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1. ATTESTATION OF TEST RESULTS

COMPANY NAME: ASTRO INC.
450 W 33RP ST,
NEW YORK, NEW YORK, 10001, USA

EUT DESCRIPTION: LED Light Bulb / Speaker with BLE and 802.11b/g/n
MODEL.: TWST-SPKR-001
SERIAL NUMBER: FCC #1, FCC #2, FCC #3
DATE TESTED: 2016-10-06 — 2016-10-25
APPLICABLE STANDARDS
STANDARD TEST RESULTS
CFR 47 Part 15 Subpart C PASS
INDUSTRY (ISED) CANADA RSS-247 Issue 1 PASS
INDUSTRY (ISED) CANADA RSS-GEN Issue 4 PASS

UL LLC tested the above equipment in accordance with the requirements set forth in the above
standards. All indications of Pass/Fail in this report are opinions expressed by UL LLC based on
interpretations and/or observations of test results. Measurement Uncertainties were not taken
into account and are published for informational purposes only. The test results show that the
equipment tested is capable of demonstrating compliance with the requirements as documented
in this report.

Note: The results documented in this report apply only to the tested sample, under the
conditions and modes of operation as described herein. This document may not be altered or
revised in any way unless done so by UL LLC and all revisions are duly noted in the revisions
section. Any alteration of this document not carried out by UL LLC will constitute fraud and shall
nullify the document. This report must not be used by the client to claim product certification,
approval, or endorsement by NVLAP, NIST, any agency of the Federal Government, or any
agency of any government.

Approved & Released Prepared By:
For UL LLC By:

%ﬁ %ﬂq ZA—»;;(ZLWM

Jeff Moser Richard ovics
EMC Program Manager WISE Engineer
UL — Consumer Technology Division UL — Consumer Technology Division
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2. TEST METHODOLOGY

The tests documented in this report were performed in accordance with FCC CFR 47 Part 2,
FCC CFR 47 Part 15, ANSI C63.10-2013, RSS-GEN Issue 4, RSS-247 Issue 1.

3. FACILITIES AND ACCREDITATION

The test sites and measurement facilities used to collect data are located at 12 Laboratory Dr.,
Research Triangle Park, NC 27709, USA and 2800 Suite B, Perimeter Park Drive, Morrisville,
NC 27560.

12 Laboratory Dr., RTP, NC 27709
[ ] Chamber A
[ ] Chamber C

2800 Suite B Perimeter Park Dr.,
Morrisville, NC 27560
[ | Chamber NORTH
X Chamber SOUTH

The onsite chambers are covered under Industry (ISED) Canada company address code 2180C
with site numbers 2180C -1 through 2180C-4, respectively.

UL LLC (RTP) is accredited by NVLAP, Laboratory Code 200246-0. The full scope of
accreditation can be viewed at http://www.nist.qov/nviap/

4. CALIBRATION AND UNCERTAINTY
4.1. MEASURING INSTRUMENT CALIBRATION

The measuring equipment utilized to perform the tests documented in this report has been
calibrated in accordance with the manufacturer's recommendations, and is traceable to
recognized national standards.

4.2. SAMPLE CALCULATION

Where relevant, the following sample calculation is provided:
Field Strength (dBuV/m) = Measured Voltage (dBuV) + Antenna Factor (dB/m) +
Cable Loss (dB) — Preamp Gain (dB)
36.5dBuV + 18.7 dB/m + 0.6 dB — 26.9 dB = 28.9 dBuV/m
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4.3. MEASUREMENT UNCERTAINTY

Where relevant, the following measurement uncertainty levels have been estimated for tests
performed on the apparatus:

PARAMETER UNCERTAINTY
Total RF power, conducted +0.45 dB
RF power density, conducted +1.5dB
Spurious emissions, conducted +2.94dB
All emissions, radiated up to 40 GHz +5.36 dB
Temperature +0.07°C
Humidity + 2.26% RH
DC and low frequency voltages +1.27%
Conducted Emissions (0.150-30MHz) + 3.65dB

Uncertainty figures are valid to a confidence level of 95%.
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5. EQUIPMENT UNDER TEST

5.1. DESCRIPTION OF EUT

The EUT is an LED Light Bulb / Speaker with BLE and 802.11b/g/n.

5.2. MAXIMUM OUTPUT POWER

The transmitter has a maximum peak conducted output power as follows:

Frequency Mode Output Power | Output Power
Range (dBm) (mw)
(MHz)

2402 - 2480 BLE 1.69 1.48

5.3. DESCRIPTION OF AVAILABLE ANTENNAS

The radio utilizes a trace antennas, with a maximum gain of -0.28 dBi.

5.1. SOFTWARE AND FIRMWARE

The firmware installed in the EUT during testing was FCC 1.0.

The test utility software used during testing was Ralink QA Test Program, version 1.0.1.0.
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5.2. WORST-CASE CONFIGURATION AND MODE

Radiated emission and power line conducted emission were performed with the EUT set to
transmit at the channel with highest output power as worst-case scenario.

The fundamental of the EUT was investigated in three orthogonal orientations X,Y,Z, it was
determined that X orientation was worst-case orientation; therefore, all final radiated testing was
performed with the EUT in X orientation.

Based on the baseline scan, the worst-case data rates were:

e BLE GFSK, Payload 37 bytes
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5.3.

SUPPORT EQUIPMENT

DESCRIPTION OF TEST SETUP

Support Equipment List
Description Manufacturer Model Serial Number FCCID
Laptop Lenovo T440 NA NA
Power Brick Lenowvo ADLX65NLC2A NA NA
Serial to USB NA NA NA NA

Note: Laptop, Power Brick, and Serial to USB are only used to configure sample and removed.
Not present during measurements.

I/O CABLES
1/0 Cable List
Cable |Port # of identical ([Connector |Cable Type |Cable Remarks
No ports Type Length (m)
1 AC Terminal AC Inlet 2.95 18AWG line cord.
NA Antenna RF 0.3
Configuration only.
NA NA 1 USB 1O | 5B cable 0.25  |Not t duri
Micro USE . present during
meas.
TEST SETUP

Different bulbs were provided. One unit was provided for radiated-emissions and line-
conducted testing (an external serial port allowed for configuring the device) and one unit was
provided for conducted-port testing. Units were modified with added serial port with serial to
USB adapter to facilitate programming the RF output for testing. Once the device was running

the test mode, the serial to USB adapter, USB cable and laptop were removed for

measurements. Ports not present on finished product.
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SETUP DIAGRAM FOR TESTS

Radiated Setup

3 m chamber

Leads attached to
BLE board serial
pins with ferrite to
facilitate test setup.
Not included in final
product.

EUT Serial to
UsB

[remeoved for
measurements)

[ 1

| Edison Base

Laptop
USB (removed for
1 {removed for measurements)

measurements)

120VAC

Antenna Port Conducted Setup
Leads attached to
BLE board serial
pins with ferrite to
facilitate test setup.
Mot included in final
product.

RF port EUT SeLig:;o

[removed for
MeasureEments)

Laptop

| Edison Base
USB (removed for
1 (removed for measurements)
measurements)
120VAC
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Line Conducted Setup
Leads attached to
BLE board serial
pins with ferrite to
facilitate test setup.
Not included in final
product.

Serial to

EUT usB

[removed for
MyEasUrements)

Laptop
USB (removed for
measurements)

| Edison Base

(removed for
1 measurements)

)

120VAC
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6. TEST AND MEASUREMENT EQUIPMENT

The following test and measurement equipment was utilized for the tests documented in this

report:

Test Equipment Used - Radiated Disturbance Emissions Test Equipment (Morrisville - South Chamber)

