TEXHUKATIbIK PU3UKA
TEXHUYECKAA PU3UKA
TECHNICAL PHYSICS

DOI 10.31489/2022PH4/48-55

UDC 621.37

K.M. Makhanov", N.B. Kurmanaliyev, S.B. Musepov, A.K. Naptalov, KéZ."Kenzhalieva

Karaganda University of the name of academician E.A. Buketov, Kazakhstan
*E-mail: makanov@inbox.ru

Development of the wiring diagram of the device based on thed.oRa module RAK3172

The paper presents the results of the development of circuitry af ele€tronicidevice for the acquisition and
transmission of telemetry data. The purpose of this work is to desigmyand dewelop circuitry of the device for
data acquisition using LoRa technology. The integrated end-to-end design environment Altium Designer was
used to develop the electronic part of the device. The STM32F407¥GT6 series microcontroller was used as
the central control unit. A LoRa RAK3172 radio modile,is proyided injthe circuit for receiving and transmit-
ting data. Unlike previous series, this module is equipped'with aWART interface, which greatly simplifies the
process of designing and writing a program for€entrol. In this,article the relevance of developing device with
the use of LoRa-technology is considered. The theoretical basis of LoRa-modulation is briefly considered.
The main section presents the results of the circuit design ofithe device, in particular, the inclusion diagram of
the module and the control microcontroller The information presented in the paper reflects only that part of
the developed device, which is related to LoRa technology. In general, this work is part of a much larger pro-
ject, which involves the use of GSM, Wi-Fi,'RFID technology. Circuit of power supply is designed for 220
volt AC voltage with further transformationteu+12V.

Keywords: LoRa module, STMB2 micracontroller, LFM modulation, electric circuit, modulation, gateway,
design, circuitry, development, Altium Designer, radio channel.

Introduction

In the contextiof global digitalization, Internet of Things (IoT) technologies are gaining momentum [1-
3]. New types of LPWAN*(Low Power Wide Area Networks) have emerged to effectively solve the
problems associatedywithpenergy consumption. Technologies that enable the connection of autonomous de-
vices togthe WAN appeared in 2015-2016 and are now rapidly gaining popularity [4]. The most polar among
suchdtechnolegicstafe LoRa, SIGFOX, NB-IoT, Weightless P, etc. In most of the published papers [5] it is
notedithat the mse of LoORaWAN protocol in various industries and housing and communal services (HCS)
has goodiprospects.

A module operating in the frequency range 868/433 MHz is embedded in each meter. These are the
unlicensed frequencies used by the LoRa standard. LoRa (Long Range) modulation technology is a
modulation method that provides a significantly greater communication range (coverage area) than other
competing methods. The method is based on spread spectrum modulation and a variation of linear frequency
modulation (Chirp Spread Spectrum, CSS) with integrated Forward Error Correction (FEC).

An important element of the system is the base station (gateway), the purpose of which is to collect
readings from meters and transmit them over the Internet to the data collection server for further processing
and analysis. Theoretically, in a city environment, the base station can cover a zone with a radius of up to 15
km. In practice, the coverage radius is about 2-3 km.
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All of the meters from nearby houses that are within its range transmit data to it via radio channel. The
base station transmits the received information to the data collection server, where it is further processed
under the control of the software.

Application of LoRa technology makes it possible to assemble a variety of devices into a single system:
security devices, lighting lamps, metering devices for resource consumption (heat, electricity, water, gas),
vehicle sensors (which are used to control movement and fuel consumption), etc.

Thus, fundamentally new solutions in the field of communication services, monitoring, telematics,
telemechanics, dispatching, Smart House, Smart City systems, etc. are created.

