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1. Development of a digital recorder for collecting and storing the geomagnetic data

In geophysics is often a problem of accumulation and storage of geophysical data, linked to the
UTC time and the coordinates of GPS, for example: magnetic variation station or walking a
proton magnetometer for areal photography. Existing devices at this time are closed, which
include another magnetometer or GPS-module does not seem possible, and hence there is a need
to develop a universal digital system for collecting and storing the geomagnetic data,
synchronized to UTC, and GPS coordinates at low temperatures and high humidity.

We have developed a block diagram of a logger (see Fig. 1), taking into account ease of use and
ease of use of each item.
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Fig. 1. Block diagram of data logger

Board data recorder is based on a 16-bit microcontroller PIC24HJ128GP, which runs at S0MHz,
which ensures good performance of the registrar. The board also features a memory expansion
slot MMC / SD up to 2 Gb for storage on their geophysical data in binary or file format. In
addition, the controller is connected via internal connectors with an external remote GPS
antenna, which is used to synchronize time and coordinate GPS, LCD display for displaying
information about the measurements. The board also provides registrar 1-Wire connector to
support high-precision thermometers DS18B20 accurate determination of the temperature up to 1
/ 16 degrees to make the most precise control of the geophysical parameters of the device.
Connected to the recorder module GPS (A1080) and an LCD display (see Fig. 3.5). To connect
the GPS rather four separate wires: +, - 3,3 V power supply, TX and RX serial COM. Display
TIC32 connected to the bus I 2 C, which requires 4 wires together with power, it is possible
thanks to built-in display itself Controller PCF8535.

The main feature of the developed board recorder is a digital port serves to connect the ADC, a
comparator for the removal of data from proton and quantum magnetometers (marked rectangle
in Fig. 2). Digital port has 7 independent analog-digital lines to the microcontroller, which
allows to organize a SPI serial interface for external ADC or comparator.



Fig. 2. Fee registrar and attached LCD and a GPS module
2. Development of a digital data recorder for magnetic variation station "Quartz-3EM"
In 2009, the cordon of the Altai Reserve Baygazan "(Lake Teletskoye) was established by the
registration point of geomagnetic variations. For his work of the Laboratory Robotics Gorno-
Altai State University was developed based on the digital recorder recorder for collecting and
storing the geomagnetic data to meet the following requirements:

- Accuracy of the order of 0.01 nT with a dynamic range of + 1000 nT;

- The frequency of registration - 5 times per second;

- Low power consumption (less than 2 watts);

- Continuous recording of data on digital media for six months without change;

- Use in the construction of non-magnetic materials;

- Stable operation at low temperatures (down to -40 ° C).
The input to the registrar to submit three differential analog signal amplitude up to = 10 V with
magnetic sensors Burtseva-Belova magnetovariational station (MVS), "Quartz-3EM» (D, H, Z-
components of the geomagnetic field), which are digitized by a 2-s precision 24 -bit ADC
AD7732BRU (reading accuracy of 0.0001 nT). For noise suppression used optical isolation
digital SPI interface between the board and the registrar of the ADC. This configuration allows
you to connect to the power amplification MFR through the free (alarm) land, which ensured a
high signal to noise ratio. Write data (time, three components of the magnetic field, temperature)
in the buffer controller is 5 times per second, each record component of the magnetic field is
obtained by averaging 10 measurements ADC. When the buffer is full (about once every 10 s)
data of 512 bytes written into a single cluster of flash cards such as MMC / SD (use cards up to 2
GB). Such a recording system in comparison with the FAT16 can not lose data during an
unexpected power outage and to save space on the flash card. To read data written a special
application under Windows. Logger mounted in an aluminum casing. Time, the results of
measurements on three channels (in volts) and temperature once per second are displayed on the
LCD display.
Experience of operation (the system operates in continuous mode 03.12.2009) showed that the
width of the coring system is 0.02 nT (0.1 nT in high humidity conditions), and the spectrum
exhibits components with a frequency of 1 and 2 Hz, presumably associated with the magnetic
signal created by the work of the registrar at a distance of about 3 m from the unit of magnetic
sensors. Note that the current requirements of the international network INTERMAGNET the



accuracy of measurements of variations are 0.1 nT, - thus, the recording quality is achieved even
slightly exceed those requirements. Developed by us, the registrar has improved the options
MBC compared with serial samples (accuracy of 0.1 nT, the frequency of registration of 1 Hz)
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1. Pazpabomxa yugposozo pezcucmpamopa coopa u XpaneHusi 2eoMaHUMHbIX OAHHbIX

B reodusuke yacto BO3HMKAET 3ajJaya HAKOIUICHMS M XpaHEHUs reo(U3MUecKUx JaHHBIX,
npuBsizaHHbiX Ko BpeMeHu UTC wu xoopmunatam GPS, nmanpumep: MarHutoBapualiOHHAS
CTaHIMS WU MEMIEXOMHbI TMPOTOHHBIM MAarHUTOMETP M IUIOHIAJAHON  CHEMKHU.
Cy1iecTByIolE yCTPOMCTBA SBJISIOTCS 3aKPBITHIMH, M HE TMO3BOJISIIOT MOJAKIIOYUTH IPYron
marautomeTp win GPS-Momynb, a 3HaUMT, CyniecTByeT NOTPeOHOCTh B pa3paboTke HudpoBoO
YHUBEPCATHHOW CUCTEMBI COOpa M XpaHEHHs] T€OMATHUTHBIX JTaHHBIX, CHHXPOHU3HPOBAHHBIX 110
UTC u xoopaunartaMm GPS B ycnoBHsIX HU3KUX TEMIEPATYP U BICOKOH BIa’KHOCTH.

