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ADM NI STRATI VE DATA AND SUMMARY OF TESTS

DESCRI PTI ON OF TEST | TEM Frequency Hoppi ng Spread Spectrum
Transmtter

MODEL NO.  : RVLU SERI AL NO.: ENGDO05

FCC ID NO : ON RVLU

MANUFACTURER: Rockwel | 1LG Div.

APPLI CABLE

SPECI FI CATI ON:  FCC "Code of Federal Regul ations", Title 47, Part 15,
Subpart C, Sec. 15.247

TEST PERFORVMED BY: ELI TE ELECTRONI C ENA NEERI NG | NC.
Downers Grove, lllinois 60515

DATES TESTED: April 19 and 20, 1999
PERSONNEL ( OPERATORS, OBSERVERS, AND CO- ORDI NATCORS):

W TNESS: Jack Andrews

ELI TE ELECTRONI C: Dan Crowder
ELITE JOB NO. : 27518
ABSTRACT: The Model RVLU Transmitter neets the requirenents of the FCC
"Code of Federal Regul ations", Title 47, Part 15, Subpart C, Section
15. 247 for frequency hopping spread spectrum transmtters. The RF
power, mninmm occupied bandw dth, and spurious emnissions were

measured and found to conmply with the requirenents.

See the test results and data pages for nore details.
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MEASUREMENT OF RF EM SSI ONS

FROM A MODEL RVLU TRANSM TTER

1.0 | NTRODUCTI ON:

1.1 DESCRIPTION OF TEST ITEM This report presents the results
of the RF em ssions neasurenents perforned for the Mbodel RVLU spread
spectrumtransmtter, (hereinafter referred to as the test iten). The
tests were perfornmed for Rockwell LG Div. located in Cedar Rapids
| owa.

The test itemis a frequency hoppi ng spread spectrumtranscei ver
used for data transm ssions. It operates in the frequency band 2400
to 2483. 5MHz.

1.2 PURPCSE: The test series was perforned to determne if the
test item neets the requirenents of the FCC "Code of Federal
Regul ations" Title 47, Part 15, Subpart C, Section 15.247 for
i ntentional radiators.

1.3 DEVI ATI ONS, ADDI TIONS AND EXCLUSIONS: There were no
deviations fromthe test requirenents.

1.4 APPLI CABLE DOCUMENTS: The foll owi ng docunents of the exact
i ssue designated formpart of this docunment to the extent specified
her ei n:

Federal Communi cati ons Conmm ssi on "Code of Federal Regul ations",

Title 47, Part 15, dated 1 October 1997

1.5 SUBCONTRACTOR | DENTI FI CATION: This series of tests was

performed by the Elite El ectronic Engi neering Inc., of Downers G ove,

1
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[11inois.

2.0 TEST ITEM SETUP AND OPERATI ON:

For all tests the test itemwas placed on a 0.8 neter high non-
conductive table. The 12.0 VDC was supplied to the test itemfrom an
external battery. The supplied external antenna was connected to the
test item

3.0 TEST SITE AND | NSTRUMENTATI ON

3.1 TEST SITE: Al tests were perforned at Elite's facility in
Downers Grove, Illinois. The conducted em ssion tests were perforned
in a shielded enclosure. Open field radiated em ssion tests were
performed in Elites 3 neter anecohic test site.

3.2 TEST | NSTRUVENTATION: A list of the test equi pnment used can
be found on Table I. Al equi pnent was cali brated per the instruction
manual s supplied by the manufacturer.

4.0 REQUI REMENTS, PROCEDURES AND RESULTS:

4.1 POANER LI NE CONDUCTED EM SSI ONS:

4.1.1 REQU REMENT: This requirenent does not apply since
the test itemis battery operated. There are no operation nodes where
the transmtter can be connected to the AC power public utilities, and
therefore, the conducted em ssions test is not required.

4.2 OCCUPI ED BANDW DTH:

4.2.1 REQUI REMENTS: Per section 15.247(a)(1)(ii), the
maxi mum 20dB bandw dt h of the hoppi ng channel is 1MHz. In addition per
section 15.247(c), the em ssions outside the authorized band nust be

at | east 20dB bel ow the highest |evel neasured w thin the band.

