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Summary
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National Science Foundation Project N 216732. The goal of research was developing of
landslides/mudflows cost-effective accurate complex Early Warning System (EWS) with
telemetric connection for signaling mass-movement activation using radiosignals or Internet
connections. The seemingly unconsistent demands for cost-effectivness and accuracy of
system is resolved by usage of new technologies (for example, using MEMS Sensors,
ARDUINO based system for data processing and telemetry, micro radar-sensors for soil
humidity and economic power sources). The developed EWS is founded on monitoring two
main factors of mass-movement initiation: soil humidity (as a long-term precursor) and
tilts/acceleration (as a short-term precursors). The Early Warning System, assembled
following this concept was tested in laboratory and field conditions.

The book is intended for the scientific workers and engineers, lecturers, students,
government and nongovernmental organizations, connected in their activity with the
problems of mass-movement physics, disaster risk reduction, etc.

Key words: Geophysics, Landslide, Landslide modeling, Early Warning Systems, Disaster
Risk Reduction.
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L5d0IOHMYGOOL 1530096 SL530W GO 56 BosbOL FglisdEoMgdS.

9m39 fowb gfigdgdo s ©3:03mBgd0 0fji3g306 3Mo3oe JBIRYMIBL
0090 mgEomlb 30056 sy0wgddo (ob. bdgEosw Mo Lszombo gmGbswdo
Physics and Chemistry of Earth, vol.25, No.9, pp. 705-797, 2000). 39600m@w9sq
SM3LMOOM ILBOILGINMWO 5EYOW0, 3HBYO0, B33MMIOLS s 396906030 S0l
doggdols  BoOIOMEH00, Moo  dsd30L  JergdBH®mMsd3g00 bsBgdo o
Lo3gMBgm B0TbMgdol dofjgdo gd3azs Lsdodo gmEMmAoGmo 3MMm(39LgdoL
8dodg, DMaXIO 3I9GHNVGHOMBMo 253wgbol J398d (Jibson,R.W., et al., 1994;
Duman et al., 2005; Linz and Hanggi, 1994). 3s5900L 56m8s¢r6o 9md6Homdgdo
3960MONIOE M5 Fbwm©  sH0sbgdL  go®mgdml, sl slggg ImMLgaL
albggM3eo. 5303H™md oo 3603369emMds 543L, Msms 3mGHgbgoMo Lsdod
50030 gddo ds1gdol AmdEsMdYdOL Imbo@m®mobyolomzgol 8904dbsl Loodgm @
995393GO0 50MIME0 J9@Ymd0bgdols LoliEgdgdo.

bogo®mm3z9emUl A9M0GHMM0 739 doLIEod0560 39MEOMYO0YOHO
36MHm39LgdoL, IMBsbErgmdol BOHEOL s 0bEGHIBLOMMO Tofomnlatgdermdol,
0b939 OMAMOE Ab3owo Ls0bgobMHM boggdmdgdol OO MoMmEYbmdOL gsdm,
931360l MODMEgl, dmfgzs  Fooedmosb  Mgaombadls  Abmgomdo
(Grasso and Sornette, 1998; Voisin, et al. 2002, 2004; Stroup, et al. 2007; Bollinger,
2007; Bettinelli et al. 2008). 39mdmOHBMEMy0OH0 B5d0IOMGOgd0m dodmf)3go)cro
ferom®o 930bmdozmmo boGoo  LodsGmzggermdo 100 dogrombo m@smol
MogobLos (Atlas,... 2012).

Lodotomggermdo 396M99mb  3oDBo3MOMHO  FobsLosMYdMGIOL @S ocY
©90mddggdols 2393w9bols 9600936900mds M930mbols 0653036
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9obollosmgdEgdHg (3boos, 0do@md, GMI J399sbs IYdIMIYMDBL 0D o
LgobIMMS© 9B Mgaombdo (Gerrard 1990; Klupt 2008). ao6M@s 0Ly,
65dm9b0dg 0O Ls0bgObOM 3MMgdEo (358bwgdo, oo Bogmmdlswgbgdo,
dofiolidz9ds gobLoEe30, 390M0gMHTME0 LOEAYMHIO0 s 5.9.) 339 539690 0s 56
39bbogngol  BEoosdos.  do®owo  GoL3zoL  dghygMgdols LEOMIGHmOOU,
©0653030L, GHM0a9M060930L, oLEGHMOMo0L s dglsdwm  dsabo@mol 3560
3™bs 3608369c0m3560 [fobs3omMdss HgoEm0o LoggMmMbOL Tgbogzsoligds© s,
LOOMEP MM, 5Q53056930Lsm30l Pobstotmo 3905030 gd9w0
39¢y™00690900L Lo@gdols dgbogdbgamsco.

