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ABSTRACT:

Radar was invented in World War 11 and was used widely for military air defense. Following with the fast growing up
of electronic technology, HF radar frequency modulation becomes more stable and with wider ranges. Therefore, the
applications of Radar become more popular and common. The radar systems, such as sea sonde, wellen radar (\Wera),
OSCR, GWR, and OSMAR, were used for observations of marine in the past 20 years. For instance, remote sensing can
be used to measure the wave high and current velocity in the ocean. Taiwan government has a new energy planning in the
future. The ROC Executive Yuan promotes the development and use of renewable energy, planning to start building one
thousands of wind turbines in February, 2012. Basically, the Ministry of Transportation and Communications (MOTC)
manages the transportation of Taiwan, especially in the land transportation and navigation. The basic oceanographic survey
is needed before building the offshore wind turbine. More importantly, Taichung harbor which is nearby the offshore wind
power farm has its urgent need for study. The government can release the information of shipwreck to assist in ship rescue.
That is the reason that the MOTC builds the HF radar array systems in the wind break forest of Taichung.

This study focuses mainly on the oceanographic survey in the Taichung harbor and its surrounding maritime space.
We aim to develop the Radar remote sensing and collect the basic hydrographic data for the development. Our preliminary
result shows that the relationship coefficient of radar investigation (wave high, wave period, radial velocity) is higher than
0.8. The results can be provided the MOTC and Maritime Port Bureau, facilitating to manage the vessels which enter in
and leave out the Taichung harbor. In the case of vessels disaster, the government can use our result as reference to solve
related problems and to avoid shipwreck to be happened, directly helping the development of the offshore engineering
technology.
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% 2-3 % ¢ B 1971~2016 & 7 (= 4t @

BE g H.H.W.L. +5.86m (1971 #)
R R =k HW.O.S.T. +4.84m
Ty e M.H.W.L. +4.46m
T i M.W.L. +2.66m
=l =R M.L.W.L. +0.84m
TN LW.O.S.T. +0.22m

B LRI T L.L.W.L. -1.05m (1988 #)
T3 L Ave.Range 3.62m

LAY BAE S AR S KRB ARAR YA K E R 2-2.4Tn

124 £V B L EPERGAE = m)

, ‘ B | @ | P TR | Tz
e | BF | M | T | T | T o e , A R T I
b VR IRV IRV I . | B | T T | X3 | ApLlRd| L %L
Ei (P | MRPE|FPE| PR | PRl e ST B Bk

i AR A C A L S

1971 5.86 0.00 4.61 0.67 2.73 5.05 0.21 4.90 0.50 4.32 3.68 395 | &

15y
=

1972 5.38 0.00 4.64 0.63 2.73 5.04 0.21 4.89 0.35 4.39 3.70 4.01

1973 5.56 0.00 4.63 0.66 2.74 5.02 0.22 4.83 0.44 4.36 3.68 3.97

1974 5.60 -0.05 | 4.61 0.62 2.69 5.02 0.19 4.83 0.40 4.38 3.64 399 |FEw ?

1975 5.54 0.00 4.63 0.60 2.70 5.04 0.17 4.86 0.39 4.43 3.72 4.03

1976 5.18 0.00 4.56 0.53 2.62 4.87 0.18 4.73 0.35 4.32 3.72 402 |~

1977 5.40 -0.30 4.65 0.65 2.74 5.04 0.18 4.82 0.48 441 3.62 4.01

1978 5.30 -0.39 4.57 0.62 2.69 491 0.18 4.77 0.39 4.35 3.67 3.96

1979 5.37 -0.25 4.48 0.57 2.61 4.85 0.12 4.61 0.43 4.27 3.66 392 | B~

1980 5.55 -0.50 4.52 0.50 2.61 4.89 0.02 4.79 0.15 4.28 3.84 4.02

1981 5.22 -0.50 4.48 0.54 2.61 4.83 0.09 4.69 0.32 4.32 3.60 3.94

1982 5.18 -0.56 4.48 0.54 2.62 4.85 0.06 4.67 0.29 4.33 3.66 395 | et

1983 5.43 -0.30 4.17 0.61 2.49 4.47 0.19 4.40 0.38 3.90 3.29 3.55

1984 5.30 -0.40 4.40 0.50 2.55 4.79 0.07 4.63 0.27 4.29 3.58 390 |-+

1985 5.42 -0.37 4.49 0.55 2.66 4.87 0.08 4.67 0.31 4.33 3.59 3.94

1986 5.35 -042 | 455 0.56 2.69 4.96 0.05 4.73 0.29 4.42 3.66 3.99

1987 5.35 -0.50 | 4.51 0.53 2.65 4.92 0.03 4.75 0.21 4.36 3.68 399 |E» 2

1988 5.55 -1.05 4.55 0.50 2.66 4.95 -0.04 4.81 0.23 4.42 3.72 4.05

1989 5.50 -0.50 4.58 0.54 2.69 4.98 -0.01 4.81 0.25 4.44 3.71 4.04

1990 5.65 -0.50 | 4.70 0.68 2.81 5.07 0.21 4.84 0.46 4.38 3.70 4.02

&
)
=

1991 5.20 -0.45 4.12 0.59 2.46 4.73 0.09 441 0.29 3.88 3.32 3.54
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1992 5.40 -0.78 | 4.32 0.56 2.54 4.75 0.10 4.56 0.29 4.09 3.44 3.76
1993 5.31 -0.29 | 4.46 0.55 2.59 4.86 0.08 4.68 0.30 4.28 3.61 391 |E=
1994 5.16 -0.46 | 4.33 0.52 2.49 4.70 0.07 4.52 0.24 411 3.56 3.81
1995 5.21 -0.32 | 4.55 0.69 2.70 4.92 0.21 4.73 0.51 4.29 3.51 3.86 | E~
1996 5.45 -0.26 | 4.66 0.68 2.74 4.99 0.25 4.88 0.42 4.33 3.68 3.98
1997 5.76 -0.37 | 4.65 0.64 2.72 5.00 0.15 4.82 0.39 4.43 3.72 4.01
1998 5.46 -0.36 | 4.65 0.68 2.75 5.02 0.21 481 0.47 4.37 3.64 397 |#E3
1999 5.51 -0.22 | 4.78 0.71 2.84 5.15 0.22 4.99 0.46 4.49 3.72 4.07
2000 - - - - - - - - - - - -
2001 5.80 0.00 4.87 0.88 2.96 5.27 0.38 5.03 0.70 4.40 3.62 399 |Ewe
2002 5.65 -0.40 | 4.68 0.65 2.78 5.05 0.18 4.88 0.40 4.44 3.69 4.04
2003 534 | -047 | 455 0.49 2.65 4.94 0.00 4.75 0.24 4.48 3.69 4.06
2004 5.45 -0.35 | 4.59 0.59 2.71 4.94 0.09 481 0.32 4.38 3.67 400 |-z
2005
2006 e
2007
2008
2009 I
2010 5.62 -0.47 | 4.68 0.55 2.72 5.08 0.05 4.90 0.27 4.54 3.78 4.13
2011 5.74 -047 | 471 0.51 271 5.10 0.02 4.93 0.27 4.59 3.85 4.20
2012 R
2013
2014 R
2015 6.07 -1.11 | 472 0.50 2.70 5.11 0.03 4.95 0.22 4.60 3.89 4.22
2016 5.78 -0.26 | 4.87 0.65 2.83 5.26 0.18 5.07 0.36 4.62 3.88 421
ERE AR T 3
R SAERE - S IR S RN S0 N O B3R O I
Bl% %8 713 B8 1995 & ©72003~2018 4 i& % § % BLip] Fop syt & 41
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& T 3 0.86m~2.13mF[F >
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s ko L E e W 534 0 5 1E26%
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225 40 BEE B E 2 L B4

Eg | Tagam)| LBAF(%) | Tiordr(sec) | B2 A B (mGLH ~ )
% 1.25 NNE(47 %) 6.1 7.5(WSW - 6.2sec)

% 0.86 W(26%) 5.7 15.5(WNW - 6.1sec)

# 1.77 NNE(45%) 6.8 10.9(NNE - 11.0sec)

% 2.13 NNE (46%) 7.0 8.4(N ~ 11.1sec)

i HF 13050 R FE 6780 3 AE 19N ~110 5 FF 1120 ~20

0.05-0.5m 0.5-1.5m

(4% :121~271) (4% :31~57)

0.05-0.5m 0.5-1.5m 1.5-3.0m >3.0m

(RF:67-87) CERFRESIRD
B 23 47 BEEr 2432 i 5
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FLE - RoMNEAFTRAS AR EY WSW S (R E 20.3% 4 % 26.5%) -
£ e A & NNW &2 N(E % 221% § 5 28.9%) » 4o 4 26 #F
o0 ¥ d A ¢ ¥ A fra T ianiE & 34.3cm/sec~47.6cm/sec B o H P &
Tong o o MrFLhA AT FFE) fftﬂ&mwé*@*it%
% % F ik 5 259.7cm/sec o

LV BB ET EhnnE R e AT Bl Aol 2.4 F1 > 4 ERE G
% *t 1.03m/sec 1 3 + *+ 50% 2 F > X TR ERw L WSW 5 2 W 2
t Z & onik gt 1.03m/sec % % o3t 30% 0T o HF E R E Rk A0
0.51~1.03m/sec ¥ # % % >+ 40%12 + > & F fr# sne 2 NNS % 1 ~N = 2
T EfrEaid 45t 0.51~1.03m/isec A48 % % 22 50% 2 + 0 § E g E i 4 N
23 SNNW =tz 5 # & fr onag B > 1.03m/sec 4% 5 <+~ 35% 2 + » # &
£ WSW 5 2 ~W 2 -

F?OBEEAETREA,ZR R FRETaFER > LRE D 9
R RARE ot G B - A T 4R %/ﬁ»/\~)§."r€'njﬂ
oo LR A e g d e o LWL L PR e B R A £ 180
B Flo FEARERR > »d - ReDF|plm L P 3R -

2'\26 ié/ﬁﬁﬁlé/gm e a/u‘?'%fu;‘l'%\

£ | Tromad(mls) | A Eine (%) | & i emis)(in )
% 34.3 NNW(22.1%) 237.6(W)
1 38.8 N(28.9%) 259.7(SW)
# 38.8 WSW(20.3%) 248.3(W)
47.6 WSW(26.5%) 222.0(ENE)

5% :37~57 ;55 :67~8" ;#M4F 191 ~11 5 A F 1120~
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1-25.7cm/s 25.7-51.4cm/s 51.4-103cm/s >103cm/s

(#F:1127~2") (5% :37~5"7)

1-25.7cm/s 25.7-51.4cm/s 51.4-103cm/s >103cm/s

(RF:67-87) CERERESIRD

Bl 24 ¢ BFEe FA NG 2 e ITILE
23 4 ¢ Bihsen
i’?#’ T N F R T EEERRE BROERTE R Q :,i;‘g?] WO
FREDA AT A BRTFRE AL AN L A YR
ERBEFFEE{ I TS 2 TREEE % > i'li'f/ﬁ/%%’if?—#"
ZapEedREc PR A HE RS L F R R TR R
1897~2019& FF 3 ff 2 He b B4R Tl » Sl & v 24 Bk B E A F o
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Yo 2-T#7% o d 4 ¢ ¥ ripl22# rz%%g%m& BcP L411= > H ¢ 8T i
Srib2 127 5 BB 0 B A B2 30.90% 0 1~3" R L A Ed E it
LF R b irdl A 2 O+18F B 4 P b B (9% 8 R T ) St
B2 d P Bt e s Az ¢ R 10 5258 (12.17%) ~ % 35
(12.41%) ¥ THEELI(8.03%) 2 B b H AT ARIT A B R R, o F & imd Rh P

F326%WF T ERBPETAL > PIHEENT LIBRL ¢ RPE
(32.6%5{(12}1’{42 BPRR -EEZLE) BRE L AL WR BT R 4B
255770 o

2027 FreE s 24wl 2 S ek 4 5 st 4 (1897~2019 #)

S RS B A FESOEY =
1 0 0.00% 0.0
2 0 0.00% 0.0
3 0 0.00% 0.0
4 1 0.24% 0.0
5 14 3.41% 0.1
6 28 6.81% 0.2
7 95 23.11% 0.8
8 127 30.90% 1.0
9 98 23.84% 0.8
10 38 9.25% 0.3
11 9 2.19% 0.1
12 1 0.24% 0.0

g3+ 411 100.00% 3.3

011057 E R R BATR R A F R hF AABAT Y R 2 B RE BE L
(1897~1957)( http://photino.cwb.gov.tw/rdcweb/lib/cim/tyname.htm) o 3£ 2 : 1958 & {5 4 * ¢
% § % & TDB b ¥ F 4L £ (http://rdc28.cwb.gov.tw/TDB/ntdb/pageControl/typhoon) -
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http://rdc28.cwb.gov.tw/TDB/ntdb/pageControl/typhoon)
http://rdc28.cwb.gov.tw/TDB/ntdb/pageControl/typhoon)

# L
28k - 6.81%

ERAN 2
14 % > 3.41%

%4
334 » 8.03%

B RBE
73k > 17.76%

45 PR A 10R(2.43%)
MR 411k

fae
50k » 12.17%

% — 15 e
59k 14.36%

N ¥
50=% - 12.17%

B ZsE
51k - 12.41%

¥ raag i
435+ 10.46%

11957 E Rk BASTR Y A F A BE AR ERRE D AFL 0 189771957 E x4
B h & £ 2 9§ R T A 47 (http://photino.cwb.gov.tw/rdcweb/lib/cim/tyname.htm) ; 1958 # {2 $%
P A F %k TDB B L ER T4 E (http://rdc28.cwb.gov.tw/TDB/ntdb/pageControl/typhoon) °
32 Wk ¥%5-191610 ~ 191710 ~ 194700 ~ 197426 ~ 199603 & He b BT F Al s 2 7] » bt o

B o

B 25 8482 seh BT 5y B)(1897~2019 #)
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¥R Y BRRLITEAE

