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Recent Advances in Neural Engineering and Brain—Computer Interaction
Dong Ming
Tianjin University

Neural engineering is an advanced research focus in the field of biomedical engineering in recent years. It utilizes
engineering approaches to realize cognition, repairment, replacement, enhancement or development of physiological
functions of the neural system and provides essential solutions for challenges in high-performance human computer
interface where information interaction in the level of neural system has high complexity. A brain computer interface
(BCI) is a system that measures central nervous system (CNS) activity and converts it into artificial output that replaces,
restores, enhances, supplements, or improves natural CNS output and thereby changes the ongoing interactions between
the CNS and its external or internal environment. Research on BCI facilitates the understanding of cognition, information
flow and control models in human brain and offers a new method to decode the brain and explore the formation
mechanism of consciousness. Its technical outcomes give a novel insight into brain and cognitive science and neural
informatics. In the past few decades, the technology has rapidly expanded its application areas and has shown broad
application prospects in many fields.
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Development of Bionic Dynamic Phantoms and Application in the Quality Evaluation of Clinical

Application Software of Digital Diagnosis and Treatment Equipment
Peng Zhao

Xingiao Hispital , Army Medical University

The quality control of digital diagnosis and treatment equipment is related to the medical quality and safety of hospitals.
However, the current quality control system only realizes the basic performance and safety indicators testing, and can
hardly evaluate all clinical application software, which developed based on algorithm models for post-processing and
reconstruction by various manufacturers. In particular, the quality control of anatomical structure, functional imaging
tools and 3D post-processing reconstruction software for dynamic organs has not been reported. The main reason is
that these phantom fail to truly simulate human organs in terms of biomimetic materials, functional structure and
motion characteristics, and establish testing standards. This project developed a series of bionic dynamic phantoms,
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include CT dynamic cardiovascular phantom, MR dynamic heart phantom, PET/CT fusion dynamic phantom, adult
chest and abdominal dynamic phantom for dose verification, and carried out the conformity assessment of clinical
application software of CT, MRI, PET/CT and LA, and compile the testing specifications and evaluation standards. So as
to complement the deficiency of current quality control system, and improve the quality control and security capabilities of
China's major digital medical equipment.
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PR AV SR B A DA T 3B SR G 1) P300 i AR 53 B3 R W, IR e 77 5 B p A AT By R A5 20 7 B3 R, IR IR EE
40%. BjE, LR HIBCRIE AT A SO ZRRT B 3T T . (4538 ] DA S5 SRERW T A SE8E th B B ph 8 I Bt 2 X
T RS — A ) T TR BT T B o

[REER] By SRBERST; HERBE; BIFLR R B R

F03—OR11

B F i R v 3 A ke % PR VAR T 2 PR B IE S
XA

FKHRA

[H Y AHEFCR H ERIE S 2 A A8 2B 5 RS2 i 2 (60 AMFR) 2Bt (6, O, a, B, low-y, mid-y, high-y) BRI
WA S 25, FHREWATSE R R A SR ARk B A BRI S W ARAE . (735 1 AHIFSEI2 T B BRI 38 05 22 A A AR 5 R ok
RN AL G T IRAL A A D G322 22 55 128 ] Welch SERIRGMAR AL S e AL By D085 B, IR I T R IR 58 w2 5L o5 43
AR S, DLSRIHETi s 2 sSLORETA /)4, SRENHMARAE RN X . [25R] Eidxd EL AR5 fd Bexd FRALAE IHIRAR 2
MRS, I EREEARAIX 3 Al BRAS PRI LZE S, AWFSE R B 1A IR AR S e LI HU P B AR O T SRR S 5 3
X HL A 2L 5 At R R AL B 60 NI 7 MBI DA 3 BEAE, RBP4 v (120H2z-200Hz) FiffEA b 3 A SRCIRZS T2 e
BN LR, HDRRREAERMNIE; Wi, RIMALLER v S5B # K Aas 2 ALAE AR - B Archdepont-o
[45E] W PR RZS TR XA MAR S 5 RS IR P et i IR s R v I w0 A DR R B 20 A it EL A S A
HORFIEATHE s PO - S et e e A RS St I DX o RRAPIRZS S SN 28 30X = AR RS, A BLRAE —Fh L AT 4
TRE MR TR SR A R AR TR0 W IR P v A B R o