In the basis of the considered technology LoRa signals are oscillations with linear frequency modula-
tion (LFM-modulation), the frequency of these oscillations can both linearly increase and linearly decrease.
LFM signals are complex signals with a basis much larger than unity, respectively, their correlatiomfunction
will be sufficiently narrow compared to the simple signals [5]. Mathematical description can be expressed by

formula (1):
s=A*cos*[27z(f*tl+%n €))

here f; is the lower frequency (frequency at which the LFM oscillation\begifis); m is the signal
frequency change rate, determined by the formula:

m=— 2)

where BW is the signal spectrum width (125, 250 and 500 kHz);
Ts — duration of one LFM oscillation:
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here SF (Spreading Factor) — specttfum eXpansion factor, it takes the following values SF' = 7...12. It
determines the bit depth of the data symbel (in“bits) transmitted during 7’5, and also affects the signal base.
Increase SF greatly increases, noise immunity of the transmitted message up to transfer at a negative
signal/noise ratio, but at the same titme_ificreases the transfer time. The signal base is calculated by the
formula

B=BW *T, =2%" (4)

According togj6] the coded information symbol defines the frequency by the value of which the LFM
oscillation is shiftedhat is, the frequency with which LFM oscillation generation begins is determined by
the vallic of the'information symbol in decimal notation system (5):

df = (%)

L3
TS

here £ is the current value of the information symbol.

At time Ts — Ty (6) the LFM oscillation reaches the maximum frequency, after which the generation of
a new LFM oscillation begins from the lower frequency f ;and stops when it reaches the frequency df. The
duration of the new LFM oscillation is T

k

T, =— 6
" BW ©

In general, according to [7], the modulated oscillation is described by the expression (7):
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2
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(1) = (7
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Despite the presence of a large number of publications, currently there are no publications devoted di-
rectly to the development of devices based on LoRa-module. The review has shown [1-4] that practically all
available developments are based on the application of ready-made modular solutions. Mainly baseéd on the
Arduino platform.

The purpose of this work is to develop and design the circuitry of a combined data aeguisition device
using LoRa technology.

This paper presents the results of design and development of a combined telemetry data,acquisition and
transmission device. In particular, one of the data acquisition-transfer interfagés is,a ‘boRa module
RAK3172. As the control unit used microcontroller series STM32F407XX. Thegevelopment of the device
circuit was performed in the integrated end-to-end design environment Altium Designer

Experimental

The developed scheme of the device is designed for use in data collection/systems from heat meters.
Currently meters (water, gas, heat and electricity) have either pulse.outputior interface output. Pulse output is
considered obsolete and has a number of shortcomings. Meters with an #aterface output are the most promis-
ing, but they are also more complex to implement. Unfortunately, there is no "universal" approach that pro-
vides zero-modem connection. The fact that counter manufacturer§,often do not care about minimizing traf-
fic when developing their devices, which is very important fogLoRa-technology. This will inevitably lead to
loss of stability of LoRa-network even at its low density.{Therefore, in the framework of the implemented
work, we plan to solve these contradictions at the lével of the "driver" of the developed device. In this paper,
the primary results related to the circuit design of the'dewvi¢e are presented. As the next stages are completed,
we plan to publish additional materials.

Figure 1 shows the wiring diagram of the/'RAK3172 module. Two interfaces are provided for commu-
nication in this module. A high speed, synchtenous SPI interface and a lower speed, two wire UART inter-
face. There are two UART interfacgs on beard this module. As you can see from the figure, we have used
UART 2 in the schematic.
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The use of the module RAK3172 in this work is due to the fact that it provides the possibility of using
the UART interface. In earlier versions of the module, the use of this interface is not provided, which in turn
affected the volume and complexity of the control program.

Both hardware and software options are available to "reset" the module. In this case the output
"LORA_RST" provides the possibility to reset the microcontroller programmatically. This function will be
used when it is necessary to remotely re-flash or update the control program of the microcontroller.

As noted above, the circuits presented in the paper are part of a more complex combined device circuit.
Accordingly, the component numbers in the circuits are also in through order. For example, the power supply
circuit of the module, as a rule, includes the device protection for power supply and pulse filtering. And as
we can see from this circuit (Figure 1), capacitors C33 and C34 are provided for this purpose. It should also
be noted that the connection to the main components of the circuit is organized using the “Harness, which
increases the simplicity and at the same time clarity of the connections used in the circuit.

