12,1,3,5,2,10,15,4,20,16,19,8
18,2,3,22,7,23,8,1,17,9,21,12,5,15,19,14,16,4,20,6,0,11,13,10,24
10,8,16,11,22,17,18,0,4,13,14,12,1,19,9,5,24,7,23,20,6,2,15,21,3
13,17,21,16,4,14,19,6,5,3,1,8,23,9,24,2,15,0,22,7,20,18,12,11,10
16,8,2,23,20,13,14,9,22,12,11,21,5,10,17,18,15,6,0,3,24,19,7,4,1
20,13,24,23,4,8,18,10,16,7,19,14,9,15,21,22,2,12,17,3,11,5,1,6,0
20,7,5,2,13,21,10,6,15,18,9,1,23,11,22,16,17,0,3,19,8,4,12,24,14
23,21,20,12,19,16,3,9,11,13,4,1,24,10,18,5,7,22,14,2,8,6,0,17,15
3,21,4,1,19,13,11,16,20,17,14,15,18,7,8,22,9,10,5,23,6,2,12,0,24
5,3,4,16,13,2,18,20,9,1,12,15,11,22,14,10,23,6,17,19,21,8,24,7,0
4,7,3,5,11,19,13,2,16,17,10,23,21,14,6,15,18,9,12,22,1,0,20,8,24
22,2,24,6,1,16,23,13,18,4,20,5,15,21,9,12,14,10,11,3,8,0,7,19,17
6,23,2,13,10,1,5,9,17,15,14,8,11,21,20,3,24,0,22,18,4,7,16,12,19
1,3,17,12,18,6,8,4,5,20,7,19,23,2,16,10,21,11,24,15,14,22,9,13,0
23,13,12,3,16,15,20,17,24,8,19,6,22,14,21,4,5,1,2,7,9,10,11,18,0
3,4,15,16,18,10,20,9,17,13,12,1,23,8,22,7,2,24,5,6,0,19,21,14,11
10,2,8,21,23,3,5,9,17,16,20,4,19,11,0,14,6,1,13,15,22,24,7,18,12
8,6,3,23,24,15,22,4,12,2,21,19,9,17,10,13,0,1,7,14,5,18,20,16,11
9,19,5,10,0,11,20,24,6,23,8,21,16,12,7,17,1,18,22,2,4,14,15,13,3
11,8,21,14,17,24,22,20,6,23,16,7,2,9,18,13,19,10,0,15,12,4,5,1,3
11,14,4,1,3,15,22,21,12,24,23,17,19,8,16,9,7,6,2,10,18,13,20,5,0
8,21,22,10,13,14,4,9,19,5,11,16,1,18,24,17,12,20,23,2,3,6,7,0,15
4,23,14,6,10,21,3,20,5,19,17,8,16,24,1,9,18,15,13,12,11,22,7,2,0
15,7,6,24,22,0,11,9,17,10,23,14,8,18,16,13,1,4,3,5,2,19,21,20,12
9,11,1,6,19,12,8,13,16,22,4,21,20,10,5,18,24,23,15,14,3,7,2,17,0
10,16,6,14,15,18,4,13,23,22,1,3,20,21,11,12,8,5,7,9,24,19,17,2,0
5,18,12,1,13,6,17,0,8,19,15,20,4,24,23,22,11,2,14,16,3,21,7,9,10
10,21,6,4,16,22,17,23,19,13,14,2,8,7,9,5,24,15,0,1,11,12,3,18,20
14,0,23,19,15,10,1,17,24,12,2,13,20,7,5,22,11,3,16,8,18,6,4,9,21
7,18,19,13,22,16,24,15,3,10,4,8,1,5,17,6,14,21,0,23,9,11,2,20,12
7,21,5,15,22,13,16,23,2,1,20,18,4,3,17,9,19,12,24,11,10,14,8,0,6
10,18,23,20,11,5,19,22,21,4,24,2,9,17,15,7,16,14,3,1,8,6,12,13,0
15,2,7,12,16,24,9,1,18,10,8,22,20,23,14,5,6,21,17,3,0,19,11,4,13
6,22,3,12,4,13,5,17,20,11,21,24,14,18,23,0,15,7,2,1,16,9,10,8,19
13,19,8,21,10,1,23,3,5,17,0,12,2,18,4,9,11,20,16,22,7,24,15,6,14
13,1,18,16,21,12,19,4,20,9,5,8,23,2,0,22,6,10,14,15,7,3,24,17,11
24,9,4,1,18,5,21,2,12,3,22,16,7,23,8,19,0,20,10,13,17,15,6,11,14
24,7,6,14,4,3,9,2,19,12,22,1,20,16,11,13,5,0,10,18,8,21,17,23,15
21,11,16,13,6,1,4,14,17,7,9,3,24,5,23,18,10,15,8,12,22,20,2,0,19
15,8,3,0,14,17,21,6,5,2,11,13,18,4,24,10,7,1,23,12,20,19,16,22,9
18,22,10,1,20,24,15,9,11,19,5,6,8,21,23,2,0,16,17,7,14,13,12,4,3
2,17,13,4,16,24,19,14,7,20,6,23,0,22,9,21,11,10,5,1,18,3,8,15,12
5,7,22,21,12,15,2,9,16,3,18,19,13,1,20,10,0,17,11,4,14,23,6,8,24
20,4,18,19,1,13,0,23,21,5,16,7,9,22,11,8,3,6,14,10,12,24,2,15,17
11,10,4,17,7,19,3,12,22,8,14,2,9,15,20,13,1,6,16,24,18,0,5,21,23
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Sequence 227:
Sequence 228:
Sequence 229:
Sequence 230:
Sequence 231
Sequence 232:
Sequence 233:
Sequence 234:
Sequence 235:
Sequence 236:
Sequence 237:
Sequence 238:
Sequence 239:
Sequence 240:
Sequence 241.
Sequence 242:
Sequence 243:
Sequence 244:
Sequence 245:
Sequence 246:
Sequence 247
Sequence 248:
Sequence 249:
Sequence 250:
Sequence 251
Sequence 252:
Sequence 253:
Sequence 254:
Sequence 255:

