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PRIVATE RESCUE ECHO BEACON WITH FSK RADIOMODULE

Introduction

Rescue personnel work in high-risk environ-
ments. As a result of injuries, the problem of
evacuating the lifeguard from the facility may arise.
GPS navigation is not available in restricted areas,
for example, in rooms, basements. Rational use of
radio responders for direction finding of the object.
A radio direct finding complex is not always
convenient and can be quickly deployed, for
example, in a basement in case of fire.

Problem Statement

It is more convenient to use the blind bearing
method with existing VHF radio stations.
Professional radio stations usually do not have an
indicator of signal strength, and have limited
controls such as volume, channel selection, and
PTT.

It is necessary to create a reliable echo beacon
[1], adapted to work with the specified equipment.
An audio echo transponder is irrational as a prefix to
a radio station, all the more so the victim’s radio
station with a standard power of 5 watts is conven-
ient for searching from air at distances of tens to
hundreds of kilometers [2], but not in a small room
3]

Analysis of recent research and publications

In paper [4] proposes to combine IMU and radio
measurements (i.e., peer-to-peer Wifi received sig-
nal strength and peer-to-peer UWB ranging) for the
positioning of a group of mobile users in emergency
response, where no fixed anchors and no infrastruc-
ture are available. We incorporate the IMU and radio
measurements into the particle filtering, which has
the capability to cooperatively position a group of
mobile users and recover from any potential tracking
failures. By fusing the long-range Wifi RSS and
short-range UWB ranging measurements, we can
take the advantages of both sensors and achieve an
accurate and robust positioning system.

Work [5] describes a real industrial problem (lo-
cation and tracking of forklift trucks) that requires
precise internal positioning and presents a study on
the feasibility of meeting this challenge using UWB
technology. To this end, a simulator of this technol-
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ogy was created based on UWB measurements from
a set of real sensors. This simulator was used to-
gether with a location algorithm and a physical
model of the forklift to obtain estimations of posi-
tion in different scenarios with different obstacles.
Together with the simulated UWB sensor, an addi-
tional inertial sensor and optical sensor were mod-
eled in order to test its effect on supporting the loca-
tion based on UWB. All the software created for this
work is published under an open-source license and
is publicly available.

In article [6] author describes the way how to im-
plement IEEE802.15.4a physical layer and medium
access layer. The system uses time difference of ar-
rivals technique to estimate the position of the mo-
bile device. System can reach an accuracy of £20 cm
in line of sight measurement and + 50 cm for non-
line of sight measurement. But the localization that
is achieved has an accuracy is up to £1.1 m, we be-
lieve this can be improved by having all device to be
synchronized effectively.

Research goals and objectives

Proposed simple beacon (equipment) for indoor
search and object location man-assisted and ugly
UHF(VHF) handy transceivers based

Results and discussion

It is proposed to use a carrier transponder at a
given frequency based on SI44XX with stepwise
adjustable power and synchronously changing audio
filling tone in FSK or GFSK mode.

Transceivers S14432, S14463, CC1101 [7-9] can
be used for this reason. RF power 100-10 mW is
enough. All of them can work in FSK GFSK and
ASK modes. Widest frequency range have S14463
and it cover main bands 136-174 MHz and 400-
470(512) MHz.

On SI4463 manufacturers sail vonderful module
HC-12, that consists of transceiver, MCU
STM8S003 and power supply. HC-11 uses CC1101
transceiver with the same addons [10; 11].

Transceivers CCl1lxx and SI44xx have the
almost same block diagrams with little differences,
for example on Fig 1. You can see CC1101 block
diagram from the TI manufacturer datasheet.
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Fig. 1. CC1101 block diagram

MCU is the bridge from SPI to control radio to
UART for the communications. On the back side of
PCB two pads are programming interface SWD.
You can reflash STM8 on Youf firmware and
change module usage. You will need ST-Link
programmer with the soft like ST-Loader, ST-Link
and IDE like STM IAR for STMS cores. Libraries
need is perepherial, timers, GPIO, SPI and sleep.