5033w  Bodo®mggemdo 9. OMXOL sBo OOl 3esliogMMo
9525000, O“MIgEoa 330P39690L M35M(3M3gO0L s Fo00  35EHVEGHMMIPMO
990929008  0639blogMdsL. 0g0  30MHEa3060  gIMIM9ds  Folgdol  bs3oOL
©3MM3900L 50dMboggm bsfoedo  dgmxy Jowsd yzsmgwl, oligzg Mmame3
Lobmgwem  bsdgm@bgm b6 gdol  Mmd0gdBHgol.  dmeom 115 {erob
3963530 Md5d0 0gm OO  35OEMBool 31  Fgdmbgzgzs;  odm{)39ds
BoGroerds dosfos 200 doomb 58 MEs®L. 93mbmdozmemo LoGomwwggdols
3900 dmerm fargddo 36939630090 1ogd0sbMds 36dEH03wo d9)Y39GH0w0s.
50239650, 989JAHMO0 5EMIMo  T9BHYmdobgdol/ dmbo@mMobaol Loli@gdol
994965 M9ga0mbolmzgol Labogmabwmo d60d36gwmgsbos (Acoustic EWS,...,
2006).

MbEglo BOMMAsLFE900560 ggMIMOBMEMYONOO  J5@ILGHOMRs dmbo
2014 Herol 17 350LL ool bgmdsdo, Mg Lodo®m39wml BoBMZsMMb
Sbeml. dgogao 1 dogrombo 3mdmo  dgBHMo  ImEvIErmdol  035MHEMRBO
Bo9M30005 ©93MEM530L 340b3500b, MOL 2sdmE I0RIMS JOMOMIPO 2B
(Lodo®rnggeml  LodbgOM  gbs) s OLOL  30OMYEgdEHOMLIYMOOL
AIO0GHMEM05, 0035 M5dEgbodg 3MTs. 93mbMB03MMO DoGowo TgogbL
SMBOm F00Mb MESEU.

509bs d51gdols AMdMSMOOL 3OM39L9d0L (0350 (3MB0/T9Hygeo) 9x39dGHwMO
@S QB5RBIB0sBO  BgangdgEHM o 3md3gdurmo LogbowoBsools d9dabsls
L5390 MBMZ0L A6l 3POGOMEo 360d369wMds 5J3U.

360Hm9dAHoL  93GHMMJO0 39609 ™db  FMboEMMobaols o SEMgMEo
39¢9™d0bgd0L 3033egduHo Lol gdol dgdadbsl, Losog 3o9mygbadeo 0dbgds
J969d0bL  god@sMMIOL/FH)b0sbmdol, ongMIbiEoswmMmo d9d60396m0 sBdscgdols
@5 30bEBHoL  30dMs300L  qoHmAzgdo  Lbgoolbgs  ®oligol  @mbols
LObOEOBI300BIMZOU.
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035M3Mm530/d9(gM9d0L Imbo@MMm0baol s SEMgMEo dgEymdobgdol LoldgdoL
(58L5) Be3zemg odmbogngs

1.89(igm0obL 3mbo@m®m0by ol Bm@GMyMsxgdgdmmmo &gdbozs

B0AMAM57399GOMo  G9dbogzs  9b0d3bgermgzsbos  Bomommagdol  s®gdo
3OM6GHOL  Bofmeoll  5a0wgddo  Bosogol  FMmdGMomdOlL  2obloLEBOIMS®.
bdgwgomob R GHMYM5R309 GO0 399my9gbgd Mo 0gbo L50bgObO™
LEAHOMIBHOIOOL dmboEMOOboLsM30L (Baltsavias, E.P., et al., 1999; Savvaidis
P.D., 2003; Bitelli, G., et al., 2004).