[RBER ] AVERE, WEI, ST, AURn

F03—OR12

R B 22 i FLR B ot APP/PST MUELIEDI/INEL A B 42 B T WF5E
BT

B K

(B EmERTiAZ&E / 5% -1 (Amyloid precursor protein /presenilin-1, APP/PS1) XHIEFE/NRAXNS, RAHME
PR M (Anode transcranial direct current stimulation, AtDCS) X} /R ¥KHGFERGE (Alzheimer's disease, AD) /NRBE
T B- JEEE I (B-amyloid, AB42) MyiEIEAEM. [J73:] 4% 24 X 6 Hidifitk APP/PS1 /NRBEHLA AR (AD 41) % + %
P4 (ADST 4) Fofidl (ADT4) o KL 8 R 6 H ikt C57 WA RN A AR WA (WT41) . ADT 4U/h$ER 10 1k
AtDCS. ] Morris 7Kk & M8/ B2 1) 2% STICA2 068, SESOERI AB42 MK-F, ML 4t (Neurofilaments, NF200) #6554
ALFB PSR e k. [455] ADT d7Ei S 29 AR42 MR ME 3 B BEIKT AD 41 (P<0.001) . 5AD 4
FHk, ADT 4lifg D& 4ef B K/MA S @R, HAX 58 . 5 AD 4151 ADST 41k, ADT 200 CTL ZH HAT 5 4 0k 38 T R 301 A 52
ZMEBFEAKE (P<0.05) . [45it] AtDCS EARED APP/PS1 WAEFEE/N R AD #AU Y AB42 Kik/KF, WM& ILHA R
PR A IERE 8 L2 W2 SR IL TR

[OR4EIA ] REARZS /SR R B/R PRI ERIE s JEMRREE ;25 1% e 12



Oral Presentation Abstract

AR SRE

F03—OR13
EE?mAmﬁiﬁ%%musﬁﬁﬁ%ﬁ%ﬁﬂ%&ﬁﬁim
Ko

WK

[HE] B IR — A w S = R AR 5 R AR, ATHAESRERGMIERIIK. MEREM RS, S8dRE: il
WIEHCA 128, 7 S IRMEER + 1mV. RS 30Ksps. ADC 433y 12bit.  [J53] R USB2.0 1£ PC sk £ Hd 5 Pl 5
FPGA #HTIE(%, @BidH 5 A CY7C68013A fy USB #4928 ; FPGA fEN{E SALBL G ML, 0K PC sl 2] i %l K 42
R BG4 R E) 16 Jyfhor 8 @il D/A #fuli i MAXS5725, D/A #4atifs 521l NEEmE, SCOIFRHIH 128 Hewy AR E 5 sl
LAESHHAR. [458] S Y —FdE T FPGA RIESIEURIRIG 128 BB MAL(E SRR, Wil w HME s 5 R R GTEM T
BEDIA, SRR GO R, BA R SR WA NS (48] AR T —Frat it i 128 e
RS EAE S W E B as . AR A PC O BRSO, ] USB 42515 R /158 2ot 2 B AR R ot i 38 % FPGA, g D/
A B FOA B S o R SRS RS T — BT, AT BN PR S B T SR AR DL R AR S A