Module HC-12 block diagram is on the Fig. 2.
Antenna connected to the radio thrue LPF on 500
MHz with Z = 50 Ohm.

You can see that Receive-Transmit SPDT switch
is controlled by the STM8 GPIOs. S14463 controlled
via hardware SPI of the MCU. GPIO links to CS pin
of radio for usage sleep mode.

External pins of MCU are used for USART and
mode SET function. Remember, You also have also
two pads of SWD, so we hawe 5 pins for communi-
cations with external hardware. They easy can be

changed for
(Fig. 3).

The radio module is controlled via the SPI bus; to
generate a tone, one of the GPIOs is configured as a
binary data input in FSK mode. To implement the
response, the module monitors the change of the
RSSI and, if it available, switches to the
transmission mode. To control the radio module, a
simple 8-bit controller with 8 (6) pins and SPI
support is enough.

For understanding the process and firmware, let’s
build one device on AVR 8 bit MCU. We can use
atmega328 with fith bootloader that uses USART for
flashing. You can buy any “arduino” board for that.
Language in example is Wiring. On this language
perepherial ant clock inicialisation looks much
friendly. We will need only one library, RF22 for
exchange with radio. If You wish, you can use only
SPI read/write to registers (Fig. 4).

Your reasons withour any soldering

S14463

| UART
SET
GPIO stmgs | pwR
SPI
cs
PWR

Fig. 2. HC-12 module schematics SI14463 controled by STM8S003 MCU
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Fig. 4. AVR based beacon on RF22 module — S14432 radio

#include <SPI.h>

#include <RF22.h>

Setting frequency of carrier, pins to control transmit-
ter (CW) and for the RSSI led, that will be show sig-
nal level by the brightness. SNR — signsl to noise
ratio is threshold of transmit ON trigger in main loop,
20 units is near 10dB of RF signal level.

#define Frequency 434.515

#define RSSI_PIN 6

#define CW 3 //GPIOO0 si4432 SDN=GND

#define snr 20

Variable to hold previous RSSI

char rssiprev = 0;
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Object — radio module, CE always on the ground.
RF22 rf22;
Prepare pins (DDR), and setting work mode for the
radio: frequency, power, modulation, deviation , con-
trol TX gpios and metods.
void setup(){

pinMode(CW, OUTPUT); digitalWrite(CW, LOW);

pinMode(RSSI_PIN, OUTPUT); analog-
Write(RSSI_PIN, 0);
rf22.init(); rf22.setFrequency(Frequency, 0.005);

rf22.setTxPower(RF22_TXPOW_20DBM);
rf22.setModemConfig(RF22::FSK_Rb2Fd5);
rf22.setModeRx();
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rf22.spiWrite(RF22_REG_71_MODULATION_CON
TROL2, 0x42);
rf22.spiWrite(RF22_REG_0B_GPIO_CONFIGURAT
IONO, 0x12);}
Infinity loop check variables of input RSSI and if it is
more than threshold, puts TX ON.
void loop(X
if ((rf22.rssiRead() > rssiprev +
(rf22.rssiRead() < rssiprev - snr)¥
rf22.setModeTx();
Transmitter once a second change it output power
100-10-1 mW and transmit variable audio tone in
frequency modulation, via CW pin of the MCU, 500-
1000-1500 Hz that can be easy determinate by the
operator.
rf22.setTxPower(RF22_TXPOW_20DBM);
tone(CW, 500, 1000); delay(1000);noTone(CW);

snr) ||

rf22.setTxPower(RF22_TXPOW_11DBM);
tone(CW, 1000, 1000); delay(1000); noTone(CW);
rf22.setTxPower(RF22_TXPOW_1DBM);
tone(CW, 1500, 1000); delay(1000);noTone(CW);
rf22.setModeRx();}
Transmitter OFF after last tone transmit, RSSI re-
new, and sets a little delay.
analogWrite(RSSI_PIN, rf22.rssiRead()); rssiprev =
rf22.rssiRead(); delay(1000); }

Calculations of free space path losses on
433MHz shown on Fig 5. Pay attention, that 20 dB
for “force majore” added. Without any licens You
can use devices on LPD and PMR bands. Author
have amateur radio licens — callsign UT5UUV, so
can use radios outstanding shown bands.