FHEFREFLEMD 100 £ T B AT HF RSP F PEAE RER A F
/%i P - BT AR EP DAL T YA ionosphere) v v R T A @
P AR R FI R AT B AR R SO KRR AL
T 5t Breit 22 Tuve(1925)3# 7 - B & AT R rg SR K Y &
£ ﬁ~am$%£ BR(TEAG L hw ) BEERPREL DR SR
ER A B3R BB E AN S EMRTHFERZE L2 E L Radio
Detection and Ranging > & i£ #& 4t ﬂﬁ"é, = Radar> H @ 5% 4 F]m f2 X 4 (sky
wave) » FREFE K2 R PEFEILIFL AL U5 FHAE DR
RTTEA)E BB E & 7?&% B F Bd78t > T RMELIS B TR
B B fEA kA G €0 - BT AR BHHES 0 fLz L L (ground
wave) » @ p ok T E AR EZRT FlF %A 4 % BarrickDEE K 2 28 F 70
AT R B RO SR Y BB R L IWIRATAREE S s A R R
FEHET £ 40~200Km » ik b * 3t s el jUaEip] 0§k BN T
B o 4@ 3.1 AT e

(1994 Encyclopaedia Britannica,Inc)
B 31 FEd @R LR
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F ok e
PR T kA F RS X 5 0.003~40GHz > 4 =5 HF 345 & -
VHF #3832 -UHF @3 R a2 LAKTE -SHAEKRFE-CRAERFTE
XpbEgEd Kupbhasgd KpEgE - KapBRagd 23 2B
Aphrk 31 BB 3257 c He ki HF 35 22 VHF #3435 &

PAGFHPEFLRRE A FAe 2 FhBRERRF A ] - TAEREBILF
AokAm o FREFEY R L BRTEL T LEFF R EFET S

DB E R E R S, TR EERER A FSk(Ee bR F
mmi)’ﬁiﬂﬁﬁﬁﬁM%Wngﬁﬂm’“% GRS RS SN

M A RO FL I BT A G RIS S5 ERF R D
BHHEN o

%31 FHRBREES

TER #g % (GHz) #g % (MHz)
HF 3475 & 0.003~0. 03 3~30
VHF 4% 4 7 & 0.03~0.3 30~300
UHF 42 % 47 3 & 0.3~1.0 300~1000
Lk s & 1.0~2.0 1000~2000
Sk sE 2.0~4.0 2000~4000
ChbaE 4.0~8.0 4000~8000
XBg & 8.0~12.5 8000~12500
Ku ik B 5 & 12.5~18.0 12500~18000
K ga & 18.0~26.5 18000~26500
Ka it i< 5 & 26. 5~40 26500~40000
MMW = 5F i 7 i 34 ra b~ 34000 4 F ~
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3 30 300 1,000 2,000 4,000 8,000 12,500 26,500 40,000

I8 < (R o LEem

Bl 3.2 3 ARG F LN

A H P B A & 300MHz T g A B G R £ ,[;{, e
OFRH-F L ETRS PR BRI R B i
AL BE R PIBEEAR 2 P RS R ArE T g o B FF A E L K
R e~ R TP %%ﬁ%érﬁiif%%: Foo 5 b HAE G 22 A A0
P EFERE RO W AN E W R R e 2 E0 ) A
B ’UHFi’ér'g*iE’*S’éiﬁ»iﬁé‘ PR E BRI E S LY i)
Pl e c LA AR By Y i ﬂm? N uaﬂgjx. Yk o S L Fr

m
%é

FIF R RTIAFEERE X iEiE g o %ﬁ/?%rﬁ“‘ﬁiﬂ“'&il - C
fﬁﬁifﬁﬁi-ﬁﬁwﬁ?ﬁi%iﬁﬁi‘%ﬁﬁq_ Foo EARLT E ke X Kus

ngaMMW%&?@%*W&C%&*%%%NJ%O
FRBFHAGI AT R LR FATE > B EAT LS

B oBFAFTELI VLRI P BT R T UL kL HAE
3 A (CW)24E a4 %38 5 5 & 4 (FMCW Radar wave) » ¥ #7 i3 4 » 2
BN FEFIRY AL - BF 2R R RBREE HH
FRFA TR AR EF O R 22 ERFELF T R RS
ARAFITEA T TV ERFMERE EREER ST UF IR o L T E
(Pulse wave radar) > B & B PR rg seng Edk 0 A BB FFHEF

FRATRE > A ERTE G VR P N SRR TR S 1 e
FHS % -

T TRILEAHE AR B 30 BT PE o 4o W] 3.3 47T o
FEFH-RF AP HAIRE Bw g R M - S bl

B A T R AP R KR LR ok AR LITRE Y gD
BEFRELFGED gy BARRRE 0 § ik BB RERH > Ba T
B AR R Tﬁﬁiﬁéfﬂﬁﬁ" s foo Rl Ew R EF A5 oo P IR
oo BB RV 2 R Co y? EENCRR- TR R A L S P
HUE S A R E R R T e L i R A P R G R

|~
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http://terms.naer.edu.tw/detail/136834/?index=2

T AR R BR A RGBT BT L AP PR E T EOREL Ry

BEA A RT AT 5327 g F 5N L eod SR T dp ke R
P SRS g8t #g i (DopplerRadar) > e d 2t F E K RILET T F %o

%**%@#ﬁﬁééﬁﬁié$@§§°

2Vfo
Fp =2 (3.1)
R = (3.2)

2 () 4B %%EEU

B33 41\ #0045 8 B {Reif IR 3

TR R TS 2K - BRED ARG ZTE
WIS B RP R A RE R (Rl ) R ke
i B A RN Y FE S G S RS LT
foo mol & 31 e R AT R OB o §E ST SaTUL A B 8L
TR BT AR LB e d T AP AR g
W A A R E RS EL;IG:&LF WA R TE R BT RERF S
%,ﬁipﬁéﬁmﬂf—@m;mﬁav'?m%?ﬁﬁﬁ’ﬁi*ﬁ§
CHRBFENEE I AP T T BT EN T
Eﬁggﬁ%%,ﬁmrﬂ%%WUEi*ﬁ%i’ﬁﬁééﬁﬁiﬁ§§
FoiReE RPTE ST EERETE
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~ SAEEEE - 3 &4 5 300~1,000MHz 42 % #E (UHF) 22 30~300MHz
FFA(VHF) » 3 578 v L s b a8 0 UELA 4
M Fode AR NRERZPRET P R BRER
E’i&ﬁﬂﬁﬂ Tk o A B E W RIEERE 0 e AR 3 K
ERAE=S Sl S A R B i

S
Sk

S | s S d AR % 4 3 1,000~2,000MHz(L)¥ 2,000~4,000MHZz(S) =
TEAFE T R A 400 22 3 600 22 A X 5§ RN
PTEZXRF I 2DPBRIAFELE I ARAFIRRY
P& B (L)~ S (L) A s eseS) (L) s L 0
PiREr g EdsEFERp AlmR - pET LR -

Il

SRR T E L - A F 4 4,000~8,000MHZ(X) e i A L > T Ha bt
10KW » B & 74 & 34KW » 2 & fie £ 45 42 ot dy b Siia
R SIS R T B S N A Y 3
R e R R
w o~ ST i - 4Rk 4E 5 18,000~26,500MHz(K) e A A 0 BT Rk
%ﬂé%iﬁé%%ﬂ 24 S PR E S PR R A
L e st BAE (70 F e gy B s 5 e E 17km
&3@&%ﬁﬁﬂw’&mﬁﬁ&ﬁfﬁﬁ$Wié s S
PR o RPN R AP e
CBliE T i - A A 4 2,000~4,000MHz(S)# 4,000~8,000MHz(C):
TEME o FEEH A 300 22 3 500 222 B F ik
L S fﬁ%ﬂ%%ﬁx/ﬂ‘r%ﬁuﬁ%@ TE A R i HIENE K ehi g
P AL REE 8RTEE A BT AL TS
‘kﬂ‘#@%%~ﬁ5~%&ﬁﬁ52’ﬂﬂ4méﬂ
EF ARG AT 320 £HF 6T R
Bl 4B 34 977 » g ERA IR SSCRrEZAL A
T Btk RFMBITAL CRAEERECTE ) >

G CER Ea LY Er s

L

ETIN
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232 LFRTRAATH

wE | s R E i A3 AE | KERA % 5
e W Y FE S 63 1966 £ *
ST BLE Rk 00 g S 38 2002 fx *
BA R Ry 4 g S 42 2002 g *
FAT AL | PR F R | BERECFE | S 766 1998 £z #
% 4 EF W | ERECIE | C 284 2017 ¥
P | @Ak | FRECFE | C 10 1987 g *
LA | 2EF RmIIR | ERiECTE | C 203 2009 fz *
EpE s | ZEF E | ERECTE | C 48 2009 ki *

(F = F % kb pzt)
X, l"‘ r‘]lﬁ\_& r‘:vé\ /g, ER:Y ?@/ﬁ*?ﬁtl%
B P e FAFR B o E R S RNT A S T g
FES N T ERB RS D aﬂLﬁ@"iﬁﬁﬂ%wiﬁﬁﬁﬁ”Eﬁ
7R 2 - oy RAR S BRI FEHLRARE -

AR T IR R

fh-
o

’

L ok
m’@@

t:t&'wf;h‘n’-
55—%»%1

TR A SR EERAE
B34 +48% %3

i LR [
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B2 BFTTEE BN AR TRRY LARAT R ] A0
2 4pgrri % if (Phased Array Radar) sn#l i i > pir e 3 2 A R EJ &

BBl HAPF AT AW ee S ffila EBLAND S B FiEd
AT R VAL # A L T AR SR TRER Y B

f

=+

1)
LR f A R B e AR D B RGBS E T Y
SPEORER L JER S et F1A @ LAnk AT LW

4B 3.5 #7157

AT E A DR FEL AR b o Ao 3.6 “TT 0 5]
PR AR R RPE DA G R o BRI P RWR o 4B 3.7 o
SPRE AN E AR P AR P RPFTLERT 0 F R G AT
RI2EF LR > A EBRPRAFTENET -

o

JI
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J

L
Il
Y
yf,
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B 37 tpirtg & 7 PRz 7 L W

ANFEHA KL R ITE RBFEL IR SO ¥ e S
BEERPEFT L e Jézi;?sébﬁ iﬁﬁw AR 97 £ 2
BlF 8 721 § b Seth Lloyd %425 =t 4% 417 & 5 B AR R % 203 23
#HE+ 7 ZF(Quantum Radar) - ] #* k3 fFaip 15 &2 2 £ F A Lt R
RGP PR EFHETEL DA F BT AL E B TREAFE F
MELFRM (LM @ ofg eI F o R RAARET RS £ 0 Aok Bl
#R(TRL)=R » Ml E 4 S Wi HREHE > AR~ { 3 R4
ﬁqﬁi)@;w °

3347 BAEGTEHEF
PREIERLONF LS B PRE A F R FES T 1A
ERCRA TR FIPEARFAG DR FL - > R AT R DT F IS
Flptiz B A F g AP AP E R (T EH E A ﬁ’:&tﬁiﬁ{#ﬂﬁg
\fﬁj‘;‘ﬁ»ﬁ“#ﬁf FE B e F o B AN MR SR (T LIS AU
» R BB AFaT E ﬂwmﬁﬂt‘wﬁm&ﬂk ABHLA g
B LFRE o BAERET IS PERC RS 0 B 38 F AR @ ¥
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W25 d 2 A S E(HF)MEE A 3 13MHz = 30MHz 20 [ » 5 4 3% 48 55 A fie
Bl 19.02MHz % 19.68MHz 2 21.85MHz % 21.924MHz # % p % & & 4 i
POV IELRAERL RS ARG R EPEF Y Y (TORNTE KT
i 4 % (CODAR) =5 % ﬁAﬁEIEU%nWikﬁﬁﬁiﬁﬁﬁmQ?
WEFLZRY DY T RZRAELT AP RETE RPN gt
F R 2 A FIER R T A TR TG 0 RERZ
Rl BRI FERFRPRNEF - LFF PR E TS BT RS
ERTH S 24525 0 doa BT B i SHIE(RF) o

W = Bosscang
W mRAE Rocodetemination satoste

W =WWRHR Rosonavigason

I K EMMMRRIN Marsma radcnavigaton
B MmN Acronsutal adonavgaton
B MR Rovoccaton

MISREX Rado asionamy

H EnENINABRER Standard froquency and
Timo sigral

W X2H Sosce rsearch
KBIFM Space cperatons
WRBB Mosorcogsl satobte

AMISTRITA| Earth oxplonation satolite

AMMATRM intersatomte sorvics

i

RS O route

SMMNSFIR Distens and caling
MPITRILL} Except seronautical moble
IRIETIAD Uplek

KIPRIHTR Downink

NEENEEECONNEN
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®
f

ADHAD Space 10 space
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B 3.8 7 FXARHEF & * L fe
33143 ¥
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Bl 3.9 X 4% 3 A

7 3-3 FFAE L T4

p 1 FEIE S

6/12 FTERT R -FHR IR VYR
6/12-6/22 | % pa #f £ 24-28MHz BFP S TR
6/22-6/23 | % pa #f £ 13-19MHz EATP S TR

6/25 T TR BFTP TR
6/26-7/9 | TR AATEEREL -

1A R AFRFALE?Y BOEFRRE ANHHETFEF - B R
s A ] s 24-28MHZ(E £ % )% 13-190MHz & B % ¥ » % 108 & 6 !
12 p Bdpit 17 24-28MHz % P fFde (2 45 11 2 ) 3 S AR S L R A% ] >
d MR FARTERIE en%] R > % R AR fR 47 B AR 0 iR A Y g 24-28MHz
W@ Hd 11 % > e dFsy 183-19MHz % FF 2 = o B #-24-28MHz » = & >
% 4E24 1 24-24.99MHZ(* % - ) ~ 26.175-28MHz(> % = )¢ 27.4-28MHz(* %
i)%a?ﬂiﬁ.ﬁaéranéﬁ/?#‘r’—,’f—! PR k- F R0 5 B sk o BN
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MBS 4 n] & 245MHz At - A F 100KHZ e E 23 bR 0 2 % = &
B7g P HF R > A2 F R AL 50E 0 2 5K 600KHz gt i o
b B 3.10 #7770 %3 13-19MHZ % FF > d »0 ¥ G R 7T 5 3 IMHz
Fopwme B EAMETREY G FRFRP RS G ERCE MR
T AFHRRCIIPET BEE F A FET I P ERAE
Fe o %2 (27.4-28MHz o Rl) i A pAY 2 L E o
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- 40
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332§ ¥ ie¥
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At E 200

4K 1 0.5MHz

~ESSRE 127.5~28 MHz

~ *#3% : BDE617

SHERA A0S P T A K ERB LK EAT 1 35-4819-999% B 16 b 18E sEH AT 230 K
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Frg 27 BRIRLATEARREELI