2.
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4.2.2 PROCEDURES: The test item was setup inside the
shi el ded encl osure and all owed to transmt continuously. The test item
was connected to a spectrum analyzer through a 20 dB pad. The
frequency hoppi ng channel was set separatly to low, mddle, and high
hoppi ng channels. The resolution bandw dth (RBW was set to 100kHz.
The ' Max- Hol d* function was engaged. The anal yzer was all owed to scan
until the envelope of the transmtter bandw dth was defined. The
anal yzer's display was plotted using a 'screen dunp' utility. The 20
dB bandwi dth was neasured fromthe plot.

The spectrumanal yzer was set to neasure the frequency separation
of the hopping channels. Again, the "Max Hol d" function was engaged
to captured the hopping characteristics of the transmtted signal
Thi s di spl ay was plotted. The em ssions i nside and near the authori zed
band was anal yzed.

4.2.3 RESULTS: The plots of the bandwi dth are presented on
data pages following this report.

The first three bandw dth pl ots showthat the 20 dB bandw dt h
was | ess than the 1VMHz maxi numrequi renent. Since the 20 dB bandw dth
was | ess than the maxi numrequirenent, the test itemconplies with the
requirenents detailed in Section 15.247(a)(1)(ii).

The | ast bandw dth plot shows the hopping channel carrier
frequenci es separated by the 20 dB bandw dth of the hoppi ng channel
or 1MHz. The test itemalso conplies with this requirenent.

4.3 MNAXI MUM PEAK OQUTPUT POVER

4.3.1 REQU REMENTS: This requirenent applies only to the
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transmt node of operation. Per section 15.247(b) the maxi num peak
output power of the transmtter shall not exceed 1 Watt. |If
transmtting antennas of directional gain greater than 6dBi are used,
t he power shall be reduced by the anbunt in dB that the directional
gain of the antenna exceeds 6dBi.

4. 3.2 PROCEDURES:. The antenna out put was connected to the
input of the spectrum analyzer through 20 dB pad. The spectrum
anal yzer bandw dth was set to 3 MHz which is greater than the 20dB
bandwi dth of the transmitter. The peak power was neasured. No cable
| oss factor was added to conpensate for the coaxial adapter cable
(mnimal length of 15 cn) required to connect the antenna termnal to
t he spectrum anal yzer

4.3.3 RESULTS: The results followthe bandw dth pl ots.

The maxi mum peak output power directly at the output of the
transmtter neasured 17.7 dBm or 59mW Therefore, the transmtter
nmeets the 1 Watt limt. However, in additional, the power output may
be limted by the gain of the antenna.

The requirenment allows for a maxi numantenna gain of 6 dBi at the
maxi mum power of 1 Watt or 30 dBm |If the gain is greater than 6dBi,
t he maxi mum al | owed power i s decreased by the difference between the
antenna gain and 6 dBi so that the sum of the power and the antenna
gain is no greater than 36 dBm

The gain of the supplied antenna was 2 dBi. This added to the
maxi mum peak out put power of the test itemis well within the 36 dBm

limt.
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4.4 SPURI QUS EM SSI ONS:
4.4.1 SPURI QUS EM SSI ONS AT THE ANTENNA TERM NAL:
4.4.1.1 REQUI REMENTS: Per Section 15.247(c), for any 100kHz
bandwi dth outside the frequency band from 2400 to 2483.5MHz, the
spurious em ssions shall be attenuated at | east 20dB bel ow any 100kHz
bandw dt h em ssion within the band.
4.4.1.2 PROCEDURES: The output of the transmtter was
connected to the input of the spectrum anal yzer through a 20 dB pad.
The receiver bandwi dth was set to 100 kHz for these neasurenents.
Wth the test itemtransmtting, the antenna conducted em ssions
were nmeasured and plotted over the frequency range from30 MHz up to
2 Gz and then from 2G4 to 10GHz (up through the 10th harnonic).
Below 2 GHz, the preselector was used to guard against input
saturation. Above 2 Gz the analyzer includes a high pass filter in
its design.
4.4.1.3 RESULTS: The spurious and harnoni c em ssions, up
t hrough 10t h harnonic, were found to be at | east 20 dB bel ow t he | evel
of the in-band em ssions. Therefore, the test itemconplies with this
requi renent as detailed in 15.247(c). This data follows the results
of maxi num peak out put power.
4. 4.2 OPEN FI ELD RADI ATED EM SSI ONS:
4.4.2.1 REQU REMENTS. The radiated harnonic or spurious
em ssions that fall in the "restricted" bands per Section 15.205 are
required to neet the requirenents of 15.209.