Ga=0

dBi

P=+20
dBm

PATH
LOSS

Ga=0

dBi dBm

s=-112‘

L =32.6+20Lg(F)+20Lg(R)
L=dB, F=MHz, R=kM

—>105dB at R=1kM

HC-12 (S14463):
P=-1...+420 dBm
F=433.4...473.4 MHz

S=-117 dBm (2400bps)
$=-112 dBm (9600bps)
S=-107 dBm (34800bps)

$=-100 dBm (115200bps)

No Licens LPD:
P<+10dBm
433.075-434.775 MHz

Amateur UHF:
P<+37(50)dBm
430-432 MHz

432.5-440 MHz

Fig. 5. Path loss calculation for UHF radiolink on SI4463 transceiver

Conclusion

A power of 100 mW is more than enough, even
with a very shortened helical or other surrogate an-
tenna. Search range of hundreds of metrs is allowed.
The number of RF power levels can be 3—4. It can
be incree to 7 with an external attenuator on SPDT
keys. The power change step is 6-10 dB.

The tones are rising, clearly audible in the range
of 400-2000 Hz.

This system, after the staff training can be useful
in the search for the victim in conditions of zero
visibility with an accuracy of less than a meter to a
few meters in the premises.
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MomeHnchbkuii A. O.
MNPUBATHUU PATYBAJIBHUU EXO-MASIK 3 PAAIOMOAYJIEM FSK

Pamyeanvnuii nepconan npayioc 6 cepedosuuyi UCOK020 pusuxy. B pezynbmami mpaem modice UHUKHYmMU npodie-
Mma esaxyayii pamyeanvhurka 3 00 ’ckmy. GPS-nagieayis nedocmynuna 6 30nax 0OmedtceHo20 OOCMyny, HANPUKIAo, y
Kimuamax, nideanax. Payionanvne suxopucmanus padiogionogioauie 011 nasedenus ob'exkma 6 Hanpamky. Komnnexc
npAMO20 ROWLYKY padioCmaHyill He 3a68icOU 3pYUHUL T 1020 MOJNCHA WEUOKO PO32OPHYMU, HANPUKIAOD, Y NIOBAN HA GU-
naook nooicedici. 3pyuHiuie SUKOPUCMOBY8AMU MemoO Clinoeo nowyky 3 icHyrouumu YKB-padiocmanyismu.
Ipogpecinini padiocmanyii, AK npasuo, He MarOMv IHOUKAMOPA NOMYNCHOCMI CUSHANY | MAlomb 0OMedceHi 3acodu
VIPAGNIHHA, MAKI AK 2yunicmy, 8ubip kanany ma PTT.

3anpononosano euxopucmosysamu 6ionogioau HecieHoi Ha 3a0amitl yacmomi Ha ocHogi SI44XX i3 noemanno peey-
JIbOBAHOI0 NOMYHCHICTNIO MA CUHXPOHHOIO 3MIHOI0 MOHY 3an08HeHHs 38VKY & pecumi FSK abo GFSK.

Jna yvoeo moorcna suxopucmosgysamu mpancugepu SI14432, SI4463, CC1101. P9 nomyoscrnocmi 100-10 mBm yin-
KoM docmamubo. Bei eonu moarcyme npayrosamu 6 pesxcumax FSK GFSK ma ASK. Hatiwupwuii oianason yacmom mae
814463 i oxonnioe ocnosni dianazonu 136-174 MI'y ma 400-470 (512) MIy.