2.99%9m0L dmbo@m®obyol dofjsbg d5BoMmgdmmo ggmgbomemo @gdbogzs

9ofoBg d5BoMmgdMo 49m©)HBomMo GHgdbozs 399moyggbgds LEHMUYJEHIMGOOL s
39096900l ©9BMOT>30900L  JoboBMmEmobyobsmgols  (Savvaidis P.D., 2003;
Bandelas, A. and Savvaidis P., 1990):

2.1.360563 Mmoo s GHMOEo@IMom©MHo 3mMHoBMbEMwo 3mbEMmmerols
Juggdo

2.2.396030350060 306GHOMol Jugargdo s Lods®e ol 4obLEBOZMS
2.3.¢™@5H0 0bLEGHOIIbEHIEo d5Hgd0 gfiyMols dmbodmEmobyolsmgzols

3.990 90l dmbo@mmobyols 056593 bs30Mgdbg d5BoMgdmeo ¢gdbogs
3MdIWOHO  3mHBoE30MgdoL  LobBgdol (GPS) dmdsmds  ©onwdbgdeos
MmOd0GHOL  bsdxBogmgdols  dogh  aodmlboggdmero  Moombiogbserols
903mb3wol EOMOL 4oBMIZ5Dg (bob.1). 45BMa3s F90dwqds BoEIMIL, MmO 3
®sdom obg EoLlom, Lboolbgs 530bol 306HMdYdTo, o3 5T FoBMIZ9OL
930bm3omEmL  bob.  4obLogMOgdom,  MMEILLE  33W930L  3OmEgLdo
JOHPOOMMES© 659m9body d0dmgd0 39653900 b533093
©IBMOHI0MGds© dolgdbg (Brunner, F.K., 2000; Bauer S.] and Weber F.K. (ed.),
1998; Biirgmann, R., et al., 1998; Celebi, M., et al., 1998; Dai, L., et al., 2000; De
HeusH.,1997; Ding, X., et al; 2000; Forward, T.A., 2002; Gilli, ]J.A., et al., 2000;
Hofmann-Wellenhof, 1997; Savvaidis P.D., 2003).
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Bob.2.1. GPS (93930 8mbo@m®mobyol LobEgds aMegbdsbol dgfyge oy,
33LE®0580. LOAYOO 03390905 FBOL dEHIMYd0M (2), Fgo3EogL GPS 56¢)gbsl
(1), 8mb539900 25053990l LoLEgasL (4), 930 335V (3) GPS 80dwgdols

gm0l s Imbs399900L T9bsbgzol LyerbgM3m JmHymdoEMdSL.

4.99(ym0l dmbodmmobyol g9m@gdbozm®mo Lobdgds

39039d603m600  LBgbbmOgdo  FoBmMmE  odmoyYygbgds  LEGHWJGHVIOJOOL
9mboGHMmMobaolbsmzgol.  doM0moEo  Loobgobmm  LgblmMgdo  2sdMm0Yygbgds
IBMOIs300L ImboEMOobyobosmgol. (Baltsavias, E.P.,1999; Savvaidis P.D., 2003;
Bock, Y., Williams S., 1997; Corominas, J., 2000; Dunnicliff, J.,1988; Amitrano, D., et
al., 2007; Amitrano, D., et al., 2005; Antonello, G., 2004; Inaudi, D., Glisi¢, B., 2007;
Glisi¢, B., Inaudi, D., 2007).
4.1063000bm393HM9gd0

qu 0bLEGHMMG63H9d0 ©59Mb 35519090 d9hyg®do 390MHOO
Fo¥OH00gddo. olbobo BMmdsggh Fodm®Eogdol Lsfigol LolHmGal, Gomss
390030067905 IBOOMdOL 6gdoldogMo 33¢0wgds Fsd)HOOl d+w99do.
4.2.99b&9b%BmAgBHM9d0

9L 0bLEGHOMAGBGHO 25dmoygqbgds dsbdorol (33¢0gdgd0lL  Jqlonsligdes,
dofioll 396900l  FgdFoMM™M39d0L 56 29056533930l 49bLLLEBMZMS,
15065066 M 653900930l s Jofolid39Ts FobEMIOOL, 39Egdol EIsbEIMgdOU,
3969080 @5 bgwmgzbm® FoLoergddo ©IBMOTS300L golsBmds, 430658900l
39683900 Jobgdol 39690l TIMEOL MGl  golsBmIs, BIOHMIJOOL
1G930EMOMIOL S BLEHOMIGHMOIOOL JoMOMIO JoBgdol 0o FMIMSMdOL

5L5530dLBOMGOWS.
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4.3.309Dm39@ 900

309DMmIgBHMgd0  BmBoggb  dofoldzgds  Hyargdol (69358  dgmeEmaomE
LEHOMJEGOYdT0.
4.4. 39m3mbgdo

50 9mflymdo@mdgdl  Fguderosm  3md®momdLmb  ©s393806M9d 0
3000530900  43HMI3zs.  obobo  (o®BsBHgdom  godmoygbgds  sEMYo
398OMbogdol Lol gdgddo. oo Jgdwrosm 500d3s56 dghgg@ol Tgbsdsdolo
Logbosgo  LobdoMmggdol, 33wodGHvEOL s 300605300l  bsbYMAIW03zMdOL
dobggzom.
4.5.¢0w@d9GHOM900