Equip.
ID Description Manufacturer Model Number Last Cal. Next Cal.
0.009-30MHz (Loop Ant.)
AT0079 Active Loop Antenna ETS-Lindgren 6502 2015-12-08 | 2016-12-31
30-1000 MHz
AT0074 Hybrid Broadband Sunol Sciences IB3 2016-06-07 | 2017-06-30
Antenna Corp.
1-18 GHz
AT0069 Double-Ridged
Waveguide Horn ETS Lindgren 3117 2016-03-07 | 2017-03-31
Antenna, 1 to 18 GHz
18-26 GHz
AT0076 Horn Antenna, 18- ARA MWH-1826/B 2016-09-06 | 2017-09-30
26.5GHz
Gain-Loss Chains
S-SACO1 Sc?nlnnl::(z)ss string: 0.009- 1 \/arious Various 2015-10-07 | 2016-10-31
Gain-loss string: 30- . .
S-SACO02 1000MHz Various Various 2016-06-26 | 2017-06-30
S-SACO03 fg‘éné'gss string: 1- Various Various 2016-08-28 | 2017-08-28
S-sacos | Gain-loss string: 18- Various Various 2016-08-28 | 2017-08-28
40GHz
Receiver & Software
SA0025 Spectrum Analyzer Agilent N9030A 2016-03-17 | 2017-03-31
SA0026 (18- .
40GHz RSE) Spectrum Analyzer Agilent N9030A 2016-02-24 | 2017-02-28
SOFTEMI EMI Software UL Version 9.5 NA NA
Additional Equipment
used
HI0078 Temp/Humid/Pressure | Springfield PreciseTemp 2016-06-13 | 2017-06-13
Meter Precision
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Test Equipment Used - Wireless Conducted Measurement Equipment
Equpoent Description Manufacturer Model Number Last Cal. | Next Cal.
Conducted Room 2
SA0020 Spectrum Analyzer Agilent E4446A 2016-03-222017-03-31
Technologies
PWMO003 RF Power Meter Keysight N1911A 2016-06-21/2017-06-21
Technologies
Peak and Avg Power Sensor, Keysight
PWS001 50MHz to 6GHz Technologies N1921A 2016-04-07(2017-04-31
UL139843 Temp/Humid/Pressure Meter | Fisher Scientific 14-650-118 2016-02-19(2017-02-19
MMO0166 True RMS Multimeter Agilent U1232A 2016-03-15(2017-03-31
Test Equipment Used - Line-Conducted Emissions — Voltage (Morrisville — Conducted 1)
Equpoent Description Manufacturer Model Number Last Cal. | Next Cal.
cBLo77 [Joax cable, RG223, N-maleto | pogiemack | PE3476-240 2016-06-15(2017-06-30
BNC-male, 20-ft.
139843 | Temp/Humid/Pressure Meter ggr}tliri?slher 14-650-118 2016-02-192017-02-19
LISN, 50-ohm/50-uH, 2- Fischer Custom| FCC-LISN-50-25-2-
LISNOO3 conductor, 25A Com. 01550V 2016-08-24{2017-08-24
MMO170 | Multi-meter Fluke 83V 2016-03-152017-03-31
PRE0101521 EMI Test Receiver 9kHz-7GHz Rohde & ESCI 7 2016-08-23[2017-08-23
(75141) Schwarz
TLOO1 Transient Limiter, 0.009-30MHz | Com-Power LIT-930A 2016-06-092017-06-30
CW2501M
PS215 AC Power Source Elgar (s/n 1523A02397) NA NA
SOFTEMI | EMI Software UL Version 9.5 NA NA
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7. MEASUREMENT METHODS
Duty Cycle: KDB 558074 D01 v03r05 Section 6.0
6 dB BW: KDB 558074 D01 v03r05, Section 8.1.

99% Occupied Bandwidth: ANSI C63.10-2013, Section 6.9.3

Output Power: KDB 558074 D01 v03r05, Section 9.1.2

Power Spectral Density: KDB 558074 D01 v03r05, Section 10.2.

Out-of-band emissions in non-restricted bands: KDB 558074 D01 vO3r05, Section 11.0.

Out-of-band emissions in restricted bands: KDB 558074 D01 v03r05, Section 12.1.

General Radiated Emissions: ANSI C63.10:2013 Sections 6.3-6.6

Line Conducted Emissions: ANSI C63.10:2013 Sections 6.2
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8. ANTENNA PORT TEST RESULTS

8.1.

LIMITS

None; for reporting purposes only.

PROCEDURE

KDB 558074 Zero-Span Spectrum Analyzer Method.

ON TIME AND DUTY CYCLE RESULTS

ON TIME, DUTY CYCLE AND MEASUREMENT METHODS

Mode ON Time | Period | Duty Cycle Duty Duty Cycle 1/B
B X Cycle Correction Factor | Minimum VBW
(msec) | (msec) | (linear) (%) (dB) (kHz)
BLE 0.430 0.624 0.689 68.88% 1.62 2.326

Test Performed: Niklas Haydon / Jeff Cabrera

Test Date: 2016-10-06
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DUTY CYCLE PLOTS

DUTY CYCLE BLE MODE

#  Agilent 89:46:12 Oct 6, 2016 L [Freq/Channel

APv5.3(091616),44383, Conducted 2 a Mkr3 6241 ps

_ Center Freq
Ref 20 dBin #htten |3@ dB 0.939 dB Il » 14000000 GHz
[

5 Start Freq
2.44000000 GHz

StopFreq
244000008 GHz

CF Step
BR000060 MHz
Auto Man

Center 2,440 @88 GHz
Res BW & MHz #YBH 50 MHz  Sweep 2.867 ms (1801 pts)

Marker Trace Type ¥ Axiz Amplituda
1R 1y Time 28E6.7 ps -9.28 dBm
la (1 Tima 429.9 pz 4,18 dB H
3R 1 Time 28E6.7 ps -9.28 dBm Slgnal Trag]ckf
s (1 Time E24.1 p= -08.94 dB ik

Freq Offset
0.000000008 Hz
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LIMITS

6 dB BANDWIDTH

FCC §15.247 (a) (2)

IC RSS-247 5.2 (1)

The minimum 6 dB bandwidth shall be at least 500 kHz.

RESULTS
Channel Frequency 6 dB Bandwidth Minimum Limit
(MH2z) (MH2z) (MH2z)
Low 2402 0.6480 0.5
Middle 2440 0.6380 0.5
High 2480 0.6600 0.5

Test Performed: Niklas Haydon / Jeff Cabrera
Test Date: 2016-10-07
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6 dB BANDWIDTH

6 dB BANDWIDTH LOW CH
st Agilent 13:01:44 Oct 7, 2016

L

| Measure

APv5.3(0916163,44389, Conducted 2
Ref 18 dBm #Atten 20 dB

a Mkrl 648 kHz
8.289 dB

#Peak

‘ Channel Power

‘ Meas Off
‘ Occupied BH

ACP

Center 2,402 @88 GHz

#Res BH 188 kHz #WBH 300 kHz

Span 2 MHz
Sweep 1 ms (18081 pts)

Multi Carrier
Power
Power Stat
CCDF

More
1of?2

6 dB BANDWIDTH MID CH
3 Agilent 12:44:39 Oct 7, 2016

L

| Measure

APv5.3(091616),44389, Conducted 2
Ref 18 dBm #Atten 20 dB

a Mkrl 638 kHz
3.248 dB

#Peak

‘ Meas Off
‘ Channel Power
‘ Occupied BH

ACP

Center 2,440 880 GHz

#ies BH 108 kHz #YBH 300 kHz

Span 2 MHz
Sweep 1 oms (1081 pts)

Multi Carrier
Power
Power Stat
CCDF

More

1of 2
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6 dB BANDWIDTH HIGH CH
s Agilent 13:09:04 Oct 7, 2016

L

| Measure

APw5.3(9916161,44383, Conducted 2
Ref 18 dBm #Htten 20 dB

a Mkrl 668 kHz
-0.256 dB

#Peak
Log

18
dB/

Offst

‘ Channel Power

‘ Meas Off
‘ Occupied BH

ACP

Center 2,480 060 GHz
#Res BH 100 kHz #BH 308 kHz

Span 2 MHz
Sweep 1 oms (1001 pts)

Multi Carrier
Power
Power Stat
CCDF

More
1of 2
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FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1
8.3. 99% BANDWIDTH
LIMITS

None; for reporting purposes only. Testing per RSS-Gen Clause 6.6.

TEST PROCEDURE

The transmitter output is connected to the spectrum analyzer. The RBW is set to 1% to 5% of
the 99 % bandwidth and to 1% of the span. The VBW is set to 3 times the RBW. The sweep
time is coupled. The spectrum analyzer internal 99% bandwidth function is utilized.

RESULTS
Channel Frequency 99% Bandwidth
(MH2z) (MHz)
Low 2402 1.0594
Middle 2440 1.0611
High 2480 1.0501

Test Performed: Niklas Haydon / Jeff Cabrera
Test Date: 2016-10-11
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99% BANDWIDTH

99% BANDWIDTH LOW CH
W@ Agilent 88:38:59 Oct 11, 2016 L

Measure

Ch Freq
Occupied Bandwidth

2.482 GHz

Trig Free
[Averages: 28 | |

Meas Off

Ref 18 dBm

AP5.3(091616),44389, Conducted 2
#Atten 20 dB

#Peak

&
.

Channel Power
‘ Occupied BH

Center 2,402 @88 GHz
#Res BH 16 kHz

Span 2 MHz

#YBH 51 kHz #3weep 100 ms (1001 pts)

ACP

Multi Carrier
Power

Transmit Freq Error
% dB Bandwuidth

Occupied Bandwidth
1.8594 MHz

18.942 kHz
1.228 MHz

Occ BH % Pwr 99.00
x dB -26.08 dB

Power Stat
CCDF

More
1of 2

99% BANDWIDTH MID CH
W Agilent 85:44:31 Oct 11, 2016 L

Measure

Ch Freq
Occupied Bandwidth

2.44 GHz

Trig Free
[Averages: 26 | |

Meas Off

Ref 18 dBm

APWG.3(091616),44389, Conducted 2
#Atten 20 dB

Channel Power

#Peak

<

‘ Occupied BH

Center 2,440 880 GHz
#Res BH 18 kHz

Span 2 MHz

#/BH 56 kHz #3neep 108 ms (1001 prs)

ACP

Multi Carrier
Power

Transmit Freq Error
% dB Bandwuidth

Occupied Bandwidth
1.6611 MHz

1.971 kHz
1.225 MHz

Occ BH % Pwr 99.00 %
x dB -26.88 dB

Power Stat
CCDF

More
1 of 2
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REPORT NO: R11039922-E2
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

99% BANDWIDTH HIGH CH
s Agilent 08:47:40 Oct 11, 2016

L

| Measure

Ch Freq
Occupied Bandwidth

2.48 GHz

Trig Free
[Averages: 26 | |

Meas Off

APw5.3(9916161,44383, Conducted 2
Ref 18 dBm #Htten 20 dB

Channel Power

#Peak

Log £

Occupied BH

18

dB/

Offst

11.7

dB

Center 2,480 800 GHz

#Res BH 18 kHz #YBH 56 kHz

Span 2 MHz
#Sneep 108 ms (1001 pts)

ACP

Multi Carrier
Power

Occupied Bandwidth
1.8501 MHz

-6.018 kHz
1.262 MHz

Transmit Freq Error
% dB Bandwuidth

Occ BH % Pwr 99.00 %
x dB -26.00 dB

Power Stat
CCDF

More
1of 2
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REPORT NO: R11039922-E2
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

8.4.