[e53A ] PR fs S Biles; LiliE; FPGA; HHdmRgk

F03—OR14

HUER X vp 24 KOA S5 T M Bl 2l 5 18 1 3 i
=2

TR B2

[E W IPAG LSRR TR AT T3 5 KOA JRE BN AN AP .  [J7#%] 4 40 4 KOA BEREHL AT (true EA 5 mock
EA) o TEA @345 7 MR AGEEAT REHAIT . MEA 4178 B3R US04 20m FHBIT 24 B A BT A, SREOCRBRE, 4%
REMUEAE . B2 IAESE 3 NIRRT 11 JaRyr. REREVE MOS. IRER &N B IB 30 % MEh ) % A K % B S 1
PR [4R] WIT)E, WAL4LN BRI KRRARWEEZER: (p = 0.585) o fE EARSISAMIh R, JL ik B e S b
e, BT - R (AP JIT) K - AhJiT (M-L J5T) i 35Aa e A AL v R W B 28 5, ELX 7 e e SRS = A )
HHAR I EEMAER: (p> 0.05) o TR, LB ¢k, TEA 475 AP 75 Al _Eiysh A5 e Bl lk MEA 415 A faxE (p = 0.029) ,
HAE ML J5 i BiRAZER, JFHBERAT R EROATENN A (p = 0.049) ; fEdfihi], TEA MSNRIL) Mtk MEA 418K (p =
0.003) . [45i] SRAEHHLL, MR hZ4E KOA SR BMM A TIFSE MR . % RBIA LRI A %% KOA 5 3)
AP IR IR YT TT 5 o

[e59a ] B8, AT, Wik, Baikxriise

F03—OR15 ‘ _
K B Pl PR A e s <5 e 8l v BELE S 00 2 W 5
oo

ERREREEEE TRR

[ER] BT B AR5 i 2 8ig (EIT) WK BRI s 2D Bk FHAL R (MCAO) , PARIEAhAS EIT M itk e ik A<
s . (053] SRERE 10 HOR B BRI A MCAO BRI Stk i M2 b R AR, B Al 8 HiARk EIT il & & 45 DA K BH.
Jed/N 3G (DLS) JEAT /N G I 2 /N, $RICEIT B 2Rt 2k (WBRC) s E-FH AR % (ARVI)
HATESWER T 200 [453R] W4 R ER, 10 RRRBER S . L2458 8R, LM 30mins. 60mins. 90mins.
120mins i}, WBRC 4513 0.063+0.038+ 0.097+0.046+ 0.141+0.062. 0.204+0.092. [a]Ht, &kt F5 v BB 2 b 2 0 e
18 BFF (p<0.05) 5 i PHIE M Zh ek 3 B R R BT B35 EFF (p<0.05) 5 A2 HAK S AG: 36356 WA RS i v 2l fik i Jok i BEL G b= 71
FAEMAZESE, RGBT ETFHMBIE, (p<0.05) o [45i8] AHFSIENI sh4% EIT ABMS Mk iR MCAO i iy JR i Py 4k, AEideds
Bl AR RTE LT, AR 2 itk 25 s A SR — P S A AL S I B T B, TR A S A 2R e ) EXT 20 S50R9 22 g e 2 44t
TSR -

[R5 ] BT E s 2 Bi; KA
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F03—OR16 B