Ynpaeninna padiomooynem 30iucnioemocs wepes wuny SPI; ons eenepayii mony ooun 3 GPIO narawmosanuil sik
ositkosuil 6xi0 oanux y pescumi FSK. /[na peazysanns 6ionoeioi mooyne eiocmedcye 3miny RSSI i, skuo tioeo nepesu-
WeHo, nepemMukacmovcs 6 pexcum nepeoaui. /s ynpasninus padiomodynem 00CMAamub0 HPocmozo 8-6imoeoco KoH-
mponepa 3 8 (6) eucnosexamu ma niompumxoro SPI.

Homyacnocmi 6 100 mBm 6inbw Hidie docmamubo, Hasimb 3 0yce YKOPOUEHOIO 26UHMOB0I0 abo THULOIO cypo2am-
Hot anmenorw. [onyckaemscs dianazon noutyky 6 comi mempis. Kinoxicme PY pienie nomyoicnocmi modice 6ymu 3-4.
LJe mooce 6ymu 0o 7 i3 306HiwHiM ammenioamopom Ha kKiasiwax SPDT. Kpok 3minu nomyxchocmi cmanogume
6-10 0F. Tonu 3pocmatoms, yimko uymui 6 dianasoni 400-2000 I'y. []a cucmema nicisa HA8YAHHA NEPCOHANY MOM4CE
O6ymu KOPUCHOIW HPU NOULYKY HCEPMEU 8 YMOBAX HYIb080I BUOUMOCTMI 3 TMOYHICMIO MeHuie 8i0 Mempa 00 OeKilbKOX
Mempie y npUMIiLyeHrHi.

KnrouoBi cnoBa: mask; YKX; UM; MK; noTyHiCTb; TOH.

Moshenskyi A.
PRIVATE RESCUE ECHO BEACON WITH FSK RADIOMODULE

Rescue personnel work in high-risk environments. As a result of injuries, the problem of evacuating the lifeguard
from the facility may arise. GPS navigation is not available in restricted areas, for example, in rooms, basements. Ra-
tional use of radio responders for direction finding of the object. A radio direct finding complex is not always conven-
ient and can be quickly deployed, for example, in a basement in case of fire. It is more convenient to use the blind bear-
ing method with existing VHF radio stations. Professional radio stations usually do not have an indicator of signal
strength, and have limited controls such as volume, channel selection, and PTT. It is proposed to use a carrier trans-
ponder at a given frequency based on SI44XX with stepwise adjustable power and synchronously changing audio filling
tone in FSK or GFSK mode.

Transceivers SI4432, S14463, CC1101 can be used for this reason. RF power 100-10 mW is enough. All of them can
work in FSK GFSK and ASK modes. Widest frequency range have SI4463 and it cover main bands 136-174 MHz and
400-470(512) MHz.

The radio module is controlled via the SPI bus, to generate a tone, one of the GPIOs is configured as a binary data
input in FSK mode. To implement the response, the module monitors the change of the RSSI and, if it available,
switches to the transmission mode. To control the radio module, a simple 8-bit controller with 8 (6) pins and SPI sup-
port is enough. A power of 100 mW is more than enough, even with a very shortened helical or other surrogate an-
tenna. Search range of hundreds of metrs is allowed. The number of RF power levels can be 3-4. It can be incree to 7
with an external attenuator on SPDT keys. The power change step is 6-10 dB. The tones are rising, clearly audible in
the range of 400-2000 Hz. This system, after the staff training can be useful in the search for the victim in conditions of
zero Vvisibility with an accuracy of less than a meter to a few meters in the premises.

