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In 2004 and 2010, National Central University has
built up two NOAA (National Oceanic and Atmospheric
Administration) MF/HF radars, also referred as
Dynasondes, at ChunglLi (24.97 #= N, 121.19 7% E) and
HuaLien (23.89 7z N, 121.55 #zE), separately, in
Taiwan. The Dynasondes utilize an interferometric
array (including four or eight receivers connected to
different spaced dipole antennas) to receive
1onospherically reflected signals and/or echoes and
1s a fully digital research ionosonde capable of
providing high precision spatial and temporal
1onospheric measurements. Further utilizing a pulse
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set defined by four pulses transmitted at two closely
spaced frequencies, the measured parameters are the
time-of-flight and sixteen or thirty-two complex-—
amplitudes from four or eight receivers. We propose
to apply radar interferometry to improve measurements
of incident/tilt angles, deduction of velocity
estimates and wave parameters, and tracking of
signals and/or echoes. The dynasonde data will be
used for (1) remote sensing the ionosphere structure,
which affects the MF/HF radio communications and
determines the maximum usable frequency (MUF), the
least usable frequency (LUF), and optimal operating
frequency, and (2) MF/HF radio frequency environment
surveillance.

MF/HF radar, MF/HF radio communication, ionosonde
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Keywords: MF/HF radar, MF/HF radio communication, ionosonde

In 2004 and 2010, National Central University has built up two NOAA (National Oceanic and
Atmospheric Administration) MF/HF radars, also referred as Dynasondes, at ChungLi (24.97°N, 121.19°E)
and HuaLien (23.89°N, 121.55°E), separately, in Taiwan. The Dynasondes utilize an interferometric array
(including four or eight receivers connected to different spaced dipole antennas) to receive ionospherically
reflected signals and/or echoes and is a fully digital research ionosonde capable of providing high precision
spatial and temporal ionospheric measurements. Further utilizing a pulse set defined by four pulses
transmitted at two closely spaced frequencies, the measured parameters are the time-of-flight and sixteen or
thirty-two complex-amplitudes from four or eight receivers. We propose to apply radar interferometry to
improve measurements of incident/tilt angles, deduction of velocity estimates and wave parameters, and
tracking of signals and/or echoes. The dynasonde data will be used for (1) remote sensing the ionosphere
structure, which affects the MF/HF radio communications and determines the maximum usable frequency
(MUF), the least usable frequency (LUF), and optimal operating frequency, and (2) MF/HF radio frequency
environment surveillance.
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B E (7 3 SRR b )k (RSN S (2) iz it BIPMIE 5 E FELAAT s (BEPHE S AR 8 E 1Hz -
ﬁ¢2bﬁﬁﬁ3%0@#@1%%4%@?#ﬁﬁm%%3§%35(@ﬁﬁ PR R R ]
31 Mefy ok AleRaE A BT
IR TS
O Ale ol (¥ )N 8 dn B (viER)
® e itap S ge Rl 0.2~30 svAx (MHz)

ool Bije B R < 0.4 pwolts (~ -120dBm)

B b < B E LR AR 18 KW(P #ak) 4 KW(iwist)
Bl LR AR 12 AP HE)A 4 A (EER)
B G ERERTIE: 1, 2, 5, & 10 psec

Folr oA

® SHpE A AN 6 (P b)) 8(FCish) Fh BRI R

® % ®ari: 10 dB

I

® SIS YRR RIER R

+ N Ap ip £ [Tsai et a., 1993; 1997] :

et X SL ] F mﬁﬁﬁl%z‘ﬁPMﬁ@ﬂ %%iﬁi%é’nﬁ@ﬁﬁmﬁ1r
ﬁWi‘ﬁﬁﬁﬂmﬁ'mﬁﬁ BE e B RRE R EH T ERT AR



Bl ~ %2 A(FFiEsk)d 58 T 4% B4 e &k (Dynasonde)

4.2 % 85 35 T BABRR Bk ERS HERBITH
421 B iSRRI A LTI RE A BRI ZIHEART AL A F 4 &

THR Lp *%9+£@+W Bfg ot~ 3% S48 ik
MR FFPBIRA GRS c A F RA T B L 22
SR B S ox&ﬁﬁ&g&nmmrg)iffri—}%)img\# T Ak

5



A LR EE(YEER A AL 22 N - FT L2 )fe P E(YEER A - FT L2200 E -
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HE - RRAGE o H m#ﬂI?%%ﬁ@}ﬁ$@d®%?§%é%ﬁﬁ@?%%ﬁﬁﬂ&$?
* 4g % (Maximum Usable Frequency, MUF) » 0.834% foF2 T i 3 &G v * 455 > @ T 4k i
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A g T S T A AR R BRI A 2 2 B TR G B T 5 At
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(a) &l 3wk asis & §

*% B L% [Zadeh, 1965; 1975] 0 %74 chw il A 87 RFLBAS HF By 1
Br A AR Y - BO R EE s AR TAT R UR(F DA L TR
BReL ) o T RAIT s gi(interference) Shk icd B B ff I A8 f F 4R T R-F ffjﬁ
3? P AERARAR Y B0 - KRR DT L INELE I e A f o drpt 0 JSE ehF R LR R

