IORRE SN s SN O
JOURNAL OF OCEAN TECHNOLOGY

539 4 5 5 1]
2020 4F10

Vol. 39,No.5
Oct, 2020

doi:10.3969/}.issn.1003-2029.2020.05.003

UCTD a4 B 77 iE# 5%

® O, W W, X Hom W,BE B FWHF

(EZMEER AP, KHE300112)

W OE. AR T AMXEREAN @GN Z (UCTD) F ik EAA, RBERASASGHELT
UCTD &) F Fik . it f A% LiX AW, UCTD F Kk Eiz X TH %3 @nE CTD,
FE T4, UCTD Tk ZIE SR NS, LHIBATE T Rk, KA
1S5RS CTD a2t A2eg s b, B TER T UCTD. 5 TFHikFE X3 IELE T

%, W BEIREIET A B K69 UCTD #4038 4 28 2 4,
FEWIRM < %, UCTD iR fiEgd e, Hane

FE T RBBLERNE T ik
RFERENE, NEEEZRZRY, 5

SBEO11Plus CTD #8tt, BmE. & 53X fd Ee-F3H L2 24T 0.01°C. 0.03 mS/cm. 0.03

PSU, A% T UCTD #i%it4547.
HIERE .

KEEIE: AALRR BIR
hESES: P714  CHEERIRAD: A

A W X R W I & {2 (Underway
Conductivity Temperature Depth Profiler, UCTD) &
— PP L 2 A B IR R R ) T A
1 G 2 20 4 AT BRI Il i, 7 A A A A

PEATIRE . LR AR &, UCTD i ﬁﬁi
0~ 12 kn, i3 12 kn IR HOR BE 4 3] 400 m"
EW%UMD%K%%%&ﬁ%:%W%@%%
SRR 7 %, B UCTD AY PR T [ Sz 8l
TG AR N T K U AHR A% G ) T
CTD (Conductivity Temperature Depth Profiler,
CTD) , UCTD R s EEA R ELREER AL,
T O E A BSR4 /T, 7 UCTD
B A Bt R, 7 B DR A 2L
A THRAON, 6B JEABTITIES 4 152
J37 TG FC N 18] 52 38 85 e 1 A AR AR A B R Bl . A

s HER: 2020-03-31
HEE£IH:
EEEN:

WIEE: M (1977-) , B, #t,

ALEBUR PR 8 AKX 5L UCTD, AR R

A TR RIEAE
XERS:

1003-2029 (2020) 05-0019-06

I, ALEHSE UCTD RS, FFrefl g m
W CTD 04 Ab $ 5 1k Je il bR 17 ok, 45 %
& T UCTD Ry £l ab 38 5 75 M S5, CTD %
P a3 R AE F N AN E A FE S I BESE, UCTD A
ORSCHERA D, [ PN SCHR DA™ b A 28 A0 B
HhE B, EEPAEEREEERAN T UCTD
BPa b BEAOAY, SR IE UCTD %l Ab BRTS % fE ik
FERLN 9,

1 UCTD T Pk R A

UCTD F % 5k B 73 3 B e A AT R
W 1R, FERERML IR . B RIS
R ORISR ) AR I, PR 22 e v A
L. A BRI R
SANERIT LRSS TIR8%, AKIARE

ERE S ARSI E (2016YFC1400502, 2017YFC1403403, 2017YFC1403304)
SKHE (1989-) , 55, Wit, TR, FENFHEEEIERIE A . E-mail: 549713174@qq.com
F AR, FENE CTD i 5E . E-mail: 21918655@qq.com



20 GRS S NI 14

%39 %

A48 25 34 18 MU i 2k, UCTD ' [ i Be A R
Z AR ) 5

JRAT
K
i

e

ek HEES
W

%k

B 1 UCTD &Hr=E

H i Y&, UCTD Z3HE ). %71, izshfi
TIRRER B AL FIfE R, 2% XBT igsh i ¥,
RIS, UCTD 2 3l 5 2
M2 pg-F-D-1

5 =

de
M=M,-mz
F= (p+0.01z )g(V,~vz )

()

2
D:%4hg%+aou>sy

A M UCTD 7F z RN i & LR
LR FH 1 M, V,  UCTD A K i Zi it 5 & ik
o m, v AL EESi A BRI F, oy UCTD
TE z RIE LT 207 T po WRIZHFKEE: DN
UCTD iz 8l J1: C, W1 &% S UCTD #
R U IR .