HIFU J7{kvh 245 S i 9 mHERIPE: P S 5] e R 58
TR

AR

[H#] FHIUER AR AR (High-intensity focused ultrasound, HIFU) J7RAKHE B2 EURAE B HEAT IR T I — iR Jo il
I ARPFHR L T — S (E BB A HIFU 3697 th i ERSYT 51 S R 5, AR AT LR R 43 T 55 AR v 75 P 4 S g A1 1 i ek BRUER
BN AR ARSI WA AR AL R S G R (IR B2, ACHEFER I H i i BA TSR IR e 28 W 45 05 AR TG 3
PREVEHEAT o, B2 G AR @ A AT S BRAT R A o AR I 30 P RS TR 22 T S 2 58 B R AN PR AR X 8 A AT AL B, 3
P AR e AR R o BEAAESL i GPU g DAARASAT & S IR WK (455 ] HIFU 8 P 152 B S5 s AT B b o By A /e 15
I EALR AT DGR B RERD 30 WUk vH A B, 3 B PR AR A) bR v 45 R IR B T AR DR B0k 90.67 06, R 3LR HIRE LA E]
81.17+15.75%. 5 AMAT5 %5598 HIFU I RIGYT R GEEAT THRBGEHEAT T IR LS, S8 BoRFEIGREIRSE T AT 15 S TR AL i
ST BRI, AR M ERAERIE R HIFU WP RCR IR TH B (4538 ] AHF AT 2Bl AR BT Tkt &y BRI S 10T RS I
Ao AEZ PO ARET MR BRI W4 14> AT 55 b, ARSI T 92% M4 43 JERFEA 93.3% Wyl 53 FIERH, [FIH 42
LI MNTT ASEBL 7.41% 9 MR R  BUREBER Tt o FEARH@B A USRS BRERAE 55+, 55 BE A 20 0 R kSR A B, TR 58 S TS JEE
15 90.67%, MWi#ik 30 i / FYEAERIME S A Akt R EREREREE A . 7 8 Bl AR Hh (Sl B RERDC GBI , S THHEAL
B 515 T i HIFU FAREAE AHFZEIEH THTARHT MR 55 A 88 I R RS AL R0 55 BRER, 7RI R B DR KRS v HIFU
RITH B R EASI T BATHE RN L SRR IR AR ARG Sk 6 B0 2 8055 PR B S R 0 20 b 0 SOBSOMA i A R Bt
Titho AWHFEARNRE TR 58 AL N ST 51 S5 Ak v

[REER] FHEAEI ST Jempmkb e JERIPEFEER; HIFU BG4 5

F03—OR17

R RIS LB ) LSTM A48 AR BERTEN ) 53 v i 12
QRS

VYIRS

[HT Bl /R e BR f — A AT i A 2B AT, T AR AR ok, 8 TRATTAE 2 BT RS X BB B Btk A T
Wh5E, REAEHE BY A0 B R BRI I TR YT, TTAERESZ PR SR M 2 2, IR ARSI # R A/ N By . A T T ARRI/R %
HERR N DI R, TR B AR R B B AR A S A RB B R B (B AR EIAGNRRERS (MCD) ), ET# ARSI RS RRS (rs-
fMRI) BSLIKAEEE M4 (BFCN) B iz, AR H BT AT R B0 R 2 B — I IR i S S Th AR R 3SR, &5 I )
RBARTTDRICEZ WER, AFITHR SN . Fit, AT T — Pl & 2 W ] R GE 0 4e B 5 R R 22 R 45 AR 25 6 Bl 0 3%,
A2 AW ROIRZS Th R S 1A% ) Bof 1) SRR 1 L2 A A e (EMICT) A2 BEA SRR (LMCT) o BASRBE, |ATE @R
I7) of 0 8 19 Ts-EMIRT B8 K3 25 4 I g BECN, - 885 1 FRAE BRI 28 9 4 2 53 08 25 I B i BFCN SRAEBEATHFAESR BN IR 234, 5 J
it Softmax JZHEAT /I TATIRH W7 AL JE PR BGEBIRFI 5015 2455 I Bt (ADNI-2) ¥l EdEITTA.  [Uiik] AT
MCT Wit FALH BY S Wl R 40 2l , 5, BTN IR I s PR BB R A D RE R R W 255, DUSE SF MR R AT 2 kg, SRR3R
AR IR I R %0 D 255 T8 N DB FRAT 22 P 4 R SEEAT RS X, e MCT AT 43 2% T4 2R ] LR g ik, 207 #xf LMCI 5 NC,
EMCI 5 LMCI. EMCI 1 NC 153 K4 5 IR T 89.36%, 89.36%, 86.20% My, RARGFMMME, RTIHAWT L. (4
w1 AR, RAMRE T — AL R A rs-IMRI SR MIREEESIHER, B, ATt T —4 FSN BRI E HAT %AW ]
WIS REIESE W% . )G, FIRZALSF %S T4 MCLTH R AT . Bl FIE 2> ) BECN MR R AU P T (GRS 1 4F)
WIRHE. 5 PC A1 GCS MLk, W7y FSN BRI R A AEAE. BB W AT, #2 WS AR N BRI S 0 2648, I
MG T AR A4 R ITESH FRATTHE SR BT RRAE R £ J7 1R ST FRATI 23 JRICR !