14,12,18,17,24,20,5,6,16,8,3,9,19,11,15,7,13,22,2,21,1,10,4,23,0
20,19,17,23,3,24,9,13,15,16,0,2,5,4,11,18,12,7,1,22,6,21,10,14,8
1,22,12,19,18,8,7,13,23,2,20,3,11,10,6,14,4,16,9,5,15,0,21,24,17
19,15,10,4,14,13,17,5,8,23,20,2,6,22,21,7,24,12,1,11,0,18,9,3,16
20,14,5,7,1,21,16,12,17,13,2,6,4,23,10,18,8,3,0,11,24,15,22,19,9
18,21,9,4,7,8,14,11,22,6,3,16,17,2,12,1,23,15,0,13,19,20,24,10,5
24,11,12,22,2,20,9,10,23,14,18,6,4,1,0,8,3,21,7,13,16,17,15,5,19
6,7,10,8,1,20,12,11,14,5,17,19,13,15,9,18,22,24,2,21,16,23,4,3,0
20,13,8,17,4,1,9,5,12,21,15,19,2,7,24,18,10,11,14,0,22,6,23,3,16
24,12,4,14,3,18,6,22,1,7,13,17,20,16,0,11,9,10,2,19,15,8,5,23,21
5,15,3,4,9,17,19,0,12,6,8,10,18,7,16,20,11,22,21,1,23,14,24,13,2
9,17,14,13,12,0,4,10,24,6,1,23,19,22,20,5,8,2,21,18,11,15,7,3,16
2,7,8,17,20,5,23,13,21,12,15,3,6,14,10,22,11,18,1,4,16,19,24,9,0
21,15,17,20,11,2,5,24,8,22,10,4,7,1,6,9,14,18,12,16,0,13,3,23,19
8,3,17,16,11,1,4,18,24,10,6,0,22,9,21,13,5,20,2,19,23,14,12,15,7
6,18,15,11,3,9,16,22,10,21,2,5,1,8,19,0,13,12,24,20,23,14,7,17,4
2,7,23,8,0,12,14,5,19,20,3,1,10,13,18,17,16,6,9,22,11,4,15,21,24
18,16,13,6,20,2,14,3,9,23,10,21,17,0,15,11,7,1,5,24,8,22,12,4,19
7,8,9,15,0,21,18,16,17,22,19,4,20,10,1,3,23,6,11,24,2,13,12,5,14
14,0,11,7,21,15,17,12,10,5,4,1,22,3,8,19,9,2,6,23,18,13,24,20,16
0,21,6,10,3,9,20,14,2,19,24,11,5,18,7,22,23,13,12,15,17,1,16,8,4
4,16,18,1,9,19,11,3,12,15,22,8,23,6,2,17,5,14,20,10,13,21,7,24,0
12,0,24,7,14,9,21,20,23,15,5,13,19,2,8,3,22,1,4,17,11,6,18,16,10
23,13,14,15,21,6,2,10,22,8,11,9,19,20,12,1,18,4,0,5,24,16,3,17,7
2,8,17,12,6,16,5,1,11,10,15,13,22,14,7,23,19,18,24,3,21,0,9,20,4
20,8,5,10,7,16,4,13,19,12,0,17,18,11,9,14,2,21,22,3,15,24,23,1,6
7,14,6,9,5,22,10,2,12,4,21,3,16,8,1,24,19,20,18,13,15,23,11,0,17
20,11,5,6,10,8,17,12,23,4,18,16,2,13,3,19,0,15,1,7,9,22,14,21,24
15,24,7,18,0,4,6,10,23,11,20,14,8,5,2,17,21,19,12,9,1,3,22,16,13