AP EAR Y BT ERRE LR KT dodk 410w 0 BAELSF
g iR EF I RBERNT ¢ 7 0 sHE H(Radio Frequency Technology) -
AP #2 "L i 72 (phased array principles) ~ # & & #+(Bragg Scattering) ~ FANNE SRS
& (Doppler effect) ~ it & = 25 (beam forming) » 4% % &9 % sei@ 2 jif 4oipld 7 % o
TR AZARBEBLRIA B 2 LR A J KR AR Bt RN

BRI A T e

241 ArE T FAET ERLE LB R T

LERA 7 if 4k SBcie H o %3z
LR P FE 30 min
EREL 27.75 MHz
LN
300 KHz
(Band width)
w AR AT 4 i
o x Sl 16 Ed
Tk BN
-t 296 B ki
(Main Bearing) R
BRI FESE 40 KM
E3 (2
ERPEIR 500 m
(Range resolution)
W : 3
(Azimuthal resolution)
FUEA IR B Y
S 5 ML 0.216666 sec
(Sampling frequency)
B 7 #4a &
AIDC 3k 3 740 Hz
(Sampling frequency)
R AP = vE ik
: 1,280 y
(Number of samples per chirp) ik
B SRR R B]
- : 8,192
(Number of minimum chirps) v
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4.1 BHRELF|F L & a3t

AR YN A AEd FRERLAEFAUBRF M AFHET S
& ku(Least-Expensive Radar, f§j # LERA) > 3% i sti & ¢ 7 @ TiFh i
2L (GLONASS) ~ 1z 8 #1418 # 4= i % (OCXO) ~ 4z & 3 % % (Direct Digital
Synthesizer » DSS) ~ # it & + % ~ £ (Pulsed Power Amplifier » PA) ~ £ 221 3z
< 2 (Low Noise Amplifier > LNA) ~ ;2 47 B (MIXER) ~ ## " #ic 30 5L 4 B
(AnalogDigital Converter - ADC) ~ 4 » ;Y #2414 ¥i(embedded controller) ; -
TERIEFEREE AR AL 0 FREF R BRI FIEF 4o (Th > g5
AR UCH TSl

TX
/’/A\\ clock CLK| complex I F\\\\
( GPS — ocxo ‘— DDS \ F’A/;—\1
CLK oI
RX-1
A 2 complex /////
ADC-1 ~—— MIXER S
8 | 2
32
etho| 25 cLK Q1 .
HOST s
E 2
e 2A 2] complex /’//1
ADC-n | MIXER [ ~INA J
| %

Bl 4.1 BHAEEA T é&;L#%ﬁ_@
-~ Tk % (GLONAS)

PR 3 B EEA T R anE & Sl A AR R B Arah 2R e ix
/4 %v(Global Navigation Satellite System, i§ #iz GLONASS) sips /FF » 1% 2 F i
S FERFOEY s R RdrdeiF L0 W% > 9 % B GLONASS 4 %> p
G 24 %;wgrfr FoAR BN REFREEY M &fifrfﬁfﬁ‘ﬁo EA
ES L SLENE - :»(qui )3k i 8e @ * GLONASS s 5 »
g are {{ﬁné’* LARFETR Y QL kS
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&7 £(0OCXO)

FFBILRGE AT TR BN TSR CRFT EAERS F
_ufﬁB%%f¢@ﬁﬂ»i4’&ph&ﬁ¢mﬁ%%fﬁﬂtﬂnﬁ%
E P MR B(XO) B BA O HARiRYR T BEe A 5 SR ERRA KL TR
BRoETRES LAPRVPOTERLHHHMIERTE PRZBELTE
o AR FERF2ZZ oA AT Y RTBLE RS S WIRT
E(OCX0) » % Fl f MBI 2 Rk T B Em > T £plh &
AHE S G B AR R BRIA AR F R LY S Fant
B PELMERTE LG e mid] BET R R > KW
2 p L BB ARBER A-B5CIHISCH 2 F 0 TR Bt
25ppm 2 B R RA F R T oY AR THE (P ZEAR BRI~ )
G #és-;},% TR A 3 +0.5ppm 2 BF o ER I MIRT 0 £ 5 RS
KE PHRETELMAHI IR ERT RIFRT ’ﬁﬁ<ﬁ@%W%i
¥ 2 3E 3] 0.001ppm > g R b 5B fr g4k i B(OCXO) g 2 & 5

g

B 0 3 LR RO 2 iR B(TOXO) e £ 50T ¥ f 43R I F(XO)
¥ R TR B 0 4o 4.2 S o

30

20 7 N /

10 / \ /

FEE [dF/F ppm]
o
\
]
(]
!
f
=lfl)
Q
(o]
iy

ey

fa
yLany
-
-
~

60 40 -20 O 20 40 60 80 100 120 140
Temp. [°C]

W 4.2 =T B TR R
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= AR E(DSS)

d 3R E A E S o <0 s Ttk & B F R F 42k (Sawtooth
wave)z 14Tk F % 2 (LFMCW) 1% 5 % i chs 5t % R 4o 4.3 77 -
defe BRAE G S v B > ERTEARTE - RS AYREFAR
AAE > AT E ¢ o SHHE 5 (Fr) £ 27.75MHz » 48 5 (BW)300KHZ » % sitg &
fi %+ 26.25MHz~29.25MHz 2. [ » & gk % 0.21666 £ > #L2 5 1 Bk
S (chirp)fi - & = 4 5+ 8192 13 ¥¥ sk (chiros) » &% % &+ 1774.878 #)(4p % **
29.58 A 4k)> H ¢ & BAES G 1280 BB~ d *H4E B (BW) % 2 300KHzZ
R e Bl 3 AT R 30 TRk i & (C=30km/s)iz 11 2 & g 5(BW)
& BEEAL A iR4T A 5 500m

r e
28.25
— 28.35
T
=3 ‘Q\SN & Ny
Y &
BW é 27.75 Fr Q ) )
]
S
(e
g
w 27.15
26.55 /
‘o + .
MT: Tchirp
0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Time [sec]

Bl 4.3 7 & o DDS #723 i chdE# 4 2 B
DDS =i A3t @ g > H RI@ 2] % 1 52 50 8k(sin) ~ 4252 S #ic(cos)
DAL RTIRAE S B A EF AL RAE S NS S N B AT
FZAFEFHEDRL PR S HOEF O CRFIY R NRE
ST kA PR AT Y B e B A REE Y RS
PRk B R AN IQ R T U R S F AW o 44 517 -
*F 4 DTacq = @ (#&¥:#) 315 RAD-CELF a3 # % o

N
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H@»

Bl 4.4 #F % 3 %] % DDS 553 Al 42 B
T~ 2LEL3T 4 B(PA)
gL~ E(Pulsed power amplifier » i £ PA) » 7 * ;Ik{:tés-; % g gh
EAp G e~ cnde (00 2 Fo xR E N T F BB T A 2L A HR A
e X E e F4] 0 A5 EHE T Tomeo
4 A A% BTM00250-AlphaSA- AB #g MOSFET

H

s % 0 AR KR xr?;
Technologies = & (;& 137 )4

B |Q ELE < %J?@ fo Q7 SEHF ST RBMEFED Tk
4.5 #7531 o

W bt ] F E A oW

GLONAS

(Sawtooth)

W45 F hsgstaz §f 5 24

s
R é’ﬁ%%’%f‘ SR RGO R 5 AT ST TR SRR B D SPIEL A R
WRTHBERE G - TREDRF > &RR) M2
% (Low noise amplifier> i - LNA)> #3t 5LiRE (7 § % >

Y =
Yo 4.6 T B AT E R ALATE g B oo

B 4.6 4 #N % Menirigiic + §

45



=~ A B (Mixer)

RAFBLT I EY £ - B2ERM TR &7 ERAE E(complex Mlxer) 4
- FTEERAE R T A 16 B R g_%:rqtglf:r XA A, R
R s 1Q BB w L IQ LS 2B o W *F AT B o Ap st X
< B B i 3% B (ADC)

~F & #* D-TacqSolutions = & (% i ) 3|5 ACQ-435ELF-16 «4f
W MR R R T S iR h g o ORIRAE (S g Mg S
B gL A F R A AT o
Ao g % ¥i(embedded processor)

* g 4% * D-TacqSolutions = & (g4 i ) 2152 ACQ-1001Q g » 3¢

BT E > A3 A Linux TE AATER ML AII R R LTV ET Y SRS
FrRAZ > FEM A, TAe B g (S k5 4o Bl 47 2757 0 UH-HFRS

TER AP Ao o

él
'$

e

{

-

" \..umm“«w««mmmum

B A7 3HLATEFH
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42 BAFLFT LA MEHE 2P

AL IS BT R R(RX)E 16 g s R(TX)E 4 e d 3544
TS F Wk B(Band Pass Filter > i A BP) » FIut fL i 2 d 424
RETORX A MFFESM BT E v A T (16 g & 75m & i 3 )
& B RX XTHRF¥HE* EA L 125m 7 RG213 < 5 » SILFEP T RX X R % B
F 5 3.2B/100m > & & 125m #-F jp 4dB 5 TX X M5 B4 L7 B B
i > TX X MRS 5.4mX2.16m 4B B3t & R SR M & B TX
TAEF E R FE 3256m 7 LMR600 % & 0 S IRHFPIE TX X A% R
1.1B/100m>- & A& 325m #-% j 3.5dB> Fyt % s ¥ 7 17 350m chz 7 45l o

TREBIPELARE A GBS BRI T L2 F P BN RIERS
km 200~300m T+ 4Edt 1 K BEEAPRITEN 12D T 0 1 AR R
BH o RE XY BN RIFLERS B DELREPESL LT
FEDEHARGT GFREBUFEFEHE VYR ERAERERTE L
Felp o KRR RSB A RIR S F 4 > 4B 4.8 T o

=EEM -
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FEREGRI ERLSL A A @lf&z’v’ﬂ’UH-HFDRSa%’I&:ﬁ‘é%éa T

70cm £ 62cm & 22cm % 0 £ # i 25 N7 R B E(MKIL & F) o

— B HcE i Eir 8 2 RX%%Q;I*—} TAELBERX XM FIPFE 2
# 4% 1< 48 > UH-HFDRS @ﬁﬂﬁ&% <+ 70cm & 62cm % 22cm 3 0 £ £:F 30
a7 FEFHEEE EXF 100X 0 THHFE0F o AFEAAM R EEA

FiER S 3207 107 #9726 p~107 # 10 7 7 p AL A% Wi o
UH-HFDRS % ‘it ®li¢ 2 & 2 > 4o @ 4.9 77 o

)

AFE IR ING s FETFF AP 107 £ 11 7 9 p ~107 &
117 22 p 7R 2 2 > B 2~ @QF® B -~ (b)dn 5 2% ~ (C)R RS &
Eo@pERE (kT O med (QrREALHES ~ (h)e#
AR BT 1 AR 0 4o Bl 4.10 F7oT o
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O&REATE S (h) o3 of = s e

B 410 §iEd e 2 HughRwwa
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FECEENAAEIREETRE R IAAFEELRRE A
PEERIREIE AT 0 LT ANEAE L 0 R RIS B IR
ARG R ETEFELE Gk FEFET I AP 107 £ 117 26 p
# LERA Jk sveni FHE R A F AR kP (Pierre Flament) %k & % %2 &
T FFE ¢ L A HENCU)E 2 s 285 ¢ o (TORI)- I e 2 2k
B 411 5 A4 B %3R5 3 % LERA & 5ienlia) > B 412 5 %3t i
PV R FH KB ILH RIS SR A 0l 0 B 413 IR EA R
A BERE IR DR .

Bl 411 § & fiienz e a g

B 412 7 é}?}’r% e }{ H-pu
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B 4.13 7 & ELFR F DR R

THAMFTIFLABEIRE RN LRS- R FIETR
ERPGEE AL ek R PR SRR i R E Ay b
I“*’?IWP;;‘;’E'&f.g’ﬂuifkﬁ*mgﬂi:gg&wp{ RS RE
FPRM S R Flm g S TR R R AL o d AT R A
;Mj(beamforming)_’rhiﬁ’;ﬁ;ha Gk FIR R OREA ¢ HR S ALY
Rt R E A L S Bl E M R TL 0 £RITR MG
T ARDER CHFEEAAEAEFTEL S ERX AL LR 0 Aok 4-

2 905 0 TS E A dol) 4.14 ST o

# 42 Ffe (RO M7 £ & 4

) ﬁ:ii'%(Rx £+ £ B (m) : ﬁ:}z?(Rx £ £ & (m)
Channel 1 2.76 Channel_9 2.78
Channel_2 2.74 Channel_10 2.78
Channel_3 2.73 Channel_11 2.78
Channel_4 2.73 Channel_12 2.75
Channel_5 2.78 Channel_13 2.73
Channel_6 2.78 Channel_14 2.76
Channel_7 2.75 Channel_15 2.79
Channel_8 2.75 Channel_16 2.77
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B 4.14(a) 33+ H35(Channel_1~8)
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B 4.14(b) B3+ & 12;(Channel_9~16)
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&ﬁ%$’%$ﬁﬁ$%%?&?@@ﬁﬁﬁﬁﬁ&4’

U TX R SUE SR LA o R R o R AR

B R R ok AT £ B 7B AT

AP S ER RRE T -

Q&F%ﬁ%&%

Bl14.15 A3 ERKE » p2 F7

P RIL

T RA T A e SR AN 2 Q T IIQ F

4.3 BAEL |G iE

B BT

B R
KR 3 7

FFEHITRAGERIR _'rh'r%’-ﬂi » 4ol 4.15 #roT o

PA LA RN R EFIEFANRFERE v R SR

AV EEINQ Sk FTE I L7 TBEFDFINQ &7
4B 4.16 #7151 o

4 210" Time Series of Channel 1& Q

TR B R

— Chl, Ant09
— Chl, Ant10

Chl, Ant11
— Chl, Ant12
Chl, Ant13
Chl, Ant14
—— Chl, Ant15
—— Chl, Ant16
=|—— ChQ, Ant09
€hQ, Ant10
—— ChQ, Ant11
ChQ, Ant12
ChQ, Ant13
ChQ, Ant14
— ChQ, Ant15

~— ChQ, Ant16

Bl 416 % ¢ &= KPR I/QMTLE 7| F
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B GUELE &

2160 BREA AT A SR ERELT ud B2

FARIFEAD 0 TALRIL (S #8192 BrEE H o 7

0.2166 #) » ‘=i ADC 2 740HZ 47 & B4 » 7 11 B

P

FUQ'ERE XN R FhT Ew ks R B 4oB 417 #77 o

Duration of one chirp [sec]