[RBER] BEOAMBERG ; MBLINFILt; R mst; it

F03—-OR18

SET TR L 200 0 24 1) LV T 2 245 A S5k PElGO HR DX Snliv 11 2 UM
5]

MR AR B TR

[EHA ] Wk S5 X R B 2R SR FUMRRE B I B SR 5R . AR1T P 2R ER, MIERAE SR, FILEREE
ARk B 5 4 B IR MG Y B SR A LR R RS DB RO o (79 ] ACSCERE TR BB TR 0 45 X bk I 25 R 4 2 [X 380 3 (o 5 TR 1
TR —EhR Al R R AP S WA R BN SRR AR B Y] b b H 3 SLRTR B R RS DX i R A A
HERE , AR SR FARERV IR WY J7 3 o 1207 TR S BT U SO R A R P 45 VGG 16, SR JE 5 b B2 A bR Te SR IDUE BRI A B A 4 X by PR 4 e
TEYI %5 ResNet50 £ il T3 FRAE AR B DX [455R ] o T BiiE A SOBERI PRy A5 25k, 3% ] Camelyon16 AJFH) 400 SKk4x 5t
BB FAEIZRATI IR R A SCHE H 1 VGG 16+ResNet50 IR FROC 3 0.8912, Sy X itk B 45 X Sali by SE VR i 9 9050 o
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[45i8] ARICHR I VGG 16+ResNet50 FRIKMIAL L {4 B — MRl VGG 16 iRl ResNet50 BRI LL, H R MmAR MR
RGP o ACSCHR ) AR AS A A5 Bl 1 A B0 MIDRS v 30 Wi LARIIK (. 405 R PRMBORE % R, AT R RBi D I A ) A
[R5 ] SRmEE G R DO ; BRI P 2%

F03—OR19

ﬁ%Eﬁmﬁ' FEAG I iy (o Ik ZE FR DL 7 >
J&

TRk

[HAY B R W ORE PR, B AERERIERIE, PSR, HRT R, IERISIHEEAL, KR A5
RSO 3 AR 3R ) RIS IR, SRR YT S H o AEL A A G AL U S0 R 20 R PR B — T 9 B, MEVA Bt AR R pry 25 iz AL RE )
(7% ZA&3CHE MIT-BIH BE#URE LillZ, 78 CinC2017. CPSC2018 Arny i a MU B A SRAEHE_EMIKFEXT oA 7 S5 1 AL
TR I RIBE LAY SR BRI BEPLARAR LA RAE RS 1, 10— 20 LU BRHIE S PR R AR BRI (4551 ] BB el
12 AMRRERT, =FBiAIfE CPSC2018 MRGHAE LM R Fe5efE efitbAn F1 40915 %] 95% PA L, 7 CinC2017 ¥ii % EiYy
F1 %34k %] T 0.83 PA b HEEHARMARET 25 Mt Hk BA S A e Az AR - (45181 i MBI LA, BEALARA
SR L ESE SRR SRR, T SR 1 B A I U DO S AR R A 1, A AR AT BB Y 4 AL