Figure 2 shows the appearance of the circuit, which can be conditionally called "basic'. Ipcombines the
inclusion of both LoRa module and other functional units not reflected in this article (GSM,, USBYtempera-
ture sensor).
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Figure 1. LoRa module RAK3172 wiring diagtam
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Figure 2. Wiring diagram of STM32F405VGT6 microcontroller

Thi§ schematic shows the inclusion of the LoRa interface discussed in the article, the programming
node andieoniponents to stabilize the microcontroller power.

As can be seen from this figure, two quartz resonators are used in the circuit. One for 32.768 MHz
(ECX-31B), the other for 8 MHz (ABM3-8.000MHZ-D2Y-T). According to the "technical documentation" it
is recommended to install 12 pF capacitors on the 32.768 MHz resonator. However, at frequencies above 20
MHz quartz resonators are known to operate without interruption and require no additional tuning. In the
case of low frequency resonators, the calculation of the capacitance of the used capacitors is required. In the
"technical documentation" for the ABM3-8.000MHZ-D2Y-T resonator, it is noted that the load capacitance
is determined by the parameters of the external capacitors Cr; and Cr; and the parasitic capacitance of the
circuit board and connections (Cs). In this case the capacitance value for Cr; and C ;> recommended by the
manufacturer is 18pF.
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In order to accurately determine the parasitic capacitance of the microcontroller ports and the PCB ca-
pacitance, measurements must be made. To make preliminary calculations, manufacturers recommend as-
suming a Cs value in the range of 3 — 5pF. Manufacturers recommend these values based on requirements
for keeping the quartz resonator as close as possible to the microcontroller's chassis. These Cs values accord-
ingly take into account two specific cases. For shortest possible proximity Cs = 3pF. For the longest possible
distant resonator position Cs = 5pF. The value Cs = 4 corresponds to the average position distance of the
quartz resonator.

Thus, we have the following input data:

Cr =18 pF, Cs =3 pF, Cs =4 pF, Cs =5 pF

To calculate the capacity of external capacitors (Cy;2) including parasitic capacitance, expression (8)
recommended by the manufacturer was used:

C, *C
L=t G ®
CLI + CL2
It follows that the capacitance of the capacitors must be:
For Cs =3 pF C,,=2(C, —Cs)=2(18-3)=30pF
For Cs =4 pF C.,=2(C, —C5)=2(18—-4) =28 pFi
For Cs =5 pF C.,=2(C, —Cs)=2(18-5) =26 pk

At this point, we have pre-included 28 pF capacitors intgfthe,cireuit.

However, when testing the finished device, additional measurements will be taken to determine the
loading capacity (C;), since the manufacturer's recommended Value is given as the maximum possible value.

Figure 3 shows a schematic of the electrical power supply. AC voltage from 220 volt mains is used
as the main power supply. The circuit is provided, with protection against electromagnetic interference
and mains voltage ripple. As a converter of alternatiig voltage CBM70S120 (production Cincon) is
used. Small dimensions (61x57.9x17 mm)\allow installing the converter directly on the surface of a
printed circuit board. The circuit node,consisting of Schottky diode (D10), p-channel field effect
transistor (V'7T1) and two resistors (R23,and"R24) performs the function of power switch to battery J3.
The logic behind this node is as follows:\when there is electrical power at the +Vout output of the U2
converter, the «drain-source» ‘¢lannel of gransistor V'T/ is closed. The device receives 12 volt electrical
power from the /2 VDD point. In the case where there is no 12 volts at the +Vout output of the U2
converter, the «drain-sounce» channel of transistor V71 opens. In this case, the device receives electric
power from the emergencyfbattery pack. However, as noted in the technical documentation of VTI
(Si3493DDV) tramsistor, theftotal turn-on and turn-off delay of the «drain-source» junction is less than
200 ns. This allows thistfamsistor to be used as a high-speed switch.
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Results and discussion

To create a network using LORAWAN technologies it is necessary to use a base station for data collec-
tion, called — gateway. The device developed in this work is a kind of "end-device" that directly collects
data from the connected sensors.

The central link in the chain "end-device — gateway — server" is the gateway. The gateway's task is to
receive data from the "end device" and then transmit it to the server for further processing or storage.