A UCTD F4iga ) A SEL, BRI A KT
W S m/s, Kigizsh h#E, 155 UCTD TR
FESIREXR:

U=4.6-0.0025z (2)

ZRE . AKED SR KX 2%
SRR, UCTD SZPR T R 5 0 (5 22 54K
K, B2-1 3, UCTD SEFx T R B WE 2 frw,
0 ~ 430 dbar X [i] UCTD Ab T XUk IR A, T

b o B 1) 2 R A S 5 S T R AT, B sh
5 RHFF 1548 B Dy i i R R AR . =
430 dbar i} UCTD JiltZe e 58, =2 45 4 Hi 34,
TREEEERES 1.4 m/s, MG EESL)FRESR
930 dbar A ZE TR RN

0 1 2 3 4 5
0 L L L "

200

S

(=

o
L

Jt 1/ dbar

600 4

800 1

TISGE S /mes
& 2 UCTD TF&iERE fh 2k

2 RSPEFERUEIE

UCTD R ERCR, 75278 TR EFERUEH,
R HEAFE RO AR T S B v R PR 1 5 1
MU RE A A IS, FERGPEREROINEN T, i
AL R 27 A 5 U BT EL A 2% s
dT=0214\v (U-AU )’ =0214\/v (U=04 )" (3)

Kb vz aRirERE: UN UCTD T
R, AU g SN M EE 2% . 34 Ullman™
PR ORI, I 2 I AL R A 5 UCTD
WERETE 1~ 5 m/s KM IEAREIELR, T
K2y 0.4 m/s. >4 UCTD &N 4 m/s I,
S AT +0.003 °C BRI R 22, IR IR ZE DY
MR AT B T LB IE
3008 B

UCTD 5 FH Mudge 11 Lueck $2 H 141 38 38 %
L, S I [ A R N F S R AR SRR W 5 N ]
17 2 H 55 B A AT AR R, Rk AR RS
P ESCHE 26 I A ) R0 S ] D

Y(n)=aY (n—1)+b (Y, (n)+Y ;(n—1))

b=1/(1+27f ) )
a=1-2b



555 1)

ok H#E, 2. UCTD BRI )T Bepioy 21

s Y AL AR IE I T ES Y, R R R s
T A EE G fOREER

UCTD f& &A% i 0] 5 505 T R AR G, AR
Pmy, TR BRI, 354 TR . H
JE STt H R 0.15 s, 0.1 s, 0.15 s BRI 1E D%,
A LATE ) 553 M 75 A B 0 S 40 YT 22 R] A B B AL )
AT, FREEEE L 3 m/s I, SAME RS A H
BIEL0.1s. N 3 fis, UCTD Zeid a3,
R B JRIEAT B — e R AR .

33.878 33.880 33.882 33.884 33.886 33.888 33.890 33.892

= UCTD
—— UCTDIER

101 _—

J%73/dbar
: s 3

¥

=3
=]

70 A

#h i /PSU
B3 iR b E
4 fIEiTIE
AL AR NS ] SRAERS T R E Y
SN, RS L F SR AR AR Ok ] 2 I i [)— K AT
SRR RS A R R R R R . — I
EITIERERIE R SRR s, R
U, PRUEM S5 R R . anIEl 4 R, R
& UCTD 7E 0 I 20288 — N RER TR, T, 7KKl
25 H T A AR U ) P R AR SRR Y B R], T, T,
SRR . R R A ] . AR PRI RLE
AL BT IE N R IR BE A, i S R R IR g i
[
T ign =T e ¥ T+ T =T, (5)
A Ty AOIEITIESE, IEHFRRHE S
FRN TR EEIE M R 5, UERR IR 5
T e TR RN IR R AL OB 7 25

12

0.8
0.6 S
0.4+
0.2+

0.0 :

— R

— BEX

0.0 0.5 1.0 18 2.0 2.5

B4 MEITTESHZMERTEE

M BEITIESEGE M AR PR T Tonpe BE A
Ay, HABHSRER AR L . AL R R B
T T SR L, Raymond W 45 ™ 52563601,
T, S i B b A3 U A RNRE T T
T, T, WAEAEAE R AE, R R 7 B3 T IE S50 —
ANEEREBFFE, PRI 2016 4F F 2019 4F 3 K
16 AA[A] T s B2 A UCTD B, (45, &
TPEAEAZ), X TR AL 0.01 s Sy (8] B A
)5 B s MR, JFEBITA R E. DA
MR /N B bR, SRAR AN TR 68 38 3 0T i 1)
R EITIESH.

AL )=V P, -P) +65,,-5) (6

Kb PRET: SHEE: n HREETF .

0.35 1
0.30+
0.251

1]

g

& 0.20+

)

= 0.151

=

#T 0.10

,\}_}

0.05
0.00 -

=0. 05 1

.0 1.5 20 25 30 35 40 45
TIBGHE /mes?

