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.FBT 4DJ 5FDIOPM *(JM .BBUBM

SFTVMUT BOE EJTDVTTJPO

0OQUJINJ[BUJPO BOE SFMJBCJMJUZ WBMJEB

EFUFSNJOBUJPO BMHPSJUINT

*O UIJT SFTFBSDI UISFF PQUJPOT PG B
'JHVSF&YQFSJIJNFOUBM TFUVQ GPS UFTeR S B F28dPIRH UIF POTFU UJNF PG B(
BMHPSJINBEOE UXP WFSTJPOTPG UlF "*$ |
>BMPOH XJUI UXP BMUFSOBUJWFT aYF|
6 WBSJIJBCMF XJOEPX "*$ 7 8 5lTF BINPG U
= =  (~p=-) UPEFUFSNJOFUIFNPTUBDDVSBUFBMHP:
UIFDPNQVUBUJPOBMDPTU JT SFBTPOBC)
XJUI MINJUFE DPNQVUBUJPOBM SFTPVSEC
UIFJS BEWBOUBHFT BOE EJTBEWBOUBHF"
MZTJT PG UIFDPNQVUBUJPO UJNF
'JHVSPGGFSTBO FYBNQMF PG UIF USBO
JHVSFE &YQFSJNFOUBM TFUVQ GPS UIF MBEPBEBAPSFORFWFMPREFTU DBSSJFE PVU PO
OPO EFTUSVDUJWF "& UFTUJOHUPPM  \350yN CBS JODMVEJOH UIF UISFTIPME |
5P'VTJOH BMM UISFF BMHPSJUINT 5IF VG

51F 4% TFOTPSTNVTUCF ESIJWFoYHBub JENBFr MM MS UIF TPVSDFE
TUVEZBUBEFQUIPG NNQBSBMMFWEOBRIEEERS 24,y Pd BHERESUIFTU GSPN |
NFSPG HPOPOFPGUIFTFOTPST PReWFERIOFrE BBV TG UIF "3 WBEMVF
TPVSDF *O UIJT DBTF SFQFUJUJPOT XEYPBHALE R F NJOJNVN
TFOTPS 5IFSFGPSF B UPUBM PG NEB™WHER

SFHJTUFSFE JOH Ul
5IF DBMJCSBUJPO NFUIPE QSPQPTEEXID )
CBTFE PO UIF VTF PG BO PQUJPOBM DBM & SEMPRIEEN
UIF NBOVGBDUVSFS 5IF NBOVBM PG BIEDRRABIRA R D BMHPSJL
UJNF XJUILOPXO FSSPS UP CF SFDPSEEPRY ITRRTTFMABMIEBY BE POTFU Ji
UFTU 8IFO UIF DBMJCSBUJPO UJNF JEE g A F ' oty MEMMFTE$ NIJOJNY
JTPCUBJOFE UIF FRVJONFOU JT sFBERZVIMEE S MBI WiEWESQ/IdY PG UITF T
NFOUT *G UIF NFBTVSFE 5P' EPFT oP DN \WBUDR ©Y EXJUIBDIB(
UJNF UIFVTFSNVTUBEE NBOVBM QPMIVYEF I ¥ PY¥BUJPO PG L
XIFSFUIF SFTVMUT NVTU CF DPSSFDYRE &Y PHdHFHMPCB
UIF WBMVF PCUBJOFE JO BB DIEMISSEBREANPDED ¢ 46 UJPO VTJOH B aYFE XJ
|JOEFSTNFBTVSFNFOUTJOU|BUU|F§§QMW%QAQ/%§L§TS%'5J BEHONHGEMIBUUIF

