WO 2020/044014 PCT/GB2019/052263
1/14

Fig.1

100 — ;f

\ 103 20

10/‘?
101
102 30




WO 2020/044014 PCT/GB2019/052263
2/14
37
. 7
Flg' 2 3" Party 32
System /
I /
2404;&8&“ : Servef 33
LER / MER
100

__________________________________

\\
240/ 110V AC
480 W

\ 34
Y. # [T ) o P
i [ !
i 36— T acs |

A\

| 20

T ] I I
T [ ] [ ] [ ]
/iIGW GW GW GW GW GW GW GW
% | O HEE o
he DO
) (=) ) 10
/@@ ) ) o

30}9@ () ) (]



WO 2020/044014 PCT/GB2019/052263
3/14

Fig. 3
10
20
\ 30
AN
40
20 10
10
20
~
< 30
20 10
N
AN
30

30



WO 2020/044014

4/14

Fig. 4

PCT/GB2019/052263

Transmit signals

— ——— 50a

—

Determine time of flight of signals

— — 50b

(—

Calculate location of person

— — 50c

—

Output warning signal

— — 50d

—

Perform remedial action

— — 50e




WO 2020/044014
5/14

Fig. 5

51b

51a

Personnel or
equipment locator
device

Transmit Ranging

PCT/GB2019/052263

Reference
Information

Signal

Receive
Ranging Signal

A A
Receive Ranging Transmit Ranging
Signal and Signal and
Reference A Reference
Information Information
Calculate location .
51f



PCT/GB2019/052263

WO 2020/044014

6/14

52

52b

Location

+ >3
wn
y £ ~N N ~N
o N LN
O Tp) /
e— 2
||||||||| ~
LN LN
(@]
5 /
1
w 4 <IN A \ ]
Q i < !
o A bo C 1
v c© < - — o — s c o ]
o O Ll w C o o c (3] N c - 1
= v 2 v © =0 v © c o = <2 ]
v |c c 5 25 == g5 o o © < i
T [v ¢ S £ 3 O s 8 5 © N oo 2 c o © 1
S |g5 > T s S o €9 Q8 | 5 = £ 0 e i
— wn
N = a < © c 5 m !
m o — (@ o 1
d\ = & \‘ h o 1
o (= 1
1
o b — I J e S e S A
N
LN
e 2 e N 1
| N 1
o
ey & s & J o % w c “
© _ . I
O < c > n | wc o~ v 5 £ .m ]
0 v o @ v O e} g N c O ]
8 o TR a > = 8 - 5 = < ]
o L c ® o T 8 N |9 30 —= i
=42 NS e © 0 U > 2 Z & g B I
— o 5 ] g 4 ab © = ° 1
v A gL = e c a a g I
C /> c © 1) = £ 1
c \ Qo — rO» (m)] m > Q 1
(@] — ML» - H O o 1
(& o 1
mu Q / 3 1
o T !
\ 4 p 1
- |

52r



WO 2020/044014
7/14

Fig. 7

PCT/GB2019/052263

Transmit ranging signals
between equipment and
personnel locator devices

~ ~— 53a

{

Derive measurements of
times of flight signals

[ ~— 53b

|

Determine if personnel
locator device is within
danger zone

[ ~~— 53c

Fig. 8A

t=T

»
»

L
N\




WO 2020/044014

8/14

PCT/GB2019/052263

Master device serial number

[ ~— 54a

Transmission interval in ticks

Transmission timestamp in ticks

[ ~— 54c

Fig. 10

Tag serial number

Request command code

Fig. 11

Node serial number

Response command code

Request reception time in ticks

Response transmission time in ticks




WO 2020/044014 PCT/GB2019/052263
9/14

Fig. 12

g PR R

Requ
\‘ PrOpagation time
7y T}
el
Respo“se nod
2 Turnaround time N
0

T3

T4

Fig. 13

Tag Nodes

Propogation time




WO 2020/044014 PCT/GB2019/052263
10/14

Fig. 14

Tag Nodes

T1

Propogation time

T2

Fig. 15

Calculate location of person —~— 50c

Error minimisation a4 )
"\__50c




WO 2020/044014

10

™~

PCT/GB2019/052263
11/14

Fig. 16

12 16 11
Wireless Wireless ranging
communication network Processor
network interface interface
Battery Feedback Sensor
14 13 15
20

™~

22

™~

Wireless
communication
network interface

Battery

~

24

26 21
Wireless ranging
network Processor
interface
Feedback Sensor

~ ~

23 25




WO 2020/044014

Fig. 18 74

12/14

PCT/GB2019/052263

72

GW board
\ connection

\ (GW only)

A

A

Power connection (to battery for
PL/EL, to GW board for GW)

60 56
. 78
Fig. 19 78
\ 76
N
Processor [« 80
L
board < EtherCAT i
colnnection Comms
Power over EtherCAT
\
86 \

\
84



WO 2020/044014

Fig. 20

13/14

PCT/GB2019/052263

Transmit signals from
personnel locator device to
node

 ~— 88a

|

Determine AoA

J

~ ~— 88b

Transmit ranging signal from
node to personnel locator
device.

I

Determine time of flight

[

Calculate location of
equipment locator device
using time of flight and AocA




WO 2020/044014

Fig. 21

14/14

Almanac total number of blocks

Almanac block number

Number of geometries in block

Geometry 1 length

Geometry 1 message

Geometry 2 length

Geometry 2 message

PCT/GB2019/052263