4.4.2.2 PROCEDURES: The radiated tests were perforned in a

5.
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32ft. x 20ft. x 18ft. hybrid ferrite-til e/ anechoi c absorber |ined test
chanber. Wth the exception of the floor, the reflective surfaces of
the shielded chanber are lined with ferrite tiles on the walls and
ceiling. Anechoic absorber material is installed over the ferrite
tile. The floor of the chanber is used as the ground plane. The
chanber conplies with ANSI 63.4 and CISPR 16 requirements for site
attenuation

Prelimnary radi ated neasurenents are perfornmed to determ ne the
frequenci es where the significant em ssions mght be found. Wth the
test item at one set position and the neasurenent antenna at a set
hei ght (i.e. without nmaxi m zi ng), the radi at ed em ssi ons were neasured
usi ng peak detection. This data was then automatically plotted. The
frequenci es where significant em ssion |evels found were reneasured
taking the extra pains to maximze the emssion levels. Any
significant signals in the restricted bands were noted. The purpose
of this test is to determne the frequency and rel ative anplitude of
the em ssions so that these signals can be exam ned during the open
field test.

For the open field test, the test item was setup on the 80 cm
hi gh non-conductive turntable at the open field test site. The test
di stance was 3 neters.

To ensure that maxinmum em ssion levels were neasured the
foll ow ng steps were taken:

(a) The test itemwas rotated so that all of its sides were
exposed to the receiving antenna.

(b) Since the nmeasuring antennas are linearly polarized, both

6.
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hori zontal and vertical field conponents were neasured.
(c) The nmeasuring antenna was raised and Iowered froml to 4

meters for each antenna pol arization to maxim ze the

r eadi ngs.

The harnonic or spurious emssions falling in the restricted
bands were neasured up through the 10th harnonic.

For all nmeasurenents, the neasurenent bandw dth was set to 1 MHz
and video BWto 10 Hz. A special high pass filter and preanplifier
were used to increase the receiver sensitivity. The high pass filter
has 70 dB insertion loss in the stopband which protects the
preanplifier fromsaturating.

4.4.2.3 RESULTS: The prelimnary em ssions |evels were
plotted. This plot follows the spurious em ssions test results. This
pl ot shows that the em ssions were at | east 20 dB bel ow the | evel of
t he fundanental. The harnonics and any other emi ssions that fall in
the restricted frequency bands were then neasured at the open field
site. The last three pages of this Exhibit show this data. The field
intensities levels for the harnonics in the restricted band were
within the Iimt.

A bl ock diagramof the test itemorientation position is shown
in Figure 1.

5.0 CONCLUSI ON:

The Rockwell I1LG Div. Mydel RVLU, conplies with the limts
i nposed by the FCC "Code of Federal Regul ations" Title 47, Part 15,
Subpart C, Section 15.247 for frequency hopping spread spectrum

transmtters.
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6.0 CERTI FI CATI ON:

Elite Electronic Engineering Inc. certifies that the i nformation
contained in this report was obtained under conditions which neet or
exceed those specified in the test specification.

The data presented in this test report pertains to the test item
at the test date. Any electrical or nmechanical nodification nmade to
the test item subsequent to the specified test date will serve to
invalidate the data and void this certification

This report nust not be used to claim product endorsenent by

NVLAP or any agency of the US Governnent.
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TABLE 1: TEST EQUIPMENT LIST

ELITE ELECTRONIC ENG. INC.

