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1 INTRODUCTION

Bluetooth Low Energy is designed for use within Personal Area Networks (PANs). A BLE connection is
typically only meant to cover a maximum range of 50 meters and is often meant for much shorter
distances.

However, utilizing Bluetooth v5 and feature called LE coded; BLE connections are now capable of a
much greater range than previously imagined. In fact, in recent Bluetooth field testing, a Laird engineer
was able to sustain communications up to almost 1.9km with the BL654 development kit at both ends
(running the Nordic Long Range demo application).

This application note describes the setup, procedure, and results of the successful range test of two
BL654 development kits, part number 455-00001 (development kit for the 451-00001 integrated PCB
trace antenna module-) for the following test cases:

= 1 Mbps BLE in a connection

= 125 kbps BLE coded PHY (s=8) in a connection

=  For each of the above, range was measured with both DUT’s at a height of 1.25 meters and then 2.5 meters above
the ground

= The DUT (at each end) was orientated so that the BL654 module with the integrated PCB trace antennae were
aligned (as best as possible) for peak radiation from the on-board BL654 PCB Trace antenna

2 ENVIRONMENTAL DETAILS

Location: Brean Down, North Somerset, UK (7 km beach length, line of sight)

Weather conditions: Dry, warm, sunny, maximum temperature 29°C, maximum relative humidity 66%

3 HARDWARE AND APPLICATION SOFTWARE

The following hardware, hardware settings, and application software are required:

=  Two BL654 development kits, part number 455-00001 (development kit for the 451-00001 — BL654 module with an
integrated PCB trace antenna) from production

= All jumpers in default production settings

=  Nordic Long Range demo application running on both development boards — Available from
https://github.com/NordicPlayground/nRF52-ble-long-range-demo/ and accompanying blog post
https://devzone.nordicsemi.com/b/blog/posts/testing-long-range-coded-phy-with-nordic-solution-it-simply-works-
922075585

=  Both development boards 455-00001 orientated for peak radiation from the integrated PCB trace antenna
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= The Nordic Long Range demo application allows the following configurations to be selectable with buttons on the
development boards. The status of the selected configurations and connection status (whether data such as RSSI was
coming through) is monitored on UwTerminal.
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Development Board #P2 (peripheral end) —
The stationary end for the range test
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Development Board #C2 (central end) —
The moving end for the range test

Configurations Configurations selectable by pushing a
selectable by | gyitch between coded PHY | button:
pushing a (125 kbps) BLE and 1 Mbps Switch between coded PHY
button: BLE BUTTON1 | (125 kbps) BLE and 1 Mbps
BUTTON1 BLE
e Switch between 0 dBm and BUTTON2 Switch between 0 dBm and 8
8 dBm dBm
Switch between non- BUTTON3 Switch betwe_en [scanning] and
BUTTON3 connectable and scanning, trying to connect
connectable advertising

Actual status indicated by LED’s and on

Actual status indicated by LED’s and on

UwTerminal: UwTerminal:
Coded PHY (125 Coded PHY (125
LED1 [on] Kbps) BLE LED1 [on] Kbps) BLE
LED1 [slow LED1 [slow
blinking] 1 lefpes (EILE blinking] 1 lep SIS
LED2 [on] 0 dBm LED2 [on] 0 dBm
LED2 [slow LED2 [slow
blinking] Ll blinking] el
LED3 [fast Non-connectable LED3 [slow Scannin
blinking] advertising blinking] g
LED4 [fast Connectable o Change state upon
blinking] advertising LED4 [blinking] received ADV report
LEDA4 [on] Connected state LEDA4 [on] Connected state

Since the DUT samples are high on a pole,
LED’s cannot be observed. Hence, UwTerminal
was used to monitor the connection status and
whether data is coming through.

Since the DUT samples are high on a pole,
LED’s cannot be observed. Hence, UwTerminal
was used to monitor the connection status and
whether data (such as RSSI) is coming through.

Default peripheral parameters:

=  Coded PHY (125 kbps) BLE

= 8dBm

Default central parameters:

=  Coded PHY (125 kbps) BLE

=  8dBm

=  Connectable advertising = Scanning only

= Since connected to laptop, the data in a connection
(such as RSSI) is displayed

For further information of the Nordic Long Range demo application, refer to

https://github.com/NordicPlayground/nRF52-ble-long-range-demo/ and accompanying blog post

https://devzone.nordicsemi.com/b/blog/posts/testing-long-range-coded-phy-with-nordic-solution-it-

simply-works-922075585

Americas: +1-800-492-2320
Europe: +44-1628-858-940
Hong Kong: +852 2923 0610

https://www.lairdconnect.com/ 3
© Copyright 2019 Laird. All Rights Reserved


https://github.com/NordicPlayground/nRF52-ble-long-range-demo/
https://github.com/NordicPlayground/nRF52-ble-long-range-demo/
https://devzone.nordicsemi.com/b/blog/posts/testing-long-range-coded-phy-with-nordic-solution-it-simply-works-922075585
https://devzone.nordicsemi.com/b/blog/posts/testing-long-range-coded-phy-with-nordic-solution-it-simply-works-922075585
https://devzone.nordicsemi.com/b/blog/posts/testing-long-range-coded-phy-with-nordic-solution-it-simply-works-922075585
https://devzone.nordicsemi.com/b/blog/posts/testing-long-range-coded-phy-with-nordic-solution-it-simply-works-922075585