JOUIF AFME BOE DBO MFBE UP FSspsEPXTUPBQ F"*$BMHPSJUIN DBO J(
DBTFT 5IF GBDUPG DPOTJEF SDOWH B I'EX J (

DBMDVMBUJPO IBT BMSFBEZ CFFO SFDPF
5%, 53&& BO /%5 UPPM Q%P BB HRFT<BO > XIFSFUIFTFWBMVFT IBWF CFFO TIF
FNFSHIJOHUPPM GPSOPO EFTUSVDUJWAXPEGEDUBE BTHUSFSIN BIWIP &1 5DIVOEFS N
QPSUBCMF JOOPWBUJWF BOE MPX WWBTU GH W UMBN- HXOBUTP\BITIFEPXY/ XU ¥IFO>BQQMZ.
DPNNFSDJBM 4% TFC@CEZP'ST PEHY SAF FYQFSPVME CF TUSFTTFE UIBU GPS UIF 'f
JNFOUBM TFUVQ PG UIF 1IBTF UFTUTOBMIRBBTUWE DGOPVUMUAZTZQNERNBQBOE UIF Ul
NFOUJTTIPXOJO aHVSF TDJFOUJPVTMZ %FTQJUF UIJT JO TPNF |
5lF NFBTVSFNFOU QSPDFEVSFJT UIFJHENEAVB UJ B '8 SFIBMSHVSIRNN IBE JOEJDBU I
TFDUJPO 5IBUJT FBDITFOTPSJT IJWIBJINHOB® BEDJWESMME CTBBBFUFE 4FUUJC
IFODFUIFSFXJMMCF NFBTVSFNFOXBQBY &BSZDPNQMJIJDBUFE FTQFDJBMM;:
‘JOBMMZ JUTIPVME CF OPUFE UIBU QPRODIBPNPCFEUFIPPVO NG BIBT FRVJIQ
NFOUXJMMEFQFOEPOUIFTUVEZ DBSSUFERPVIBIODWRNE$SEGFBSEFDDBEIEFUXFFO U
JEFBJTUPJODMVEFBO FBTZ UP IBOEMF BBS8 WMBCGRSBNP IZ NFBOWNHS PG F
XJUIUIFFRVIQNFOU BMMPXJOH UIF \BTPB BBIOAH® RISSGPBEHNCBBIMBMQCSBQIPOT UIF Ul
FYQFSINFOU 5IFDBMJCSBUJPO NPEEJDUBMFDUGP & SPNPEISE HFOMSBMUIF QB S
NFOV CFGPSF QSPDFFEJOH UP QFSGRON WIF DBWRCEBIWPIEG EFUEDIIRPE NIVTU |
UPPMNFBTVSFTUIF5P'PGUIFQSPQBBEG U YBXNEWFRBOBUOMNOBEFR NFBO WBMVFE
XJUIUIF GBDUPSZTFUUJOH 5IF EJG GSSEBBPW XBIWIW O F 882K VPIWWEIBEMAEPGP S BM!
NBUJDBMMZ XJUIJOUIFFRVIQNFOU BMFTO/SUIOH BODWMZBOHBIOE SFMRBEB8MHPSJIU
SFTVMUT XJUI UIF UIFPSFUJDBM WBMVF *U DBO CI

Sensor
SD-02
R

Fp =23 kHz

BNC-BNC

O

MHPSJUIN WFS
'58 BMHPSJL

,IJ_::ll__E HLF POTFU
B

Eggmz UIF POTF
B
N



.FBT 4DJ 5FDIOPM *(JM .BBUBM

25 2700
3 \ 11 At
1543 ': S .o 2400
t\\ \\l I ,\::;r’c\,.:\' :; o ~ \”\ u . : S1 signal

= 53 N T @ = = = AIC V.W. onset time
@ = 3 A I'\,v’ {2100 £ — — AIC V.W.values
& .y T " Z _— AIC F.W.onset time
5 -5 "\ | : B\ =L 18002 = s == AJC EW. values
= ‘\ . ,1r' “—_""\ I ) ——— = FTC onset time
s\L Y . _ ———— FTC threshold
-15 - “Ne [ 1500
-25 T | | T T T T T T T I 1200
—40.0 -15.6 8.9 33.3 57.8 82.2 106.7 131.1 155.6 180.0
Time [pus]
25 3800
\
15 W 3500
\ | | / m— S2 gignal
- . N V4 3200 )
= 5 N\ . | b g 2 ==+ AIC V.W. onset time
£ \ U1 il o3 | ™™ AIC V:W.values
by = s I 1 - O === AIC F.W.onset time
g -5 3 L : Z == AICEW.values
\‘ 5 | | It~ 2600 — = FTC onset time
N ———— FTC threshold
e N | A i 2300
o
. sl