LIMITS

FCC §15.247 (b) (3)

IC RSS-247 5.4 (4)

OUTPUT POWER

FCC - For systems using digital modulation in the 902-928 MHz, 2400-2483.5 MHz, and 5725—
5850 MHz bands: 1 Watt, based on the use of antennas with directional gains that do not
exceed 6 dBi. If transmitting antennas of directional gain greater than 6 dBi are used, the
conducted output power from the intentional radiator shall be reduced by the amount in dB that

the directional gain of the antenna exceeds 6 dBi.

RSS - For DTSs employing digital modulation techniques operating in the bands 902-928 MHz
and 2400-2483.5 MHz, the maximum peak conducted output power shall not exceed 1W.
Except as provided in Section 5.4(5), the e.i.r.p. shall not exceed 4 W.

RESULTS
Channel Frequency Peak Power Limit Margin
Reading
(MHz2) (dBm) (dBm) (dB)
Low 2402 1.240 30 -28.760
Middle 2440 1.690 30 -28.310
High 2480 1.630 30 -28.370

Test Performed: Niklas Haydon / Jeff Cabrera

Test Date: 2016-10-06
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REPORT NO: R11039922-E2
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23

IC: 20364-TWSTSPK1

8.5.

LIMITS

None; for reporting purposes only.

RESULTS

AVERAGE POWER

The cable assembly insertion loss of 11.7 dB (including 10 dB pad and 1.7 dB cable) was

entered as an offset in the power meter to allow for direct reading of power.

Channel Frequency AV power
(MH2) (dBm)
Low 2402 1.15
Middle 2440 1.61
High 2480 1.55

NOTE: Gated Measurements

Page 25 of 58

UL LLC

12 Laboratory Dr., RTP, NC 27709

FORM NO: 03-EM-F00858
TEL: (919) 549-1400

This report shall not be reproduced except in full, without the written approval of UL LLC.



REPORT NO: R11039922-E2
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23

IC: 20364-TWSTSPK1

8.6.

LIMITS

POWER SPECTRAL DENSITY

FCC §15.247 (e)

IC RSS-247 5.2 (2)

The power spectral density conducted from the transmitter to the antenna shall not be greater
than 8 dBm in any 3 kHz to 100 kHz band during any time interval of continuous transmission.

RESULTS
Channel | Frequency PSD Limit Margin
(MHz) (dBm) (dBm) (dB)
Low 2402 -1.05 8 -9.05
Middle 2440 -3.90 8 -11.90
High 2480 -1.65 8 -9.65

Test Performed: Niklas Haydon / Jeff Cabrera
Test Date: 2016-10-11, 2016-10-25
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REPORT NO: R11039922-E2
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

POWER SPECTRAL DENSITY

PSD LOW CH

@ Agilent 85:40:28 Oct 11, 2016

L

Ref 38 dBm

APYE.3(091616),44389, Conducted 2
#Atten 40 dB

Mkrl 2.401 988 GHz
-1.848 dBm

#Peak

‘ Meas Off

Channel Power
‘ Occupied BH

‘ ACP

Center 2,402 800 GHz
#Res BH 3 kHz

#YBH 9.1 kHz

Span 2 MHz
Sweep 212.3 ms (1001 pts)

Multi Carrier
Power
Power Stat
CCDF

More
1of 2
I

PSD MID CH

W Agilent 14:02:69 Oct 25, 2016

R T

Measure

Ref 38 dBm

APwG.3(@91616),44389, Conducted 2
#Atten 48 dB

Mkrl 2.439 998 GHz
-3.983 dBm

#Peak

Meas Off

Channel Power

Occupied BH

ACP

Center 2.440 800 GHz
#Res BW 3 kHz

#YBH 9.1 kHz

Span 2 MHz
Sweep 212.3 ms (1001 pts)

Multi Carrier
Power

Power Stat
CCDF
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REPORT NO: R11039922-E2 DATE: 2016-11-23
FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1

PSD HIGH CH
W Agilent 88:48:30 Oct 11, 2016 L | Measure

APv5.3(091616),44383, Conducted 2 Mkrl 2.479 988 GHz

Ref 38 dBm #Atten 48 dB -1.652 dBm Meas Off
#Peak ‘

Log

10 Channel P

ey annel Power
Offst

‘ Occupied BH

‘ ACP

Multi Carrier
Power
Power Stat
CCDF

Center 2.430 060 GHz Span 2 MHz 1”‘;]{‘;

#Res BH 3 kHz #UBH 9.1 kHz  Sweep 212.3 ms (1001 pts)
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REPORT NO: R11039922-E2 DATE: 2016-11-23
FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1

8.7. CONDUCTED SPURIOUS EMISSIONS

LIMITS

FCC §15.247 (d)
IC RSS-247 5.5

Output power was measured based on the use of a peak measurement, therefore the required
attenuation is 20 dB.

Test Performed: Niklas Haydon / Jeff Cabrera
Test Date: 2016-10-07
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REPORT NO: R11039922-E2 DATE: 2016-11-23
FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1

RESULTS

SPURIOUS EMISSIONS, LOW CHANNEL

LOW CH BANDEDGE
% Agilent 13:03:58 Oct 7, 2016 L

APw5.3(0916161,44383, Conducted 2 Mkrz 2.400 B8 GHz

Ref 28 dBm #Atten 30 dB -41.48 dBm Meas Off
Feak

Channel Power

Occupied BH

#PAvg

Center 2.400 88 GHz Span 18 MHz
#Res BH 106 kHz #\BH 306 kHz Sweep 1 ms (1601 pts)

Marker Trace Type ¥ Axiz Amplituda
1 1 Freg 2,399 78 GHz -39.47 dEm
2 D] Frag 2,468 B GHz -41.48 dBm Power Stat

CCDF

‘ ACP

Multi Carrier
Power

More
1of 2

LOW CH SPURIOUS
# Agilent 13:04:52 Oct 7, 2016 L [ Measure

AFw5.3(9916161,44383, Conducted 2 Mkrd 2.357 GHz

Ref 18 dBm #Atten 20 dB -47.312 dBm Meas Off
#Peak 1

Channel Power

Occupied BH

‘ ACP

Center 13.815 GHz Span 25.97 GHz
#Res BW 100 kHz #\BKW 308 kHz Sweep 2.482 5 (8192 pts)

Markear Trace ¥ Axiz Amnplitude
1 (1> 2.482 GHz -2.38 dBn
2 (1> 4.884 GH=z -GE.72 dBm Power Stat
3 (1 7.286 GHz -57.87 dBEm CCDF
4 (&) 2.357 GH= -47.31 dBm

Multi Carrier
Power

More
1 of 2
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DATE: 2016-11-23
IC: 20364-TWSTSPK1

REPORT NO: R11039922-E2
FCC ID: 2AE49-TWSTSPK1

SPURIOUS EMISSIONS, MID CHANNEL

MID CH BANDEDGE

- Agilent 12:48:54 Oct 7, 2016

L | Measure

APw5.3(9916161,44383, Conducted 2
Ref 28 dBm #Htten 30 dB

Mkrl 2.439 99 GHz
-2.594 dBm ‘ Meas Off
Peak
Log
10 Channel P
4B/ annel Power
Offst
11.7
‘ Occupied BH
‘ RCP
Multi Carrier
Power
Power Stat
CCDF

More
1of 2

Span 18 MHz
Sweep 1 oms (1001 pts)

Center 2.440 08 GHz
#Res BH 100 kHz

#YBH 300 kHz

MID CH SPURIOUS
25 Agilent 12:49:47 Oct 7, 2016 L

APv5.3(991616),44389, Conducted 2 Mkrd 2.547 GHz
Ref 18 dBm #Atten 20 dB -46.164 dBm
#Peak 1
Log e
1@

dB/
Offst

| Measure

Meas Off

Channel Power

Occupied BH

|
‘ ACP

Span 25.97 GHz
Sweep 2,482 5 (8192 pts)
Amplitude
-3.56 dBEn
-BA.45 dBn
-57.82 dBn
-46.16 dBn

Center 13.815 GHz
#Res BW 100 kHz

Trace

Multi Carrier

#YBH 300 kHz Power

# Axis
2.448 GHz
4,888 GHz
7.328 GHz
2.547 GHz

Marker

Power Stat
CCDF
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REPORT NO: R11039922-E2
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