[RGEIA ] o8 FAELSE; SCRpRENL; ZHEIE; REALARK

F03—OR20

B O DRIALEE (K0 <3k WL 7 A% ke e 1T T 2 RSP A A
24

WL R

[E MY BRI —FhH 0L 0 75 40 A4 AL o FRAKAE AN AR o AT SR AT, IR 40 RSN G pH AEAS A6 T DA e 40 D P 355 4k o
X2 MR BT R A ARSI, 6 S HE A S AR VR 2 AL, Blngsi e, REUER, BT, B, R—METHAK
AR RS . FEIX TR LA, FATIRM T — 45 LAPS Mk R 48, AT LA 4NHiAbER L3 (extracellular acidification rate,
ECAR) Ko il 4558 = H SR AU e il P 40085 3%, O ELAGR I8 18 P T3 32 S 25 i o i M R 4 i Hep G2 1y pH 2B 4K,
HEATREAEI IR A AR S50 DA € S 15 LAPS ZREERHERE o 08 PTG 450 BE A By 25 3% DASRAIEXS 0 M AR A B SR AR . S5 5ERM, 1
Ak LAPS 7a40 B ER Ak i e bR o B RLIFIRI.  [J73:] LAPS RT3 R00 i BAT 23 1) 4 W3 i AR AR AR s, 38 ELAT WL il -
WL )Z - LR . REILRIER SR, SIO2 fERMLE R DASM S L SRIBRFEE, A% B i f@ifn 34k, Si3N4 {E
KR, WTDESRAT H+ BRE Sk b . LAPS 3851 0 26 35k (] 5 VAT BLAE P BORERESE ] (Si-OH) FikEREEER (Si-NH2) o Wik
PH & %4 fom LAPS % Si-OH i1 Si-NH2 5 H+ 2551600, MMi5IRE RS R A mMEL. pH K&/ Si-OH £4 H+, TH
R Si-O- F1 Si-NH2, 7= ARRM 5 k. pH BRI Si-NH2 WMt H+, JEak Si-OH fit Si-NH3+ [, AERH. [4558R] &
i1 S ApH AAE—AMBIRH 25 7 ~95 B2 7] pH M4k, 4 HIVH A M3 ApH W-FHME, IEBRDABTRIRE (70s) , RIRAEK
R AMERIL R (ECAR) o IEFHERESRHH ECAR W F¥IH ) -48.583 mpH/min, M7ERGERFEEFPAES -114.42 mpH/min,
EPFF R MAE I TR -17.88 mpH/min. FATEIMIX T 6 MERKR, JEHSm ECAR # R/ 5 (c) W, Ti-F¥ ECAR Efts
WemZENE S5 (d) fsk 1 PiR. 450 EW, RERILRAE R R b B0, JFEMBREMNERD, X522 iR R —5. (4
wl SRR, ZRSGAAMMIMESEE IR pH J5 TR AT, MRESR 2405 LAPS M5 5808 41 BRSP4 T H-F & .

[RBia ] TG RES ; MRAMSIN; JIMERRAL; s pH

F03—-OR21
B B RRSLHUBR 32 2l 3 B
4[5

H 2 e b s WA 2 e A A B 2 TR S

[HET AR — R 2L LA RN, FIROIICAR S Wi D-H 800075 B AU HE 718 3 24 43 i ZHUARE T T
Nk LB NS, BA 6 AdE, WRASIRRIFGBa). JAEAREsh. KEMEs. NIra@Esh. NERaE5, b
JEMIBZ . [T5R] WS A R EAT R, S8 D-H 2405 R JoiE RIS AT Z A ALE A JER R, GURREGE NI A
RATHITT RN 955452 D-H 280, IR LS55 5 68 55 A AR ik 15t 4 R X EE , JEWT D-H 280 IE A U2 05 3 4
AT, SR RSB Zh 24T . l3d D-H 2800 R AR AT TR S8 M2 I8 B I 45 6 T s IR R (4521 42,
AR T B2 D-H 2408, FH TRIMITRRATT R, KT E48 D-H 25050 THIRH R AR R R R, #
SLTHUE 9 D-H 280 BARMRIINT D-H 280080, R MBI 1912 20 200 d fEHL.  [Z4538] 6AATIFE RS It
ARATWTTE, TR AA BB 17 D-H 2800, AR A BB 12 2h 250 A (0 5 o