43 B 4.17 Gignit (7

0.2

0.1

0.05

e e
O

Raw data; antenna 9, channel |

5 10 15 20 25
Duration of all chirps [min]

1500

1000

500

-500

-1000

-1500

B 417 TP R T g v ks BB

R PEE) > AoR 418 1T o AT LB AR B

Range [km]

40 o

20

10 i

1VFFT: antenna:_9

30 (NS

om

5 10 15 20 25
Duration of all chirps [min]

F4.18 F 48" B
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o R RGShER SRR LS d SR

TEE v L RS 0 G T SRR R SR P e

%TmWAﬁﬁo
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¥ B 418 ff hit (7 & 2 R 0 R pheh R S

7
e

PR AR B 0 T %‘@1 Ll AL & g PR R () -

4] 4.19 #r7 o

2FFT antenna 9

-120

Range [km]

-140

-160

-180

Doppler Frequency [Hz]
W 419 § &4 2 pedk(l)

ed AT 2T E ,:«:}F]'?'H”’ i > anl?]419;‘,§'3'§*ﬁ2%ﬁ

F(FEGE S f BoendR i £ T AT Menfs 2 > FP 2 L FIHT &
Mo LR o 4o 4.20 5 g8t BEERE(IL) 0 R 16 27 e X Ay

BEEgzE (1) > 4oF) 4.21 07 o

spectrum; antenna 9

40 Dop le-ra
-60
35
‘ -80
30
'g' 25 i '100
=,
8’20 -120
c
©
015 -140
ISHOAR
i i -160
5L
-180
0 L.l
-2 -1 0 1 2
Doppler Frequency [Hz]

W 4.20 45\ ¥ (1)
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[SEERIRL,

45 1 05 0 08 1 18 2 48 1 05 0 05 1 18
Doppler Frequancy [Hz] Doppler Frequency 2]

W 4.21 &8 - B pedp (1)

4.4 BALAFEALEL I

BARG SR AUGHAIRG A e R AT L e AR LR
PR RTRA TR N AR R {17 S A ML
7 & = 2j(beam forming) {8 4o fm & 47 gL i g 2k § 0 A o] H M LR
F]Q o

- N GREIRHRZ g (V)

AR T AT RARLE AL B o FIF R R ST
AR LA 0 0T R 2R Bt PR Ao ) 4.22 91 BN
BRI - A F S OEE faunen s 3 N E G RIVARAEENTERE D
12> 23441 #2(@ANE > TRAER 2T SER Y > LIVHT e @

B Vriadarcurrent > FF %% 5 238(4.2)3 5 ko
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fcun’ent f current

S SHe———

55— Wik

201 -

w
=]
T

1

B
=]
T
1

Normalized Power, dB
on )
=]

—
l

-60

8% a 1 15
freque

® 4.22 3% S EAFEARLE - FE

A e, (4.1)

=f dradar (4.2)

radar current  ’ current 2

4 ﬁ_};{,};qu BAE G & mg*m ®hREE Y A,\ﬁ*rs B REARE — PR AE f
B kNN REF ARG S B RIL AR 4o B 4.23 A1oF o
FRABRERBEER~DCrE R PRI AT EHFFRN Yo R4
kAN SR 0 Aol 4.24 A1oT e

../‘l W/Tx)) \ '

.'/ .\A

! ! D

I it | & NahpERe %‘
Y — . TRE RE)

Bl 4.23 J<% # WA Y BT e i R AL R
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Radial Velocity (Site : htcn)
Time : 2019/01/28 21:00 (UTC)

24.6

245

Latitude [°N]
N
S
S

243

24.2

241

120.1 120.2 120.3 1204 120.5 120.6
Longitude [°E]

B 4.24 & ¢ B4 P R ER
=~ Ao B (H)E 8 (T)

Awm T iEw ptmﬁ% - #4947 ¥ Barrick, D.E. (1972b 1971b)4& 113F 5 - FF
B IS SN (43) o N 44) P EF B i F
$¢ &+ 2 = (Background scatter theory) » § £ 47 st o ## (rad/s) & *+ =& H 4F 5 4

24 H THTEREG o R EF R RS gt BT F
P £ <30T R £ R Y B enT o &ﬁ#t#ﬁéiﬁ»%ﬁl » B
B B-ES o R EEL S 2N 0 A% B &
3dB e T o £ 41 * Barrick, D.E. (1977)#7#% & 2 54 (4.5) ~ 22 2 ;4 (4.6) ¢ ¢
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v

€ B 4oBl 425 RN G ABE BT e % deE)
4.26 ~ B] 4.27 #7757 o

L L L oA
oD (W) = 207k Y mei1 S(—2MKQ)S(W = MWE) +v e eveveteeee et e eeeeeenaaen (4.3)
L ERA LR T

0@ (w) = 25kd Ty mymi [ IT12S(myker)S (k)8 (0 — my[ghy — myy[gks)dpd. .. (4.4)

@ Barrick, D.E. (1977) :

0 _ /2
o [ @ (@w (i dw !
kohyms = 2 T @ aidm | et (4.5)
wply i o®@wRan_ (4.6)

2 [ In-1lo@ (w)wadn

Weighting Function, w(v)
> 3

—
S

0.5 1 1.5 2 2.5
Normalized Doppler frequency (Hz)

Bl 4.25 3 i4g ¢ 2247 % 1 4.1 F)(Barrick, D.E.)
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_ £ NeEeRE e
I3,

'\. \T S %
N R

Bl 426 3T Evr A3 B AR EEDH 2 TR

Significant Wave Height (Site : htcn)
Time : 2019/01/27 14:00 (UTC) Hs (nl)

24.7 &
3.5
27:18 28:00 28:06
24.6
3
245
CE 05
S 24.4
=
© 42
il

24.3
1.5

24.2

241

0.5
120.1 120.2 120.3 1204 1205 120.6
Longitude [°E]

B 427 47 852N ASR
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45 Boo| 7¥ iR A 47

AT KM 1072120 18pEE 231108217 30 pHA > T
WL Fthd  REAFEE ST 5 AN L LB
ey AP T (0.21666 7)) E_E o T4 B BE AT AR A A 7 cvd iR AR
5 T e A w3t 1024 ¢ oo~ 2048 ¥ o 4096 ¢ ks 8192 ¥¥ AT 5

TR REEEA T RFE L PR RG] B ERE R AL

HAH#-108 & 12 17 p~108 & 1 % 29 p B2 377 9 F plEe 4 5 2
gOSRELPIEAR T Vo A WA e R E oA LIRS 0 Ao ] 4.28 FTor 0 3% R
BTl E AR § I BB E B ATH F R TR ARARrs £ > $Fn] 8192 7%
PR T o R TRET I EFRITREE o

NCHIRP = 2048 (overlap)

NCHIRP = 1024 (overlap)

* mean Hs (from LERA)
—— Hs (HsinChu buoy)

~
T

* mean Hs (from LERA)
—— Hs (HsinChu buoy)

r=0.91, RMSE =0.25m

r=091, RMSE = 0.25m
L ) 0 I L . .
Jan 29 Jan 17 Jan 18 Jan 21 Jan 23 Jan 25

Jan 27 Jan 29

0 I . L .
Jan 17 Jan 18 Jan 21 Jan 23 Jan 25 Jan 27

NCHIRP = 4096 (no overlap) NCHIRP = 8192 (no overlap)

* mean Hs (from LERA) ¢ mean Hs (from LERA)
—— Hs (HsinChu buoy) 4t —— Hs (HsinChu buoy)

a=1.02, b=063 a=0.77 b=054
r=091, RMSE =0.22m r=09, RMSE =0.17m

0 |
Jan 17 Jan 18 Jan 21 Jan 23 Jan 25 Jan 27 Jan 29

0 |
Jan 17 Jan 18 Jan 21 Jan 23 Jan 25 Jan 27 Jan 29

Bl 4.28 B -] RIEAAFHE » 17 B
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i

TN AR At ML E Y B AT R TR RS P
ﬁ%ﬁﬁ@:@ja 09~1 R »/FEI FpMEEriiEs: 0~01L /F > d FH AT
t 1024 ¥ vk ~ 2048 ¥ ik ~ 4096 ¥3 ke 8102 #¥ kiR T o 4 ko] R
HERF  TEPREPFEIND Y L d RIRSER BT BRI RN R
BATZ ARG REARE B R AR NS LR A AR LR
s 4ol 4.29 1T o

KFPREP108 & 10 17 p % p FAREF AR LR IH B A7 (5 £
PEWIE ERBIAF i ATY w;f“"‘) » VOB 1024 v ik~ 2048 ¢}
Ak~ 4096 ¥ kE? 8192 ¥ iR T > 2 dhdo R i E 5 P AR BE2ARS Y
FOF O EETE P FEERCEE AN R LB o 4
B 4.30 #7177 » R FF3FEA 0 10392 49 £ (RMSE) 5 » 1024 #% ki ~ 2048
RS SRS LU RS A i 4 @iﬁ’%%i4%6$%&§i%%%@
¥ 23 8102 ¥ B 3 R A RS RSN BT
B ERBCE AR 030 L AR > F AT BAE ) B R RITORE G BT
LB DS 0 ok 4-3 97T o

% 4-3 ﬁ,\,l vE %i S ’]‘ﬁ‘%

okl | PboRIPE I (min) | #2712 £ (RMSE)

1024 3.6 0.25
2048 7.4 0.24
4096 14.8 0.22
8192 29.6 0.17
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NCHIRP = 1024 (overlap)

The map of Correlation Coefficient
(2019/01/17 16:30 ~ 2019/01/30 21:00)

247

246

NCHIRP = 2048 (overlap)

The map of Correlation Coefficient
(2019/01/17 16:30 ~ 2019/01/30 21:00)

247

246

106

105

104

245 245
z Zz
CE CIR
()] (]
g 24.4 E 24.4
L L
243 243
242 242
241 241
120.1 120.2 120.3 120.4 120.5 120.6€ 120.1 120.2 120.3 120.4 120.5 120.6
Longitude [°E] Longitude [°E]
NCHIRP = 4096 (overlap) NCHIRP = 8192 (no overlap)
The map of Correlation Coefficient The map of Correlation Coefficient
(2019/01/17 16:30 ~ 2019/01/30 21:00) (2019/01/17 16:30 ~ 2019/01/30 21:00)
247 247
246 246
245 245
z =z
2 2
8244 S 244
2 2
® ®
- P |
243 243
242 242
241 241
120.1 120.2 120.3 1204 120.5 120.€ 120.1 120.2 120.3 1204 120.5 120.6
Longitude [°E] Longitude [°E]

B 429 & v%flicR I

Bgr X pedp o Ap MR 1 B
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NCHIRP = 1024 (overlap)

Hs from HTCN site (m)
]

a=12,b=068
r=0.91, RMSE = 0.25m

1 2 3 4

Hs from HsinChu buoy (m)

NCHIRP = 4096 (overlap)

Hs from HTCN site (m)
r

a=1.02,b=0.63
r=0.91, RMSE = 0.22m

1 2 3 4

Hs from HsinChu buoy (m)

NCHIRP = 2048 (overlap)

Hs from HTCN site (m)
(]

a=12,b=0.63
r=0.91, RMSE = 0.25m

1 2 3 4

Hs from HsinChu buoy (m)

NCHIRP = 8192 (no overlap)

4

E3f
pe;
= o, "0 .
82 - : -'.
I e
£ : 4
‘g =0 ) .
240 W
a=077,b=0.54
r=0.9, RMSE = 0.17m
0
0 1 2 3 4

Hs from HsinChu buoy (m)

B 4.30 % ¢% ke E B AR B 12 R
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Design: Phase Array of four-antenna
Height : 2. 2m

Diameter : 50mm

(2)3 B4 —

Input RF Drive Level : 0 dBm

Output RF Power Level : 100 watts peak, bOwatts average
Design : modular ; all solid state

Operation : Class AB

Weight : approx. 30kg

(3B FEAIR T —

Design: Phase Array of Eight or more antenna
Height : 1. 35m

Diameter : 50 mm

(D FEedctp—

Maximum In-band Input Level : 0 dBm

Impedance : 50 ohm

Sensitivity (noise level) :-160 dBm in 1Hz BW
Design : modular ; all solid state, 16-channel
Operation : I/Q homodyne

Weight : approx. 2bkg
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12/26/2018 Radio Oceanography Laboratory Support | LERA / The Radio Oceanography Laboratory HF radar

Radio Oceanography Laboratory

LERA/

The Radio Oceanography Laboratory HF radar

Design and production of a generic low-power low-cost high frequency Doppler radio scatterometer
(HDRS) for coastal zone oceanography

A new phased array HFDRS a.k.a. HF Doppler Radar has been designed, maximizing commercial-off-the-
shelf (COTS) components thus minimizing overall cost. For 8 channels, components cost less than k$20 and
one man-week suffice for assembly, testing and calibration. Fan-less critical components to avoid 50/60Hz and
harmonics inter-modulation. It consists of three subsystems: a digital controller, a radio power amplifier, and an
analog receiver/demodulator.

The digital controller integrates all the functions needed to generate the transmitted high-frequency radio
signal, and to synchronously digitize the demodulated outputs from the receivers. It contains, on a single
printed-circuit boards stack 22cm x 8cm x 5cm weighting 300g and requiring 20W:

(i) a low phase noise oven-controlled crystal oscillator (OCXO), optionally slaved to a GPS receiver

(i) a clock-remapping direct digital synthesizer (DDS) to generate arbitrary system clock frequencies
with micro-hertz resolution

(iii) synchronized dual DDS to generate transmit (TX) and orthogonal local oscillator (LO) signals in the
3-50MHz range

(iv) 32-channel 24-bit analog-to-digital sigma-delta digitizers with 512x oversampling and digital low-pass
filtering

(v) further digital low-pass filtering and /64 decimation performed in a Zynq FPGA with DSP cores

The final sampling frequency is 375 Hz, reducing storage requirements for raw data archiving. The controller
can be used to generate classical frequency-ramped (chirped) continuous wave signals, as well as time-
delayed pseudo-random code phase-modulated sequences. A Linux-based ARM Cortex processor embedded
in the FPGA provides post-processing for real-time product generation and data archiving.

The power amplifier is based on a class AB MOSFET amplifier, boosting the DDS signal to 50W maximum
RF output, with digital VSWR and gain control using a dedicated Raspberry-Pi module. Spurious harmonics
are reduced by a 9th order butterworth filter. Transmission is through A/8 passive antenna monopoles,
configured as dual or quadruple phased-arrays to reduce land-ward energy and to decouple direct path from
the transmitting to receiving antennas.