SPURIOUS EMISSIONS, HIGH CHANNEL

HIGH CH BANDEDGE
% Agilent 13:16:53 Oct 7, 2616

L

Measure

Ref 28 dBm

APw5.3(0916161,44383, Conducted 2

#Atten 30 dB

Mkrz 2.483 B3 GHz

-46.61 dBm

Feak

Meas Off

Channel Power

\ ‘ Occupied BH

ACP

Center 2,483 58 GHz
#Res BH 100 kHz

#YBH 300 kHz

Span 18 MHz
Sweep 1 ms (1601 pts)

Marker
1
2

Trace
(6 D]
[&}]

X Auiz
2.483 5A GHz
2,483 B3 GHz

Amplitude
-49.63 dEm
-46.61 dBm

Multi Carrier
Power

Power Stat
CCDF
More
1of 2

HIGH CH SPURIOUS

- Agilent 13:11:56 Oct 7, 2616

L

| Measure

Ref 18 dBm

APw5.3(9916161,44383, Conducted 2

#Atten 20 dB

Mkrd 25.822 GHz

-47.964 dBm

#Peak

Meas Off

Log
1@

1
9

dB/

Offst

Channel Power

Occupied BH

ACP

Center 13.815 GHz
#Res BW 100 kHz

#YBH 300 kHz

Span 25.97 GHz
Sweep 2,482 5 (8192 pts)

Marker
1

2
E]
4

Trace
[&h]
(1
[&h]
(1>

Type
Frag
Freg
Frag
Freg

# Axis
2.488 GHz
4,968 GHz
7.448 GHz

25.822 GHz

Amplitude
-3.85 dBm
-E2.22 dBEm
-57.25 dBm
-47.96 dBEm

Multi Carrier
Power

Power Stat
CCDF
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REPORT NO: R11039922-E2
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

9. RADIATED TEST RESULTS

9.1. LIMITS AND PROCEDURE

LIMITS

FCC §15.205, 8§15.209, 815.247 (d)

IC RSS-GEN Clause 8.9 (Transmitter)

Frequency Range Field Strength Limit Field Strength Limit
(MHz) (uV/m) at 3m (dBuV/m) at 3 m
0.009-0.490 2400/f(kHz) (at 300 m) -
0.490-1.705 24000/f(kHz) (at 30 m) -
1.705-30.0 30 (at 30 m) -
30 - 88 100 40
88 - 216 150 43.5
216 - 960 200 46
Above 960 500 54

TEST PROCEDURE

The EUT is placed on a non-conducting table 80 cm above the ground plane for below 1GHz
measurements and 1.5 m above the ground plane for above 1GHz measurements. The antenna

to EUT distance is 3 meters.

For measurements below 1 GHz the resolution bandwidth is set to 120 kHz for peak detection
measurements or 120 kHz for quasi-peak detection measurements for the 30-1000 MHz range,
9 kHz for peak detection measurements or 9 kHz for quasi-peak detection measurements for
the 0.15-30 MHz range and 200 Hz for peak detection measurements or 200 Hz for quasi-peak
detection measurements for the 9 to 150 kHz range. Peak detection is used unless otherwise

noted as quasi-peak.

For peak measurements above 1 GHz, the resolution bandwidth is set to 1 MHz and the video
bandwidth is set to 3 MHz. For average measurements above 1GHz, the resolution bandwidth
and video bandwidth are set as described in ANSI C63.10:2013 for the applicable
measurement. For this evaluation, RMS Power Averaging was used and the resolution/video

bandwidth settings were 1MHz/3MHz.

The spectrum from 9 kHz to 26 GHz is investigated with the transmitter set to the lowest,
middle, and highest channels in each applicable band.

The frequency range of interest is monitored at a fixed antenna height and EUT azimuth. The
EUT is rotated through 360 degrees to maximize emissions received. The antenna is scanned
from 1 to 4 meters above the ground plane to further maximize the emission. Measurements are
made with the antenna polarized in both the vertical and the horizontal positions.
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REPORT NO: R11039922-E2
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

9.2.

TRANSMITTER ABOVE 1 GHz

9.2.1. TX ABOVE 1 GHz FOR BLE MODE IN THE 2.4 GHz BAND

RESTRICTED BANDEDGE (LOW CHANNEL, HORIZONTAL)

(ogUl Morrisville - South Chomber 18 Oct 2816  I1:14:16
Restricted Borndedge
15 Bl 10922
Config:FCCE3 Light Sample
Mode :BLE Z482MH=
185 Tested by:Brion Kiewra/ Jeffrey Cobrera
95 fp i
i
85 b
- T
= {
] | \
Averacge L t ]
| |
45 s 'J‘ \WM prrrT) ke e o diia b ek Ly MMMW 4 »‘ o H‘] T
W T ' ‘ "
35 e - ﬂ W]
2.31 T2 5MHz/ 2. 415
Freguency (GHz)
Range (6122 FEW/GI Rafl/Alin  Dst/Avg Type Surap Pls  $ompe/Mode  Label Rangs (Gliz) FEN/UBI Ref/Alin  Osb/fvg Typs Sweep Pls  foupa/fiode  Label
1:2.31-2.415 IMC-6d8)/3M 187/18 PEAK/Pur Avg(RMS)  28nsecliuto) 8D HAXI Hor izontal 2.415 H B M i AUER/F g (R 2 [ 80 108 TAl % ta 1
Low CH Bondedge - H.TST Rev 9.5 20 Sep 2616
Trace Markers
Marker|Frequency| Meter | Det AF Amp/Cbl/ |DC Corr|Corrected| Average |Margin| Peak Limit| PK |Azimuth|Height|Polarity
(GHz) |[Reading AT0069 | Fltr/Pad (dB) | Reading Limit (dB) | (dBuV/m) [Margin| (Degs) | (cm)
(dBuv) (dB/m) (dB) (dBuV/m)| (dBuV/m) (dB)
1 *2.39 41.93 | Pk 32.2 -24.1 0 50.03 - 74 -23.97 | 135 205 H
2 *2.373 | 50.15 | Pk 32 -24 0 58.15 - - 74 -15.85| 135 205 H
3 *2.39 2491 |RMS 32.2 -24.1 1.62 34.63 54 -19.37 135 205 H
4 *2.374 | 33.42 |RMS 32 -24 1.62 43.04 54 -10.96 135 205 H

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band

Pk - Peak detector
RMS - RMS detection
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REPORT NO: R11039922-E2
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

RESTRICTED BANDEDGE (LOW CHANNEL, VERTICAL)

(25Ul Morrisville - South Chomber 1B Oct 20816  11:38:12
Restricted Bondedge
115 Project Number:!1839922
. Client tro
183
95
85
®
3 79
4
65
55! Hverage L t 2 . .
: |
iy
451 e i
4
Q
35 3
Q
2.3 18, BMHz/ 2 415
Frequency (GHz)
Range (812} FEW/VGI Rel/Altn  DstrAvg Type Surep Pls  #owps/tode  Label Range (Gllz) FEW/ VB Ref7Alin  Osbifvg Typa Swoep Plo  Fope/Mde  Label
Low CH Bordedge - U.TST Rev 9.5 28 Sep 2616
Trace Markers
Marker|Frequency| Meter | Det AF Amp/Cbl/ |DC Corr|Corrected| Average |Margin| Peak Limit| PK |Azimuth|Height|Polarity
(GHz) |[Reading AT0069 | Fltr/Pad (dB) | Reading Limit (dB) | (dBuV/m) [Margin| (Degs) | (cm)
(dBuv) (dB/m) (dB) (dBuV/m)| (dBuV/m) (dB)
1 *2.39 39.89 | Pk 32.2 -24.1 0 47.99 - 74 -26.01 176 228 \Y
2 *2.373 | 46.92 | Pk 32 -24 0 54.92 - - 74 -19.08 176 228 \Y
3 *2.39 25.07 |RMS 32.2 -24.1 1.62 34.79 54 -19.21 - 176 228 \Y
4 *2.373 | 30.37 |RMS 32 -24 1.62 39.99 54 -14.01 176 228 Vv

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band

Pk - Peak detector
RMS - RMS detection
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REPORT NO: R11039922-E2
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

RESTRICTED BANDEDGE (HIGH CHANNEL, HORIZONTAL)

1ogUl Morrisville - Seuth Chember 18 Oct 2816 14:59:28
Restricted Bondedge
JES B e o2
Config:FCCE3 Light Somple
Mode BLE 2482 MH=z
=S Tested by:Bricon Kiewra/ Jeffrey Cobrera
a5 !
[\
5 i
R 85 ‘f \
=
{ .
é 75| . / ‘\‘ ‘ !
6 AR G-
- f II T\""EW | 'JQ t CdBuU/m)
45|y o \ ’Ii o 4 ¥ ST T I N i) ik i’ y TR Y117 O AP O NPT T O S [P ) 7 Y |
'l P W“MW —— .
35 M\“ww w../'l Mo
2.46 168, 3MH=/ 2 luJ
Freguency (GHz)
Range (612} FEW/VGI Rel/ALtn  DstrAvg Type Surep Pls  #owps/tode  Label Rangs (Gliz} FEW/VBI Ref7ALin  Osbifvg Typa Sweep Plo  fowps/Mds  Label
1:2.46-2.9%63 IMC-68) /M 187/12 PEAK/Pur Avg(RM3)  Z@nseclAuto) 08B  MAXH Horizontal 96-2.5 M L M i ALER/F Avg (R 20ns e §od 194TA! L ta 1
PLE_248@_HORZ .DAT Rev 9.5 28 Sep 2616
Trace Markers
Marker|Frequency| Meter | Det AF Amp/Cbl/ |DC Corr|Corrected| Average |Margin| Peak Limit| PK |Azimuth|Height|Polarity
(GHz) |[Reading AT0069 | Fltr/Pad (dB) | Reading Limit (dB) | (dBuV/m) [Margin| (Degs) | (cm)
(dBuv) (dB/m) (dB) (dBuV/m)| (dBuV/m) (dB)
1 *2.484 | 54.35 | Pk 324 -24.6 0 62.15 - 74 -11.85| 132 195 H
2 *2.484 | 54.52 | Pk 324 -24.6 0 62.32 - - 74 -11.68 | 132 195 H
3 *2.484 | 31.22 |RMS 324 -24.6 1.62 40.64 54 -13.36 - 132 195 H
4 *2.495 | 35.62 |RMS 32.4 -24.6 1.62 45.04 54 -8.96 132 195 H

