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Transmitting Frequency-Modulated Signal to Increase Signal-to-Noise
Ratio of Medical Ultrasound Image

Gu Jinhong, Wang Supin, Wan Mingxi
(Key Laboratory of Biomedical Information Engineering of Ministry of Education, Xi'an Jiaotong University, Xi'an 710049, China)

Abstract; To increase signal-to-noise ratio (SNR) of medical ultrasound image, a frequency-
modulated (FM) ultrasound transmitted imaging method is developed, where a weighted linear
FM ultrasound is transmitted to enhance the emission energy without increasing the emission ul-
trasound pressure, and the image signal is formed by the demodulated ultrasound. Employing the
impulse response model of ultrasound transducer and the modulating-demodulating principle of
FM signal, the simulation for ultrasound imaging is carried out, The simulation results show that
the SNR of the image formed with FM signal transmitting gets 10 dB higher than that formed
with traditional pulse transmitting. By the aid of the self-designed FM signal transmitting ultra-
sound imaging experiment system, the B-mode ultrasound images of phantom are gained. The re-
sults reveal that the SNR is enhanced by 5-8 dB with the proposed method, which performs better
with the increasing imaging depth.

Keywords: frequency-modulated signal; ultrasound imaging; signal-to-noise ratio

TR 2 AR ARG AR MR RSB BE R DhoRAYHTSE T, S35 P P32 A T R, AT g 3%

PG A i SR ) foe T AR . AR RS (R IR HL  —
SR FHEG A A5 W58 32 00 e I e 75 2 1) I i 344
Tk S 6 7R Y W R 52 B R R R 2 4 B Y PR
HEL A Il R R G R RS A
PRSI 100, 4 B 385l -H AR B 408 A8 AN 94 i 0 {1 2

ks H#9: 2006-10-31.

VEZ RN Be%1965~) B e B+ B 7

GE IR LL . ITAER A/ 22238 X g b 6 S5
FORAR BEAT T 5T, Misaridis FlR T 4 A5 & 5F
(AL S AT | 78 B2 2 R T i et
FIPERE LA B A5 5 WO A b i i S L 9 78 8
A A2 11 PR 2=~ 75 R Al A BIF 5 R

T CBRFR N 5 Bz WA S0,

FEATE . HE WAL TRE AW I E AW E (705046) s H 3w & kel 22 R S L WAL 4 % B B

(20050698044).



742 A

il

PNEE

CHEOR

Kof i R S A PR AR AT — RE B T S AR
TERER AR VRO T Bl AR b i 2 i
PRI A« R A T B 2 3 7 3 1 AR B P R
G5, T E R R 5 R AR TR S S
(1 s 5 P AR HEAT T B L AELE B 4 i
B2 PR L AR L R P G B 75 R I S
AWIRITG. HATR B S . A GE A
ROV 28 w0 e A E 524 v R T S S 42
A R B R R RS EAR.

AR SCHERIE T 20 VRV ATRE 75 6 S 1) B A%
R P TR AR (B L BE— 2D R G R
FEPNIR -5 A S 5 2 e 7 P 4515 I L 190 32 Wi 3
A5 BT FFEAN R P KSR AR A5 B0 £ T
FE LRAR MRS K F T A 38 455 04 55 e X RS =
frME L BRI FLH A AT B0 RG22 S A AU
VA F AR 5 SRR 7R AR S 6 2R 48 - SE
TR R A G A M A SV R AR S A T A
W LU R B R EMA.

1 05 EAR YRI5 o e ] et 3

B 75 1 B 22 Y i e [z A B
7 A% TR 1) oo o7 AR SR FH v BT A 445 1) 4%
0753
p() = exp[— (%)jcos(wot#—ﬁ)

Ao R FRAE 55 0 Z )R IR B AL w0 = 21/ s
Fo SRR T s o 5 (R B IR SE
AR HEL 0—3. 32/7.
1.2 JA3E S B B0 VE ST AR 8 JR 28

HA QKB LRIERE S A

s() = w)expj 2 for + B L) (2)

2 B AR 1) B8 T 5 w0 (0) S 2% PRV TR0
RYUB R EAf RGN RN [ —T/2, +T/21,
2 B=2Af/T.

figg R A B AR5 5 S AL AR5 5 A ]