Page: 1
Eq | D Equi prent Descri ption Manuf act ur er Mbdel No. Serial No. Frequency Range Cal Date Cal Inv Due Date
Equi prent Type: ACCESSORI ES, M SCELLANEQUS
XPRO H GHPASS FI LTER K& M CROMVE  11SH10- 4800/ 001 4.8-20GHZ 03/06/99 12 03/ 06/ 00
XZQ ATTENUATOR/ SWTCH DRIVER  HEW.ETT PACKARD 11713A 3439A02724  --- 01/29/99 12 01/ 29/ 00
Equi prent Type: AMPLI FI ERS
APKO PRE- AVPLI FI ER HEWLETT PACKARD 8449B 3008A00662  1-26.5GHZ 01/29/99 12 01/ 29/ 00
Equi prent Type: ANTENNAS
NWO DOUBLE R DGED WAVEGU DE AEL H1498 153 2-18GHZ 08/26/98 12 08/ 26/ 99
Equi pment Type: CONTROLLERS
CEA1 HANDHELD PERSONAL COVPUTER SHARP ELECTRONI ZAURUS 5700 --- .- N A
CMVAO  MULTI - DEVI CE CONTROLLER EMOO 2090 9701- 1213 .- N A
Equi prent Type: METERS
MSNO DI G TAL OSCI LLOSCOPE LECROY CORP. LEC/ 9354AL 2537 DC- 500MHZ 03/23/99 12 03/ 23/ 00
Equi prent Type: PROBES; CLAMP-ON & LI SNS
PSN6 10X OSClI LLOSCOPE PROBE LECROY PP002 .- DC- 350MHZ NOTE 1
Equi prent Type: PRI NTERS AND PLOTTERS
HRD2 DESKJET 500 PRI NTER HEWLETT PACKARD 2106A US38HISOQ@  --- DAVAGED
Equi prent Type: RECElI VERS
RAC1 SPECTRUM ANALYZER HEWLETT PACKARD 85660B 3407A08369  100HZ- 22GHZ 01/26/99 12 01/ 26/ 00
RACB RF PRESELECTOR HEWLETT PACKARD 85685A 3506A01491  20HZ- 2GHZ 01/28/99 12 01/ 28/ 00
RAF3  QUASI PEAK ADAPTER HEWLETT PACKARD 85650A 3303A01775 0. 01- 1000MHZ 01/28/99 12 01/ 28/ 00
Equi prent Type: SI GNAL GENERATORS
GLAO | NDUCTI VE LQAD DUMP SI MULA SCHAFFNER NSG 500C 290 9305 NOTE 1
GLAA LQAD DUWP/ FI ELD DECAY SI MJ SCHAFFNER NSG 506C-1 2156 9326 NOTE 1
GLAB CAPACITOR UNIT SCHAFFNER NSG 506C-2 2156 9326 NOTE 1
Cal. Interval: Listed in Months 1/Q Initial Only N A: Not Applicable
Note 1: For the purpose of this test, the equi pment was calibrated over the specified frequency range, pulse rate, or

nodul ation prior to the test or nonitored by a calibrated instrunent.
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MANUFACTURER
MODEL

SERIAT. NUMBER
SPECIFICATION
TEST PERTORMED

ENGINEERING TEST REPORT NO. 21650

DATA SHEET
+ Rockwell ILG Diw.
+ RVLU
ENCOOE

Qooupiad Bandwidth

RN CI S Tt

FEC Part 15 Subpart ¢, Intentional Rsdiators

DATE TESTED o4/20/29
METER
FREQUENCY READING TOTAL TOTAL
MH=z ddBuV {PADY B WATTES
24016 =36 20 16.4 044
2441.1 2.8 20 17.2 052
2478.7 e | 20 197 . 059
Checked By: h/fijff
¥ 7
FHF Page of

10S
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ETR No. 2.[650
DATA SHEET

RADIATED EMISSION MEASUREMENTS IN A 3m ANBCHOIC ROOM

SPECIFICATION
MANUFACTURER

F FOC-15C (15.247)