(iii)) M16
compact active receive antenna monopoles with embedded out-of-band rejection filters; (iv) analog homodyne
receivers based on complex demodulation by double-balanced mixers, translating the HF spectrum to the
audio band; The total power consumption is 300W full duty and 80W stand-by, thus enabling solar, wind or fuel
cell operation in remote areas. Except for the out-of-band rejection filters, the electronics can operate between
3 and 50 MHz with no modification. At 16 MHz, 20 W transmit power, 10 min averaging time, a range of 120
km for currents measurements is routinely achieved. Twenty units were built, and are being deployed in
Hawai'i, Mexico and the Philippines.

Page last modified on June 15, 2018, at 08:11 AM HST
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12/26/2018 Radio Oceanography Laboratory Support | Main / Radio Oceanography Laboratory support

Radio Oceanography Laboratory

Main /

Radio Oceanography Laboratory support

The Radio Oceanography Laboratory provides support to other operators of HFDRs, by offering expertise,
deployment assistance, software solutions, custom data processing, and hardware repair. We specialize in
supporting the WERA instrument, for which we have a complete in-house repair and configuration capability,
staffed by qualified electronic engineers. Contact us for further information.

We also offer our own generic phased array High Frequency Doppler Radar, coined LERA, entirely conceived
at the University of Hawai'i. The design of this instrument is released as open source. We build the LERA in-
house for academic and research partners on a not-for-profit basis. We gladly transfer our expertise to other
institutions wishing to establish a similar capacity. We also encourage private industry to setup non-exclusive
production lines based on the radlab design.

As our experience grows, we prepare technical know-how pages, describing specific topics of general interest
to HFDR operators.

A bulletin board is available, shared by all the groups that we support. radlab tries to monitor the posting and
reply to queries with the shortest delay. Please do not hesitate to post. As consensus emerges on various
topics, we prepare summaries in the know-how pages.

In addition, specific wiki pages are prepared for researchers who operate instruments made or reconditioned
by the University of Hawai'i; these pages are protected by passwords and are not offered general access.

Page last modified on January 16, 2018, at 08:29 PM HST
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12/26/2018 Radio Oceanography Laboratory Support | LERA / LERA production notes

Radio Oceanography Laboratory

LERA/

LERA production notes

Filters

MK-I

MK-II

8-channel receivers

Power amplifiers

D-TACQ A/D converters

DDS signal generators and clocks

System integration

MK-11I

MK-IIl 8-channel receivers

D-TACQ RAD-CELF board

Testing ACQ435 board, comparing to ACQ164

BOM

MK3 Parts
RX assembly
TX assembly

Active Antennas Testing

Page last modified on September 21, 2018, at 02:34 PM HST
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Technical Brief of
"High Frequency Doppler Radar Diffusiometer”

Acronym: HFDRS (High Frequency Doppler Radar Scatterometer)

Design: according to the schemas published by the Radio Oceanography Laboratory,
School of Ocean and Earth Science and Technology, University of Hawaii, USA; the design
and plans are in the public domain.

Production: assembly and integration by OceanPhysics (Europe), subcontracted to a
consortium of companies in the Brest (France) region (Aode electronics, Bresto / lltom,
Brest Surface Treatment, Siammeca), as well as D-Tacq Solutions (Glasgow, Scotland) and
Tomco Technologies (Adelaide, Australia).

Physical principle: The operation of the HFDRS consists of sending radio waves,
channeled on the surface of the conducting ocean as a ground wave, in the wavelength
range of 10 to 100 m (frequency 3 to 30 MHz). These radio waves are coherently
backscattered by the surface gravity waves at half the wavelength (5 to 50 m), and
captured by an array of antennas. The back-scattered radio waves are shifted in
frequency by the Doppler effect due to the sum of the wave velocities and the surface
current. The measurement of this Doppler shift makes it possible to estimate the velocity
of the radial current in the direction of the HFDRS.

Diagram:
TX
e, clock |cLK| com
\ plex
\ ®P° /| ocxo DDS
e
CLK Q |1
RX-1
A Q complex
LNA
ADC-1 MIXER 2
5 |
o3 N
etho| 2§ cLK Q! RX-n
HOST Q=
b £2
= 2A Q complex
ADC-n MIXER ‘ < |
I S

Bf7-7



Principle of operation: the signal generator is programmed to emit a repetition of ramps
(chirp), typically of a duration of 0.2 to 1 s and a bandwidth of 30 to 300 kHz determined
by the frequency allocation obtained from the national agencies, resulting in a frequency
modulated continuous wave (FMCW mode).

For each ramp, a first Fourier transform of the orthogonal demodulated signals at the
output of the receivers results in a sampling of the complex backscattering coefficient as
a function of the radial distance, with a resolution inversely proportional to the bandwidth
(from 5km to 0.5km), and a range inversely proportional to the frequency. The ramps are
repeated for a minimum of 10 to 20 min, necessary to obtain a sufficient signal-to-noise
ratio and Doppler resolution. HF radar scatterometers typically have a range of 300 km at
5 MHz.

A second Fourier transform of the complex time series for each radial distance, provides
the Doppler spectrum at this distance, with a resolution inversely proportional to the
averaging time, typically of the order of 1 mHz for 15 min. Beam-forming algorithms are
then used to extract the Doppler shift as a function of azimuth from the receiving antenna
array, and hence provide a mapping of the radial currents, with a typical resolution of the
orderof 2cm/s.

Description of the scatterometer: The following subsystems are integrated to form the
HFDRS:

1. An oven-controlled crystal oscillator (OCXO) with a thermal-inertia bell provides the
synchronous clock signal (CLK) to both signal generator, and to the analog-to-digital
converters; optionally, the oscillator can be slaved to a GPS receiver. Features: 100 MHz
frequency, single sideband phase noise equal to or better than -150dBc / Hz.
Manufacturer: Bliley (United States), model NV79A. Document provided in the appendix:
technical data sheet from the manufacturer.

2. an orthogonal signal generator (sin, cos) frequency-modulated by direct digital
synthesis (DDS). Characteristics: clock frequency (after multiplication of the OCXO clock)
250MHz, 48-bit phase register, 12-bit digital-to-analog converter, 30MHz output low-pass
filters resulting in a frequency operating band extending from 3 to 30 MHz. Period of
repetition of the linear modulation of arbitrary frequencies, between 0.001 and 1000 s.
Active Electronic Components (DDS): Analog Devices model AD9854. Manufacturer: D-
Tacq Solutions, Glasgow (Scotland), model RAD-CELF. Document provided in the
appendix: technical specification from the manufacturer.

3. a solid state power amplifier (PA). Features: Typical 47dB gain for an input signal of
0dBm (1mW), maximum power output signal 50W, frequency operating band ranging
from 3 to 150 MHz. Manufacturer: Tomco Technologies (Australia), Model BTM00250-
AlphaSA, Class AB MOSFET amplifier. Documents provided as appendices: manufacturer's
operation manual and electronic diagrams.

4. a network of 8 channels of homodyne receivers (LNA-MIXER) carrying out a complex
demodulation of the return signal of each receiving antenna, by a copy of the
transmission signal at 0 °© and 90 ° of phase shifts. Features: -44dBm maximum high
frequency input signal, 1MHz limited input bandwidth, 5Vpp maximum demodulated
signal, 0-1kHz audio bandwidth with AC output coupling. Options to use as antennas
passive monopoles of A / 4 height, compact active monopoles of A / 12 height (supplied),
or inductive antennas (not supplied). The DC injectors for the power supply of the
preamplifiers at the antenna base are incorporated in the receivers. Active electronic
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components: Gallium arsenide low-noise monolithic amplifiers, GALI-74 and GALI-84, and
ADE-1H+ diode ring mixers, all by Mini-Circuits. Manufacturer: Aode electronics (France).
Documents provided as appendices: electronic diagrams published by the University of
Hawaii, obtained on their website and used by Aode electronics.

5. a sigma-delta analog / digital converter network (ZA-ADC). Characteristics: 512x
oversampling, 24.6 MHz input sampling, 48kHz output for 16 or 32 synchronous channels
digitized at 24 bits (19.5 effective number of bits), with constant delay digital anti-aliasing
filter. Active electronic components: Texas Instruments model ADS1278. Manufacturer: D-
Tacq Solutions, Glasgow (Scotland), model ACQ-435ELF-16. Document provided: technical
specification of the manufacturer..

6. an embedded processor, combining on the same integrated circuit, a programmable
logic gate array (FPGA), digital signal processor cores (DSP) and a dual-core sequential
processor operating under Linux (ARM Cortex-A9). FPGA and DSP configuration:
decimation / 128 preceded by a digital constant delay anti-aliasing filter, 375 Hz final
sampling at 24 effective bits. Active electronic components: Xilinx model Zynq-7000.
Manufacturer: D-Tacq Solutions, Glasgow (Scotland), model ACQ-1001Q. See 5.

7. Power supplies, transformers, circuit breakers and various electronic cards, obtained
mainly from French manufacturers (Legrand, Schneider, etc.) and purchased from
distributors located in Brest.

8. Intel NUC7I5DNHE single-board computer running the Debian / Ubuntu operating
system, with 32 GB of RAM and 2 TB of hard disk, under the Linux operating system,
allowing the recording in continuous raw data for a period of 5 years, as well as real-time
processing for transmission to the control center and data management of advanced
products. Operation of radar requires a valid matlab licence, to be provided by the end
user.

9. watertight enclosures (1 or 2 receivers, transmitter and power supplies) in white
lacquered aluminum 20x60x75 cm weighing 28 kg each, protecting all electronic
subsystems from weather and electromagnetic interference. These enclosures are
custom built by Bresto / lltom. The final installation by the end user can be done either in
a standard 10’ container, or directly in the open air under a simple awning. The radar
operates without an active cooling device up to an ambient temperature of 30C.

The software provided allows all programming operations of the signal generator,

acquisition of raw data, calibration, recording data decimated at 375 Hz, Fourier
transforms and beam formation.
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Summary of subsystems integrated into a functional HFDRS:

ltem Manufacturer |Country of origin

1 100 MHz clock, quartz crystal, ultra-low |Bliley, United States (PA)
phase noise Erie

2,5,6 |set of digital electronic boards for High D-Tacq Scotland / UK
Frequency Doppler radar (1xACQ1001Q Solutions,
processor Zynq, 1xACQ435ELF-16 ADC 16 |Glasgow
channels//24 bits 48 KHz, 1xRADCELF
direct digital synthesis signal generator 3-

30 MHz)

3 RF amplifier module BTMO00250-AlphaSA|Tomco Australia
0.5-150MHz 50W CW mounted in|Technologies, [(SA)
machined aluminum enclosure Adelaide

4,7 set of analog electronic boards for High Aode France
Frequency Doppler radar (1xINPUT_TERM, |Electronics,
1xPOWER_DIST, 3xVICOR_POW, Brest
1xLO BACK, 1xANALOG BACK,
1xVSWR_BRIDGE, 1xLO_DIST, 8xACT_ANT,
8XQRX8, 1xVSWR PROT)

7 power panels (breakers, surge supressors) |Legrand, France

Limoge
9 white enamelled aluminum waterproof Bresto/lltom, |France

housings with trivalent chromium-plated
mounting plates

Brest
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Radio Oceanography Laboratory

Production /

MK 3 Parts

RX BOX

HEAT/VICOR Plate (2 sets, 8 Channel; 1 set, 4 Channel)
» Vicor Boards
o 1 QTY EMI Gaskets, Sheets, Absorbers & Shielding EMI Shields
o 1 QTY Isolated DC/DC Converters C 9/36/28 15v/ 6.67A
o 1 QTY 4.991 kohm 1206 Resistor for rdown to set voltage down to 12.5 Volts from 15 Volts
2 SETS 12" QTY cable connector (2 red/2 black)
o 1 EACH Eerrite Clamp On Cores Round 9mm Cable Clamp Filter
o 1 EACH for black red Molex 19146-0035 Block Fork Terminal, #6 Stud, 16-14 AWG
o 1 EACH Mini-Fit Jr. Series, Receptacle, 6 Positions, 4.2 mm
1 QTY EACH PER VICOR ROUND HEATPIPE 45W 6X200MM
1 QTY PER VICOR BOARD INPUT TERMINAL CONNECTOR
o 1 EACH 7" Black [14-16AWG #6 Spade Terminal non-insulated >---< 14-16AWG #6 Spade
Terminal]
o 1 EACH 8" Red [14-16AWG #6 Spade Terminal non-insulated >---< 14-16AWG #6 Spade
Terminal]
6 QTY m3 washers
6 QTY m3x20mm screws
« 6 QTY M3 x 9mm CLEARANCE BRASS 4.75mm O/D

Input Terminal
o 4 QTY m3 washers
o 4 QTY m3x16mm screws
o 4 QTY M3 x 9mm CLEARANCE BRASS 4.75mm O/D

CONNECTOR Plate
« 9QTY SMA Female to N Female Bulkhead
« 1 QTY UHF Female to UHF Female Bulkhead
« 1 QTY UHF Angle Connector

TOP_SECTION BASE PLATE
« DTACQ
e 4Q 3 v mMa 50
« 4 QTY rubber mounts part number: 9241K42
« Fan Assembly
o 1 QTY DC Fans 12Vdc 1.3W 16.3CFM DC Axial 60x60x10mm (cable twisted)
= 4 QTY F-344-8012 BLACK FAN MOUNT
= 1 QTY Headers & Wire Housings REC 02P CLOSED END
o 1 QTY DC Fans DC Fan, 80x25mm 12VDC, Vapo, MagLev (cable twisted)
= 4 QTY F-345-8 FAN MOUNT
= 1 QTY FAN GUARD BLND HL MNT BLACK 80MM
= 14" cable extension 24AWG black/red
= 1 QTY Headers & Wire Housings REC 02P CLOSED END (cable twisted)

e LO distribution Board
o 2 QTY CONN TERMINATOR PLUG SMA 500HM
o 2 QTY MCX to SMA adaptor
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» Power Distribution Board
o 1QTY 2" POWER DISTRIBUTION HEADER for Active Antennas [14-16AWG #6 Spade Terminal
non-insulated >---< [14-16AWG #6 Spade Terminal non-insulated ]
o LO Backplane Power Cable (3 Black, 5 red)
= 2 QTY Mini-Fit Jr. Series, Receptacle, 8 Positions, 4.2 mm
» 1 QTY Eerrite Clamp On Cores Round 13mm Black Cable Clamp Filter
o LO DISTRIBUTION Cable Power Connector (1 Red, 2 Black)
= 2 QTY Mini-Fit Jr. Series, Receptacle, 4 Positions, 4.2 mm
= 1 QTY Eerrite Clamp On Cores Round 7mmUSB Black Cable Clamp Filter
o DTACQ Cable Power Connector
= 1 EACH Mini-Fit Jr. Series, Receptacle, 6 Positions, 4.2 mm
« 11" DC Power Connector
= 2 PCS Socket, Crimp, 22 AWG, Tin Plated Contacts
» 1 QTY FEerrite Clamp On Cores Round 4mmUSB Black Cable Clamp Filter

