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Test report 

 
Number: T251-0155/19 Project file: C20190043 
  Date: 2019-02-26 
  Pages: 90 
Product: RF transmitter for Anemometer 

Type reference: WS 010-2, WSD 011-2 

Ratings: 3,6 V Li-SOCI2 battery (AA)  
Protection class: III 

Trademark: NAVIS 

Applicant: Navis elektronika, podjetje za elektroniko d.o.o.  
Poljska cesta 11, SI-1241 Kamnik, Slovenia 

Manufacturer: Navis elektronika, podjetje za elektroniko d.o.o.  
Poljska cesta 11, SI-1241 Kamnik, Slovenia 

Place of manufacture: Navis elektronika, podjetje za elektroniko d.o.o.  
Poljska cesta 11, SI-1241 Kamnik, Slovenia 

Summary of testing 

Testing method: 47 CFR Part 15, Subpart C 

Testing location: SIQ Ljubljana, Trpinčeva ulica 37 A, SI-1000 Ljubljana, Slovenia 
Rev. 1: SIQ Ljubljana, Mašera-Spasićeva ulica 10, SI-1000 Ljubljana, 
Slovenia 

Remarks: Date of receipt of test items: 2017-01-03; Rev. 1: 2019-01-14  
Number of items tested: 5; Rev. 1: 2 
Date of performance of tests: 2017-01-03 - 2017-01-13, 2017-03-21 
  Rev. 1: 2019-01-15 – 2019-01-16 
The test results presented in this report relate only to the items tested.  
 

The product complies with the requirements of the testing methods. 
 

/ 

Tested by: Andrej Škof Approved by: Marjan Mak 

The report shall not be reproduced except in full. 
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1 GENERAL 
 

History sheet 

Date Report No.  Change Revision 

2017-03-21 T251-0042/17 Initial Test Report issued.  -- 

2019-02-26 T251-0155/19 Update of initial test report due to the following changes: 
Changed has been made on printed circuit board in the 
sense of added battery holder on printed circuit board. 
Printed circuit board has been prolonged for that reason. 
Electronic part of PCB is unchanged - components 
layout is same. 
Minor design change has also been made on sensor 
wind vane.  
After review, the following test was repeated: 
Radiated spurious emission 
Changes in report are marked Rev. 1. 

1.0 

 
Environmental conditions: 

Ambient temperature: 15C to 35C 
Relative humidity: 30% to 60% 
Atmospheric pressure: 860 mbar to 1060 mbar 
 
 
1.1 Equipment under test 

 
RF transmitter for Anemometer 
Type: WSD 011-2  
 
NOTE: Difference between WS 010-2 and WSD 011-2 is in angle measurement. WSD 011-2 include's additional 
electrical circuit with angle sensor, added wind vane and different mounting holder for wind sensor. Since  
WS 010-2 has identical RF circuitry it is also covered by this test report.  
 
Tested SIQ sample number: S20170016 
          Rev. 1: S20190434, S20190436   
 
 
 

1.2 General product information 

 
Serial number: Prototype 
Supply voltage: 3.6 V Li-SOCI2 battery (AA) 
Transmitter, Receiver, 
Transceiver, Simplex, Duplex 

Transmitter 

Rated RF output power: < 1 W peak conducted power 
Modulation type: 2G FSK 
Operating frequency: 908.4 MHz – 915.8 MHz 
Channel separation: 150 kHz 
Number of channels: 50 
Antenna type: Internal 
FCC ID:  2AK8G-NAVIS-WS01 
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2 TEST SUMMARY 

 

STANDARD   Tested              Sample 
yes      no       pass    not pass 

FCC 47 CFR Part 15, Subpart C, §15.247 
 
Note: All tests were conducted using ANSI C63.10-2013 
 

    

 
 

Test Conclusion 

§15.203 Antenna requirements PASS 
§15.207 Conducted emission N/A 
§15.247 (a) (1) 20 dB Bandwidth PASS 
§15.247 (a) (1) Time of Occupancy (Dwell Time) PASS 
§15.247 (a) (1) Number of Hopping Frequencies PASS 
§15.247 (a) (1) Carrier Frequency Separation PASS 
§15.247 (a) (1) Pseudorandom Frequency Hopping Sequence and   
                        Equal Hooping Frequency Use  PASS 