Section 15.247(b):

Peak Qut put Power

Use the follow ng spectrum anal yzer settings:

Span =

approximately 5 tinmes the 20 dB bandw dt h,

on a hoppi ng channel

centered

RBW > t he 20 dB bandwi dth of the em ssion bei ng neasured

VBW 3

RBW

Sweep = auto

Det ector function =

Trace =

ITRON INC.

peak

max hol d
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Allow the trace to stabilize. Use the marker-to-peak
function to set the marker to the peak of the em ssion.
The indicated level is the peak output power (see the NOTE

above regarding external attenuation and cable |o0ss). The
limt is specified in one of the subparagraphs of this
Section. Submt this plot. A peak respondi ng power neter

may be used instead of a spectrum anal yzer.

M easur ement to be provided by ACME.
De Facto EIRP Limt

Descri be how the EUT conplies with the de facto EIRP limt

for every antenna proposed for use with the EUT. Thi s
i ncl udes those devices that will be used in point-to-point
applications. |If the peak output power, as neasured above,

must be reduced so that the de facto EIRP limt may be net
for a particular antenna, describe exactly how much it wll
be reduced for that antenna. If the peak output power
level is raised above the Iimt in order to conpensate for
cable loss between the EUT and the antenna, specify the
m ni mum | ength of cable which will always be used, the type
of cable, and its loss, in dB per wunit length, for the
frequency of the em ssion. The limt is specified in one of
t he subparagraphs of this Section. Al so, specify who wll
be responsible for ensuring that conpliant operation is
mai ntained for every antenna that wll be used with the
EUT.

The PET Repeater unit transmit power isfactory-set and isnot to be field adjusted.
The de facto EIRP cannot be exceeded with the components provided when
properly installed. Since the EIRP limit is made up of the following components:
transmitter power output, coaxial cable loss, and antenna gain, the system isfactory
engineered to be below the limits specified. Since only one antenna is provided and
authorized for use with the PETNET system, compliance is ensured when properly
installed by Itron and its qualified contractors.

The antenna provided with the PETNET repeater subsystem is a 5DbD omni-
directional. The system requires the omni-directional antenna in order to provide
communication from the PET module, which istypically equally distributed around
the PET Repeater as well as the PETRC and other PET Repeaters. It is not
envisioned that a directional antenna will be utilized.