BL654 Range Testing

D La|rd J» CONNECTIVITY
Application Note

=  Distance recorded with standalone GPS receiver (Garmin Geko 201). Using space-based augmentation (SBAS) to
provide differential correction data, reported accuracy was between 3 meters to 7 meters during the test.
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4 TEST SETUP AND PROCEDURE

We used the following test procedure:

BL654 Development Kit (peripheral role) — BL654 Development Kit (central role) —
Stationary end on the tripod Mobile end on trolley (which is walked away)

Development Board (peripheral) Orientation Development Board (central) Orientation
Facing the BL654 central role development board (in  Facing the BL654 peripheral role development
the right column) as shown below: (in the left column) as shown below:

Orientated for peak radiation from the integrated PCB  Orientated for peak radiation from the

trace antenna. integrated PCB trace antenna.
90 10 W 2uejd o) ynwizy - 622 me'agl
7 19p £T'5- AV | 18P S0°'T-3d zuswd
-20 042
40
180 60
e €
09 08T
or
270 oz-
44GHz PK-1.05dBi | AV -5.13 dBi
fseam229° | azimuth_Co_plane_m ot 06

Maintain orientation and line of sight
whilst moving away from the stationary end.
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Table 1: Assumed link budget for DUT’s

1 Mbps BLE 8 dBm -95 dBm -1.05dB -1.05dB 100.9 dB
125 kps coded PHY BLE 8 dBm -103 dBm -1.05dB -1.05dB 108.9 dB
Development board setup (peripheral role) — Development board setup (central role) —
=  Mounted on foam stand on top of a tripod-mounted =  Mounted on foam stand on top of a tripod-
plastic pole that is either 1.25 meter or 2.5 meters above mounted plastic pole that is either 1.25 meter or
ground. 2.5 meters above ground.
=  BL654 development board connected to a laptop which is = BL654 development board connected to a laptop
kept more than two meters away from the pole base. which is resting on the edge of the trolley (the
*  All mobile phones’ Wi-Fi turned off. laptop is kept less than one meter away from the
pole base).
= All mobile phones’ Wi-Fi turned off.

Stationary end
(on the tripod)

Mobile end (on = DUT
the trolley) (peripheral)
on top of
= DUT (central) on pole on foam
top of a plastic base
pole on foam =  DUT1.25
base .
meters
=  DUT 1.25 meters above
above ground ground
=  Laptop sitting on =  Laptop kept
edge for trolley more than
Figure 1: Set up photo - 1.25 meters above the ground two meters
from the
base of the
pole
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Stationary end (on .
tripod) Mobile end (on trolley)
=  DUT (central) on top of

=  DUT (peripheral) on top a plastic pole on foam

of a plastic pole on foam

base.
base
= DUT1.25m above
=  DUT 1.25 meters above
ground.
the ground

= Laptop sitting on edge

= Laptop sitting >2m away of trolley

from base of pole.

Figure 2: Setup photo - 2.5 meters above the
ground

DUT (peripheral role) stationary end (on tripod) DUT (central role) mobile end (on trolley) —

Making a connection in 125 kbps coded PHY Making a connection in 125 kbps coded
BLE PHY BLE

On power up, the screen shows the following:
= TX power is 8 dBm and
= 125 kbps coded PHY BLE
= Central end starts scanning

- =T

(] UwTerminalX (v1.10a)

Terminal | Config | SpeedTest | Update | About | Logs | Editor |
crs@ o @ oo @ ri@ RTE 0] OTR BREAK [[] LocalEcho LineMode

[COM129:115200,,8, 1,H}{er} [ Download T Left: [u I > [ 4[ Rut: [oesazhasmx‘ I 1307 @09‘52‘39[ [ coneel |

[COM129:115200,N,8,1 H cr}
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On power up, the screen shows the following:
= TX power is 8 dBm and

= 125 kbps coded PHY BLE

= Peripheral end starts advertising

() UwTerminalX (v1.10a) °

=y )

e -

Terminal | Config | speedTest | Update | about | Legs | Editor |
crs@ psR @ Do @ RI@ RS (7] DR [7] BREAK [T LocalEcho (7] LineMode

[COM130:115200,N,8,1,H]{cr} | Download TxLeft: | 0| Tx: | 1| Roc: | 6054 | LastRuc: | 13/07 @ 09:53:13 Cancel

[COM130:115200,N,8,1, H]{cr}

The following screen shows scanned adverts
from the peripheral end for 125 kbps coded
PHY BLE.