As a base station, we use the gateway brand RAK7258. To use this unit as a base station, you need to
register it on the network and attach it to a server. The server can be either private or public. In our case, we

Figure 3. Schematic diagram of the electrical power supply to the device

used "The Things Network" server. This server is provided for free by the LoRa technology manufacturers
for their customers. After registration on the server, we received a "Key Gateway" key.‘W e f this
key we need to connect the "end device" to the base station.

Figure 4 shows the appearance of the registration page on the server.
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Figure 4. Registration on The Things Network server

Conclusion

In rse of the work the wiring diagram for the design of the circuit board and the whole device
based on the wireless LoRa transmitter RAK3172 was developed. The choice of this series was due to the
possibility of using UART interface and easier to implement AT commands.

The device power supply circuitry provides protection against electromagnetic interference and electro-
static discharges. Parameters of used components are calculated with regard to the requirements of GOST
30804.4.4-2013 (2 — degree of rigidity).

Because of limiting values of circuit board stray capacitance Cs = 3pF — 5pF and manufacturer's
recommended load capacitance C; = 18pF the capacitance of external capacitors (C ;) is calculated for
8 MHz quartz resonator. However, it should be noted that the manufacturer has recommended limiting
values of Cs. Hence it follows that in the process of making the PCB of the device it is necessary to
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make an additional value of Cs. And if necessary, make an additional calculation of the capacitance of
external capacitors.

To control operation of the developed device and subsequent data collection, we carried out work
on registration of the gateway RAK7258. At the moment, registration has been successfully completed
and an access key from "The Things Network" server has been obtained to connect "end devices" to the
base station.
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K.M. Maxanos, H.b. Kypmananues, C.b. Mycenos#A.K. Hanranos, K.3. Kenxanuesa

RAK3172 LoRa mMoayJiiHiH Heri3iHie KYPBLIFbIHBI KOCY CXeMACBIH J3ipJiey

JKyMbIcTa TeNEeMETPHSIBIK MAIIMETTEep/l JKMHAYFa JKOHE TapaTyFa apHaJfaH SJICKTPOHMBIK KYPBUIFBIHBIH
CXEeMacChIH d3ipiey HoTKenepi kenripiipeH. By sxyMpicThIH MakcaTsl LoRa TEXHONOTHSCHIH KOJIIaHA OThI-
PBIII, AEPEKTeP/Ii XKUHAYFA apHAIIF aHIKYPBLUTFBICXEMAChIH jK00aiay xoHe d3ipiey. KypbUIFbIHBIH 3JI€KTPOH/IbI
OeuiriH o3ipiney yiuiH OacklHaH ¢OHBIHA JICHiH xobanayra MyMKiHJik Oepetin Altium Designer opracs! naii-
nananbubl. Opransik 6agkapy Omors! perinne STM32F407VGT6 cepHsChIHBIH MUKPOKOHTPOJLIEP] KoJia-
HbULBL JlepekTepai KaObulnay koHe,sdpary yiuiH cxemana LoRa RAK3172 moayniH KojgaHy ecKepiireH.
AITFalIKsl cepusIapMeHgeallbICThIpEanna, Oy1 Moxyns UART unTepdeiiciven sxababIKTaTFaHIBIKTaH OacKa-
py GarmapnamachiH jK00ajay XKoHE Ka3y MpolecTepi aiftapibikrail sxeHinnerinren. Makanana LoRa texHo-
JIOTHSICHIH KOJIIAHATBIHAKYPBUIFBLIAPIBI 93ipJICYIiH ©3€KTLir TajkpuianFaH. LoRa MOIyISILUSCHIHBIH TEO-
PpHSUIBIK HERI3AeP] KblCKamagkapacThipbuira. Herisri 6esimMie KypbUIFBIHBIH CXEMAChIH KYPACTBIPY HOTHIKE-
aepi Gepinred, Akail aiiTKaHIa, MOAYJIbAI XKoHE 6acKapy MUKPOKOHTpPOJIIEpIH Kocy cxemachl. COHbIMEH Ka-
Tap Makajfaza KeuTipiireH akmapar LoRa TexHosorusceiMeH 0aillaHbICTBIPUIATBIH KYPBUIFBIHBIH Oip Geuti-
rin rana kepeereAiy Kanmsl, 0yt xymbic GSM, Wi-Fi, RFID TexHoiorusapbia KoJIaHyabl KO3ISHTIH aje-
KaiifalayKpIMABK0OaHbIH Oetiri 6omnbin Tabbutansl. Kopekrenaipy tizoeri aitnpimansl 220 B kepHeyneH ko-
peKTeHIIpLIIH, KeliiH +12 B-ka TypreHmipineni.