The antenna system used by the PETNET repeater subsystem includes both the
coaxial cable and antenna. The coax is LMR-400 manufactured by Times
Microwave Systems. The length of the coax is 50 feet and is pre-terminated with a
N-Male and N-female connectors. The connectorsare of a crimp type and provided
with heat shrink tubing to minimize water intrusion. The attenuation of the coax at
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915 MHz is 2 dB. Providing both the antenna and coaxial cable to only qualified
professional installers guarantees proper RF Effective Radiated Power not
exceeding the FCC requirements. The following calculation is used to determine
compliance: 5DBD Antenna, +2.14 I sotropic to Reference Dipole, -2 dB cable loss =
5.14 DBI antenna system gain.

Poi nt -t 0- Poi nt Operati on

If the EIRP relaxation for point-to-point operation is
proposed for any particular antenna, describe who will be
responsi ble for ensuring that the EUT is only used in such
an application.

The PETNET system does not use point-to-point operation and provides a complete
omni-directional antenna system which never exceeds the EIRP limits specified by
the FCC.

RF Exposure Conpliance Requirenents

Spread spectrum transmtters operating under Section 15.247
are categorically excluded from routine environnental
evaluation for denonstrating RF exposure conpliance wth
respect to MPE and/or SAR limts. These devices are not
exenpted from conpliance. As indicated in Section
15.247(b)(4), these transmitters are required to operate in
a manner that ensures that exposure to the public (users
and nearby persons) does not exceed the Comm ssion's RF
exposure guidelines (see Sections 1.1307, 2.1091 and
2.1093). Unl ess a device operates at substantially |ow
out put power levels, with a |ow gain antenna(s), supporting
information is generally needed to establish the various
potential operating configurations and exposure conditions
of a transmtter and its antenna(s), in order to determ ne
conpliance wth the RF exposure guidelines.

In order to denobnstrate conpliance with MPE requirenents
(see Section 2.1091), the following information s
typically needed: (1) calculations that estimate the
m ni mum separation distance (20 cm or nore) between an
antenna and persons required to satisfy power density
limts (defined for free-space), (2) antenna installation
and devi ce operati ng i nstructions for installers
(professional and/or unskilled wusers), and the parties
responsi ble for ensuring conpliance with the RF exposure
requirenents, (3) any caution statenents and/or warning
| abel s that are necessary in order for a device to conply
with the exposure limts, and (4) any other RF exposure
related i ssues that may affect MPE conpli ance.
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For portable transmitters (see Section 2.1093), or devices
deigned to operate next to a person's body, conpliance is
determined with respect to the SAR limt (defined in body
tissues) for near-field exposure conditions. If the maximm
average out put power , operating configurations, and
exposure conditions are conparable to those of existing
cellular and PCS phones, an SAR evaluation may be required
in order to determne if such a device conplies with the
SAR limt. Wen SAR data is not available, and the
addi tional supporting information cannot assure conpliance,
the Commission may request that an SAR evaluation be
performed, as provided for in Section 1.1307(d).

1) Thefollowing calculations wer e used to deter mine the power density limits for
the PETNET system. These limits are used to deter mine the Antenna I nstallation
and configuration limits specified in the Installation manual.

Maximum PET Repeater Power Density:
Background:

The PET Repeater transmitsat arate never to exceed 90 messages each 400 mslong
every half hour. Thetotal transmission timeistherefore 36000 ms each half hour.

Duetothe standardsfor installation the closest one can get to theantennais
typically greater than 100 cm.

The maximum peak transmit power is 200 mw at the antenna port

The maximum antenna system gain is 3 db made up of a 5dB gain antenna and a
coaxial cablelossof 2 db.

Thusthetotal power level radiated is 400 mw.

The average transmit power istherefore:
Pavr=400mw x 36,000/1,800= 20 mw

Computethe aver age power density:

Thefollowing analysiswill give the wor st case power density at 100 cm from the
antenna. Referringto Figure 1 below, assumethat all of the power isradiated from
a point source (the dot located at the center of the sphere) contained in a spher e of
radius 100 cm. The power density at the surface of the sphereisaworst case
analysisin thisexample. In reality, the power will be distributed over alarger
antenna, resulting in alower average power density than that predicted by this
analysis.
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N

Figurel

The Power density isequal to thetotal averagetransmitter power (averaged over a
half hour period) divided by the surface area of the 100 cm radius sphere.