1.1

(D

boo
R = [ rodt—ode (3)

a5 5
d() = wt)expjCnrfot —nBt") 4

A0 55 (O TS IR S0 5 BT 5
i,
2 PrESEEER
2.1 %HBEESHHTEER
FEGT LS R (GBI B S, =2, 25

MHZ\7724O%\0:TC/2. A 2 (D) T3 208 A 15 TR
A0 o N . A% R i 0 R AR S R AR
5 5 A e R 1 ) A L

VRl P A SRR ) FL A 5 43 i) R FH 3 B ik o
RS S, Qi 1a FIE Lo s, e 2 ko h
ZERFA] 0. 22 ps BYIE Bkoob. VSIS 5 0 A %A
K RIERIE S . B0 fo—2. 25 MHz.Af=0.75
MHz(5y=67%) . T=10 ps. %38 5Lk v 4 i 75 15
RSy A R S S (B —1k) L dn &l 1b iR, £k
PRSI S-hR 7 AL A it A 75 5 S5 TR 2
— AR S5 (B IH—1k) , an & 1d Frs ., i il
S S AR S N2 E T A G G
SR T — AL XA 48 R A% AR ) I AT
PR , B e fu 2%,

i}
2 4 6, 8 10 12
| t/us
(a) ik i {5 5 () Ik A5 7 W8 Tl 1 A% Je s i) 2

Iy

O.i |
= ool
e [

aitlin

.“‘\.“h'

1.0 .
2 4 6,8 10 12
t/us
(d) VI ATAT 5 5 D B A% i 8% i )52

PO BT bk e A2 A SR 5 LA B A% RS 14 7

M 7 it £

2.2 BWESEAEARENFERGER

FEBUME 7 P RE O ELSE 6 v, 8 PR AR AL 4K —
T R B 2 BN L B S s R ORE S AR IR AR R
BRI ES EHAEGES r(OPIRATIRE RN a 8
FEHLIE S n (), BISEPR USSR v (D) +an(e).

ST B2 R FH AR R 2880 B3 S 1
FIXTIRE a=0. 5(fFHE A 6 dB), WAl 2a (& 2¢
JIT 7. X8 A RS 38 ik vp sl 0 T {5
BATTR LG UE B KL% 0 T e H —1e i
R LRSS - WAL 2b . X F & A S R
T PR Y T A FRATTOR FH U B RS S
PR AL Y 7 B BUE — Ak B8 R R A5 S, an
Kl 2d i 7.

M 2 FTLLE L PRI 5 & A R 45 e
(TR LT 357388 Jik 8l RS A 5 10 15 T8 B R 24 2
12 dB, ZeM: Rl 1 AR AT 5 19 15 e R 29 /2
21 dB. ZPEIRIUN B BG5S [R) S 450 T 538



LT 5 R SHVRAIAR 5 3 g I 2 S RS B 5 5 W L 743

8 10 12 14

(a) J1A7 H”TF”BJ% T
EHT#TLW

107 L1
2.4 6 8101214 4 6 8 10 12 14
t/us By 9 Y/ mm

(o) AT AR H R () EH 16 75 FY I A3 )
BTl A A H AR G

K2 & AT S RO 5 5 FRUR (5 5

Jok bl B AR AR 5 AR LG 5 R HE R 24 B
dB.
2.3 FAEBBEEKETHHERGER

5 2 505 HR AR R A 7k f g, Hiok
BERLIE 7S A W B2 LU @ 23 003 5 R 5
AR L INIE] 3 BT 7R, 5 24 A2 7T SR IR
5 RIS R AT B TR A 5 04 155 1 LR
12 B R B T A S5 S A AR A 5 B0 [ A T .

N SO AB B i 45
& K —60 dBE 1H #

B3 bk e AR A5 AR S R A BT M A A RE LE A

FEAE L 3 r 3t 3 fok i 5 B4 75 W L N A X F 2%
PRI AR 5 I Ee L AT DAAS

(D FERUE S I BEDLI S A {IK (a<<0. DI,
VAR B AGAR 5 A e 7 = B A A 5 R 10 55
A% A2 WS 5 A5 5 (9 55 7 — 30 dB £2
A7 BT AT IS IR AT 2 S A et s P RE TR A Ak, T
AR K SRR 5 AL 45, AR 1 AT S53RE K S, gt
FPERE S TGS