RXBASE PLATE
o« 4 QTY M4x10
« 10 QTY 4mm x 5mm (8mm O.D.) spacers
e« 10QTY M3 x 12 mm
« 20 QTY m3 washers
« 38 QTY m3 x 3mm/4mm

SIDE CHANNEL LEFT PLATE Fan Assembly
« 1 QTY DC Fans Fan, 120x25mm,_12VDC Vapo, Auto Restart
o 4 QTY F-345-8 FAN MOUNT
o 1 QTY FAN GUARD BLND HL MNT BLCK 120MM
o 1 QTY Headers & Wire Housings REC 02P CLOSED END

Cables and Connectors

« 1 QTY 5ft UHF (PL-259) Male cut to 30" + 10" RED/BLACK connector 2 PCS Fork Terminal, #10 Stud,
12-10 AWG + Ferrite Clamp On Cores Round 11mm Black Cable Clamp Filter

« 8 QTY RG316 SMA Male Right Angle to SMA Male Right Angle 24" custom here

« 1 QTY RG316 SMA Male Right Angle to SMA Male Right Angle 36" custom here + Ferrite Clamp On
Cores Round 7mm USB Cable Clamp Filter

« 2 QTY RG316-SMA-Male-Straightto-MCX-Male-Right-Angle-30- RG316 SMA Male Straight to MCX
Male Right Angle 34" custom here + Ferrite Clamp On Cores Round 7mm USB Cable Clamp Filter

« 1QTY RG316 MCX Male Right Angle to MCX Male Right Angle 6" custom here

« 3 QTY RG316 MCX Male Right Angle to MCX Male Straight 9" custom here

« 1QTY 1m VHDCI SCSI (SCSI-5) LVD/SE Cable - .8mm 68-pin VHDCI SCSI Male to Male + | Ferrite
Clamp On Cores Round 10mm Black Cable Clamp Filter

« 1QTY 24" 2.54mm to 2.00 mm 2-pin + Ferrite Clamp On Cores Round 7mmUSB Black Cable Clamp
Filter

RX Grounding Connectors
« 1QTY 12" DTACQ to RX Plate [ 14-16AWG M3 CRIMP o---0 12-10 GA 1/4 Ring_Terminal ]
« 2 QTY 6" RX Plate to Connector Plate [ 12-10 AWG, #10 Ring Terminal o---o 12-10 GA 1/4 Ring
Terminal ]
1 QTY 10" RX Plate to Door [ 12-10 GA 1/4 Ring_Terminal o---0 12-10 GA 1/4 Ring_Terminal ]
1 QTY 8" DOOR to female Bullet [ 12-10 GA 1/4 Ring Terminal o---D 12-10 Female Bullet Connector ]
1 QTY 8" DOOR to male Bullet [ 12-10 Male Bullet Connector D---o 12-10 GA 1/4 Ring_Terminal]
1 QTY 20" INTERM to RX Plate 12-10 GA 1/4 Ring Terminal o---< 14-16AWG #6 Spade Terminal ]
1 QTY 4" INTERM to VICOR Plate 12-10 GA 1/4 Ring_Terminal o---< 14-16AWG #6 Spade Terminal]

TX BOX

TOP_SECTION BASE PLATE
« 1QTY DC Fans 12Vdc 1.3W 16.3CFM DC AXia'g%%?Q“ Omm
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o 4 QTY F-344-8012 BLACK FAN MOUNT

PA BASE PLATE

TRACO Power Supply (on DIN RAIL)
 TRACO Power 300 Watts with UDS or TRACO Power 300 Watts
o 4 PORT 2 QTY 12" Green with 12-10 GA 1/4 Ring_Terminal + 2 QTY 10.5" RED with 14AWG 0.47
Non Insulated
o 3PORT 1 QTY 11" BLACK with Ferrule 14AWG 0.47 Non Insulated + 1 QTY 11" WHITE with
Ferrule 14AWG 0.47 Non Insulated + 1 QTY 7" GREEN with 12-10 GA 1/4 Ring_Terminal
o Fan Assembly
= 1 QTY DC Fans DC Fan, 80x25mm 12VDC, Vapo, MagLev
» 1 QTY FAN GUARD BLND HL MNT BLACK 80MM
« 4 QTY ROUND HEATPIPE 45W 6X200MM
1 QTY CIR BRK THRM-MAG 8A 240VAC/60VDC
1 QTY CIR BRK THRM-MAG 6A 240VAC/60VDC
« 1 QTY Industrial Relays 1 form C 16A 24VDC RED LED
o 1QTY 4" WIRE A1 <---> COM Eerrule 16AWG 0.47 Non Insulated
o 1QTY 6" WIRE COM 2 PCS Ferrule 14AWG 0.47 Non Insulated

HEATPLATE
« 1 QTY BTM00250-AlphaSA

Connector plate
« 1 QTY SMA Female to N Female Bulkhead
1 QTY UHF Female to UHF Female Bulkhead
« 1 QTY UHF Angle Connector
« 1 QTY Eemale to Female N Bulkhead Lightning_arrestor
« 1 QTY N Angle Connector

TOROID PLATE
« 2QTY 1/2" Washer
« 1QTY LOCK NUT NYLON
« 1QTY 1/2"x 3.5"
o 1 QTY Isolation Transformer 470VA 50-60Hz 2x117V Dual Secondaries

Cables and Connectors

« 1 QTY 5ft UHF (PL-259) Male cut to 14" + 10" BLACK(GREEN) connector with 12-10 GA 1/4 Ring
Terminal and 10" RED with Ferrule 14AWG 0.47 Non Insulated + Ferrite Clamp On Cores Round 11mm
Black Cable Clamp Filter
1 QTY RG316 SMA Male Right Angle to SMA Male Right Angle 42" custom here
1 QTY RG316 SMA Male Right Angle to SMA Male Right Angle 12" custom here
1 QTY RG142 SMA Male Straight to N Male Straight 24" custom here + Ferrite Clamp On Cores Round
10mm Black Cable Clamp Filter

« 1QTY 6" RED + 5" RED 1 PC FERRULE NON-INS 10 AWG .59 ---===2 PCS Ferrule 14AWG 0.47
Non Insulated
« 1QTY 6" BLACK + 5" BLACK 1 PC FERRULE NON-INS 10 AWG .59 ---=== 2 PCS Ferrule 14AWG

0.47 Non Insulated

TX Grounding Connectors

« 1QTY 3" TOMCO to RX Plate [ 14-16AWG M3 CRIMP o---o0 12-10 GA 1/4 Ring_Terminal ]

« 2 QTY 6" RX Plate to Connector Plate [ 12-10 AWG, #10 Ring Terminal o---o 12-10 GA 1/4 Ring
Terminal ]
1 QTY 10" RX Plate to Door [ 12-10 GA 1/4 Ring_Terminal o---o 12-10 GA 1/4 Ring_Terminal ]
1 QTY 8" DOOR to female Bullet [ 12-10 GA 1/4 Ring Terminal o---D 12-10 Female Bullet Connector ]
« 1QTY 8" DOOR to male Bullet [ 12-10 Male Bullet Connector D---o 12-10 GA 1/4 Ring_Terminal]
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OPTIONAL PARTS
« DIN Rail Power Supplies 12W 5V 2.4A DIN-Rail
« DIN Rail Power Supplies 24W 12V 2A DIN-Rail

OTHER PARTS

« 5ft Type N Male to Type N Male (RG213).50 Ohm Coaxial Cable Assembly (High-Power / Low-Loss)

o 5ft UHF (PL-259) Male to UHF (PL-259) Male (RG213).50 Ohm Coaxial Cable Assembly (High-Power /
Low-Loss)

« HDMI Water Proof HDMI Connector

« HDMI Cable hdmi cable

« RJ45 water proof RJ45 Connector

» RJ45 cable Cable

RECOMMENDED TOOLS/PARTS

 deburring Tool

» M3 tapper

o Thermal Grease / Compound
« locktite threadlocker blue

« locktite threadlocker red

Page last modified on November 13, 2018, at 01:11 PM HST
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— Radio Oceanography Laboratory

Production /

MK 3 BOM

+RX Box+

« 4 QTY Sorbathane Male/Female 0519411-50-4 M4, 12.7 mm(H), 50 duro USD 47.95 /4pack
« 8 QTY F-347-8 FAN MOUNT C-8002 ($55.96/200pcs)

« 4 QTY F-344-8012 BLACK FAN MOUNT ($27.98/100pcs)

« 1 QTY DC Fans DC Fan, 80x25mm 12VDC, Vapo, MagLev ($$133.00/25pcs)

« 1 QTY DC Fans 12Vdc 1.3W 16.3CFM DC Axial 60x60x10mm ($121.75/25pcs)

« 1 QTY DC Fans Fan, 120x25mm, 12VDC Vapo, Auto Restart ($$281.75/25pcs)

« 1 QTY FAN GUARD BLND HL MNT BLCK 120MM ($62.20/25pcs)

« 1QTY FAN GUARD BLND HL MNT BLACK 80MM ($55.54/25pcs)

« ? QTY ROUND HEATPIPE 45W 6X200MM ($749.82/124pcs)

« 1QTY 1m SCSI Cable CS-VHDCIMX200-001 ($1171.70/40pcs)

(a)(1 QTY 12-13.5 Volt molex y cable)

« (a) (1 QTY MOLEX PIGTAIL)

« (b) 2 QTY 6 pin molex to crescent connectors (VICOR) (9")

« 1 QTY 6-pin MOLEX DTAQ (1/2 of 24")

« 1 QTY 4-pin LO SPLIT MOLEX (24")

« 1 QTY 8-pin LO RX POWER (26")

« 1 ACTIVE ANTENNA JUMPER for POWER-DISTRIB

« 3 fan cables connectors (24-gauge)

« 1 PAIR EYELETS VICOR to INPUT TERMINAL (9")

« 1 GROUND STRAP CHASSIS to INPUT TERMINAL (21")

« 1 GROUND STRAP CHASSIS to connector plate (6")

« 1 GROUND STRAP DTACQ to CHASSIS (12")

« 2 GROUND STRAP PANEL DOOR To RX Plate (12")

« 1JUMPER

« 1 QTY UHF COAX CABLE to INPUT TERMINAL (28+8") including pigtail/connector (51/25) need to add pigtail

« 1 QTY UHF elbow

« 9 QTY SMA-N bulkhead

« 1 QTY UHF F-F bulkhead

« 2 ferrite ZCAT2132-1130

« 1 ferrite ZCAT2235-1030

« 1 ferrite ZCAT1325-0530

« 2 ferrite ZCAT1730-0730

« 9 qty 24" RG316 sma male right angle to sma male right angle

« 2qty 30" RG316 sma male straight to mcx right angle

« 3 qty 9" RG316 mcx right angle to mcx straight male

« 1qty 6" RG316 mcx right angle to mcx right angle male
FOR 8-Antenna Systems

« LO distribution conversion mounting

+POWER BOX+
« toroid box 749.1202 (25/25)
« traco 300 TIS300-124 (13/25) if 4 channel
« traco 500 TIS500-124-230 (1/?) if 8 channel
« 1 gty 6 amp DC Breakers https://www.altestore.com/store/enclosures-electrical-safety/overcurrent-devices-fuses-breakers/din-rail-circuit-breakers/din-rail-mot
« 1qty 8 amp DC breakers (26/25)
« 1 UHF COAX CABLE to POWER (12+8") including pigtail/connector (51/25) need to add pigtail connector
« 1 QTY NType elbow (25/72) available in LAB
« 1 QTY UHF elbow
« 1 QTY SMA-N F-F bulkhead
« 1 QTY UHF F-F bulkhead
« 1 QTY lightning arrestor http://nextek.com/products/product/ptconfonf15s/
« 1 ferrite ZCAT2132-1130
« 2 ferrite ZCAT1730-0730
« 1QTY 42" RG316 SMA Male Right Angle to SMA Male Right Angle RF Coaxial Cable
« 1QTY 12" RG316 SMA Male Right Angle to SMA Male Right Angle RF Coaxial Cable
« 1QTY 24" RG142 N Male to SMA Male RF Coaxial Cable
*« 2QTY 18" RG316 MCX Male to MCX Male Right Angle RF Cable
*« 2QTY 20" RG316 SMA Male Right Angle to SMA Male Right Angle RF Coaxial Cable
« 1 QTY db9 to 10 pin connector
« 1QTY 5'4pin MOLEX

To purchase for assembly of RX (it comes in packs of 100 usually):
All stainless steel & hex heads (it's actually cheaper in hex). | recommend buying one set of the items listed bellow and to test that everything works together jus

McMaster:
« https://www.mcmaster.com/#94500A221 ; packs of 100; M3 6mm (RX boards) (QTY required: ~80/RX)
« https://www.mcmaster.com/#94500A222 ; packs of 100; M3 8mm PCB mounting (QTY required: ~25/RX)
« https://www.mcmaster.com/#94500A265 ; packs of 100; M3 16mm Distrib PCB mounting (QTY required: ~10/RX)
« https://www.mcmaster.com/#19155k35/=1b2v7so ; single unit; 1 RFI for SOWTm’;aféQTY required: 1/RX)

http://www.satlab.hawaii.edu/support/wiki/index.php?n=Production. MK3BOM
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« https://www.mcmaster.com/#5801k8/=1b2vc5k ; packs of 20; Fan rubber mount (QTY required: 12/RX)

« https://www.mcmaster.com/#93395a201/=1b2vd9o ; packs of 100; D-tacq bell mount (QTY required: 4/RX)

« https://www.mcmaster.com/#92871a017/=1b2vpte ; for corners of power input PCB & Vicor PCBs (QTY required: 12/RX)

« https://www.mcmaster.com/#92871A181 ; for vicor power modules themselves (QTY required: 8/RX)

« https://www.mcmaster.com/#94500a266/=1b2vraf ; for bolting power modules onto the heat plate through the standoffs (QTY required: 20/RX)

Digikey:
« QTY 1 https://www.digikey.com/products/en/fans-thermal-management/dc-fans/217?k=&pkeyword=&pv2187=u2.90W&FV=ffec4e10%2Cffec85c2%2Cfffc010
k=&pkeyword=&pv1026=490&FV=fffc0103%2C38007e%2Cb897b4%2Cb8b45f%2Ce80008%2C30404bf%2C30404d2%2C 1f140000%2Cffe000d9%2C1432¢
« QTY 1 https://www.digikey.com/product-detail/en/sunon-fans/MF80251V2-1000U-A99/259-1785-ND/6198723
« QTY 1 https://www.digikey.com/products/en/fans-thermal-management/dc-fans/217?
k=&pkeyword=&pv58=12&FV=38007e%2C30404a6%2C30404b1%2C30404b4%2C30404c1%2C30404cc%2C30404d1%2C304056d%2C30406d9%2C304(

Pierre may bring some of the above but there are not enough leftovers for many more enclosures.