The surface area of the sphereis:

A sphere=4x p x r?=4x p x 100*= 125663 cm?

The power density, PD, at the surface of the sphere then becomes:
PD= 20mw/125663 cm®= 0.1591 uw/cm?
Conclusion:

The preceding analysis clearly demonstratesthat the PET Repeater and associated
antenna oper ated in close proximity to general public exceeds all safety
requirements by several ordersof magnitude.

2) The PETNET system is to be professionally installed by qualified and trained
installers. The PETNET system transmitting components are provided with one
type of antenna and coaxial assembly aswell asinstruction on proper installation of
these mandatory components. Since only one antenna is provided and authorized
for use with the PETNET system, compliance is ensured when properly installed by
Itron and its qualified contractors.

3) The PETNET system is several ordersof magnitude lower than the exposure
limits specified in section 2.1091 of the FCC Regulations.

4) There are no other RF exposure related issues that may affect MPE compliance.

| nstal |l ati on/ Operati on Manual Requirenents

Submit a copy of the information/instructions that will be
included in the installation/operation manual pertaining
to: (a) correct peak output power settings required for
conpliant operation for every antenna proposed for use with
the EUT, (b) point-to-point operational requirenents and
responsi bilities, (c) any RF exposure conpl i ance
requirenents.
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Itron has submitted as part of this application a complete installation manual. In
addition, the PET Repeater unit transmit power is factory-set and is not to be field
adjusted. The de facto EIRP cannot be exceeded with the components provided
when properly installed. Since the EIRP limit is made up of the following
components. transmitter power output, coaxial cable loss, and antenna gain, the
system isfactory engineered to be below the limits specified. Since only one antenna
is provided and authorized for use with the PETNET system, compliance is ensur ed
when properly installed by Itron and its qualified contractors.

Section 15.247(c):

Band- edge Conpli ance of RF Conducted Em ssions

Use the follow ng spectrum anal yzer settings:

Span = wde enough to capture the peak Ilevel of the
em ssion operating on the channel closest to the band edge,
as well as any nodul ation products which fall outside of
t he authorized band of operation

RBW?3 1% of the span
VBW 3 RBW

Sweep = auto

Det ector function = peak
Trace = max hold

Allow the trace to stabilize. Set the marker on the
em ssion at the bandedge, or on the highest nodulation
product outside of the band, if this level is greater than
that at the bandedge. Enabl e the marker-delta function,
then use the marker-to-peak function to nove the marker to
the peak of the in-band em ssion. The marker-delta val ue
now di splayed nmust conply with the |limt specified in this
Section. Submt this plot.

Now, using the sane instrunent settings, enable the hopping
function of the EUT. Allow the trace to stabilize. Follow
the same procedure |isted above to determne if any
spurious emssions caused by the hopping function also
conply with the specified limt. Submt this plot.

M easurement to be performed by ACME.

Spuri ous RF Conducted Em ssions

Use the follow ng spectrum anal yzer settings:
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Span = wi de enough to capture the peak |level of the in-band
em ssion and all spurious emssions (e.g., harnonics) from
the |owest frequency generated in the EUT up through the
10'"  har noni c. Typically, several plots are required to
cover this entire span.

RBW = 100 kHz

VBW 3 RBW

Sweep = auto

Det ector function = peak

Trace = max hol d

Allow the trace to stabilize. Set the nmarker on the peak
of any spurious emn ssion recorded. The | evel displayed
must conply with the limt specified in this Section.

Submit these plots.

M easur ement to be performed by ACME.