QIBOEMBOL  A5HMIZs B399 gdM03  2ogJONI0s  MMYMOF  ASIbMS
3m6H0BMbEGH Mo LodMHEGHY0B, begrm Ao (inclination) 5MHOL Qoag0E0O,
OHMQMOF 250bMS 39030350 M0 LOdMEZHY0Ib.
4.6.0%sMol IBMIgdo

0Bodol dbmdo  Fgodergds 0ygmlb  dogr0sh  LoloMygderm  0blGMMIGbEo
SQMJM0  IBMOTOMGOS0  TdBgdol  FMIMIMBOL  AsTIMBaggbs. gL
mfymdommds Dmdogl  49005Y0GISL BgI30M0L M6 [gHGowl Jmmob,
OMIWgdoag 9OHmIsbgml dmMgds. gl 890dwgds 0gmlb doerosh Bs®EGHo30 @
0530 dmfymdomds, sdoGmd obobo bdoMo 4sdmoygbgds,  Fg@yYmodobgdols
Lol gdqddo.
4.7.503F3m3560 m33039

OmamO3 9. 3330060 Lodmdoewsdm  bLE®WdEHm@gdol  boffowo, dgodg
0™ F3m3560 LYbLMMGdO PsMIM0s S BOZMEMIE A9bFOgdIM0s FoE0sb

LEHOJEGOTo.

Cahar SOFD Sermars (Foos
™

Beidga  Dimis Acguimitasn Lindls
4 i i

BOFCbus
Bob.2.2.0m 3303560 m33030L 53 LobBgdol sGJoBgdGMs (Smartec SA)
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5.29080b03760 dgonm©gdo
5.1.3009@d G0 dgmmEo
dofjobdzgds fobswmmdols 3obsfoergdol 29bLOBEZG 0 o63mo9bL

(899000030/(33C5©0)  39MIYJBHOHwo  gobmdgzgdol  FoBsbL.  Fobowmdol
39BM839380 29b6LsDPZM3L dofolid3z9gds Hobosmdol 3mb3MgE e dsbsforgdsls.

909dGOMwo  [obosmmds 306039 MHoado 033egds  BMMOsBMdOL,  {gwol
395909630l boolbolb, gm®Mgdols  Lombol  aod@sMMmdoom @  oobob

390339 Md00m.

5.2.80360mbgoldmmo ImboGmMobyo

RYOEMIOL  5MILEHIOOWMOMBIL b sbeogl  sdDBIMZOL 9B MM3930L
393M39¢gd0LsL  3969M0MgdMo dozhmligoldnmo gdolbogdo (Mainsant et al.,
2012). 8036mbgobdgdo  gsdmoyggbgds  RIMO™MOOL  ©IRMMAS300L  5dGHOoWEO
569900l 3mboGMm®0byobmzol s ML3930L  (obsdmMmdYgdoL s©0dMmboRgbsw .
5.3. 5399LE03MM0 gdobos (AE) ol 8996900030 dmgzgargbss, MmIgwos bgds,
MmEgbsg Lbgmbg dmgdmwos 15385M0LSO OO TIOIWMAS. Y39wsHY
96008369wm3560 figerowo  5318GH03MO0  gdobool  IMboGMMobaol  ™M35els-
SBMobom Jgo@obgl Koerner et al. (1981) s Dixon et al. (2003). bLyob@HgMglm
Loddomgdo 0gm Bo@o®mgdmero Chelidze et al., (2002, 2006, 2012).

HMEOYLOGE 93BEGH03MNO0 MbIzs 3M39IIds BosIydo, ol 3563l Logbowrols
593odsl:  Boosgdo BsHIMBS ©OOY, oD b 9oL bsfos3gdols
(0563300M3960) A56M9dm s 969MA05 035Mgds MHMEILI3 GO LS JoEol gMHmo
Bofogmogol  LoBM3Mgd0Esb  FgmMologgh.  GHowrEasd@oMmol  Asdmygbgds
MBOWE39gmxnl 93069  BBIMdSL  53LEGH03MNOO  gdolbool  Hgomrmsb
LgbLMMOLY3YD.  SMVLBHIVOWME  BIOMODY  BHOWPRTBHIOOL  SOLYIMOY,
03903 OMmamO3 Hgbo Homdmoaqbl ®3060L dowls, 360d3bgarmabs bBMHols
537930329600 gdolool Lgblm®ol dmbo@m®mobyols MbsGU.
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. ,\W\/\/\ J\vi —| Amplifier Analogue to

with filters digital

converter

Pre-amplifier

AE

=— Waveguide

Data analysis
and output

65b.2.3. 5379L3H03M0 gdolool Imbo@MmMmobyol s d9@EHYmdobgdol LolEgdol
3™33mb9b¢gdo (Dixon et al., 2003)