R kew AR T LR SRRk 0 3 FEE D w ELR A o

(b) wik A~ 4f
B A i 4512 F connectedness [Rosenfeld, 1979; 1983; Zheng, 1984; Chen et al.,
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1994] > €5 5 By vk o 2 sk A B eningh o £ Do dmc WE W OFF, AF) ¢ o b2 2w
(k) M TR > APy B g B fApB IR E S 0 THRE G B F sk
W 2 B BEE SR SrenB o - ERIS AT B 2 - ket B
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CCI(po, po))=min{aCp:, pi)| 1=0,1,2, -+-..n-1}
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4.2.2 B &V ERBIE Y 3RTAECARZEE R

BT AR BRI R EPIRGN (A AR F T TARRRERERTR) 0 BB
BHARATARSE  BI E- Z2MTARS (1.2 ~21.2 MHz) ERIES > HF@AEIHEF > L0
H % 600Khz ¥ 1.2Mhz 2. FF = L e sis R dg ~ > B9 & %{AM(Aptitude Modulation) R # % & 9
A FIUBLA R S 0 R S BRI o M BPIGE S R T WD R A F 0 4o 104 )MHz, 1.6 Mz,
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WX G2 ELAE(EICE DA - X)TR B ERPARB DR 24 FERTARE TR
BB g AEd(a BMHz2DRRERTAFERF L FRA - I (I 13 Miz)&ER
ERTAFEMEIAFTRTF - ZEARTAZRBERIFTHEAT LG » 77 KE L B oprFH
TRABEEFRHEHT A L2 W ARG * UATHTRIBFMERT AL G oef M L F X
PRIREARTAFERR B-HFVURETHREEIND NEF L FREF @A MR @
prETH ¢ XA AT £ o
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B85 5N % 4Lk LRk (Dynasonde) ¥ 12 & 4 200KHZ~30MHz i &4 5 > UM X Sendejady
#14~ B F 30dB~40dB - e ® AR 3dB4E % 5 33KHz » B 5 R ALK BRI RA S - Rl e? s ded
wod A =58 [Tsai et al., 1993] - & f B oy ity > i R & i S THE BRIRR ¥ F &
BR%FE o p AR EF AR LRI/ Io SULI D 54 @ Bwéi«ﬁﬁig<%
&@iﬁﬁﬂﬁ%?@mkk%ﬁmvmrkvmﬁpﬁfﬂ(i%f*@ ) o B0 R T LA LR R
BPEE e B LR (T A o B R Y EH E (multiplexed) AR jcx R o FEHH P
P RO F\’% RPpfer L (LR - BRAN) o & - i T fle 716 (i.e. 4%4) 232 (i.e.
8k4) BwdApi (O @, D,o--) im EH P 16232B wik4p ¥ 1> B 7 4k 4p = 2 ¥c(phase

parameter) > @q > @, > @ > D > D frd > LEFFwR S L I BEH wREL BB
He

;. - "t ke ® > Dynasonde £ BRI 16 & 32 BApi o HP (=152 32 ApENE 4B

YR R BB LT T 4 B A SR v

Dyt B- g epepe



O, ~ D, AR RE ARASBAPHN ST R Ax e A Y 2 e g o

R,'= R Lo
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D 0 ARk AT E S e d AT ow et £ ¥ (ordinary) ik & £ R ¥

(extra-ordinary)#t -
O AP kA R AT B B R v, 0 v =(4/2) x(®,/360°) x(1/
At) » At=0.01 # (4 100pps 3+ & ) -

LIS S AU B SRS e

d 3 E N T AR ELRIR o - F A4 BIREE S Y 4R 8 BT T AP R-E T 16 2 32

Bwpgtpi Hd AP 0Zatehi v lins 23400 FPLPIRPWLREE DT R 0§
3 OFER RS A g D D MRS R (AT ) §F RN bR %
O ERREPRIE ARSI ER AL g R D o FEE SRR G TR AL D

ARt @ ood TR ap R B 2 o (i.e. 360°) 0 €F Ei2mmivapi=L 2nm 5 %

AR AL > FlPt E R E dd B T2 2 R i S lienfg o @ 84 Jarvis and Dudeney[1986] >
P kB AR R TR AR R e P E 0 T AP AT A B AR LG 16 & 32 2t

B BE AR N EAPRBAY 2wk E (§CP 8008752 ) PREb T2 N0

Boo] ih- e 0 73] & i w L 4p = %8 (phase parameter) r @, @, > D > D 0 D fod, % [Tsai,
et. al. 1993, Tsai, et. al. 1997] > i&m Gt vk > =& (N i2% ) TS v R frm
B oA LED, D D 0 D D fod, Ambiguity fr Relative Confidence Limit Factor

(RCLF) E4c™ : do: 21 & 0.5306, ®«: 2n & 0.4082, ®y: 2n & 0. 3536, D:: 2rn & 0. 2240, Dr: 2%
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