However he has enough of these left for all enclosures, already purchased, if he brings them:
« Rondelle/washer inox M8 4 (for spacing on U-channel)
« All M6 & M5s for U-channels plate mounting, and bottom vent closures.
« M5 nuts for the heat-plates and grounding.

Cheers, Mael 52 substitutions on 52 lines

Page last modified on May 24, 2018, at 01:54 PM HST
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Radio Oceanography Laboratory

Production /

D-Tacq software

Customizations of the D-Tacq are contained in /ffs and /bigffs, two non-volatile file systems on the busybox
linux implementation. As part of the /ffs file system, /ffs/dropbox is the master root file system that is being
copied verbatim to /in RAM at boot time. Any configuration change, to be permanent, have to be written to
/ffs/dropbox. Any configuration change to /in RAM is lost at the next reboot.

The custom files are available as a tar ball called dtacq_ffs.tgz in the software repository.

The instructions below are matching the current Linux host configuration Ubuntu 16.047 . A switch is used to
interconnect PC, Dtacq, PA, and external modem/router. Gateway is assumed to be 192.168.1.1 as seen from
the internal private network relayed by the switch. If another private net is used, 192.168.1 has to be updated
everywhere (i.e. 172.16.3 as used originally in Mexico).

To upload the custom /ffs onto a factory-new D-Tacq:

« boot the linux wera/lera server

» copy dtacq_ffs.tar to /home/wera/data on the server

» connect the D-Tacq front-panel ethernet to the dedicated ethernet port of the server with a cross-over
(yellow) cable

« configure the port on the server to 192.168.1.1 (/etc/network/interfaces)

« connect a Keyspan RS232-USB converter to the console port of the D-Tacq and to a USB port on the
server (use a null-modem cable!!!)

» boot the D-Tacq

« access the D-Tacq console from the server with screen /dev/ttyUSBO0 38400.

« login as root, password d-t1072q (all units)

« vi /ffs/rc.local.options and insert the IP configuration line with /P0=192.168.1.12

« in /ffs/rc.local.options, make sure NTPCLIENT="192.168.1.1 2784786"

« in /ffs/start.ntpclient, make sure that NTPHOST points to 192.168.1.1

« in /ffs/user/rc.user, make sure that nfsmount points to 192.168.1.1

» reboot the D-Tacq

« login as root on the D-Tacq console (or over ethernet from the server with ssh root@192.168.1.12)

 /bin/nfsmount 192.168.1.1:/home/wera/data to mount server onto D-Tacq

 cd /itar -cf /mnt/dtacq_ffs_$(hostname)_orig.tar ./ffs ./bigffs

 cd /tar -xzf /mnt/dtacq_ffs.tgz

» reboot the D-Tacq

« verify that the network interface on eth0O is 192.168.1.12

« it should start acquiring data at the next scheduled crontab as soon as clock and trigger are applied

« any changes in crontabs, to be permanent, should be in /ffs/dropbear/var/spool/cron/crontabs/root ,
which will be active at next reboot

« any changes in the acquisition script, to be permanent, should be in
/ffs/dropbear/usr/local/bin/lera_control , which will be active at next reboot

Page last modified on August 16, 2016, at 06:35 PM HST
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Radio Oceanography Laboratory

Production /

MK 3 RX Assembly

Crx-8 -plate receiver
(translated from Spanish original)
» M3 to enlarge the holes in the holes where the 8 crx cards will go

The plates are assembled on which the 8 crx cards will be placed. (Be careful with these plates because they
can break if force is applied at certain points). The plates are going to be joined with 4 screws in the center and
a glue (network) is applied so that they do not come loose (this will be placed at the end of the screw, the
excess is removed).

We must ensure that the two plates are even because above this anger the first plate with the antenna
numbering (analog back plane) and it is important that they are even the bottom plates (preferably on a flat
surface, it does not matter if the tabs are not at the same level, the important thing is that the top is at the
same level.
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The first plate (analog black plane) is placed and on top of that the other plate is placed (LO back plane). To
this plate we have to put the pins of the jumper, one is placed first and then others and on those the card will
be soldered (circuit).

The two plates are screwed to the base with 10 screws, in the middle of the two plates are placed black
spacers and in the screws they put guachas. Before putting the plate to the aluminum structure, you must
check the length of the screws, so that they are not touc@[i]r)ﬁzt@e bottom of the structure. At the end of the
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screw the glue (blue) is applied and excesses are cleaned. Note = the screws on the edge of the plate are
shorter.

Connect coaxial cables

Before connecting the coaxial cables of the crx-8 plates to the antenna connectors, the liquid should be
applied to clean connectors (contac lubricam) in order to avoid corroding (it should be applied a little more,
avoid excesses) . It should also be put on the connectors where you can get noise like the scsi and the jumper.
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Power distribution supplies

To have the complete plates of the vicor board the first thing that was done was to solder a resistance to the
circuit and later a vicor module (v28c15¢c100bl) was incorporated in the lower part and the pins were soldered
in the circuit, it is important that the welding cover the pin center and pass through the center of the pin to the
bottom of the plate. The output of the plate must be 12.5 volts. (note = if we use 8 channels we will use 2 of
these board and if we have 4 channels we use 1)
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These circuits are put in turn in another base that is installed in the large structure (box), at the base of the
vicor module a glue is applied and it is spread all over the base of this before putting it in the base, it is to
ensure that the entrance of the vicor board that is being installed is on the correct side where it is going to
connect with the input terminal board, in the holes where the vicor board is to be screwed, blue glue is applied.
To install it is placed at the base of the vicor module on the other base and the base is moved a little to spread
the pagemento but only a little.

In the lower part of the base is applied glue and in the heat had (barilla) also before inserting in the orifices (if
two plates are used also two heat pipes are used, care must be taken to install the correct side tuvos of heat).
In the lower part of the plate glue is spread trying to cover where are the heat tuvos and part of the plate, also
draw a square where the plate will go in the structure and also add glue. (NOTE = it is important that when the
whole plate is installed in the structure it does not have the input card terminal because with the screw of the
structure it does not fit well, so first the plate is placed in the structure and blue glue is applied to it. screw and
then the input terminal card will be installed). You must clean excess glue. And they are going to put additional
screws because the glue was coming out to the top of the plate.
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After everything is installed on the board, two cables will be connected per board between the vicor board and
the input terminal board (if it has 8 channels, there will be 2 vicor board so 4 cables will be connected between
the vicor board and the input terminal card). The black wire will always go in the row above (-) and the red in
the row below (+), can be connected in any of the screws does not matter, except for the first one that

corresponds to the ground in the input terminal, on the vicor board in the same way it is corroborated that the
black wire is in the screw that says (-) and the red in which it says (+).
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On the other hand, at the output of the vicor board another 11 "cable is connected (make sure that black is on
(-) and red on (+)) that goes to the power distribution. if you have 2 vicor plate there will be two cables that go
to the power distribution plate, but if you have only one vicor in the same way you need the two cables, only in
the vicor the two cables will be connected in the same place but in the power distribution anger connected as if
we had two vicor plate).

Antenna adapters (connector plate)

The type M power connector (VHF connector) was installed in the lower right (for this the size of the hole had
to be enlarged to 7.2 mm (confirm measurement)). To place the connector it put a nut, a guacha and an O-ring
on the bottom (out) and on the top (in) a guacha and a nut. Later in the holes of the upper part we installed
connectors type SMA to type N and in 3 holes of the lower left row (nut, guacha, plate in the upper part). to
adjust kegs use 19 mm and 18 mm keys, so they are aligned. Note = if only 4 channels are used, black plugs
are placed on the channels that are not going to be used.
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In the other two holes a gray plastic pressure plug was placed (it is placed towards the lower part (out)), before
placing them with the deburring, the hole was softened and silicon (Heavy Duty silicone) was applied to
lubricate them.

Before installing the plate in the structure (box) apply blue glue in the screw holes (so that it does not loosen
over time). Next to the connector plate another square plate is installed, before screwing it, blue glue was
applied in the holes for the screws.

DDS plate -d-tacq

The entire d-tacq plate is installed on a structure that in turn is installed on the large box of the RX. Before
installing the dtacq, the fans and other plugs are installed: First, 4 black buffers were installed in the base, blue

glue was applied to the thread and only turned over. After where the fans are going to be installed, first the
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deburring hole must be softened and also the holes where the screws that hold the fan go. They also added
silicone to these holes. The small fan is installed, for this 4 screws are used (black as rubber), you must apply
silicon to the tip of the screws before putting it in the structure.

To the large fan you should add an extension of 15 cm because the cable is very small. This is installed just
like the small one but blue screws are applied and the same silicone is applied. the cables should be twisted to
avoid noise before finishing them by putting the connector. To put the connector we have to be very careful
where the black wire goes and where the red wire, it is holding the connector and it is pressed with a special
tool.

Subsequently to this same structure where the fans were placed, LO plates and power supplies board will be
installed. 4 screws are used to install the power supplies board (3 mm * 0.5 mm * 10mm) and washers, but
before that blue glue was applied. In the power supplies board we can manage if we want them to be active or
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passive antennas (if we put the jumper it should turn on blue lights in the crx-8 which means that we are
working with active antennas) or with the jumper in the crx-8 as It was done normally.

The power supplies board connects the two cables that come out of the bicor board in the connectors on the
left side (looking at the front of the board there are 5 white connectors, it connects in the first one below and in
the third one going up), no matter which of the cables connect first. The cable that leaves the reciver board
(CRX-8, Rx power)) is also connected to the white connector on the top right (white connector with 8 spaces).
The fans are also connected to this board (there are 3 fans, in the center of the card (black connectors)) and
finally the dtacq is connected to the connector on the top right (on the edge of the board says D-tacq ).

bF7-2.
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The first thing to do is remove the 2 screws from the dtacq protective cap (these two screws are discarded
because they are not made of stainless steel). Then the dtacq crystal was installed. In this step it is necessary
to corroborate that the serial number of the crystal corresponds to the serial number of the structure (box) of
the Rx. In addition, you must be very careful when installing the glass on the plate, you must observe the
shape of the glass and the groove, to match correctly (it has 3 round corners and a dotted corner), if the glass
is properly installed it will sound a small click when you press on it (handle carefully is fragile). The earth wire
12 "is added to the dtacq." For the dtacq, you have to use screws different from the others and you put blue
glue to put it in the structure that goes in the box (it connects in the upper right).
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Later the Bell was installed.

Structure

In the structure we first assemble the antenna antenna connector plate (plate connector) then the power
distribution. Then the reciver plate is assembled and then the DDS, and finally the plate that has a fan. To
install the reciver plate put 8 washers (2 down and 2 up, left 2 in the middle) and put super glue to the washer
first, so that it is stuck to the structure and now if you put on the receiver plate.

On the DDS board, 4 screws are placed (in the one on the lower right side (looking at the front of the plate,
next to the small fan) the earth of the d-tacq is connected), and in the one on the upper right side it is puts a
guacha with super glue that connects the DDS plate and the fan plate.
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Cables red and black. To make them, 11 " cables will be cut to connect the vicor plate and input terminal
board, to make them use the clamps (black with blue) and first the bottom part will be put in 20 or until the
bottom and the one on the top has to go to the left and cut the cable, then the second one is going to be the
one on the bottom and then the top one on the right and I'll return one and short one. then | put thermophilic
and then | put the connector that is in and and | tighten with the red clips.

We need to remove RDOWN in Power Distribution Board to make CRX work

Page last modified on October 12, 2018, at 06:07 AM HST

fi7-31
http://www.satlab.hawaii.edu/support/wiki/index.php?n=Production.MK3RXAssembly


lcd
矩形


12/26/2018 Radio Oceanography Laboratory Support | Production / TX Assembly

Radio Oceanography Laboratory

Production /

TX Assembly

(translated from Spanish original)

« to assemble the traco on the DIN rail it is necessary with a saw blade to deepen the black tab in the
holder so that it connects correctly with the metal DIN rail.

e

The shortest power cable is for the TX (PA) and the longest for the RX).
e Traco 230v.

648/5000
« The cable of pIn the chassis is going to put the plate with the connectors first (looking at the plate from
above going 2 black plugs from the upper left corner then 2 gray and then 2 black, in the bottom row the
first is a connector type sma N, then the lightning rod, black plug, symmetrical screw, power, black plug).
before putting the connector that is symmetrical (barrel type M) you have to enlarge the hole where it
goes as it was done in the connector plate of the rx. In the holes of the screws that connect the plate
with the chassis, blue glue is placed. The shortest is for the TX (PA) and the longest for the RX).

The tomco will be installed on a plate that has 4 holes where the heat pipes go, white glue is spread on the
plate to put the heat tubes first and then on the base of the tomco to install it on the plate. To screw the tomco
we need M4 screws. (Long it is top, the tip of the heat tube goes up, where there is plenty of space and the
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tomp connector should go to that side). Clean the excess of white glue with petroleum distillate and install that
plate in the chassis and clean the excess again.Put the earth of the tomco after installing it in the chassis.

Page last modified on October 12, 2018, at 06:07 AM HST
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Radio Oceanography Laboratory

LERA/

Installation of Ubuntu 18.04 LTS 64-bit on LERA MK-IlI field machines

These are the master instructions, and the only ones kept up-to-date. The instructions are systematic and must be done in order. It
is recommended to copy this wiki page to a new wiki page site.installsteps and to eress-eut steps as they are completed.

In the instructions below, # indicates a root prompt and a command to be executed as root, and $ indicate a user prompt and a
command to be executed as the current user (typically lera). Pre-formatted text between horizontal lines should be copied verbatim
into configuration files.