39OHEOMOYOBY  dobgdol  FMIMOMOdYdOL  Imbo@MEMobyol  GHMowoEomwo  dgommogddo
99000l B30l s BYI30OMD sberm gghols 330603900l 535MOFHIMs. I3,
0936 53 IgMEL 56 gmxbol dRMHIMB0sOMdS 3930l Hobs LlGo gBMOT>309d0L
odmliohgbs. 40 Fgarbg TgBHos  GHoMgds  33¢93980 6050l BmIMSMdOL
9mbo@Mm0baoLsm30L  53MBEGH03MMO  gdobools  (59) 9TMLoYbgdws®. LsobEHgMglem
L53w9domgdo BoBoM©s m. Fgodol s Lbg. dogh [40]. 439wy 860dzbgermgsbo
f3woo, 99-L Lsggeg ©33060390900L M3oLIBGOLOm, dgEsbowos 3MMbgMoL
[78,138] @05 wodumbo doge [137].

3909 Lbgmendo LMool OML 4gbgMocMmdMEo 53-U MgaOLEHMSE0S 56
5M0L 5300  53Mm3bs. MMmEILLE  93MLGOIMNMO  033MEBO  3M(3ITOIYdS
Bosogdo, dobo 533wo@©s 3060, M5YBsE Boowsyo BsMEgEm3zsbo
39M90Md @5 gbgMos 0390905  gmMgbg  A9ILZWOL.  IBs3IMRGOOL
99L5930690¢0@ 53BEH03MNOO0 96xMR0S FYsOrMPIL (LHOSEOL BYLI30MH0D)
LgBbLM®SIEOL  (HMIgeros, MmymedE (oo  dofolb  BgEs3oMBYs)  oOSJ3L
GOOR5TBHML, M55 BEGHIBIOGHIE 305dFH035© 0J3o 99-U 33eg30L M™U.

©0gJbmBTs 2odmoyggbs MmO FHo30l, 35B0WMO S SJGHOIOO B OYSEIMO.
33L0MO Ao EasdBHIML 56 gosBbos 09l sFsEgdomo  gommgdo.
3905690030, 5JGHOMMO B MRSTBHIM0 09gbgdl 53LEH03MM0 BHowmgdols
000560  Fo0od®mAbMd0stg  FoLosl,  MHMIgeog  IMm3LGdIMY0S
AOOATBHIOOL  go6MTgdm. LM gdIOL  OML  BYdS GO ASTEHIMOL
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QIBMOT:305, bmwm 5379130 39M0 9doLos 500IZMYOS FOXPASTEHIMOL 450MT9dm
Bog®ogm doloensdo.

65b.2.3-Bg b65P3969305 30300 59 9356M5@MOMo LoLEGIoL bdgdsG o
0o00my9bs.  9JBHOME  BHowysd@IMTo  (VMMEOL  Boys®Bo) s0dMMEo 59
ROEOEOL  BoEsdBMom  dool  309BmgwgdBHeer  bgbbmEMsdol,
Om3gwo3  ImmogLbgdmeos  @omMmbol  BowEasd@sMol ™megzby. 9999
531GH03MO0  Loabsero  dwoghgds  [oboslfoMo  2535d0gMHgdols  doge.
LodMmEMM©  5)  A9Mo0gdbgds 3o8OWw  Lboabswo  dgdamdo
565¢0BoLOMZ0U.

5.3. ©35603M53930L s J3500533960L 3000 MIMbOEHMOOBYOL LobEHIIOL sbsgroBo

Terrestrial remote sensing technigues:
= GB-InSAR
- Terrestrial Laser Scanning (TLS)
- Terrestrial Optical Photogrammetry (TOP)

Terrestrial Optical Photogrammetry (TOP)

3D topographic reconstruction for:
= DSM generation

= |mage orthorectification
= Change detection (3D correlation, elevation differences, etc)
Software : Open sources - MicMac (IGN) ; Commercial: Pix4D, Photoscan, SURE ...