Hamu Obuta paspaborana Onok-cxema peructparopa (cm. puc. 1) ¢ yuyetom ymoOcTBa
HCIIOJIb30BaHUs U Y00CTBA MPUMEHEHUS KaX 100 JIEMEHTA.
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Puc. 1. bnok-cxema perucrpaTopa JaHHBIX

[Inata peructpatopa MmaHHBIX TIOCTPOEHA Ha OCHOBE |6-OMTHOTO MHUKPOKOHTpPOJUIEpa
PIC24HJ128GP, xotopsrii padotaet Ha uvactote 80MI'T, YTOo oOecrneuynBaeT PErucTPaTopy
xoporee ObicTponeiictBue. Ha muate Takke umeercss  pasbeM i KapT namsata MMC/SD no
2 Gb nmns xpaHeHUs Ha HUX TeoU3NYECKUX TAaHHBIX B OMHapHOM miu ¢aitnoBom Buae. Kpome
TOr0, K KOHTPOJUIEPY MOJKIIIOUEHBI yepe3 BHYTpeHHHE pa3beMbl GPS ¢ BHemiHeil BbIHOCHOM
AQHTEHHOM, UCMOJIb3yEMBIN Il CHHXPOHU3ALMU BPEMEHU M reo/ie3uueckux koopauHat, u XKK-
THCIIIH Uil oTOOpakeHHs WHPOpManuu 00 M3MEpeHusX. Takke Ha IUlaTe pPerucTpaTopa
nperycMOTpeH pazbeM 1-Wire ans moajiepKKu Npeluu3uoHHbIX TepMomeTpoB DS18B20 ¢
TOYHOCTBIO OTpeneneHuss Ttemneparypsl 1m0 1/16 rpamyca, 9TOOBI MaKCHMaJIbHO TOYHO
KOHTPOJIMPOBATh MapaMeTphl Te0(U3NIECKOTo pruodopa.

K perucrparopy noaxmouatorcst MmoaynbHbiii GPS (A1080) u XXK-nucmneit (cM. puc. 3.5). [na
noakntoueHuss GPS goctaroyHo 4eThIpE€X HE3aBUCUMBIX MPOBOAOB: +,- muTaHus 3,3B, TX u RX
nocnenoBarenbHoro uaTepderica COM. Hucmet TIC32 moakmouaercs mo muHe [2C, koTopas
TpebyeT 4 mpoBoIa BMECTE C MUTAHUEM, 3TO BO3MOXKHO OJiarogapsi BCTPOGHHOMY B CaM JUCILICH
koHTposiepy PCF8535.

OCHOBHOH OTIMYMUTENBLHOM 4YepTON pa3pabOTaHHOM IJIAThl pErucTparopa SIBISETCS HaIudue
nudpoBoro mopra ciuyxamero mias  noakmoueHus ALIl, nmbo xommapaTtopa miisi CHSATHA
JaHHBIX C IPOTOHHBIX U KBAHTOBBIX MarHUTOMETPOB (BBIAECIECH MPSAMOYTOJBHUKOM Ha pUC. 2).
[MudpoBoii mopT uMeeT 7 HE3aBUCUMBIX aHAJIOTOBO-IIU(PPOBLIX JUHUM K MHUKPOKOHTPOJIIEPY,



KOTOpbIE TO3BOJISIOT OPraHW30BaTh TMocienoBareabHblii uHTEpdeiic SPI mns BHemuux AL
WIM KOMIaparop.

Puc. 2. [lnara peructparopa u nogkiatoueHHsie kK Hemy LCD u GPS monynb

2. Paspabomka pecucmpamopa OAHHbIX 01 YUPPOBOU MASHUMOBAPUAYUOHHOU CMAHYUU
“Keapy-3EM™

B 2009 rony nHa xopmoHe Aunraiickoro 3amoBenHuka “baifrazan” (o3. Tenemkoe) Obl1 co3man
MyHKT PErMCTPALMU TeOMArHHTHBIX Bapuarmii . st ero paGoTs TaGopaTopreii poGOTOTeXHHKH
'opHO-ANTalicKOTO TOCYHHBEpCUTETa OBUT pa3paboTaH caMOMKCENl Ha OCHOBE IU(POBOTO
peructpaTopa cbopa M XpaHEHHsST TE€OMArHUTHBIX JAHHBIX, YJOBIETBOPSIOIIUI CIETyIOIIUM
TpeOOBAHUSIM:

- TouHOCTh u3MepeHui nopsaka 0.01 H'Tn npu nuaamuyeckom auamnazone £1000 uT;

- YaCTOTa PErUCTpaluu — 5 pa3 B CEKyHY;

- HM3KO0e HepronorpebneHue (He 6omnee 2 B);

- HEeNpepbIBHAs 3alMCh JAHHBIX HAa HU(PPOBON HOCUTENb B TE€UEHHUE MOIYTro/1a 6€3 ero CMEHsI,

- HCIIOJIb30BAHNE B KOHCTPYKIIMM HEMarHUTHBIX MaTepHaJIoB;

- ycToitunBas paboTa npu HU3KKUX TeMmeparypax (1o -40°C).