Keywords: Beacon; VHF(UHF); FSK; MCU; power; tone.
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MomeHnckui A. A.
YACTHBIU CITACATEJIBHBIU 3XO-MASK C PAANOMO/JYJIEM FSK

Cnacamenvhvlil nepconan pabomaem 8 YCio8UAX NOGLIUEHHO20 PUCKA. B pezyrbmame mpasm modicem 603HUKHYMb
npobnema s6axyayuu cnacameis ¢ ob6vexma. GPS-nasueayusi HeOOCMynHa 6 30HAX 02PAHUYEHHO20 0OCMYNA, HANPU-
Mmep, 6 KomHamax, noosaiax. Payuonanvnoe ucnonvszosanue paduoneienzamopos ous nereneayuu oovekma. Komnnexc
paouonenenzayuu He ce20a YO0beH u Modicem Ovbimb ObICMPO PAZEEPHYM, HANPUMED, 8 NOOBALE NPU NOHCADE.

Memoo crenozo nenenea yoobnee ucnoavsosams ¢ cyuecmsyiowumu YKB paduocmanyuamu. [Ipogeccuonanvhuie
paouocmanyuu 00bIYHO He UMEM UHOUKAMOPA MOWHOCMU CUSHANA U UMEIOM 02PAHUYEHHbIE dNEeMEHMbl YAPABGIEHUs,
maxue Kax epomkocmo, gvloop kauwana u PTT.

Ilpeonazaemcs ucnonv3osams MpancnoHoep Hecywel Ha 3a0aHHOU yacmome Ha Oaze SI44XX ¢ cmynenuamorii
PE2YIUPOBKOU MOUHOCTIU U CUHXPOHHO USMEHSTIOWUMCS MOHOM 3anonnenusi 36yka 6 pedcume FSK unu GFSK.

Ilo smoti npuuune modxcHo ucnoavzoéamv mparcugepvl S14432, SI4463, CC1101. BY mowmnocmu 100-10 mBm
enoane docmamouno. Bce onu moeym pabomams 6 pescumax FSK GFSK u ASK. Cambitl wiupokuti yacmommuwii ouana-
301 y SI4463, on nokpwvigaem ocnosHule ouanazonvl 136—174 MIy u 400—470 (512) MT'y.

Ynpaenenue paouomooynem ocywecmensemes no wune SPI; onsa cenepayuu mona ooun uz GPIO nacmpaugsaemcs
Kax 6600 0gouunvix dannvix ¢ pesxcume FSK. /lna peanuzayuu omeema mooyne omcnedxcusaem usmenenue RSSI u, eciu
OH bonee mpedena, nepexouaemcss 6 pexcum nepedadu. s ynpaeienus paouomooyiem O0CmMAamoyHO HPOCHO20
8-6umnozo konmponnepa c 8 (6) konmaxmamu u nodoepoickoui SPI.

Mowgnocmu 100 mBm 6o1aee yem docmamouto, 0axce ¢ 04eHb YKOPOUEHHOU CRUPATbHOU UlU OpPY2Oll CYPPO2AMHOU
anmennoil. /lonyckaemcs ouanazon noucka ¢ comuu mempos. Konuvecmeo ypoegneil mownocmu BY moocem cocmas-
aame 3-4. Mooicem 6vims 00 7 ¢ enewnum ammernioamopom na kmouax SPDT. Illae usmenenuss mowrocmu 6-10 05.
Tona napacmarom, omuemauso civiuiHbl 6 ouanazore 400-2000 Iy.

Oma cucmema nocie 06yueHust NEPCOHAA MOACEM ObIMb NOLE3HA NPU NOUCKE NOCMPAOABULE20 8 YCILOGUSIX HYIEBOU
BUOUMOCIU C MOYHOCMbIO OM MemPd 00 HECKObKUX MEMPO8 8 NOMEUCHUU.

KntoyeBble cnoBa: mask; YKB; UT; MK; MoLHOCTb; TOH.

Crarrs Haaiduwia 1o penakuii 16.11.2020 p.
[pwitasito mo mpyky 10.12.2020 p.
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