(O FEFEIAE 5 B BE AL 7 55 18 (0. 1<<a<<

0. 6) B PRI & 5 A A 5 10 0 T B b S5 38 ik o it
BRI G R 245 10 dB;

O FEFEWRF 5 B R 75 R &5 (a=>0. 6) BT,
38 ik o A B B2 LT R AT RESR R A R G
SURMEE 6 dB L) AR E S & B BE WS 1E I e
WV FRAR RS B (1. 0<<a<<2. D IIEBL T B8R AT
DI A 3 LR A5 5

T B SRR O R R S RS S s
M b, WA B AT AR S A 5 1 [ A 559K T A
AL PRECHR B T RS JE AR AR 5 1) A 55 K
S B AT AR TR R S S 4. YIS R
L2 2 — PR SCH B9 45, & AT LA SG  8 R
SR I 0 AT 25K (E SR, S8 IR R 1 [

SR UGN FE T B 1 ) L, S B A% B 7 27
ST RGNS BE Z R P ey, 32 1 80 T4k
5% Y] LS5 R AL W RS 5 7E BUR B i) 475 B0 55 R
KT T T B, H - 3R e e S5 IR SOK T

F 1 RARAE 5 RGN 6915 L5 KT A £

50

fuZkkk  r/dB BREMAT  EM—6 dBJEE
- s

/dB /mm

Z A —29.19 1.03
PIHER  —40 —33.91 1. 09
—60 —53. 30 1.36

—80 —72.32 1.54

—100 —94. 21 1.66

TEAZSSH fo=2.25 MHz, T=10 ps.Af=0. 75 MHz

RS EA VIS RS AR RIS 5, 43
THE 7 S5 IR LG an &l 3 FioR. AT LLE
W TE RIS S 75 7RSI AR S A% B i 3
ik i 2 555 B A% B £ W L 4R v K 24 10 dB, £ HE AR
Mo GRS B R B 1.5 mm 2245

3 HE AR

3.1 HEXBRESIRSHY

PR A P RS s R G T A 17
THE9 L 2 SRR B AR B35 4 R AN 4 TR,
D7Dk i A A A% LADK i B AR 1. 0 kHz fill R AT
BV KA R MRS 5 - e ad ek D AR HOR A%
TBOR i 9K 75 A% s (— A 2 MHz AR IR A 5
—A~ 2 MHz & A H I AR 5624 40700 K I
PRI S TR AR S R IR IR AR R X



744 o =%

il

K% % il CHEOR

(75 292 300 kPa. i o £ 4405 100V A 3 DY T A
1 000 ml/K, EHAE 8 mm B I N K LA 20 em/s )
LY 8. 8 75 AR5 s B B 0 8t 9
WAR SRR RS » T A AU N 14 37 A/
D REMCEIE AT AN, A/D R ECE
(4 B 220 PR AT B E & 2B 2% R B[R] 26 ik o m) 25,
PR AR AR = Yk iz sh A i RS T LB IR 0.5
mm 1 TZ I, O 75 5 i AR
AP LA,

Vel 4 AR P R S AR S R

3.2 BERBIHRER

N 4 iR S50 RSG5 kS TRAER 75 (5%
fU2% | fo=2.25 MHz,Af=0. 75 MHz, T=10 ps),
PSS B R0 o AT Uk | RS JF I L B A EIE
Bl 5 s, S T B RS 5 A 5 5 538 B ik b &
SRS R 225 AE L 5 Rl B & TS B o &
S B RIS UG O IR AL R AR B BN L 168
PSR LG T R R 2R 300 kPa, i 41 H i
BANEURR/INVER 2 50 mm > 60 mm, BHRER IR A 4
T XTI  (H MG R By # Zak 13 — AL Ab B, (8] 5 J&
Pt b it A5 AU TR [RIR B 1Y) B RS 4.