Matching technigues for :

= mapping stable and unstable sectors

- monitor Earth surface processes deformation

- detect and map changes (e.g. rockfall source and deposits areas)

= application to glaciers, volcanoes, landslides Phaim ef al 2014
Software : MicMac (IGN, FR), PointCatcher (Lancaster University, UK), dist_corr Glacier of Argentiére,
software (EFIDIR toolboxt), COSI-CORR (US), PCL Library ... French Alps,France

Travellett et al, 2012 ~
Super-Sauze,
French Alps,
France

65b.2.4. ©3563m58gd0L s J35m5(33960L 30gMIMBOGMMOLYOL LoliEds (144).
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e Camera CANON + LNS
Operational
Without automatic data transfer

e Camera CANON + Raspberry Fi
Operational
With automatic data transfer

#  Surveillance camera + LNS
Site : Aiguilles
Operational
With automatic data transfer

Surveillance camera

65b.2.5. 30009mboLEYIGOOL FHguEH0MGdOL doscromo (144)

- : = It'.' ; : . /
g 1 b b # P
hd -~
5 £
/
L} /! /
z A
= £ /! /
AL p
3 Yy
® P
2! o
-4 2 /
g
a8 a A -
w P —
15/08/14- 15/08/18 s "
/‘ i/ T
4 o
- */"
i o
L. ST aepaige -
o A

1507 2507 0405 14008 2408 0309
Date [ddimm] 2015

65b.2.6. 89096900l @ 350533960l 30gMIMbOEHMM0BYOL LoliEgdol sbsewobo.
390092900 8009005 9OHMN-9Mm d9HYyOH e MdbBYg (144)

BobobBg  fo@mOmygbowos  Jgomo3zgboll s  @3sMHEMBol 35890,
9mbo@MM0baol LobiEgdol sbsewobo (144). 565¢0BO 45390090905 9BIN-9gOHO
3M6309GMW0 5@Y0E0LIMZ0L. 9oL J0EIMDbY IMb0TbIE0s G5dYb0dy
P9O@omo (90 89dmbggzedo mombo) @S O0sRMTsBg  FoMImagboros
000009990 Jomobol KX 5FMMO o590 Yd©330603930L 39M0Mm©Jo.
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33LEGHMOOogeds  dg360960gdds  Fgodmdsggl  Fghymgool  sSMgMo
36OHMabMBoMYOOL LoLEBIIMMO  3MI3E9gdu@o doymds (Tordesillas A., et al, 2018).

obobo 0ygbgd9b 530l Im@gls dofiols LoGsatm Imbs3gdgdolsmzol s
53999096 36MMabmBL, Lo dmbgds Bsdmgigzs sLgMEmdoo dgBHmol BIMEMIBY,
00mJdol MO0 33060000 >

dmgo  Jgodegds  359mygbgdme  0dbsl  bLYdogdBHMMo  FgoMmEIdOL
B533ws© 50 qdol dgmPBgz0Lomzol d9dymddo dgfiygcols Hobzol dgxnsligdol
doBbom.  (oMmImygboero  dopamds sbg3g  FWoOMME  2odmoygbgds  Lbgs
9dmbs399900L  sbsEroBobmzol, Mmmdgwog Imbo@GHMEmObal  M(gal  Tglsbogen
196OOMOL. 8080bs6g LsdMTomgdo sxYdbgdmeEos 58 sL33690%BY, dgfiygcols
om©gbmdMmogzo  Fgusligdobsmzol  3mb3MgEHIro  @OMmoL  gobyergddo,
306935¢3)030L dmbo393900L s d9Hygeol (36mdowo 3oByHBgdoL Logmdzgwby.
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=
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65b.2.7. 556H0b 30600530300 8mbs399930L J3eoli@gewo bodmdgdo

MBOMDb390gmRL 9HYgeol Log35MOMEM 5O AIOIMGMOOL SO MY
360 MbmBL (Tordesillas A., et al, 2018).
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0530 3. dmbo@m&obyol/sMgmeo 9g@ygmdobgdol s3EMds@rMo
Gowg3aGOIwwo LobBgdob bryso 3mbEggeos

930bmdommmds Cost-effectiveness

LogoMmM39eML 3HGMH0EGHMO0s FBoM0MIoldE900560 gmEmaor®mo 3MHMm3EgLgdol
(89096900l 5 0350330l 396MHgd0L Momgbmds B39bmsb 40 000 Gogolss),
mbobgmdol  bBMHoL, 0b@bLomEmo  FofomloMpaqdemdols @y dbbgowo
Lo0BgObOM  B539dMB9d0L OO MOMEIbMmdOL A5dM, 939m360L MM MEgL,
9mfy3wo 350owdm0sb Mguombgdl AbmBeomdo. 30MMdEgdoL gowsHy3gdodo
MEOEILO Mo 9boFds d93609MH 330935L O Sbowo FHgdbmemaogdols
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Table of alarm grades of tilts, humidity and acclerations