5 EITESHE THREEXRE



22 GRS S NI 14

%39 %

WK s FoR, MR T, TARK, ALEITIE
ZHONIE; BEE LRI, T T AR T T PR
D, FEAOCEITIESEUL N T RE. X
LACTTIN 617 SE IR G ETI/A W

T =00 0,154 )

K 6 25t T A ETTIERIXN HSCR, UCTD gk
1£ SBE9I1 Plus CTD [XA4E 1, FREHEEN 1.1 mis,
W T 4 025, b A EITIE, UCTD #RJER
E3TE FECP

34.2 34.3 34.4 34.5 34.6

50 — UCTD
— UCTO{ T E

JJ)/dbar
3

8

250

#hJE/PSU

B 6 A& ITIER R LLE

5 FITIE

H P R AL S PR . B . MG
IS SRR I, AL IR A7 ) P i 2 9 5% it
2o KR AR AL, S a7 A D
WX, — M Lueck 1 Picklo 45 i By # B 1T 1E &
%P T LMEBIE:

C,(n)=—BC, (n-1)+rA (T(n)~T(n~1))
A=2a/((7f) +2)

B=1-24a
r=0.1(140.006(T(n)-20))

A G WHEREIEE; T MR rifik
PR SRR ER n WREET S RN
o Fl o ARFUTIESEL, /0 B TR0 5 i
(152 22 (RIS (] 3 85 . MR 4 Morison #RFT 1] TEAR
RO o fN e RS ARG, i R 2
o Ml T A, AR RSB CR.

2018 4 9 H W rg i, UCTD 4R 487E

(8)

SBE911 Plus CTD WJZEF I, $& 1.1 m/s [ N REHE
FEFFRE T 8 AR el . ] SBE Data Processing
BAFAL B SBEO £idi, X} UCTD s tHorh HEFERL
VRN MLEITIE, AT a, t ZHUSEATITIE .
DLW 10 ~ 500 dbar DX [B] Yk B I 2 22 (H 19 34 07
WAEE/ IMER HR, SKIFHAL o F1 2 250 K7
] IEH, ¢=0.07,0=15 E—H A GE NS H.
Hopt 7 AR i e s SRS 22 25

0. 020

" 10.0 12.5 15.0 17.5 20.0 22.5

E 7 s$hENSRENHHRES o WXRE
¥ UCTD St 453 75 ) o A5 0 BR UG Ak 3, 75
FITHEE N 4 m/s TIRLSE a=0.01,=1. =
% Morison #7010, A5 S 1T 1E S 805 8 1Y
X ICHR -
a=021—0.0128
)

7=3087 1444
VU

&l 8 45 1 UCTD AT IE A XS LACR, &
iR ITIE, UCTD 5 SBE911 Plus CTD #h & il
W2 BEWL.

33.6 33.8 34.0 34.2 34.4 34.6

w— SBE911 Plus CTD
-~ ucTD

300 { == UCTDMAMEITIE
RIS /PSU
B8 #MBITERMRXILE



ok H#E, 2. UCTD BRI )T Bepioy 23

6 S| T S A PR

& 9 2 o il 28 o B2-1 3 f7 UCTD Ji§ 44 £k
B, RAUIE UCTD #Hh LRk, K
SBE911 Plus CTD Jhy AH &P 3t {7 0 Ak B iy £ B ) o
Mgk, BIREr IR, 7ERFFMZTEE (430
dbar) FUITHAIEIH (930 dbar) Ab, WGV 2 R [
PIPEREER B IS ARG A IS, I B 297E 0.03 PSU
LAt BRI AT LA o

33.9 340 341 34.2 34.3 344 345 346

—— SBE911 Plus OTD
—

#hEE/PSU

B9 UCTD FRIAEhE 2k

AR AL HRT, ZTECYET UCTD T Rk B2 %
NRIAEBRSEL, SR A TR PERERIOT IE . R
fEEITIE. AT IE FE £ 4 21, AL AR an
K 10 fif7s. 4b3J5, UCTD 45 SBE911 Plus CTD
LB H S Rk B 1 2 2 % 1R 22 43 Gl
0.008°C. 0.029 mS/cm A1 0.026 PSU, /2% 1
) £ HER B ) BT o