[R5 ] MU ; 283h%; D-H 280k; REMSA
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KEF 05 IR AR RR AR TR T Wb I 4E 71 & C I
HoB

WL R

[HA] TR &S g4 C D] AR T — AR Pty SiRiy 4 A3l AR & . MnO2 9K imid A4 i 2 5 M
AR MnO2 hE i . 24 TMB AN MnO2 4R fy i ik, TMB #4804k, Wil A 6. 78 VC RS T T, VC IR MnO2 4R f,
AR M2+ PR R Beh, N TMB J&, &4k TMB 3/b, ¥ (8 o S8 B il i 0 A IR R 5L, K BB fb %4t RGB A,
A RGB EX R —A VC IR, SCBL T PRd Rl A d i oat. (45581 il & h AL maR R, LR pH O 3, WlIFRA
SHOt, WS VC IKEAE 7.8uM £ 62.5uM &R R YIRBER T 62.50M KT 7.8uM B, W EBABHELMK. B S (B)
IV S R, B 5 (C) A S (D) duRMFIRWEMESH . thob, M 3o M, THEIEELEAME AT FIAL
A BRI 45 5 LOD. i IR AR iy LOD O 7.2uM, i A:HiF iRy LOD 3 7.65uM.  [45i8] FEiX I LAk, JATIFR T —HhiH
B, PudfneRigte e, a0 AR IRRSHN MnO2 40k ##4T VC Kl Sl Ti, ATUTE 11 408 TR 96 ANH:dhi
VC, XBAR T VC RN MRCE. i, SBATEML, ERARMKK LOD (7.65uM) FEKMRNVERH (7.8uM -62.5uM)
U, FETREHER AR, XA PGSR — AMREF P 5 -

[e53a ] —4qbimaikh s 3,3',5,5'- IR AEBORE; 4% C; bl

F03—OR23 .
R BB E A 5 ROC TR ST T Ik IER
HpiA

o N BRAR T 7 Z o e T R AT S B

[H8] FEpiiay sl i, FARUIBRE YW EIEATFB, XMy i EKREE AN LR . A TRRSSBUE Ry — i1k, JF
BRI RS W ST ARItERE. [5%k] RAVEFDEHFBE 8IS (OCT)  WERSE 6 G B 7 A% S IUIE (4w o 8 1932 W 43 A7 5
A5 PR 278 98 R BOM AR o X3, 5t 2 ORI B AR B S R 51 OB T B A RIS )T — 8k [4521] OCT Mg Bom
i S IR A DO IX R, I 9¢ 6 AR AEKe I i A e R N AR A AT, 6P B B FR s o] DR, KRR B b RS
Helon; OCT SR ML 238 R SAE 05 L BUM R A 2 5 IR A ZUR 5 il id 2 BERRDE AR 5 SWOCHRIG YT, ABIAE] — & il b
RITRCR . (4581 ASCHR H — RSB E228% 51 SWOCTE R RBISYTY — RT3, IS0 1R S5 16 A MR 036 7 b BRI
WITHEARKRMERRILYTY R ORI R F B S HR