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
Pk - Peak detector
RMS - RMS detection
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REPORT NO: R11039922-E2
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

RESTRICTED BANDEDGE (HIGH CHANNEL, VERTICAL)

|osll Morrisville - South Chember 18 Oct 2816  15:08:14
Restricted Bondedge
115 ’F'T?Pjist Nz:\‘:er‘,\ 1839922
Config:FCCE3 Light Sample
Mode BLE 2488 MH=z
1@s| Tested by:Bricon Kiewra/ Jeffrey Cobrera
a5
85
z
3 75
2
65
g
4
Average Lifpit CdBuU/m)
55 i
45 o a4y
a a
35
2.46 18, 3MHz/ 2503
Freguency (GHz)
Range (612} FEW/VGI Rel/Alin  Dot/fvg Type Sueey Pls  #owps/tode  Label Rangs (Gliz} FEW/ VB Ref/Aiin  Det/fvy Typa Swcep Pls  Fowpa/fide  Label
ligh CH Bondedge - VU.TST Rev 9.5 28 Sep 2616
Trace Markers
Marker|Frequency| Meter | Det | AF AT0O069 | Amp/Cbl/ | DC Corr |Corrected| Average |Margin| Peak Limit PK  |Azimuth|Height [Polarity
(GHz) |[Reading (dB/m) Fltr/Pad (dB) Reading Limit (dB) | (dBuV/m) | Margin | (Degs) | (cm)
(dBuv) (dB) (dBuV/m)| (dBuV/m) (dB)
1 *2.484 52.4 Pk 324 -24.6 0 60.2 - 74 -13.8 175 302 \Y
2 *2.484 | 52.69 Pk 324 -24.6 0 60.49 - - 74 -13.51 175 302 \Y
3 *2.484 | 32.78 | RMS 324 -24.6 1.62 42.20 54 -11.80 - 175 302 \Y
4 *2.495 | 34.82 | RMS 32.5 -24.6 1.62 44.34 54 -9.66 175 302 \Y

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band

Pk - Peak detector

RMS - RMS detection
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REPORT NO: R11039922-E2
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

HARMONICS AND SPURIOUS EMISSIONS

LOW CHANNEL

Page 38 of 58

| Uk Morrisville = Seuth Chamber 18 Oct 2816  11:45:54
5 :
Radiaoted Emissions 3-Meters
Project Numbsr: 11039922
L Client:Astro
Comfig:FCCH3 Light Sample
Mode :BLE z2482MHz
a5 | Tested by:Brion Kiewra/ JelTrey Cobrera
Y u
85
re m m
75
G
3 E5
3
~ Avg Limit CdBul/m) rj\%@
55t :
- LT
% b 5
= 9
e ‘f‘ . 7 oo 5 € a
STE SR o4 sk
¥ 5y @ gee I % w 14 3 P
‘ 3 2 P bl VG 0Bt IR
35 iR e ogsr it g :
25
1 ] 8
Frequency (GHz)
Rangs (0Hz) REA/VED Ref/Attn  Det/fvg lype Sueep Pts  #9ups/tiade  Label Range (CHz) Ref/Attn  Uet/fvg Tyse Sweep Pis  Eups/lode  Label
" (B IBT/D PO/ Thgti) e e sscatal | 10 B P Mgt o e sz0atal
Rev 9.5 28 Sep 2016
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REPORT NO: R11039922-E2 DATE: 2016-11-23
FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1

Trace Markers

Marker|Frequency| Meter | Det AF Amp/Cbl/ |DC Corr|Corrected| Avg Limit |Margin|Peak Limit| PK [Azimuth|Height|Polarity
(GHz) |Reading AT0069 | Fltr/Pad (dB) | Reading | (dBuV/m) | (dB) | (dBuV/m) |Margin| (Degs) | (cm)
(dBuV) (dB/m) (dB) (dBuV/m) (dB)

1 *1.08 | 43.82 | PK2 27.5 -24.4 0 46.92 - - 74 -27.08 12 125 H
*1.08 39.1 | MAvl | 275 -24.4 1.62 43.82 54 -10.18 - - 12 125 H
2 *1.2 42.23 | PK2 28.3 -23.8 0 46.73 - - 74 -27.27 | 357 194 H
*1.2 37.03 | MAvl | 28.3 -23.8 1.62 43.15 54 -10.85 - - 357 194 H
3 *1.32 | 38.16 | PK2 28.8 -23.1 0 43.86 - - 74 -30.14 | 130 112 H
*1.32 | 29.71 | MAvl | 28.8 -23.1 1.62 37.03 54 -16.97 - - 130 112 H
4 *1.44 | 38.04 | PK2 28.4 -22.7 0 43.74 - - 74 -30.26 | 168 238 H
*1.44 | 2853 | MAvl | 284 -22.7 1.62 35.85 54 -18.15 - - 168 238 H
5 *1.68 | 41.66 | PK2 28.9 -22.1 0 48.46 - - 74 -25.54 | 107 286 H
*1.68 | 3534 | MAvl | 289 -22.1 1.62 43.76 54 -10.24 - - 107 286 H
8 *2.317 | 46.88 | PK2 31.7 -23.7 0 54.88 - - 74 -19.12 | 139 199 H
*2.317 | 30.97 | MAvl | 31.7 -23.7 1.62 40.59 54 -13.41 - - 139 199 H
9 *2.373 | 49.96 | PK2 32 -24 0 57.96 - - 74 -16.04 | 131 183 H
*2.373 | 30.46 | MAvl 32 -24 1.62 40.08 54 -13.92 - - 131 183 H
13 *2.88 | 39.93 | PK2 32.7 -26.1 0 46.53 - - 74 -27.47 | 139 144 H
*2.88 |29.93 | MAvl | 32.7 -26.1 1.62 38.15 54 -15.85 - - 139 144 H
16 *1.08 | 45.45 | PK2 27.5 -24.4 0 48.55 - - 74 -25.45| 329 213 \%
*1.08 | 41.69 | MAvl | 275 -24.4 1.62 46.41 54 -7.59 - - 329 213 \Y
17 *1.2 4132 | PK2 28.3 -23.8 0 45.82 - - 74 -28.18 | 316 124 \Y
*1.2 35.86 | MAvl | 28.3 -23.8 1.62 41.98 54 -12.02 - - 316 124 \Y
18 *1.32 | 39.87 | PK2 28.8 -23.1 0 45.57 - - 74 -28.43 | 92 112 \Y
*1.32 | 3294 | MAvl | 288 -23.1 1.62 40.26 54 -13.74 - - 92 112 \Y
19 *1.44 | 40.12 | PK2 28.4 -22.7 0 45.82 - - 74 -28.18 | 139 105 \%
*1.44 | 32.85 | MAvl | 284 -22.7 1.62 40.17 54 -13.83 - - 139 105 \Y
20 *1.68 | 39.22 | PK2 28.9 -22.1 0 46.02 - - 74 -27.98 | 286 107 \Y
*1.68 | 31.27 | MAvl | 289 -22.1 1.62 39.69 54 -14.31 - - 286 107 \%
23 *2317 | 45.8 PK2 31.7 -23.7 0 53.8 - - 74 -20.2 197 279 \%
*2.317 | 3042 | MAvl | 31.7 -23.7 1.62 40.04 54 -13.96 - - 197 279 \Y
24 *2373 | 47.46 | PK2 32 -24 0 55.46 - - 74 -18.54 | 165 372 \Y
*2.373 | 28.13 | MAvl 32 -24 1.62 37.75 54 -16.25 - - 165 372 \%
28 *2.88 | 4094 | PK2 32.7 -26.1 0 47.54 - - 74 -26.46 | 244 112 \Y%
*2.88 | 32.01 | MAvl| 327 -26.1 1.62 40.23 54 -13.77 - - 244 112 \Y
14 *4.803 | 45.52 | PK2 34 -31.1 0 48.42 - - 74 -25.58 | 147 198 H
*4.804 | 30.31 | MAvl 34 -31.1 1.62 34.83 54 -19.17 - - 147 198 H
29 *4.803 | 48.59 | PK2 34 -31.1 0 51.49 - - 74 -22.51| 310 | 200 \%
*4.804 33 MAv1 34 -31.1 1.62 37.52 54 -16.48 - - 310 | 200 \%
6 1.92 32.71 Pk 30.9 -22.4 0 41.21 - - - - 0-360 | 101 H
21 1.92 33.18 Pk 30.9 -22.4 0 41.68 - - - - 0-360 | 199 \Y
7 2.16 36.01 Pk 31.7 -23.1 0 44.61 - - - - 0-360 | 199 H
22 2.16 33.41 Pk 31.7 -23.1 0 42.01 - - - - 0-360 | 101 \%
10 2434 | 49.48 Pk 32.3 -24.3 0 57.48 - - - - 0-360 | 199 H
25 2.434 | 48.03 Pk 32.3 -24.3 0 56.03 - - - - 0-360 | 199 \Y
11 2.448 43.3 Pk 32.3 -24.4 0 51.2 - - - - 0-360 | 199 H
26 2.448 | 39.98 Pk 32.3 -24.4 0 47.88 - - - - 0-360 | 199 \%
12 2.64 32.47 Pk 32.5 -25.5 0 39.47 - - - - 0-360 | 101 H
27 2.64 36.85 Pk 32.5 -25.5 0 43.85 - - - - 0-360 | 199 \Y
15 7.206 | 35.01 Pk 35.6 -28.3 0 42.31 - - - - 0-360 | 101 H
30 7.206 | 36.23 Pk 35.6 -28.3 0 43.53 - - - - 0-360 | 101 \%