§15.247 (b) Peak Power Output PASS 
§15.247 (d) Spurious RF Conducted Emissions N/A 
§15.247 Radiated Spurious Emissions PASS 
§15.247 (i) RF Exposure Compliance Requirements PASS 

 

2.1 Operating voltages/frequencies used for testing 

 
Test Operating conditions 

§15.203 Antenna requirements / 
§15.207 Conducted emission / 
§15.247 (a) (1) 20 dB Bandwidth 3.6 Vdc 
§15.247 (a) (1) Time of Occupancy (Dwell Time) 3.6 Vdc 
§15.247 (a) (1) Number of Hopping Frequencies 3.6 Vdc 
§15.247 (a) (1) Carrier Frequency Separation 3.6 Vdc 
§15.247 (b) Peak Power Output PASS 
§15.247 (d) Spurious RF Conducted Emissions N/A 
§15.247 Radiated Spurious Emissions 3.6 Vdc 
§15.247 (i) RF Exposure Compliance Requirements / 
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3 EMISSION TESTS (Intentional Radiators) 

 
3.1 §15.203 Antenna requirements 

 
Requirement 
An intentional radiator shall be designed to ensure that no antenna other than that furnished by the responsible 
party shall be used with the device. The use of a permanently attached antenna or of an antenna that uses a 
unique coupling to the intentional radiator shall be considered sufficient to comply with the provisions of this 
section. The manufacturer may design the unit so that a broken antenna can be replaced by the user, but the use 
of a standard antenna jack or electrical connector is prohibited. This requirement does not apply to carrier current 
devices or to devices operated under the provisions of §15.211, §15.213, §15.217, §15.219, or §15.221. Further, 
this requirement does not apply to intentional radiators that must be professionally installed, such as perimeter 
protection systems and some field disturbance sensors, or to other intentional radiators which, in accordance with 
§15.31(d), must be measured at the installation site. However, the installer shall be responsible for ensuring that 
the proper antenna is employed so that the limits in this part are not exceeded. 
 
Conclusion: 
PASS; EUT has an Integral antenna. 
 
  

3.2 §15.207 Conducted emission 

 
Not applicable due to EUT is battery operated. 
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3.3 §15.247 (a) (1) 20 dB Bandwidth 

 
Requirement 
 
For frequency hopping systems operating in the 902-928 MHz band: if the 20 dB bandwidth of the hopping 
channel is less than 250 kHz, the system shall use at least 50 hopping frequencies; if the 20 dB bandwidth of the 
hopping channel is 250 kHz or greater, the system shall use at least 25 hopping frequencies. The maximum 
allowed 20 dB bandwidth of the hopping channel is 500 kHz. 
 
 
Test procedure: 
As per Clause 6.9.2 from ANSII C63.10-2013 and FCC/DA-00-705 

 
 
Test results 
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Tabulated test results 

Frequency 
(MHz) 

Occupied bandwidth 
(kHz) 

Limit 
(kHz) 

Conclusion 

908.4 (CH1) 112 250 PASS 
912.0 (CH25) 112 250 PASS 
915.8 (CH50) 113 250 PASS 
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3.4 §15.247 (a) (1) Time of Occupancy (Dwell Time) 

 
Requirement 
If the 20 dB bandwidth of the hopping channel is less than 250 kHz, the system shall use at least 50 hopping 
frequencies and the average time of occupancy on any frequency shall not be greater than 0.4 seconds within a 
20 second period; if the 20 dB bandwidth of the hopping channel is 250 kHz or greater, the system shall use at 
least 25 hopping frequencies and the average time of occupancy on any frequency shall not be greater than 0.4 
seconds within a 10 second period. 
 