33.9 340 341 342 343 344 345 34.6

TC

—— SBEOII Plus CTD
— uc

#hEE/PSU

& 10 UCTD AbIEf5Eh B iy 2%

% 1 UCTD £EEH AKI5Hr

2 5% /mSem’  JRE/C J 77 /dbar
HER 0.05 0.01 0.1%F.S
W50 0~70 2~35  0~1000

KAEH Hz 16
ifit [ / dbar 1500
ek 50 RBOREGESE 8 /NI

HIGAL LS, UCTD #h B e i k>, 5
SBE911 Plus CTD %k F& i & Bz,  JuHAE W
Uit LR BB Ay (0 ~ 430 dbar) , Kb B A
o FE B AT L R 5E Y6 UCTD 4k 22 F R A (5430
dbar) , R4G4E3EMAEH, UCTD sl HEA
RAAR, BRSO, SR PR A TR,
e B s p R R R sh B &2, s ORI P b (i g
W WSHEXALBE, R A

7 e

UCTD S —Fh o] LAZE S A0 A T 3 i v (5 R 1)
TR R DI A AR AR IR KO o PR
(R TRV BSF, AN T sk G b 2 G A PR ok, R X
O, AR —4 5 58 Sl e AR I N i) 55
P Ab B 7wk, AR R B B  mRE . AR
JFJE UCTD £ ab BRI, 1 e 8 S m T Fe ek i
Xof o AR AL B SR, SR I KR A TR M RE O
JEMBIE . TRER AL ERas i o i (] DU E IR SR A% AR
BRI 2D S R AL R TN B I, i
S TS ok R e SR R B S

Z Wil R R, #ffk UCTD A2 T R,
S AR T UCTD 048 i a$ FOGE, 76 %A
VPR, U PR 4 IR VR R AR R
FFE B Lesk, RA A hBOERH% UCTD,
SEA T M BAR AL B, T LA S50k 0 ) g
FERIRZE,  ARAFET (0 R ) T K o



24 [T S T NI (1 %39 %

S Sk

HEHG , 250% 20K 7, 4 UCTD RG0S HICHEBORAN 4] (1], HEFEHOR ,2008,27(1):8-18.

B, 225, GKHE , % UCTD ML LIS AN IS (1], TGOK OGRS ,2017,3:42-44.

B, 2R 51 UCTD b LD IR0 (0] IAEHAR 2011,30(1):41-43.

David S Ullman, David Hebert. Processing of underway CTD data[J].Journal of Atmospheric and Oceanic

Technology,2013,31:984-998.

[5] Zachariah R Hallock, William J Teague. The fall rate of the T-7 XBT[J].Journal of Atmospheric and Oceanic
Technology,1991,9:470-483.

[6] Nordeen Larson, Pedersen Arthur M, et al. Temperature measurements in flowing water: viscous heating of sensor tips[C].
Montreal QC Canada: Proceedings of the First IGHEM Meeting,1996.

[7] Todd D Mudge, Rolf G Lueck. Digital signal processing to enhance oceanographic observations[J].Journal of Atmospheric and
Oceanic Technology,1993,11:825-836.

[8] Raymond W Schmitt, Robert C Millard, et al. A double-diffusive interface tank for dynamic-response studies[J].Journal of
Marine Research,2005,63:263-289.

[9]1 Rolf G Lueck, James J Picklo. Thermal inertia of conductivity cells: observations with a Sea-Bird cell[J].Journal of Atmospheric
and Oceanic Technology,1990,7:756-768.

[10] James Morison, Roger Andersen. The correction for thermal-lag effects in Sea-Bird CTD data[J].Notes and Correspondence,

1994,11:1151-1164.

Research on the UCTD Data Processing Methods

ZHANG Ting, TIAN Yu, LAN Hui, GAO Kun, CHENG Min, XU Li-ping
National Ocean Technology Center, Tianjin 300112, China

Abstract: The Underway Conductivity Temperature Depth Profiler (UCTD) descent rate model is studied in
this paper. The basic parameters of the UCTD are used to calculate the UCTD descent speed, and the theoretical
calculations and sea trials show that the UCTD descent rate is much faster than traditional profile measurement
CTDs. This phenomenon brings new challenges to data processing. Based on the research of the traditional CTD
data processing process, this paper proposes a data processing method related to decent rate suitable for UCTD.
The specific UCTD data processing parameters are calculated from the theory and sea trial data. Relationship
between data processing parameters and decent rates is established. After data processing, the UCTD salinity
measurement noise has improved significantly and the measurement errors have been significantly reduced.
Compared with the SBE911Plus CTD, the mean absolute errors of temperature, conductivity and salinity are better
than 0.01°C, 0.03 mS /cm, 0.03 PSU, which has reached the design target of UCTD. It is recommended that users
use the free fall mode to launch UCTD in order to obtain good data quality.

Key words: UCTD; descent rate; data processing