Hardware should consist of a low power i5 with quad core and 3 Mb cache, 32 Gb memory (16 Gb OK), 1 Tb system hard disk drive,
1 Gbs ethernet (to switch), USB-3 (for backup disks). We recommend Intel NUC7i5DNHE as optimum. The i7 dissipates too much
heat, and the i3 is too slow.

A switch is used to interconnect PC, Dtacq, Pi, and external modem/router. The modem or the ubiquity should be configured as a
router to isolate the local network and its dhcp server, from the outside world. This router should have dhcp enabled. If no router with
dhcp server is available, the NUC can be configured as a dhcp server.

Gateway is assumed to be 192.168.1.1 as seen from the internal private network relayed by the switch. If another private net is
used, 192.168.1 has to be updated in all the instructions.

1. Prepare USB key with Ubuntu 18.04 LTS 64-bit desktop version; from an ubuntu laptop:
» wget --user=lera --ask-password http://www.satlab.hawaii.edu/support/lera/soft/linux/ubuntu-18.04-desktop-amd64.iso
 Applications->System tools->Administration->Startup Disk Creator
« shutdown laptop and plug USB key on the target NUC to be installed.
« start machine and select "Try ubuntu without installing”.

In the MK-IIl version, we have minimized variations from the standard installation, greatly simplifying the installation. With the
abandon of the Unity desktop and the use of gnome3, the desktop flavor "Ubuntu (wayland)" is quite satisfactory.

2. Only if this is not a virgin disk, open terminal window and type sudo gparted. Create a partition table of type gpt, deleting any
pre-existing partition. Commit changes and exit gparted.

3. Select icon "Install Ubuntu 18.04". Choose "Normal installation", "Install 3rd party software" (enter any password), then "Erase
disk and install ubuntu".

4. Define user lera (1000) (group lera(1000) will be automatically created) and set password. Enable automatic login of /era at boot.

5. Define computer name as radlab-abcd, the 4 letters of the site name (four letters are preferred by the international network).
Some processing software assumes that the site name is exactly 4 letters. Some processing scripts may break if another
number of characters is used.

6. Set time zone to the local time where the radar will be operated.

7. Computer will ask to restart when installation is complete; remove the USB key; reboot into the new installation.

8. Setup access to the Internet. If using dhcp from the router/gateway, the IP number of the name resolver is provided automatically.
If this fails, temporary stop gap for name resolving is to

# vi /etc/resolv.conf
and to add the line
nameserver 8.8.8.8
ping www.google.com to verify that name serving works.
9. Install commonly needed packages:
Copy and paste in a terminal window:
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apt-get -y update

apt-get -y dist-upgrade

apt-get -y install apache2

apt-get -y install build-essential
apt-get -y install bvi

apt-get -y install chromium-browser
apt-get -y install csh

apt-get -y install gifsicle

apt-get -y install gimp

apt-get -y install gpart

apt-get -y install gparted

apt-get -y install hddtemp

apt-get -y install icedtea-plugin
apt-get -y install imagemagick
apt-get -y install isc-dhcp-server
apt-get -y install jhead

apt-get -y install libio-socket-inet6-perl
apt-get -y install Tibio-socket-ss1-perl
apt-get -y install Tibnet-ssleay-per]
apt-get -y install Tm-sensors
apt-get -y install mysql-server
apt-get -y install netpbm

apt-get -y install net-tools

apt-get -y install nfs-kernel-server
apt-get -y install ntp

apt-get -y install default-jre
apt-get -y install openssh-server
apt-get -y install php 1libapache2-mod-php php-mysql
apt-get -y install resolvconf
apt-get -y install screen

apt-get -y install setserial

apt-get -y install smartmontools
apt-get -y install tcsh

apt-get -y install traceroute
apt-get -y install vim

apt-get -y update

apt-get -y dist-upgrade

apt-get -y autoremove

Alternately, download the script

wget --user=lera --ask-password http://www.satlab.hawaii.edu/support/lera/soft/linux/post_install _18.04
sh post_install1_18.04

For the postfix configuration (TAB), choose "local mail only".
Reboot, open terminal window and sudo su.

10. Add local and remote radlab hosts:

# vi /etc/hosts

and add at the start of the file after the 127 files:

# hard-coded IP for real-time upload
128.171.154.150 sunrise sunrise.satlab.hawaii.edu www.satlab.hawaii.edu
128.171.154.155 sunset sunset.satlab.hawaii.edu

# nuc
192.168.1.10

# dtacq
192.168.1.12 dtacq

11. Set the proper time/clock and locale:

# dpkg-reconfigure tzdata
and set timezone to "None of above" then "UTC" through the menus (use TAB then ENTER to go through the menus); this will
ensure that the crontabs run on UTC, not local time. It is important to do this now to avoid irreparable confusion in data files time-
tags.
If you installed the PC from outside the US, the installer may have outsmarted you by setting the default language based on where

your IP is located, and you may see day/month in tagalog, spanish or french (this affects date, and any script that would use date,
which are many).
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# vi /etc/default/locale

and change back all entries to "en_US.UTF-8"
12. Install matlab.

sudo su

cd /usr/local

wget --user=lera --ask-password http://www.satlab.hawaii.edu/support/lera/soft/linux/matlab_R2014b.tgz
tar -xzf matlab_R2014b.tgz

rm matlab_R2014b.tgz

Don't touch any of the license files, they are setup already.

13. Configure apache2:

# vi /etc/apache2/envvars

export APACHE_RUN_USER=Tera
export APACHE_RUN_GROUP=Tera

# chown -R Tlera:lera /var/lock/apache2 /var/www
# /etc/init.d/apache2 restart
# a2enmod include
# a2enmod userdir
# a2enmod cgid

# service apache2 restart

# vi /etc/apache2/mods-available/userdir.conf
add new stanza:

<Directory /home/*/public_html/cgi-bin>
Options +ExecCGI
SetHandler cgi-script
</Directory>

Open a browser, type localhost in the address bar and make sure apache2 answers. The page should say "Apache2 Ubuntu Default
Page. It works!"

To allow remote inspection through the web server of data acquired:

# su lera
$ cd /var/www/html
$ Tn -s /home/lera/data .

14. Configure interfaces and check connectivity

Under 18.04 on a NUC, we use a single 1Gbit/s ethernet interface. Rasberry-pi, dtacq, data loggers, router/gateway to outside
ubiquity are all connected part of the same subnet and interconnected through a switch. Find what is the RJ-45 interface name:

# 1shw -class network
and look for the logical name of the interface which is described as "Ethernet interface" (on the above NUC, it comes back as eno7)

Option 1. In 18.04, the graphical network-manager is a valid method to setup the network. If you are on a network with DHCP,
configuration is automatic.

If not, open the graphical network-manager, and setup Ethernet interfaces for eno?, IPv4 settings: Manual, Address 192.168.1.10,
Netmask 255.255.255.0, Gateway 192.168.1.1, leaving DNS on Auto. Save, reboot, check that DNS services are available. If not, go
back in the graphical network interfaces, and set fixed DNS server as 8.8.8.8, or local ones (from router) if you know them.

Option 2. Using the graphical network-manager assumes that /era auto-logins at boot/reboot. Network connectivity will be interrupted
if lera is logged out, so on difficult to visit systems, it is better to go back to the interfaces solution (note that in 18.04, resolvconf had
to be installed separately, as it no longer comes with the standard distribution).

# vi /etc/network/interfaces

and add the following lines:

# interfaces(5) file used by ifup(8) and ifdown(8)
auto 1o
iface 1o inet loopback
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# the outside network interfaces (via switch)
auto enol
iface enol inet static
address 192.168.1.10
netmask 255.255.255.0
broadcast 192.168.1.255
gateway 192.168.1.1
dns-nameservers 192.168.1.1 8.8.8.8 4.2.2.1

15. Configure DHCPD

Only if the router connecting to the outside world does not provide dhcp; dhcp is not indispensable, but makes radar maintenance,
computer swap etc... easier.

vi /etc/dhcp/dhcpd.conf

subnet 192.168.1.0 netmask 255.255.255.0 {
# default gateway
option routers 192.168.1.1;
option subnet-mask 255.255.255.0;

range dynamic-bootp 192.168. 172.16.3.30;
default-Tease-time 86400;
max-lease-time 86400;

}

Note that all the ; are important. Reboot the system to commit changes.
16. Configure lera account and protocols

To install pre-configured home directory:

sudo su

cd /home

wget --user=lera --ask-password http://www.satlab.hawaii.edu/support/lera/soft/linux/lera_homedir mkIII.tgz
tar -xzf Tera_homedir_mkIII.tgz

rm lera_homedir_mkIII.tgz

« Launch firefox, open http://www.satlab.hawaii.edu/support/ and set as default home page.

« Make radlab_icon.bmp the screen background in Settings->Background

» Disable power management in Settings->Power (never put to sleep, never spin down hard disks)

» Disable password in System->Preferences->ScreenSaver

« Disable automatic updates in Software&Updates

» Create the lera crontab with crontab -e to start acquisitions with lera_control (sysfiles/crontab.lera).

## m h dom mon dow command

# log of temperatures

0,10,20,30,40,50 * * * * /home/lera/bin/gettemps
#

# log of dtacq voltages
0,10,20,30,40,50 * * * * /home/Tera/bin/getvolts

Taunch acquisition, specify number of seconds as parameter
,30 * * * * /home/lera/bin/lera_control 1740 >> /home/lera/logs/lera_control.log 2>&1

Taunch mkdaydir
0 * * * /home/lera/bin/mvdaydir

O H* #H O HH

17. Configure the d-tacq

In the MK-Ill, the d-tacq is not used as an active machine and acquisition scheduler. It is simply a streaming device that outputs the
data continuously on port 4210.

Configuration is limited to:

« edit file /mnt/local/rc.user

#!/bin/sh

# boot up configuration script
#

# setup ntp

ntpd -p 192.168.1.10

# setup streaming
cp /usr/local/CARE/acq400_streamd.0.conf-soft_trigger /etc/sysconfig/acq400_streamd.0.conf

# install opt packages Ki7-37
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tar -xvf /mnt/packages/opt/15-custom_sshkeys-2018030601.tgz

# program radcelf functions once boot is complete
/usr/Tocal/epics/scripts/wait_ioc_ready && /mnt/Tocal/radcelf_ini.sh

« edit file /mnt/local/sysconfig/eipcs.sh

echo -1 >/etc/acq400/0/0VERSAMPLING
export EPICS_CA_MAX_ARRAY_BYTES=500000
export ACQ43X_SET_SAMPLE_RATE=-1

» copy DDS initialization files from the NUC:
scp /home/lera/conf/radcelf_ini*sh root@dtacq:/mnt/local

18. Enable password-less login from this machine to target hosts (for example to enable automated data upload); as lera:

$ ssh-keygen -t rsa
which will create a new file called id_rsa.pub in directory .ssh; hit return to use the defaults for all the options proposed.
Then, copy/paste ~/.ssh/id_rsa.pub to ~/.ssh/authorized_keys on each target machine.

Likewise, to enable passwordless login from a remote host to this machine, create a file id_rsa.pub on the remote host, then
copy/paste ~/.ssh/id_rsa.pub from the remote host to ~/.ssh/authorized_keys on this machine.

Verify that the password-less login works by doing
$ ssh remote_machine

To disable the annoying messages when you ssh into a machine, create an empty file called .hushlogin with
$ touch .hushlogin

19. Check USB ports

Unless you are going to use USB/serial port for a 3-G modem driven directly, remove the modem manager which interferes with the
serial interfaces:

apt-get purge modemmanager

« if a USB cable connects the dtacq console port to NUC USB port (useful for network debugging):
screen /dev/ttyUsBO 115200

hit return until login prompt, the disconnect

AAk  answer y

20. Serve network time to dtacq and listen to outside servers

Make sure that the dtacq ntp is synchronized to the server ntp (otherwise the dtacq ntp will loose time if there is no outside network
available)

« edit/mnt/local/rc.user

« add line ntp -p 192.168.1.10

On the NUC:
« Vi /etc/ntp.conf

« enable ntp broadcast on the intranet, uncomment:
broadcast 192.168.1.255

« enable listening to local servers if there is one
« enable statistics logging, uncomment (i.e. remove the # sign on column 1):
statsdir /var/log/ntpstats/
« restart ntp client:
service ntp restart
« after running for a while, do
ntptrace
« if properly synchronized, answer should be something like
localhost: stratum 2, offset 0.000139, synch distance 0.004383
« if instead you get stratum 16 distance 0.000, something is wrong, you're only seeing local clock

21. Cloning system disk.
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We do not recommend this. Reinstalling ubuntu from USB key and following the present instructions is much easier (leave a key at
each site).

22. Setting up RADCELF inside the D-Tacq:

» Setting up static ip on radcelf
o default baud rate when communicating is 112500

o Set Static IP address If DHCP is not available in your configuration, a static IP address is required. Specify a static IP
address from the root console as follows:

set.static_ip PORT IP-ADDRESS # PORT : 0|1 IP-ADDRESS: dotted quad enter this command to set static ip
> set.static_ip O <static ip address here>

this line will make a file named /mnt/local/network. then reboot, it will save the static ip. but if you put a wrong ip, u have to edit

the ip address using usb.

> cat /mnt/local/network
file should Took Tike
> ifconfig <static ip address here>

« Enable clock manual control: Disable "beginner" clock mode
o edit /mnt/local/sysconfig/epics.sh
export ACQ43X_SET_SAMPLE_RATE=-1
» Enable radcelf initialization import radcelf_ini.sh and radcelf_ini_calib.sh files to /mnt/local
o edit /mnt/local/rc.user
o add lines:
lusr/local/epics/scripts/wait_ioc_ready && /mnt/local/radcelf_ini.sh

23. Setting up CS-Studio ion the NUC:

CS-Studio is a useful graphical tool to supplement the D-Tacq web page and to display clock and data paths and status. Download
from here:

http://download.controlsystemstudio.org/release/4.5/cs-studio-4.5.7-Tinux.gtk.x86_64.tar.gz

If a port-forwarding to the D-Tacq is implemented in the router, you can also access from the outside using a Windows or Mac with
the relevant binaries:

http://download.controlsystemstudio.org/release/4.5/cs-studio-4.5.7-macosx.cocoa.x86_64.zip

http://download.controlsystemstudio.org/release/4.5/cs-studio-4.5.7-win32.win32.x86_64.zip

Quick-start guide is at:

https://github.com/D-TACQ/ACQ400CSS/blob/master/acql001 _acq430_quickstart.pdf
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