Test procedure: 
As per Clause 7.8.4 from ANSII C63.10-2013 and FCC/DA-00-705 
 
Test results 
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Tabulated test results 

Frequency 
(MHz) 

Dwell Time 
(ms) 

Number of 
pulses 

in 20 seconds 

Average time 
of Occupancy 

(ms) 

Limit 
(ms) 

Conclusion 

908.4 (CH1) 2.7 10 27 400 PASS 

912.0 (CH25) 2.7 10 27 400 PASS 

915.8 (CH50) 2.7 10 27 400 PASS 
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3.5 §15.247 (a) (1) Number of Hopping Frequencies 

 
Requirement 
For frequency hopping systems operating in the 902-928 MHz band: if the 20 dB bandwidth of the hopping 
channel is less than 250 kHz, the system shall use at least 50 hopping frequencies 
 
Test procedure: 
As per Clause 7.8.3 from ANSII C63.10-2013 and FCC/DA-00-705 
 
Test results 
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Conclusion: 
Number of channels: 50 
PASS 
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3.6 §15.247 (a) (1) Carrier Frequency Separation 

 
Requirement 
Frequency hopping systems shall have hopping channel carrier frequencies separated by a minimum of 25 kHz or 
the 20 dB bandwidth of the hopping channel, whichever is greater. 
 
Procedure 
As per Clause 7.8.2 from ANSII C63.10-2013 and FCC/DA-00-705 
 
Test results 
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Tabulated test results 

Channel selection 
 

Channel Separation 
(kHz) 

Limit 
(kHz) 

Conclusion 

CH1 to CH2 151 113 (20 dB BW) PASS 
CH 25 to CH26 151 113 (20 dB BW) PASS 
CH 49 to CH50 151 113 (20 dB BW) PASS 
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3.7 §15.247 (a) (1) Pseudorandom Frequency Hopping Sequence and Equal Hooping 
Frequency Use 

                         
Data declared by manufacturer by manufacturer: 
 
Pseudorandom Frequency Hopping Sequence 
For FHSS[frequency hopping spread spectrum] are used 50 frequency channels in 150 kHz steps. Starting 
frequency is 908.4MHz. Channel hop is made on every new transmitted package (~2s). Channel hopping 
sequence is determined by array of pseudorandom generated numbers between 1 and 50. 
 
Equal Hopping Frequency Use 
Every new transmitted data package is transmitted on different frequency channel with pseudorandom generated 
sequence channel change. After 50 transmitted data packages transmitter repeat pseudorandom sequence. This 
logic ensure that transmitter continuous transmit data packages uniform distributed on all 50 frequency channels. 
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3.8 §15.247 (b) Peak Power Output 

 
Requirement 
The maximum peak conducted output power of the intentional radiator shall not exceed the following:  
For frequency hopping systems operating in the 902-928 MHz band: 1 watt for systems employing at least 50 
hopping channels. 
 
 
Test Procedure 
As per Clause 7.8.5 from ANSII C63.10-2013 and FCC/DA-00-705  
 
Note: The test was performed Radiated since the EUT has an integrated antenna.  
Calculation of Transmitter Peak Power:  
P = (E*d) 2/(30*G) 
 
E – Radiated Field Strength in V/m 
d – Measurement distance 
G – Numeric gain of the transmitting antenna with reference to isotropic radiator 
 

 
Calculation of final measurements: 
Final Measurement (dBµV/m) = Receiver Reading (dBµV/m) + AF (dB) + CL (dB) + Atten (dB) + Preamp (dB) 
 
where:  
 
Final Measurement = Final measurement result 
Receiver Reading = Uncorrected amplitude measured by the receiver 
AF = Antenna Factor 
CL = Cable Loss 
Atten = Attenuator correction 
Preamp = Preamplifier correction 
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Test results 
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Final Tabulated test results 

Frequency 
(MHz) 

Field 
Strength 
(dBµV/m) 

Field 
Strength 

(V/m) 

Antenna 
Gain 
(dBi) 

Conducted 
power 

(W) 

Limit 
(W) 

Conclusion 

908.4 (CH1) 106.81 0.22 0 0.015 1 PASS 
912.0 (CH25) 106.85 0.22 0 0.015 1 PASS 
915.8 (CH50) 106.37 0.21 0 0.013 1 PASS 
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3.9 §15.247 (c) Spurious RF Conducted Emissions 

 
Test not applicable since EUT has integrated antenna and antenna conducted tests cannot be performed. Due to 
that radiated tests were done to show compliance with the spurious RF conducted emission limit specified is 
section 15.247 (c). For the test results see Radiated Spurious Emission test results. 
 