2000
-40.0 -15.6 8.9 333 57.8 82.2 106.7 131.1 155.6 180.0

Time [us)]

'JHVSF &YBNQMFT PG UIFUSBOTJFOU TJIHOBMT SFDPSEFE EVSJOHUIF"& UFTUDBSSJFE
"*$ WBMVFT BOEUIF5P'VTJOHUIFUISFFBMHPSJUINT B 4JHOBMDPNJOHGSPN4 UIF
GBSUIFTUGSPNUIFTPVSDF

5BCMF5P' NFBTVSFEPOCBSPGBMVNJOVNPG EJGGFSFOUMFOHUITDBMDVMBUFE BQQM?Z
WBMVFT

-FOHUI "*$' 8 "*$ 7 8 ‘5% 5FPSFUJDBM
DN "MHPSJUIN T T T T
.FBO
45% ¥
.FEJB
45% ¥
.FEJB
45% ¥
.FEJB
45% t
.FEJB
45% t
.FEJB
45% t

WBMVFT PCUBJOFE XJUI "*$ '8 XIFSBMNMFXBEFTUOEBXYRHE GPSBUPUBMPG
BQQMJFE JO BMM DBTFT BSF NPSF URBQ IF UBNFTTUHOBSIGPS UIF
DN CBST BOE BQQSPYJNBUFMZ BINBPNOWIFSSGPTFEIGPS UIF NFBTVSFNI
DN DN BOE DN CBST DPNPBBEFEPOP* 0 LFF'M $J 6 () QSPDFTTPS
78 BOE '5$ BMHPSJUINT 5IFSFGPSF3"J®PGFSMT PG (NRBB\CSWF BOEB CJUPQ
NFOU BDDVSBDZ UIF PQUJNJ[FE "*$ 7UF BXIHP BIXW YN TCBYRE QSPDFTTPS 5IF PC
UBLFO BT UIF POF UIBU EFUFDUT UIF XBWE&JOEPKT XNV MUBUBMETATUFEN SFTP
BDDVSBDZ BOZNJDSPDPOUSPMMFS DBO PGGFS
*OUFSNT PG DPNQVUBUJTPRBMBUISIFEQSE FESFHOJADBOU DIBOHFTJO UJNF BT NF
UIFDPNQVUBUJPO UJNF SFRVJSFE CBEBP OBMHERGRUIKNS MBMBFOBHSSATY MU PG 8JC
JUFSBUJPOTPGFBDIBMHPSJUIN PORTETBNRSPHDEBEVMATS5XITMSI®USPEVDFE"
DFEVSF XBT SFQFBUFE GPS GPVS SVOBCHMFSGGBPSSVQIFIPRNQVUBUJPO






.FBT 4DJ 5FDIOPM *(JM .BBUBM

5BCMF5P' UJNFT NFBTVSFEPO UIFCBSTPG DNMFOHUIVTIJOHUIFUISFFEJGGFSFOU F
'58% .FBO WBABWAT
&RVIQNFOUT "& 5%, .45
"*$ 7 8 ‘5% "*$ 7 8 ‘5%
.BUFSJBMT T T T T T

4UBJOMFTT TUFFM "*4*
"MVNJOJVN 5
1FBSMJUJD DBTUJSPO ((
#SBTT $V,;0 1C
IMBTUJD %&-3*.10. $

TFOTPS UJQ XBA TFU WBAJT UJNF WBM\BBCMFBBABEBWIPO PG UIF NFBO 5P' NFBTVSFE
DPSSFDU UIF NFBTVSFNFOUT SFDPSEﬁ%l},{/*P@%THD%“ﬁQ% EFEGJPFUéFrF’P NFBTVSFE XJU