Tilts, sum of tilt modules of two sensors, located in the active zone,
relative to the horizontal level (reference sensor)

Alarm Grades Voltage, mV Tilt a, degrees
grade O V <1000 mV 2.5°<

grade 1 1000 mV <V £ 2500 mV 2.5°<a<5°
grade 2 2500 mV <V £ 3500 mV 5°<a<7°
grade 3 3500 mV <V <4500 mV 7°<a<9°
grade 4 4500 mV >V ao>9°

Volumetric humidity, % (summary value for three sensors)- ARDUINO readings

Grades Voltage, mV Volumetric humidity, W %
grade O 3550 mV 2V W <£20%

grade 1 3500 mV <V £ 3550 mV 20% <W <23%

grade 2 3400 mV <V £ 3500 mV 23% <W <£26%

grade 3 3200 mV £V £3400 mV 26% < W 30%

grade 4 V <3200 mV 30%>W

Accelerations, a in units of g.

Grades Voltage, mV g

grade 0 V <800 33 a<0.025g

grade 1 800 d3 <V <1500 d3 0.025g<a<0.05g
grade 2 1500 93 <V <3000 d3 0.05g<a<0.1g
grade 3 3000 d3 < V <4000 33 0.1g<a<0.133g
grade 4 4000 03 < V <5000 d3 0.133g<a
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1. Quad-Band 850/ 900/ 1800/ 1900 MHz

2. GPRS multi-slot class 10/8

3. GPRS mobile station class B

4. Compliant to GSM phase 2/2+

Class 4 (2 W (AT) 850/ 900 MHz)

Class 1 (1 W( AT) 1800/1900MHz)

5. Control via AT commands (GSM 07.07 ,07.05 and

SIMCOM enhanced AT Commands)

6. Short message service

7. Free serial port selection

8. All SIM900 pins breakout

9. RTC supported with SuperCap

10. Operation temperature: -40 ~ +85

Specifications:

PCB size:71.4mm X 66.0mm X 1.6mm

Indicators:PWR, status LED, net status LED

Power supply:9720V, compatible with Arduino

Communication Protoco:UART

RoSH:Ye

Application Ideas

M2M (Machine 2 Machine) Applicatoions.

Remote control of appliances.

Remote Weather station or a Wireless Sensor Network.
Vehicle Tracking System with a GPS module.
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Hazardous objects and landslide suscaptibility map of Georgia
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Conclusion

The ultimate goal of the present work is to create a landslide and mudflow early
warning system on the basis of modern microelectromechanical systems (MEMS).
There are many methods for monitoring and predicting mudflow / landslide motion:
photometric, geodesic based on ground and satellite; Geotechnical (Inclinometers,
Extensometers, Piezemeters, Crack Solutions, Optical Fiber Systems, GPS);
Geophysical (geoeclectric measurements, microseismic studies, acoustic emission),
etc. Most of them are very expensive to create a cost-effective set of early warning
system.

One of the purposes of our research is the recording of slow movements (the
beginning of slip) and the compilation of conditions for monitoring landslides using
the acoustic emission record. For this purpose, we assembled a special installation. A
plastic barrel is filled with a landslide material, a barrel is cylindrically filled with
small stones in the center of the barrel, and in the center there is a thick-walled
steel pipe that transmits an acoustic signal that has arisen in the small stones to the
acoustic sensor. In the installation, the deformation is effected by means of a
mechanical jack. The purpose of acoustic monitoring is to record acoustic signals
that arise when geological structures are pre-moved before the landslide activation.

The ultimate goal of the work is to develop autonome power supply (solar
batteries), processing low-cost precision geophysical monitoring complex telemetry
system, using radio signal or Internet connection for signaling activation and
initiation of mudflow / landslide. In recent years, the satisfaction of accuracy and
cost efficiency can be achieved with the help of new technologies (eg MEMS sensors
and different sensors of soil moisture and economy elements of compatible data with
modern digital processing and transfer elements).