Ha Bxox perucrparopa nogaéres tpu audepeHnnpoBaHHBIX aHAIOTOBBIX CUTHAJIA aMIUTHTY IOH
no +10 B ¢ marautHbIX natuukoB bypuesa-benoBa marnutoBapuanuonHoi cranuuu (MBC)
«KBapu-3EM» (D, H, Z-KOMIOHEHTBI T€OMarHuTHOTO T0JIs1), KOTOphle ONU(POBHIBAIOTCS MPHU
nomo1tnu 2-X npeun3noHHbIx 24-0utHeiXx AT AD7732BRU (otcuérnas Tounocts 0.0001 uTm).
Jlns mojaBiieHusl IIyMOB HCHOJb30BaHA ONTHYECKas pas3Bsizka LudpoBoro uHrepdeiica SPI
Mexay miaroil peructparopa u ALl Dta kKoHpUrypamnus mo3BosISeT NOJKIIOUUTHCS K OJIOKY
ycuneanss MBC uepe3 cBOOOHYIO (CUTHAIBHYIO) 3€MJII0, YTO 00ECIIeUnIIO BEICOKOE OTHOILICHHUE
CUTHaJIa K IIyMy. 3aluch JaHHBIX (BpeMs, TPU KOMIIOHEHTHl MAarHUTHOTO T0JIs, TEMIIEpaTypa) B
Oydep KOHTposIepa MPOU3BOIUTCS 5 pa3 B CEKyHAY, KaXIas 3allUCh KOMIIOHEHT MarHUTHOTO
noJsl moyvaercsi B pesynbrate ycpeanenus 10 mmepenuit ALIL Ilpu 3anmomHennn Oydepa
(mpumepHo pa3 B 10 ¢) manHbie 00bEMOM 512 GaliT 3amMMCHIBAIOTCS B OTIEIBHBIN KiacTep (Jern-
kaptel Tuma MMC/SD (ucnonb3ytorcs kapthl o0bEMoM 10 2 ['6). Takas cucrema 3amucu 1Mo
cpaBHeHMI0 ¢ FAT16 no3Bonser He TepsATh JaHHbIE PU HEOXKHUJAHHOM OTKIIIOYEHUU MUTAHUS U
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SKOHOMHUTb MecTO Ha duem-kapre. [l cuUuThIBaHMSI JaHHBIX HaIlMCAaHO CIelHaIbHOE
npwioxenue nox OC Windows. Perucrpatop cMOHTHPOBaH B allFOMHHHUEBOM Koprmyce. Bpems,
pe3yJbTaThl U3MEpPEHUH 10 TPEM KaHaslaM (B BOJIbTAX) U TEMIIEPATypa pa3 B CEKYHAY BBIBOJATCS
Ha KUJAKOKPUCTATNIMYECKHUM TUCTLIEH.

OmnbIT 3KCIUTyaTanuu (cucreMa paboTaer B HenmpepbiBHOM pexume ¢ 03.12.2009) mokasai, uyto
HIMpUHa IyMoBOH Nopokku cucteMbl cocTtaBisieT 0.02 HTa (o 0.1 HTa B ycnoBHsIX BBICOKOM
BJIQKHOCTH), TPHYEM B CIHEKTPEe HAOIIOMAIOTCS COCTABJSIONMEe ¢ YactoTod 1 m 2 I'm,
IPEIOI0KHUTEIBHO CBA3aHHBIE C MATHUTHBIM CHTHAJIOM, CO3[]aBaeéMbIM paboToil perucrparopa
Ha PacCTOSIHUM OKOJIO 3 M OT OJI0Ka MarHMUTHBIX JAATYMKOB. 3aMETUM, UTO B HACTOSIIEE BpeMs
TpeboBanuss mexayHaponHod cetu INTERMAGNET k ToYHOCTH HM3MEpeHHs BapUaluid
coctrapnsitor 0.1 HTn, - TakuMm oOpa3oM, MOCTUTHYTOE KadecTBO 3alHCH J1aXe HECKOIBKO
npeBbIIaeT 3TU TpeOoBaHuA. Pa3paOoTaHHBII HAMU PETUCTPATOP TMO3BOJWI  YIYYIIUThH
napamerpel MBC 1o cpaBHeHHIo ¢ cepuilHbIME oOpasuamu (toyHocth 0.1 HTn, wacrora
peructpauuu 1 I'm).
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