7BSJBUJPO GSPN "&
#FODINBSLJOH PG UIF 5P' PO EJGGFSFOUBI\IJ%% %ﬂABrMTVIJUI%* 45
EJGGFSFOU /%5 UPPMT

AUBJOMETT TUF
5IJT TFDUJPO CFODINBSLT UIF 5P WBN)(IQ/,\FJ'IE)\,P,\FIUBSJOFE GSPN

DN MPOH CBST VTJOH EJGGFSFOU /%ppéRBMID B Y FIAT ¥FSF

DPOEVDUFE XJUIUIF"& FRVIQNFOU GPMMRXJIQHI IEOPOAHVSBUJIPO

TIPXOJO aHMBEPPNNFSDJBM .45 FRVIQNMBUUADIMSF3*. 10. $

BOEUIFMBCPSBUPSZ EFWFMPQFE QSPUPUZQF S5, 5SFF aHVSF

"MBZFSPGBDPVTUJDDPVQMBOU XBTBQQMJFE CFUXFFO UIF CBS BOE

UIF XPPEFO QMVHT QMBDFE UP BMM$BX WP NEBSIRFSD D@ WOF EBUROFOPOT NBTT B

JO JO PSEFS UP FOIBODF XBWF QSPOBWHBRUYWFENBYHASNBMD UIF UXP

NBUFSJBMT - % N SPTU
5IF"& UFTUTBOEUIPTFQFSGPSNFE XHIUBwS*, UPPMROBEGMFE | H 8

SFDPSEJOH PG UIF TJHOBMT SFHJTUFSFE€Z UHFFFOTPSTF*0-CPU+—

DBTFT UIF QSFWJPVTMZ TEMFDUFE ' é§%J@EAF”$T7TLéFEWHﬂ>’SJU|NT
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'5$ GPSCPUIJOUIF"&BOES5*, UFTUT TWIIROBIWTS BIMASP SIYMNIQMF BSSIWBM QP.
HFOFSBMMZ ZJFMET MPXFS 45% WBMVEMMRZY P 5Q O JBOBU IFFTDXBJTUH TWPFSSZUMBE ®H F EB U
MFTTTUFFMBOEBMVNJOVNJOUIF"& QBFUB WJB D JXTHDAPONTFH TABROEERIWBFIMB ™M WK F C
Aa0OEJOHTJO UIF MJUFSBUVSF XIFSF DF BIBHA BIERGHSFOLDSBIUFE UIBBP' NFBT)
UIF45% PG '538 JTHFOFSBMMZ IJEIFBSRABQ DB BWTPEBST'"PRQPTFE UP UIF 5P' NFBTVS
5*, UPPM VTFE XJUIUIF"*$7 8 BMHPSUERNNHAJIO/HFTUMPXES 85BMHPSJUIN OWFSBI
WBMVFT XIFODPNQBSFE UP UIF "& URTTUWIO H YASRORP MOQWBIFTHFBTUFBPHSS FBUFS EFW.
QMBTUJD 5IF UISFTIPME BMHPSJUINWSHEQJITWTO HIFHOQ UaPPBVO FM D FIHI IS PN BMV
45% WBMVFT SFBDIJOH VQ UP PG @B MNFBOPWBMYEB DBAJUFFSFGPSF CF EFE)
DBTF PG QMBTUJD 5IVT JU DBO CF T8REUQBB QRTBIE QIPNPIHF+T NPSFBDDVSB
BDDVSBUF TJODFUIFUISFTIPMEBMHWEBOBDSBEPQEGRVPOQMBROSFTIIBUMEIF DPNN
BNQMJUVEF WBMVF DIPTFO CZ UIF VTFSI OB MNHE@BERKINGE DP BEFENQBIITPO PG |
BSFMBUIJWFMZ MPX TBNQMJOH GSFRNBDDZBWE P VB PIGFURE SRS EDBO CFUFSJ
PCUBJOFE JG BO FSSPOFPVT TUBSU TBRONBSITPGFMFDBUYFESBFFGFBMSHIJT UBC
GPSBMPXTBNQMIJOHGSFRVFODZ UIRBUSFSFTBEWERAVROBBERFOPYIFDERT OPU PO
EJTDBSEFEJGUIFTIJHOBMOPIJTFDPORMUJUPBDESFQBBXVFNMMDNMOUSPMMIFENFE
51 JTAOEJOHBMJHOT XJUIPCTFSWBUJBZADHWPRNPT UUWMEIFB CXIF S\FBXABHFBCMF
IBTCFFOOPUFEUIBUUIFNBJOBEWBOIWBBHEPS QSREVDUSFQFBUBTFWJIEFOU U
JUZ "TUIFTFBMHPSJUINT QSPWJEF DPOH NPURONBIBHAMBLCTME INSBWIFSTIBNVF :FU B
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