By using print and Internet sources were selected optimal economic types of
acceleration and acoustic emission sensors (MEMSIC) for the implementation of the
project goals. Additional was studied of (MEMSIC) sensors ability as the tilt meters.
The multifunction sensor complex is designed to measure acceleration, tilting,
moisture. Acceleration and tilt sensors recordings was compared to recordings of the
high quality equipment (TROMINO, TILTMETER 701 APPLIED GEOMECHANICS). The
results are satisfactory. Two different types of sensors were made and tested.
Acceleration and acoustic emission sensors are tested on the Burridge-Knopoff
Laboratory model. Records were performed on the multichannal oscilloscope
PICOSCOPE 4824.
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A system was developed to monitor and generate and transfer an alarm of
landslide activations. In real-time, based on the integrated processing and analysis of
several physical parameters observed in the hazardous area, it decides the level of
activity in the area of hazard situations. The sensors used in the system are
waterproof, protected by a device that contains a three-component analog mini-
modules accelerometer-tiltmeter: MMA7361, a mini-module of the radio-frequency
soil moisture sensor: 2.7 GHz Radar sensor and a mini-module of the linear
semiconductor temperature meter: LM35.

The processing system differentiates the signal amplitude, phase and spectral
characteristics received from each sensor relating to the base sensor information. By
abnormal trend, if the observed difference is greater than site-noise natural to trend
data, the system generates a warning or alarm information that can be transmitted
by GSM data form and immediately placed on a database to the remote server, send
SMS text messages and submitted to the disaster management structures or
transmitted coded radio signals for the protection of the nearest settlement, which
will be fitted with a radio frequency receiver-decoder and the local sound an text
alarm providing device.

For the obtain physical fields current parameters values for the landslide zones
the Arduino mega 2560 is connected to the analog processing platform outcoms,
where is collected pre-processed, enhanced, filtered information sended from the
sensitive sensors. Sensors with high accuracy measures the current characteristic
parameters (acceleration, inclinations, humidity, temperature) observed at the
landslide area. These data are uninterrupted and they are sent to the main digital
processing platform for pre-prepared analog recipient ports. The information
entered in the analog format will meet the appropriate ports. Logical signals and
logins are being generated in analog-digital transforming channels of the digital
platform, and then form the information as vector flows and provide the timeframe
for the main platform buffer to process flows.

Because, the monitoring system installing location may be inaccessible to global
communications, it is impossible to use the cable internet for data transmission.
Internet access to mobile (GSM data traffic) is used for data transfer in our system.
In particular, we use the GSM sim900 module, which is adjusted to the main
platform chosen by us and is convenient to operate handling. At the same time there
is energy efficiency and the data transfer process is characterized by sustainable
working parameters. In order to ensure that the monitoring system is more
sustainable and reserved, without losing information, additional mechanisms are

required in the server system. Specifically, it is meant connect the memory card to
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the main digital platform (Arduino mega 2560). For this we use Micro SD (TF)
Storage Board, where we have installed 16 GB of flash memory, thus ensuring
continuous processing of data. The recording process on this memory card is
mandatory in order so that when data is delayed, local data accumulation occurs,
and when the complete connection is restored the server will fill the loss of the data.

The project discussed four elements of risk: population, pipelines, dams and
roads. The number of population was estimated by the general population census
(2016). Pipelines, roads and dams data were obtained from archives and open
sources.

The final result is calculated according to the total loss risk and risk level of
each region. This is a spatial probability of landslide-threatening events for different
levels (low, moderate and high-sensitive areas), with physical vulnerability (low,
moderate and high sensitive areas) and risk factors (each sensitive class).

Compared to the existing systems, our equipment distinguished by several
innovations:

1. Our system is much less expensive than the existing equipment (the base elements
are 1000 $ range).

2. Comparison of tilt and acceleration sensors placed at the active area with the data
of the reference sensor, resulting in a differential signal that will be evaluate a
deviation from the equilibrium state. This significantly reduces the level of
unwanted noise.

3. Early warning will be based on multiple sensors data: On the basis of observations
obtained in recent years, the alarm algorithm is divided into two parts, with long-
term (moisture parameters) and short-term (inclination and acceleration data, which
also novelty).

4. The new method of inclination registration involving MEMS accelerometer is
used (signal frequency filter?).

5. An electromagnetic, radiofrequency sensor (2.7GHz Radar Sensor) were using to
measure moisture in the soil.

At the final stage we tested our early warning system in real landslide. For testing
object was selected landsliding urban area (Gldani landslide) in Temka in Thilisi,
which poses a serious hazard to residential buildings.

The obtained results are principally proven that the landslide monitoring and
economic telemetry early warning system ("watchdog") gives the opportunity to
monitor the processes in the landslide body, to determine the level of hazard and to

provide information continuously and efficiently transfer.
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