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band

Pk - Peak detector

PK2 - Maximum Peak

MAv1 - Maximum RMS Average

Note: Plot above represents a prescan. All final measurements were made at RBW/VBW = 1MHz/3MHz.
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REPORT NO: R11039922-E2
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

MID CHANNEL

SUL Morrisville

South Chamber

18 Oct 2816 B9:35:56

11
Radiated Emissions 3-Meters
- Praject Mumber: | 1839922
185} Client:Astro
ConfigiFCCEI Light Sample
Mode :BLE 2448MHz
[=]] — Tested by:Brion Kiewra/ Jeffrey Cobrera
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Ronge (8123 FEWAGH Ref/ALtn  Oet/vg Tupe Sarzp Fis  ipsiode  Lobel Range GIls) B Ref/Attn  Getivg Type Suep Fis  Tows/tiods  Label
1:1-3 IMC-6d8) /38 187/18 PEAK/Pur Avg(RMS)  T7nsact ) 60 MAXH Hor i zonta | 3:3-18 1M(-6dB) /30 87/0 PERK/Pur Hvg (R STdnsectiuto) 18k MAXH Har i zontal

FCC PortiSC 2.4GHz RSE.TST
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REPORT NO: R11039922-E2 DATE: 2016-11-23
FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1

Trace Markers

Marker|Frequency| Meter | Det AF Amp/Cbl/ DC |Corrected| AvgLimit |Margin|PeakLimit| PK |Azimuth|Height|Polarity
(GHz) |[Reading AT0069 | Fltr/Pad Corr | Reading | (dBuv/m) | (dB) | (dBuV/m) |[Margin| (Degs) | (cm)
(dBuv) (dB/m) (dB) (dB) |(dBuV/m) (dB)

1 *1.08 45.18 | PK2 27.5 -24.4 0 48.28 - - 74 -25.72 | 360 133 H
*1.08 40.89 | MAvl | 27.5 -24.4 1.62 45.61 54 -8.39 - - 360 133 H
2 *1.2 43 PK2 28.3 -23.8 0 47.5 - - 74 -26.5 360 240 H
*1.2 37.82 |MAvl| 283 -23.8 1.62 43.94 54 -10.06 - - 360 240 H
3 *1.32 38.24 | PK2 28.8 -23.1 0 43.94 - - 74 -30.06 | 136 111 H
*1.32 29.94 | MAvl| 28.38 -23.1 1.62 37.26 54 -16.74 - - 136 111 H
4 *1.44 38.17 | PK2 28.4 -22.7 0 43.87 - - 74 -30.13| 131 101 H
*1.44 29.05 |MAvl| 284 -22.7 1.62 36.37 54 -17.63 - - 131 101 H
5 *2.496 | 49.17 | PK2 32.5 -24.6 0 57.07 - - 74 -16.93 | 168 103 H
*2.496 | 32.87 |MAvl | 325 -24.6 1.62 42.39 54 -11.61 - - 168 103 H
10 *1.08 46.86 | PK2 27.5 -24.4 0 49.96 - - 74 -24.04| 326 200 Vv
*1.08 433 [MAvl | 275 -24.4 1.62 48.02 54 -5.98 - - 326 200 \Y
14 *1.2 41.85 | PK2 28.3 -23.8 0 46.35 - - 74 -27.65| 309 102 \Y
*1.2 35.99 |MAvl| 283 -23.8 1.62 42.11 54 -11.89 - - 309 102 \Y
15 *1.32 40.08 | PK2 28.8 -23.1 0 45.78 - - 74 -28.22 | 164 147 Vv
*1.32 3291 |MAvl| 28.38 -23.1 1.62 40.23 54 -13.77 - - 164 147 Vv
16 *1.44 40.16 | PK2 28.4 -22.7 0 45.86 - - 74 -28.14 | 123 106 \Y
*1.44 32.98 |MAvl| 284 -22.7 1.62 40.3 54 -13.7 - - 123 106 \Y
17 *2.496 | 51.88 | PK2 32.5 -24.6 0 59.78 - - 74 -14.22 | 182 298 \Y
*2.496 | 34.19 |MAvl| 325 -24.6 1.62 43.71 54 -10.29 - - 182 298 Vv
22 *4.879 | 43.38 | PK2 34.1 -31 0 46.48 - - 74 -27.52| 306 106 H
*4.88 28.98 |MAvl | 341 -31 1.62 33.7 54 -20.3 - - 306 106 H
12 *7.32 43.55 | PK2 35.5 -27.9 0 51.15 - - 74 -22.85| 154 102 H
*7.32 35.89 | MAvl| 355 -27.9 1.62 45.11 54 -8.89 - - 154 102 H
13 *4.879 | 47.15 | PK2 34.1 -31 0 50.25 - - 74 -23.75| 287 212 Vv
*4.88 32.16 |MAvl | 341 -31 1.62 36.88 54 -17.12 - - 287 212 \Y
23 *7.32 43.41 | PK2 35.5 -27.9 0 51.01 - - 74 -22.99| 120 197 \Y
*7.32 35.98 |MAvl| 355 -27.9 1.62 45.2 54 -8.8 - - 120 197 \Y
24 *1.08 45.18 | PK2 27.5 -24.4 0 48.28 - - 74 -25.72| 360 133 H
*1.08 40.89 | MAvl | 27.5 -24.4 1.62 45.61 54 -8.39 - - 360 133 H
6 1.92 33.16 Pk 30.9 -224 0 41.66 - - - - 0-360 | 101 H
18 1.92 32.61 Pk 30.9 -22.4 0 41.11 - - - - 0-360 | 199 \Y
7 2.16 37.3 Pk 31.7 -23.1 0 45.9 - - - - 0-360 | 199 H
19 2.16 3391 Pk 31.7 -23.1 0 42.51 - - - - 0-360 | 199 \Y
8 2.4 36.82 Pk 323 -24.1 0 45.02 - - - - 0-360 | 199 H
20 2.4 35.71 Pk 323 -24.1 0 4391 - - - - 0-360 | 101 \Y
9 2.464 49.93 Pk 32.3 -24.5 0 57.73 - - - - 0-360 | 199 H
21 2.464 46.44 Pk 32.3 -24.5 0 54.24 - - - - 0-360 | 101 Vv
11 2.567 47.31 Pk 32.4 -25.1 0 54.61 - - - - 0-360 | 199 H
25 2.567 459 Pk 32.4 -25.1 0 53.2 - - - - 0-360 | 199 \Y

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band

Pk - Peak detector

PK2 - Maximum Peak

MAv1 - Maximum RMS Average

Note: Plot above represents a prescan. All final measurements were made at RBW/VBW = 1MHz/3MHz.
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REPORT NO: R11039922-E2 DATE: 2016-11-23
FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1

HIGH CHANNEL

UL Morrisvil le = South Chamber 18 Qct 2816 13:26:368

115 T
Rodiated Emissions 3-Meters
Project Number: 11839922

185 Client:Astro

Config:FCC#3 Light Sample

Made : BLE 24B8MHz

a5 Tested by:Brien Kiewra/ Jeffrey Cobrera
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REPORT NO: R11039922-E2 DATE: 2016-11-23
FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1

Trace Markers

Marker|Frequency| Meter | Det AF Amp/Cbl/ DC |Corrected| AvgLimit |Margin|PeakLimit| PK |Azimuth|Height|Polarity
(GHz) |[Reading AT0069 | Fltr/Pad Corr | Reading | (dBuv/m) | (dB) | (dBuV/m) |[Margin| (Degs) | (cm)
(dBuv) (dB/m) (dB) (dB) |(dBuV/m) (dB)