Kinm co30ep: LoRa momyni, STM32 muxpoxkontposiepi, CXKM Mogymsiuscel, 371eKTp Tiz0eri, Moy smus,
IUTI03% JTN3aiiH, cxeMa, a3ipiey, Altium Designer, pamuoapHa.

K.M. Maxanos, H.b. Kypmananues, C.b. Mycenos, A.K. Hanranos, K.3. Kenxanuena

Pa3paborka cxeMbl noak/JIl0UeHust ycrpoiictBa Ha 0ase LoRa monyass RAK3172

B craTbe npezcTaBiaeHs! pe3ysbTaThl pa3paboTKH CXEMOTEXHUKH JISKTPOHHOTO YCTPOUCTBA cOopa 1 mepena-
YM JaHHBIX TeldeMeTpuu. llenpio maHHOH pa®oTHI SIBIsIETCS MPOSKTUPOBAHHE M Pa3paboTKa CXEMBI YCTPOH-
cTBa 1A cOopa IaHHBIX C HCHOJNb30BaHMeM TexHomoruu LoRa. [lns pa3paGoTku 3IEKTPOHHOW dYacTH
YCTPOIHCTBa UCHOJIb30BANIACh MHTETPHPOBAHHAs Cpella CKBO3HOTO IpoekTupoBanus Altium Designer. B xaue-
CTBE IIEHTPAIBHOIO OJOKa ympaBlieHHs NpuMeHeH MHUKpokoHTpoiuiep cepun STM32F407VGT6. B cxeme
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npenycmoTper moaynb LoRa RAK3172 mis mpuema u mepenauu JaHHBIX. B oTinuyme OT mpeaplaynmx ce-
puii, aToT Moaynbe ocHamieH uHTepdeticom UART, 4To 3HAUNTENBHO yIpOIIAeT MpoIecc NPOSKTUPOBAHUS U
HalUCaHWs MPOrpaMMbl ISl yHpaBieHHWs. B naHHOW paboTe paccMOTpeHa aKTyalbHOCTh Pa3pabOTKH
ycTpoiicTB ¢ wucnonb3oBaHueM LoRa-texHonmoruu. KpaTko wn3yuyeHsl TeopeTuueckue OcHOBbI LoRa-
MOIyISIIMU. B OCHOBHOM paszenie NpeACTaBIEHBI pe3ydbTaThl CXEMOTEXHHYECKOTO IIPOSKTHPOBAHUS
YCTPOWCTBA, B YACTHOCTH, CXE€Ma BKJIFOUCHUSI MOAYJISI M YIIPABIISIONIET0 MUKPOKOHTposuiepa. MHdopmarus,
MIPEe/ICTaBIICHHAs aBTOPAaMU CTaThH, OTPAXKAET TOJIBKO Ty 4acTh pa3pabaThiBaeMOro yCTPOWCTBA, KOTOPAs CBSI-
3aHa ¢ TexHonorueir LoRa. B menom, 3ta paboTa sSBiIsieTCS 4acThio ropas3io 0ojiee KpyImHOTO MPOEKTa, B KO-
TOpPOM TIpeanoaraercs ucnonb3oBanue Texnonoruid GSM, Wi-Fi, RFID. Cxema nuTtanus paccyntaHa Ha 1ie-
pemenHoe Hanpsbkenue 220 B ¢ mocneayromum nmpeodpazoBanuem B +12 B.

Kniouesvie cnosa: monynb LoRa, mukpokonTpomiep STM32, monymsuust JIUM, snektpuyeckas cxema, Mo-
IyJISIMs, LITI03, IIPOSKTHPOBAHUE, CXEMOTEXHHKa, pa3paboTka, Altium Designer, panuokanair.
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