IR WY
() U S 1C k ph (/=87 mm) (d) ¥

PS5 R S5 3 3k v A S P AR LA

F Sa~P 5d H5 4 {5 e L KRB 21 dB.
16 dB.20 dB.12 dB. 43#rf3 Hh 45 5% . © W55 &
SR B 78 G {5 e H 3 8 ik op BRI
W AR B K2 5~8 dB; @ Bl BRI 38 ,
PRI F I FLER A T T B AR RS 5 & 3 AR
{EME LT RRZE2 (2 1 dB) , T 33 ik o A% 4 175 1
H R R (29 4 dB) s @ WIS 5 & 53 10 A5oRS
553 308k AR B GORS B A 2. Bz TR S R
SF RUAG P 135 M L 32 388 JUk b A B4 e L AT W i 4
15 o T RCAGORS B2 V50 2 T R

4

SR JHT IR 50 2 % 7 P 3B o T DA P AR
50 PR B 5 16 L. X7 35wl LA A 7 0 A v
2 R A PR P TR RE B v T 00 £ £ MR LU AR v
IR VRIATZh 8h A  J— FIAR A ( e . JRIATURE 75 A S
B i AR A W L A QA S « A 7P 2 S i S P B 72 1
S G BRI A PR USRI RS A A L 5 R A 7 10
Qb BRI 2% L T S A B A P DL A R R R
AL g v A A B e i 11 7 kR D 2 B
AR TIRBR AT R A SOR IS A i 4
T — S R G AR SR SR AR L M 4
DL 180 1) P15 R i A i £ i (B AR IR 24 40
rru) RFT PR i) 20 9 3R 5 g o SR Ao A 1) 6
B FrA BB T I S e o AT A B A5 2R
R AE P 7 A s BB X R ) TR A T R £
B AR S AR 1] 73 .

5 45 it

PrECAE R TRV 7 (R IZAZ . fo—
2.25 MHz, Af=0.75 MHz, T=10 us) 5[4 5
T RS T K A L R R A £ R LR
K210 dB. B SLE 45 R - PR30 5 R S R B9 A5
Mg LY b 3308 ok v 2 SF P 4 F) £  H R 244 v 5~ 8
dB BT AR TR I3 8 T 8500 A S5 5 12 e 3 B hn
2 VRIBTURE P A S A0 JEE 5 e ik e S AB0S JEE A
4.

SE k-

(1] . EATHIMIL fat. etk it . 2002.

[2] Brookner E. Phased array radars[ J]. Scientific Amer,
1985.52(2) :94-98.

[3]

Donnell M O. Coded excitation system for improving

the penetration of real-time phased-array imaging sys-



£ 6 1]

a5 ATV 4 1o PR 2 P R PR 1 5 W A 745

[4]

[5]

[6]

[7]

tems[ J]. IEEE Transactions on Ultrasonics, Ferroe-
lectrics, and Frequency Control, 1992, 39 (3). 341-
351.

Haider B, Lewin P A, Thomenius K E. Pulse elonga-
tion and deconvolution filtering for medical ultrasonic
imaging[ J . IEEE Transactions on Ultrasonics, Fer-
roelectrics, and Frequency Control, 1998,45(1): 98-
113.

Misaridis T, Jensen A J. Use of modulated excitation
signals in medical ultrasound[J]. TEEE Transactions
on Ultrasonics, Ferroelectrics, and Frequency Con-
trol, 2005,52(2):177-219.

ST L R AR A 2 B B AR B
BT Ay Be o T AR 28 5. 2005(1) - 175-180.
Peng Qiyu, Gao Shangkai. Coded excitation and its
applications in medical ultrasound imaging [ J]. Journal
of Biomedical Engineering, 2005(1) :175-180.
TG 2 0%, KL AR L A ST AR 5 1 iR
R UG RG], T E AR PR TR 4R 2005 (6)
700-704.

(8]

[9]

High

frame rate ultrasonic imaging system based on linear

Han Xuemei, Peng Hu, Du Hongwei, et al.

frequency-modulated signal [ J]. Chinese Journal of Bi-
omedical Engineering, 2005(6) ;700-704,

BRI ER . WG 5 RS g S8t
SSRGS R LT MK AR 4. 2006, 20 (4) : 288-
293.

Gu Jinhong, Wang Supin. Parameter optimization and
imaging experiment of frequency modulated signal
transmitting ultrasound imaging[ J]. Journal of Test
and Measurement Technology, 2006,20(4) :288-293.
B WS, ERE% SET RS RS0
PO AR UG Tk L ], 75 4R, 2006, 31(3)
240-246.

Gu Jinhong, Wan Mingxi, Wang Supin, et al. Ultra-
sound contrast agent harmonic imaging method based
on frequency modulated signal excitation[ J]. Acta Ac-
stica, 2006, 31(3) :240-246.

(il AHHO