1 *1.08 43.88 | PK2 27.5 -24.4 0 46.98 - - 74 -27.02 | 216 277 H
*1.08 39.64 | MAvl| 275 -24.4 1.62 44.36 54 -9.64 - - 216 277 H
2 *1.2 42.38 | PK2 28.3 -23.8 0 46.88 - - 74 -27.12 | 357 200 H
*1.2 37.31 |MAvl| 283 -23.8 1.62 43.43 54 -10.57 - - 357 200 H
3 *1.32 3791 | PK2 28.8 -23.1 0 43.61 - - 74 -30.39 | 117 112 H
*1.32 29.69 | MAvl| 28.8 -23.1 1.62 37.01 54 -16.99 - - 117 112 H
4 *1.44 39.23 | PK2 28.4 -22.7 0 44.93 - - 74 -29.07 | 160 139 H
*1.44 31.27 |MAvl | 284 -22.7 1.62 38.59 54 -15.41 - - 160 139 H
5 *1.68 41.7 PK2 28.9 -22.1 0 48.5 - - 74 -25.5 106 289 H
*1.68 35.37 |MAvl | 28.9 -22.1 1.62 43.79 54 -10.21 - - 106 289 H
11 *2.495 | 51.95 | PK2 32.5 -24.6 0 59.85 - - 74 -14.15| 144 182 H
*2.495 33.8 |MAvl| 325 -24.6 1.62 43.32 54 -10.68 - - 144 182 H
13 *2.88 39.62 | PK2 32.7 -26.1 0 46.22 - - 74 -27.78 | 127 140 H
*2.88 29.75 |MAvl | 32.7 -26.1 1.62 37.97 54 -16.03 - - 127 140 H
16 *1.08 45.68 | PK2 27.5 -24.4 0 48.78 - - 74 -25.22 | 325 171 Vv
*1.08 4192 | MAvl | 27.5 -24.4 1.62 46.64 54 -7.36 - - 325 171 Vv
17 *1.2 41.62 | PK2 28.3 -23.8 0 46.12 - - 74 -27.88 | 321 123 \Y
*1.2 35.81 |MAvl| 283 -23.8 1.62 41.93 54 -12.07 - - 321 123 \Y
18 *1.32 40.22 | PK2 28.8 -23.1 0 45.92 - - 74 -28.08 89 102 \Y
*1.32 33.01 | MAvl| 28.38 -23.1 1.62 40.33 54 -13.67 - - 89 102 Vv
19 *1.44 40.05 | PK2 28.4 -22.7 0 45.75 - - 74 -28.25| 136 104 \Y
*1.44 32.84 |MAvl| 284 -22.7 1.62 40.16 54 -13.84 - - 136 104 \Y
20 *1.68 39.15 | PK2 28.9 -22.1 0 45.95 - - 74 -28.05| 291 109 \Y
*1.68 31.38 | MAvl| 28.9 -22.1 1.62 39.8 54 -14.2 - - 291 109 Vv
26 *2.495 | 51.37 | PK2 32.5 -24.6 0 59.27 - - 74 -14.73| 173 337 Vv
*2.495 | 34.78 |MAvl | 325 -24.6 1.62 44.3 54 -9.7 - - 173 337 \Y
28 *2.88 41.05 | PK2 32.7 -26.1 0 47.65 - - 74 -26.35| 239 115 \Y
*2.88 32.31 |MAvl | 32.7 -26.1 1.62 40.53 54 -13.47 - - 239 115 \Y
14 *4.959 | 45.27 | PK2 34.1 -31.3 0 48.07 - - 74 -25.93| 146 166 H
*4.96 32.07 |MAvl| 341 -31.3 1.62 36.49 54 -17.51 - - 146 166 H
15 *7.44 41.82 | PK2 35.5 -28.2 0 49.12 - - 74 -24.88 | 157 105 H
*7.44 33 MAv1 | 355 -28.1 1.62 42.02 54 -11.98 - - 157 105 H
29 *4.959 | 48.52 | PK2 34.1 -31.3 0 51.32 - - 74 -22.68 | 307 223 Vv
*4.96 35.63 |MAvl | 341 -313 1.62 40.05 54 -13.95 - - 307 223 \Y
30 *7.441 41.1 PK2 35.5 -28.2 0 48.4 - - 74 -25.6 331 166 \Y
*7.44 32.22 |MAvl| 355 -28.1 1.62 41.24 54 -12.76 - - 331 166 \Y
6 1.919 32.39 Pk 30.9 -22.4 0 40.89 - - - - 0-360 | 199 H
21 1.92 32.86 Pk 30.9 -22.4 0 41.36 - - - - 0-360 | 199 Vv
7 2.159 36.48 Pk 31.7 -23.1 0 45.08 - - - - 0-360 | 199 H
22 2.16 33.43 Pk 31.7 -23.1 0 42.03 - - - - 0-360 | 199 \Y
8 2.4 36.35 Pk 323 -24.1 0 44.55 - - - - 0-360 | 199 H
23 2.4 36.42 Pk 32.3 -24.1 0 44.62 - - - - 0-360 | 101 Vv
9 2.434 50.08 Pk 323 -24.3 0 58.08 - - - - 0-360 | 199 H
24 2.434 47.29 Pk 323 -24.3 0 55.29 - - - - 0-360 | 101 \Y
10 2.462 46.5 Pk 323 -24.5 0 54.3 - - - - 0-360 | 199 H
25 2.462 45.8 Pk 32.3 -24.5 0 53.6 - - - - 0-360 | 199 Vv
12 2.565 47.5 Pk 32.4 -25.1 0 54.8 - - - - 0-360 | 199 H
27 2.565 46.01 Pk 32.4 -25.1 0 53.31 - - - - 0-360 | 199 \Y

* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band

Pk - Peak detector

PK2 - Maximum Peak

MAv1 - Maximum RMS Average

Note: Plot above represents a prescan. All final measurements were made at RBW/VBW = 1MHz/3MHz.
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REPORT NO: R11039922-E2
FCC ID: 2AE49-TWSTSPK1

DATE: 2016-11-23
IC: 20364-TWSTSPK1

9.3.

WORST-CASE BELOW 1 GHz

Note: All measurements were made at a test distance of 3 m. The limits in the plots and tabular
data are the FCC/IC limits extrapolated from the specification distance (300 m from 9-490 kHz
and 30 m from 490 kHz — 30 MHz) to the measurement distance to clearly show the relative
levels of fundamental and spurious emissions and demonstrate compliance with the
requirement that the level of any spurious emissions be below the level of the intentionally
transmitted signal. The extrapolation factor for the limits were 40*Log (specification distance /
test distance). Although these tests were performed at a test site other than an open area test
site, adequate comparison measurements were confirmed against 30 m open area test

site. Therefore sufficient tests were made to demonstrate that the alternative site produces
results that correlate with the ones of tests made in an open field based on KDB 937606.

SPURIOUS EMISSIONS 9KHz TO 30 MHz (WORST-CASE CONFIGURATION)

| Ul Merrisville - South Chamber 18 Oct 20816  18:34:B8
RF Emissions
. Er‘(insj:"‘\t 11839922
Config:FCCE3 Light Sample
Mode :BLE Worst Case
] =] S— Tested by:Mark Learner
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Freguency (MHz)
Range (M1 FEL/IGU Ref/Attn  Det/Avg Type Sacep Pts #5wpa/Made  Label aJ Ronge CHIz) FE/UBU Ref/Attn  Det/fvg Type Sy Pt Fups/fode Label
1:.889-.15 200 (-6dB)/ 3 a7/18 PEAK/ ol t vy Tesactiuto) SBE5  MAXH fBdeg 915§
2:.15-30 O(-E48)/ 1A 8718 PEAKA ol & fvg BraseclAtc) SBAS  HMAXH 1539
FCC 15.209 Below 3@MHz.TST Rev 9.5 20 Sep 2616
Trace Markers
Marker | Frequency Meter Det | AT0079 AF (dB/m)| Cbl (dB) Corrected FCC 15.209 Margin | Azimuth
(MHz) Reading Reading (projected to 3m) (dB) (Degs)
(dBuv) dB(uVolts/meter)
1 .0092 45.07 Pk 19.6 1 64.77 128.33 -63.56 0-360
4 .0113 45.41 Pk 18.5 1 64.01 126.55 -62.54 0-360
2 .1679 46.87 Pk 11.9 1 58.87 103.1 -44.23 0-360
5 .18579 46.13 Pk 11.9 1 58.13 102.22 -44.09 0-360
3 5.12481 18.98 Pk 113 4 30.68 69.54 -38.86 0-360
6 22.04155 13.53 Pk 9.6 .8 23.93 69.54 -45.61 0-360

Pk - Peak detector
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REPORT NO: R11039922-E2 DATE: 2016-11-23
FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1