Spuri ous Radi ated Eni ssions

This test 1is required for any spurious emssion or
nmodul ation product that falls in a Restricted Band, as
defined in Section 15.205. It must be perfornmed with the

hi ghest gain of each type of antenna proposed for use with
the EUT. Use the follow ng spectrum anal yzer settings:

Span = wide enough to fully capture the em ssion being
nmeasur ed

RBW= 1 Mz for f 8 1 Gz, 100 kHz for f < 1 GHz

VBW 3 RBW

Sweep = auto

Det ector function = peak
Trace = max hold

Follow the guidelines in ANSI (C63.4-1992 with respect to
maxi m zing the em ssion by rotating the EUT, neasuring the
emssion while the EUT is situated in three orthogonal
planes (if appropriate), adjusting the measurenent antenna
hei ght and pol arization, etc. A pre-anp and a high pass
filter are required for this test, in order to provide the
measuring system with sufficient sensitivity. Al l ow the
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trace to stabilize. The peak reading of the em ssion,
after being corrected by the antenna factor, cable | oss,
pre-anp gain, etc., is the peak field strength, which nust

conmply with the Ilimt specified in Section 15.35(b).
Submit this data.

Now set the VBW to 10 Hz, while maintaining all of the

ot her instrunent settings. This peak |evel, once
corrected, nust conply with the Iimt specified in Section
15. 209. If the dwell tinme per channel of the hopping

signal is less than 100 ns, then the reading obtained wth
the 10 Hz VBW may be further adjusted by a “duty cycle
correction factor”, derived from 20l og(dwell tine/100 ns),
in an effort to denonstrate conpliance with the 15.209
[imt. Submt this data.

If the emssion on which a radiated neasurenent nust be
made is located at the edge of the authorized band of
operation, then the alternative “marker-delta” nethod,
listed at the end of this docunent, nmay be enpl oyed.

M easur ement to be performed by ACME.
Section 15.247(9):

Descri be how the EUT conplies with the requirenment that it
be designed to be capable of operating as a true frequency
hoppi ng system

The PET Repeater isdesigned to operate as a frequency hopper in that it utilizes 25
pseudorandom channels. The RF channels equally used on average with a channels
separation sufficient to provides non-overlapping transmitter occupied bandwidth
emission greater than the -20 dB down point. The Transmitter has an occupied
bandwidth of 275 KHz. The system receiver hops in synchronization with the
transmitter and has a receive bandwidth equal to the transmitter occupied
bandwidth. The system does not perform any interference avoidance algorithms.

The PET Repeater or transmitter isoften presented with a continuous stream of
data. Thedata or information isin the form short received RF transmission bur st
generated by submetering end point devices or PET modulesthat are connected to
water meters. The PET Repeater accumulatesthe PET transmissions from up to
1000 devices, stores only the most recent infor mation, refor mats the infor mation
into larger packetsand transmitsthisinformation at therepeaters allotted time slot
and pseudo-randomly selected frequency. The Repeaterstransmission rate or
channels selection process does not change when presented with continuous data
from that process preformed when non- continuous data is presented toit. Since
only the most recent information isstored for transmission, inter mediate
information from the continuous stream is overwritten. However, infor mation
between received transmissionsis differentially computed at the head-end system
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providing sufficient resolution of the continuous stream of data to provide accurate
information for the submetering application.

When the PET Repeater or transmitter is presented with a continuous stream of
data or information the transmitter transmitsonly 1) in it’s allotted time slot: 2) on
its pseudo-randomly selected channel: 3) and for its preset transmission duration
(lessthan 400 milliseconds).

Section 15.247(h):

Descri be how the EUT conplies with the requirenent that it
not have the ability to be coordinated with other FHSS
systens in an effort to avoid the sinultaneous occupancy of
i ndi vi dual hoppi ng frequencies by multiple transmtters.

The PET Repeater and the associated PETRC receiver utilize a time slot based
system to coordinate transmission and reception of data communications messages.
The system utilizes the same timing and pseudo-random channel selection process
whether in a stand-alone operation or within the coverage range of another FHSS
systems. When collision between FHSS system the PETNET system continues to
operate in a predefined manner by retransmission of the corrupted message at it
next scheduled transmission time at next pseudo-randomly selected channel.
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