Conclusion: PASS 
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3.10 §15.247 Radiated Spurious Emissions 

 
Requirements  
 
§15.35   Measurement detector functions and bandwidths 
(b) Unless otherwise specified, on any frequency or frequencies above 1000 MHz, the radiated emission limits are 
based on the use of measurement instrumentation employing an average detector function. Unless otherwise 
specified, measurements above 1000 MHz shall be performed using a minimum resolution bandwidth of 1 MHz. 
When average radiated emission measurements are specified in this part, including average emission 
measurements below 1000 MHz, there also is a limit on the peak level of the radio frequency emissions. Unless 
otherwise specified, e.g., see §§15.250, 15.252, 15.253(d), 15.255, 15.256, and 15.509 through 15.519 of this 
part, the limit on peak radio frequency emissions is 20 dB above the maximum permitted average emission limit 
applicable to the equipment under test. This peak limit applies to the total peak emission level radiated by the 
device, e.g., the total peak power level. Note that the use of a pulse desensitization correction factor may be 
needed to determine the total peak emission level. The instruction manual or application note for the 
measurement instrument should be consulted for determining pulse desensitization factors, as necessary. 
 
 
§15.209 Radiated emission limit 
Except as provided elsewhere in this subpart, the emissions from an intentional radiator shall not exceed the field 
strength levels specified in the following table: 
 

Frequency Range  
(MHz) 

Limits (dBµV/m) 
 

Test distance  
(m) 

0,009 to 0,490 20*log(2400/F(kHz)) 300 
0,490 to 1,705 20*log(24000/F(kHz)) 30 
1,705 to 30,0 30 30 

30 to 88 40** 3 
88 to 216 43.5** 3 
216 to 960 46** 3 
Above 960 54 3 

**Except as provided in paragraph (g), fundamental emissions from intentional radiators operating under this 
section shall not be located in the frequency bands 54-72 MHz, 76-88 MHz, 174-216 MHz or 470-806 MHz. 
However, operation within these frequency bands is permitted under other sections of this part, e.g., §§15.231 
and 15.241. 
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§15.205 Restricted bands of operation 
 
Requirement 
Except as shown in paragraph (d) of §15.205 only spurious emissions are permitted in any of the frequency bands 
listed below: 
 

MHz MHz MHz GHz 

0.090-0.110 16.42-16.423 399.9-410 4.5-5.15 
10.495-0.505 16.69475-16.69525 608-614 5.35-5.46 

2.1735-2.1905 16.80425-16.80475 960-1240 7.25-7.75 

4.125-4.128 25.5-25.67 1300-1427 8.025-8.5 

4.17725-4.17775 37.5-38.25 1435-1626.5 9.0-9.2 

4.20725-4.20775 73-74.6 1645.5-1646.5 9.3-9.5 

6.215-6.218 74.8-75.2 1660-1710 10.6-12.7 

6.26775-6.26825 108-121.94 1718.8-1722.2 13.25-13.4 

6.31175-6.31225 123-138 2200-2300 14.47-14.5 

8.291-8.294 149.9-150.05 2310-2390 15.35-16.2 

8.362-8.366 156.52475-156.52525 2483.5-2500 17.7-21.4 

8.37625-8.38675 156.7-156.9 2690-2900 22.01-23.12 

8.41425-8.41475 162.0125-167.17 3260-3267 23.6-24.0 

12.29-12.293 167.72-173.2 3332-3339 31.2-31.8 

12.51975-12.52025 240-285 3345.8-3358 36.43-36.5 

12.57675-12.57725 322-335.4 3600-4400 (2) 

13.36-13.41    
 
1Until February 1, 1999, this restricted band shall be 0.490-0.510 MHz. 
2Above 38.6 
 
 
§15.247 (d) Band edge 
In any 100 kHz bandwidth outside the frequency band in which the spread spectrum or digitally modulated 
intentional radiator is operating, the radio frequency power that is produced by the intentional radiator shall be at 
least 20 dB below that in the 100 kHz bandwidth within the band that contains the highest level of the desired 
power, based on either an RF conducted or a radiated measurement, provided the transmitter demonstrates 
compliance with the peak conducted power limits. If the transmitter complies with the conducted power limits 
based on the use of RMS averaging over a time interval, as permitted under paragraph (b)(3) of this section, the 
attenuation required under this paragraph shall be 30 dB instead of 20 dB. Attenuation below the general limits 
specified in §15.209(a) is not required. In addition, radiated emissions which fall in the restricted bands, as 
defined in §15.205(a), must also comply with the radiated emission limits specified in §15.209(a) (see §15.205(c)). 
 