SPURIOUS EMISSIONS 30 TO 1000 MHz (WORST-CASE CONFIGURATION)

ggUL Merrisville - South Chomber 1B Oct 20816 23:58:31
Radiated Emissions - 3 Meters
85! ’jr\‘,lgj;‘ttdgzrzllr - 11839922
£3 Light Sample
r’IDdE ELE Worst Case
o] — - ; e - Tested by:Mark Learner
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Frequency (MHz)
Range (A1) TENAG0 Ref/Attn  Det/Avg Type acep Pts  ¥owpa/fade  Label Ronge (M2} T Ref /At Dcmu Tupe e Pls  Fows/Mode Label
1:36-288 | 20K(-6d8) /1M 97718 PEAK/ ch wr-Uideo  Imsec(Futo) 4881  HAXH Horizonta 3:208- 1008 120K(-BdB)/ 1M 97/18 PEAK/LogPur- l ideo ]msenlﬂj(r-’ 8081 HAXH Har izontal
FCC Part 15C 38-188BMHz. TST Rev 9.5 28 Sep 2616
Trace Markers
Marker | Frequency | Meter | Det AT0074 AF Amp/Cbl (dB) | Corrected QPk Limit Margin | Azimuth | Height | Polarity
(MHz) |Reading (dB/m) Reading (dBuVv/m) (dB) (Degs) | (cm)
(dBuv) (dBuVv/m)
3 *249.9908 | 56.73 Qp 16.1 -29.9 42.93 46.02 -3.09 197 116 H
4 *250 53.05 Pk 16.1 -29.9 39.25 46.02 -6.77 0-360 202 \Y
1 *240.0084 | 55.12 Qp 16.2 -29.9 41.42 46.02 -4.6 211 119 H
2 240 46.97 Pk 16.2 -29.9 33.27 - - 0-360 202 Vv
5 360 49.82 Pk 19.6 -29.4 40.02 - - 0-360 102 H
6 500 47.83 Pk 22.1 -28.8 41.13 - - 0-360 198 H
7 600 51.02 Pk 233 -28.6 45.72 - - 0-360 298 H
8 600 50.19 Pk 233 -28.6 44.89 - - 0-360 202 Vv
9 720 51.58 Pk 25.2 -28.3 48.48 - - 0-360 102 H
10 720 4391 Pk 25.2 -28.3 40.81 - - 0-360 202 \Y
12 840 49.84 Pk 26.4 -27.7 48.54 - - 0-360 102 H
11 840 52.12 Pk 26.4 -27.7 50.82 - - 0-360 202 \Y
13 959.8 35.46 Pk 27.5 -26.3 36.66 - - 0-360 398 H
14 960 38.55 Pk 27.5 -26.3 39.75 - - 0-360 202 \Y
- indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
Pk - Peak detector
Qp - Quasi-Peak detector
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FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1

9.4. WORST-CASE ABOVE 18 GHz

SPURIOUS EMISSIONS 18-26GHz (WORST-CASE CONFIGURATION)

UL Morrisville - South Chaomber 18 Oct ZE16 2801288
: Rodioted Emissions 3-Meters

; Project Numker: 11839922
145 T Client:Astro
; Config:FCC#3 Light Somple

: Mode BLE Worst Cose
T L Tested by Mork Learner
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Frequency (GHz
Rarce () EETTN Ref Fittn Det/fug Type Saoep Fia  1ouai] arge (6D REWVB Reffitin Dt/ Tope Soep Fiz foupaifote  LoH
1:18-4.5 THC-6dE) /3K 992 FEMK/Pur Rvg(RMS)  lomeec(huta) 18k MARH 2:18-%6.5 IMi-EdB) /3K 992 PERK/Pur Aog(RMS)  [Bmeec(iuto) 18k MOH Ver|

Trace Markers

Marker|Frequency| Meter | Det AF Amp/Cbl [DC Corr|Corrected| Average |Margin| Peak Limit [Margin|Azimuth|Height|Polarity
(GHz) |[Reading AT0076 (dB) (dB) | Reading Limit (dB) | (dBuV/m) | (dB) | (Degs) | (cm)
(dBuv) (dB/m) (dBuVv/m)| (dBuV/m)

1 *18.453 | 47.04 | PK2 32.7 -40.9 0 38.84 54 -15.16 74 -35.16| 360 269 H

2 *20.991 | 46.76 | PK2 333 -40.3 0 39.76 54 -14.24 74 -34.24| 148 171 H

3 *22.026 | 47.14 | PK2 334 -40.1 0 40.44 54 -13.56 74 -33.56| 178 124 \Y

4 23.406 | 46.69 Pk 34.1 -39.2 0 41.59 54 -12.41 74 -32.41| 0-360 | 299 \Y

5 24.614 | 46.05 Pk 343 -38.7 0 41.65 54 -12.35 74 -32.35| 0-360 | 101 H

6 26.202 | 45.16 Pk 34.7 -37.5 0 42.36 54 -11.64 74 -31.64| 0-360 | 101 Vv
* - indicates frequency in CFR47 Pt 15 / IC RSS-Restricted Band
Pk - Peak detector
PK2 - Maximum Peak
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FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1

10. AC POWER LINE CONDUCTED EMISSIONS

LIMITS

FCC §15.207 (a)

RSS-Gen 8.8
Fregquency of Emission (MHz) Conducted Limit (dBuV)
uasi-peak Average
(0.15-0.5 GG o 56 56 to 46
0.5-5 56 46
5-30 Gl S0

" Decreases with the logarithm of the frequency.

TEST PROCEDURE

ANSI C63.10
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FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1
RESULTS
IUHUL Morrisville LC 18 Oct 2816 22:83:11
Conducted RFI Uoltage
[=]z] S— o : ; . d f:r‘gjei‘? g::\‘:jer, 11839922

Config: FCCH#3 Light Somple
Mode: BLE Worst Cose

86 4 : i § § Tezted by: Mork Learner
78
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e . P9 o
;V‘ .,'J_-L ‘.'vl-.J‘n,;.ur.\w,,,w,l\);\mﬁ WWWW "
. /‘ H H
15 : — i : 75 34
Freguency (MHz)
IR\_ng: (HHz) . ‘Tt‘élclu R:é/ﬁ;tn B?Lf@ Mode f;??:p: [‘E; I?wz/m\h %utx:\u Rorge (MHz) REWAB Ref/Atin  Det/Avg Moda uweep Pla  #owps/Mxde  Lobel
€ 158K-38MHz FCC_15-287 Step Rcur.TST Rev 9.5 28 Aug 2615
Range 1: Line-L1 .15 - 30MHz
Marker | Frequency | Meter Det | LISN VCF (dB) | Cbl/Limiter | Corrected QP Limit Margin Avg Limit Margin
(MHz) Reading (dB) Reading (dB) (dB)
(dBuV) dBuV
1 .153 31.31 Pk 2 10 41.51 65.84 -24.33 - -
2 .153 5 Av 2 10 15.2 - - 55.84 -40.64
3 .678 12.58 Pk 0 10 22.58 56 -33.42 - -
4 .681 -.83 Av 0 10 9.17 - - 46 -36.83
5 1.086 13.31 Pk 0 10 23.31 56 -32.69 - -
6 1.077 -2.87 Av 0 10 7.13 - - 46 -38.87
7 6.225 7.89 Pk 1 10.2 18.19 60 -41.81 - -
8 6.222 -.88 Av .1 10.2 9.42 - - 50 -40.58
9 8.922 11.34 Pk .1 10.3 21.74 60 -38.26 - -
10 8.904 -3.48 Av 1 10.3 6.92 - - 50 -43.08
11 26.109 14.98 Pk 3 10.7 25.98 60 -34.02 - -
12 26.289 3.59 Av 3 10.7 14.59 - - 50 -35.41

Pk - Peak detector
Av - Average detection
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FCC ID: 2AE49-TWSTSPK1 IC: 20364-TWSTSPK1
jggltMerrisville - LC 18 Oct 2816 22:83:11
Conducted RFI Uoltage
9B 4 e | B2t Numer 11033922
Config: FCCH#3 Light Somple
Mode: BLE UWorst Case
ae| H H : RN Tested by: Mark Learner
78|
D : : :
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18| 118 fas EE. X
- 3 gﬂe- ROR—————— L illlL i 4—-’/ Nt
15 i 8 34
Freguency (MHz)
Rarge (HHz) [T Ref/Atin  Det/Avy Mude Sweep Phs  #0mpe/Mode  Lubel Rarnge (MHz) REWAR Ref/Atin  Det/fvg Muda uweep Pls  #owps/Mode  Lobel
€ 150K-38MHz FCC_15-287 Step Rcvr. TST Rev 9.5 20 Aug 2615
Range 2: Line-L2 .15 - 30MHz
Marker | Frequency | Meter Det |LISN VCF (dB)| Cbl/Limiter (dB) | Corrected QP Limit Margin Avg Limit Margin
(MHz) Reading Reading (dB) (dB)
(dBuVv) dBuV
13 .153 31.15 Pk 2 10 41.35 65.84 -24.49 - -
14 .153 4.54 Av 2 10 14.74 - - 55.84 -41.1
15 .201 26.15 Pk 1 10 36.25 63.57 -27.32 - -
16 .225 2.62 Av 1 10 12.72 - - 52.63 -39.91
17 .246 23.47 Pk 1 10 33.57 61.89 -28.32 - -
18 .246 -1.01 Av 1 10 9.09 - - 51.89 -42.8
19 .696 9.43 Pk 0 10 19.43 56 -36.57 - -
20 .684 -3.04 Av 0 10 6.96 - - 46 -39.04
21 6.318 7.68 Pk 1 10.2 17.98 60 -42.02 - -
22 6.318 -.63 Av 1 10.2 9.67 - - 50 -40.33
23 26.271 14.19 Pk 3 10.7 25.19 60 -34.81 - -
24 26.622 1.41 Av 3 10.7 12.41 - - 50 -37.59

Pk - Peak detector
Av - Average detection
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