t ROCKWELL 1LG DIV

MODEL NO). tRVLU
SERIAL NO. ¢ ENG-OS
NOTES STRANSMIT AT LOW CHANMEL
TEST DATE : 20 Apr 1994
TEST DISTANCE - 3m
MTR ANT CBEL PRE
FREQ) ANT RDG BW FAC FAC AMP TOTAL TOTAL LiMIT
(MHz) FOL dBul di di dB dBuv/m uVim TRy
2401.8 H 212 1MEM 218 08 = 1138 4837788 ==
v 84.8 1M3M 318 038 = 1174 7413102 =
2401.8 H 69.8 iMM0 318 048 e 1024 1318267 -
' 7.8 M0 38 0.8 =an 1042 162181.0 ==
4803.7 H 35.5 1MM0 352 1.3 352 36.8 6.2 5000
W 29.56 1MM0 352 1.3 352 308 347 5000
12009.4 H 27.1 AMB 1M/A0 414 20 3438 387 §1.0 500.0
W 273 AMB 1MMO0 414 20 348 3589 624 500.0
192151 H 12.7 AMB 1MM0 403 = - 53.0 £46.7 500.0
W 12.7 AMB 1MM0 403 — -— 53.0 4457 200.0
CHECKED BY, %/
v
page _ wof
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ETR No. Z48680

Et 7 ﬁ;ﬂf o DATA SHEET
o NG,

RADIATED EMISSION MEASUREMENTS [N A 3m ANECHOIC ROOM

SPECTFICATION s FCC-15C (15.247)

MANUTACTURER PROCKWELL ILG DIV

MODEL NQ. RVLU

SERIAT NC). : ENG-005

NOTES ¢ TRANSMIT AT MID CHANNEL

TEST DATE 20 Apr 1999

TEST DISTANCE P3m

MTR ANT CBL PRE
FREQ) ANT RDG BW  FAC TFAC AMP  TOTAL TOTAL LINMIT
{MHz} POL dBuV db dB dB dBuVim u¥/m uy

2440.9 H 82.5 MM 318 0.8 - 1151 5688529 —
v 85.9 1MI3M 318 08 — 118.5 8413951 -

2440.9 H 68.2 1MMo 318 0.8 “ee 100.8 1096478 —
W 71.8 110 31.8 0.8 — 104 4 1650958.7 -

4881.8 H 27.8 iMM0 352 13 352 29.1 28.5 500.0
W 26.2 AMB 1MMO 352 13 352 27.5 23.7 500.0

7322.7 H 28.9 AMB 1MMO 380 16 3585 33.0 447 500.0
W 28.9 AMB 1MM0 380 1.6 355 33.0 447 500.0

12204.5 H 26.3 AMB 1M10 414 20 348 349 566 500.0
W 257 AMB 1M/10 414 20 348 34.3 5159 500.0

19527.2 H t2.7 AMB 1MM0 403 - - 3.0 446.7 500.0
W 12.7 AMB 1MMO 403 - - 53.0 2457 3000

CHECKED BY: )‘)/ h
o
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ETR No, ZIB8SD
DATA SHEET

RADIATED EMISSION MEASUREMENTS IN A 2m ANECHOIC ROOM

SPECIFICATION TFCC-15C{15.247)

MANUFACTURER ROCKWELL ILG DIV,

MODEL NO, s BEWLU

SERIAL NO. P ENG-005

NOTES : TRANSMIT AT HIGH CHANNEL

TEST DATE - 20 Apr 1999

TEST DISTANCE T Am

MTR ANT CBL PRE
FREQ ANT R BW FAC FAC AMP  TOTAL TOTAL LIMIT
{hMHz) POL dBu¥ dB dB dB dBuVrm u/m A

2478.9 H B1.1 1MIBM 318 08 “es 1137 4BMT72.4 -
W B4.1 TMAaM 318 08 - 116.Y  6B3811.6 -

2478.9 H E7.9 iMM0 318 08 - 1005 1059254 --
W 701 M0 318 0.8 - 1027 1354583 ==

4057 8 H 36.5 M0 382 1.3 382 378 776 500.0
" 203 iMiM0 352 13 352 06 339 500.0

T436.7 H 277 AMB 1TMA0 380 15 355 318 3g9 500.0
W 298 1M/10 380 165 355 339 48.5 a00.0

12384 5 H 257 AMB 1MA10 414 2D 348 343 519 5000
v 26.0 AMB 1MM0 414 20 348 34.6 53.7 5000

16831.2 H 12.7 AMB 1MM0 403 - - 53.0 4467 500.0
v 127 AMB 1MA0 403 s e 53.0 446.7 500.0

223101 H 12.5 AMB 1M/10 404 =% = 529 4416 a00.0
W 12.5 AMB 1MA0 404 o e 529 4416 500.0

CHECKED BY; /%/ & -
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