Test procedure 
As per Clauses 6.3, 6.4, 6.5, 6.6 and 6.10 from ANSII C63.10-2013 and FCC/DA-00-705 
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Test results 
 
Calculation of final measurements: 
Final Measurement (dBµV/m) = Receiver Reading (dBµV/m) + AF (dB) + CL (dB) + Atten (dB) + Preamp (dB) 
 
where:  
 
Final Measurement = Final measurement result 
Receiver Reading = Uncorrected amplitude measured by the receiver 
AF = Antenna Factor 
CL = Cable Loss 
Atten = Attenuator correction 
Preamp = Preamplifier correction 
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Band Edge 
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3.11 §15.247 (i) RF Exposure Compliance Requirements 

 
Requirement  
Systems operating under the provisions of this section shall be operated in a manner that ensures that the public 
is not exposed to radio frequency energy levels in excess of the Commission's guidelines. See §1.1307(b)(1) of 
this chapter 
Limits for Limits for Maximum Permissible Exposure from §1.1310 for General Population/Uncontrolled Exposure: 
0.6 mW/cm2 

 
Calculation procedure: OET 65 (Evaluating Compliance with FCC Guidelines for Human Exposure to 
Radiofrequency Electromagnetic Fields: 
 
S = EIRP / 4πR2 

 
where:  
S = power density (mW/cm2) 
EIRP = equivalent (or effective) isotropically radiated power 
R = distance to the center of radiation of the antenna (cm) 
 
Results: 
P = 10.77 dBm 
R = 20 cm 
 
S = 0,00095 mW/cm2 

 

Conclusion: PASS 
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4 TEST EQUIPMENT   
 
 

Description & 
Manufacturer 

Model No. SIQ No. Last calibration 
Calibrated 

until 
Calibration 

period 
Used 

ETS, Anechoic 
chamber 3m 103949 2016-11 2017-11 24 months X 

Rohde-Schwarz,  
RFI receiver ESU8 105187 2015-11 2017-11 24 months / 

Rohde-Schwarz,  
RFI receiver ESU26 100428 2016-02 2018-02 24 months X 

R&S, Antenna HFH2-Z2 / 2015-09 2017-09 24 months X 
EMCO, Antenna 3142B 104351 2015-09 2017-09 24 months X 
EMCO, Antenna 3115 103002 2015-09 2017-09 24 months X 
Heinrich Deisel,  

Turn table DS 420.00 103337 NA NA NA X 

Antenna tower / / NA NA NA X 
Controller for turn 
table and antenna 

tower 
/ / NA NA NA X 

 
Rev. 1: 

Description Model No. SIQ No. Last calibration 
Calibrated 

until 
Calibration 

period 
Used 

Rohde-Schwarz,  
RFI receiver ESU26 100428 2018-02 2020-02 24 months X 

Comtest 
Engineering,  

Semi Anechoic 
Chamber SAC 1 

SAC 3m NPS001 2017-05 2019-05 24 months X 

Rohde & 
Schwarz, Horn 

Antenna 

HF907  
(SN 102508) 102508 2018-05 2020-05 24 months X 

Rohde & 
Schwarz, Ultra 

Broadband 
Antenna 

HL562E  
(SN 100842) 

 
102842 2017-07 2019-07 24 months X 

Maturo, Turn 
table (2 m 
diameter) 

TT 2.0 SI / N/A N/A N/A X 

Maturo, Bore-
sight antenna 

mast 
BAM-4.0-P / N/A N/A N/A X 

Maturo, Multi-
channel 

positioning 
equipment 

Maturo NCD / N/A N/A N/A X 

Schwarzbeck, 
Biconical antenna 

VHBB9124 
(SN 9124-

317) 
105112 2016-11 2018-11 24 months X 

Rohde & 
Schwarz, Loop 

Antenna 

FMZB 1519 
B / 2016-08 2018-08 24 months X 

 