[REER] EAmAIeyT; SHERG; JEMTHRRG; WL Bl

F03—OR24

?;rgann Weyl 76 S {65 X UE B AN T AR R 51 57 i
oy

FEITRY

[EM] B85S TR RERSNRZRIRMF 2 A RMNER, WG SRAAARN IR E A ESA B AL, FASEB T35 (454
GRS ) S W RN IR SR, S AR G D5 BN e ik T R B S T YR T I A MERSE . VR T R BT
i) 2D-3D Wi vk J5 5 H0 32 A5 1) 0L S S B U B4 T4 (Bn/SIRIRES ), X BB R AR 5 A ML HE AR A it o TR A 3 6 JEI 45 i DA TR
WIS R 53T CT 7 A i 9 MG 2 A DLk , AT FBOR W S RSB Tt [ AR R T — A8 SFAHESR,
BEIANZIHF Y (MIL) DLk Hermann Weyl 2253 (HWD) 755, #58, i F MIL J5 358714 2)5, RSN 28808 323
R B MG TR, DA LSRN B a1 1l 4% o AR50 F HWD SO DM RAE, Bt iR i 5 CT Z I EC RS B2, W) It sl 6 1 e dk
AN, (4558 SRS RERY, AR SR BT HAL T B OV EE BRI T RSRM SN, X TE Bk
5 g A0 B AL R T AL Vo R AL E R T 1) AR SR ZEM (6.8mm, 18.0° ) F(KF] (3.5mm, 9.4° ) . [45ie] & LATR,
A8 SC TR B G Al e g 1 R DA o A i A R A 300 R 9k 0 S S A B RS RN T CT B LT e P44 2 1] AR oLk
PIHHRFAE . T th i MIL-HWD 380 i % 3 SRS, b i2eis AT HAL B PR R (ang5iasiss ).

[R5 ] 2945535 B4 5]%%; Hermann Weyl 225
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F03—OR25

KL R 2 0 L 05 2R S Bt £
NG

HHR

[EH] 25 B e RGN Rtk Ry Tk [53] $ 7 — R R A028 0 R BRI 515 o FEX 7 VR Wl AT A T T 30
JERGEEA B, B Y R T C/S R R AN Wi S AL R G T Y RIP EIR .  [453R] ZRL WAL E RN 0.1047 £0.0006
cm, EHEAIREHR 0.2687 +0.0287. 7£ 1kHz WREME S, ZAGBMEIE ERA 3.5 ms.  [4536 ] JETAHAL 2 M HuRg & r
ARG EARF N EMENRE R, FEARRENREE, 2SR ie 2, S ARMEIFR EMHK.
[R5 ] Hmg eI REw; MfizE

F03—OR26

RO R R L A AT R GRSy (CMUT) Wit
X

L IEPRS

[H] FEF 2R R T, S A SRS Wi AR Ty 5 E R A T SR S i TSNS, AMLRE, FHiBE
ERF . NTWEESMEBA M, TS HERAE XAEE NS R, ZoR@ A RS AR AR T M2 Ul A Kl
JEmy A AL A RS (CMUT) WgiiBtit. (0538 ey, |ALEETE CMUT MR EJT AL, MR AERYS CMUT
PR RSS20 5 ) PR T L TR 5 2 A 2 W 25 G N S8R A8 AR T T 2 S CMUT It 7 TRl 96 O 7 BaiE iz st il {4k, kAT or
AIRIT (FEM) BRI ZBHlEAT 705 (4501 402RBREE RIS, MM TR S0 R % A AR i 22 <R & CMUT, %45
FIBEvtrl S 3dB A Hetr 4RI 35 A A . (458 LA A& A M SRR th §UE A B L HRE fp I, FF4LZE CMUT H$OTH)
3dB 43 BUHr SEAN SPL- i SEBUA BN AL, 554 CMUT SIptl, HARMERTE T 35 f%. JF LA CMUT AOURT: 14 A R 58,
At 75 A PR AR — AN T A2 IV o SRR 5 R A R A i AB g At st CMUT MLL, XA SR CMUT # — sy =3
AL TR TR, I HLi%J¢ CMUT Wy DR RT3l 71 73 H 3 A0 DX P R i 2 o Bl e B R o o

[ReER] AL A aeds (CMUT) 5 RF5E; 2SMa; TRBPRIBRN ; 20 25 3G 3R 80

F03—OR27
gﬁl?ﬁm%ﬁ}k%%E‘]H’?Hﬁéﬁ‘miﬁﬁlﬁfiﬂ%
e

TH AR AR I BRI 5 A B

[H®] FRRE R F ARG ARG R SR E R 0T AP N RGBS 2R 58 MW Rl J5 TR R SE, WA JE i I i)
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