(B UwTerminalX (v1.10a)

L=
Terminal | Config | SpeedTest | Update | About | Logs | Editor |
cs@ osR@ oo @ i@ RTS DTR BREAK [T LocalEcho LineMode

[COM129:115200,N,8,1,Hl4a} | Download Tx Left: | 0| Tw: | 4| Rx: | 104657 | LastRx: | 13/07 @ 09:54:36 Cancel

[CON129:115200,N,8,1, H]{cr}

The following shows the screen after BUTTONS is
pressed on the central end, message Connected
as a peripheral is displayed.

5] UnTerminalX (v1.102) - - e
- — -
Terminal | Config | SpeedTest | Update | About | Logs | Editor |
@ osR@ oo @ Ri@ Rs 7] DR @] BREAK [T LocalEcho [¥] LineMode Close Fort
[COM130: 115200,N,8, LHI{ar} | Dowrload T Left: | 0| T | 1| Rx: | 6084 | LastRac: | 13/07 @ 03:57:20 Cancel

[COM130:115200,N,8,1,HK cr}
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The following shows the screen after
BUTTONS is pressed on the central end to
establish a connection.

(=)

(] UwTerminalX (v1.10a)

Terminal | Config | SpeedTest | update | About | Logs | Editor |
crs@ o @ oo @ i@ RTs DTR BREAK [T] LocalEcha LineMode
[COM129:115200,N,8,1,H]{r} | Download TxcLeft: | 0| T | 4| Rx: | 221324 | LastRx: | 13/07 @ 09:57:48 Cancel

[COMI129:115200,N,8,1 H]{cr}

Note: For range testing, the RSSI data is seen
as an indication of data connection.
When the connection breaks, the
message DISCONNECTED is
displayed.
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Making a connection in 1 Mbps BLE (when already in a Making a connection in 1 Mbps BLE (when already in a
connection in 125 kbps coded PHY BLE) connection in 125 kbps coded PHY BLE)
=  Press BUTTON1 to change from 125 kbps coded =  Press BUTTON1 to change from 125 kbps coded PHY
PHY BLE to 1 Mbps BLE BLE to 1 Mbps BLE
[ vwTerminax w1100 _ | (=08 | (18 vremina (1109 ==
Terminal | Config | SpeedTest | Update | About | Logs | Editor | Terminal | Config | SpeedTest | Update | About | Logs | Editer |
crs@oskn@ oo @ i@ nrs DTR BREAK [[] LocalEcho LineMode cs@osn@ oo @ @ ars DTR BREAK [[] LocalEcha LineMode

[COM130:115200,M,8, 1,H{er} [ Download Tx Left: [0 [ Tx: [ 1 I Rx: I 17575 [ Last Rx: I 13/07 @ 09:59:35 [ Cancel [COM129:115200,N,8, 1,H]{ar} { Download Tx Left: I 0 [ T [ 4[Rx: I 287499 { LastRx: I 13/07 @ 1u:uu:12[ Cancel

CTABLE NONSCANNAELE UNDIRECTED

CTABLE NONSCANNAELE UNDIRECTED

. SCANNABLE UNDIRECTED

[COMI30:115200,M 8,1, H]{cr} [COML20:115200, N8 1 H{cr)
L

Range Test Process Range Test Process

DUT (peripheral role) stationary end (on the tripod): DUT (central role) mobile end (on the trolley):

1. Oncein a connection (either 1 Mbps BLE or 125 kbps
coded PHY BLE), walk the trolley away from
stationary (peripheral) end.

1. Monitor any messages on UwTerminal.

Note: For range testing, the RSSI data is
seen as an indication of data
connection. When the connection is
broken, the message
DISCONNECTED is displayed.

2. Atregular separation distances, view the laptop
screen to observe the RSSI data is coming through
regularly.

3. Maintain DUT orientation (peak radiation from the
integrated PCB trace antenna) and line of sight
whilst moving the DUT (central end) trolley away
from stationary end.

Getting a perfect alignment on the peak
antenna radiation of the two ends is
challenging because the other end is not
visible... even with binoculars.

When the connection is broken, message
DISCONNECTED is displayed
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5 TEST RESULTS

We accomplished the following range distances when both development boards were facing each other
(to align the peak radiation from the BL654 PCB trace antenna).

Range test with the BL654 module with the Range with DUT Range with DUT
: 1.25 meters above 2.5 meters above
integrated PCB trace antenna

Ground Ground
1 Mbps BLE in a connection 625 m 1.2 km
125 kbps BLE coded PHY in a connection 1 km 1.9 km

5.1 Summary

Note the following:

=  The range doubles when going from 1 Mbps BLE connection to 125 kbps coded PHY BLE connection.

=  The height above the ground at both ends is very important. Each time the antenna height above the ground doubles
(at both ends), the range doubles (6 dB improvement in link budget). The height effect is predicted by the two-ray
ground reflection model of propagation.

= Getting a perfect alignment on the peak antenna radiation of the two ends is challenging because the other end is
not visible (even with binoculars). A compass may be helpful next time.

0y

Static.end

dMbps BLE (1.25m)

I

125kbps BLE coded:PHIYA({!.25m height)
i

1Mbps BLE (2:5m height)

Google Earth

67| 51°18'41.06! N
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