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In-Flight Calibration Method for Direction Finding of
Communication Signals based on Aviation Systems
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Abstract

Direction-finding equipment with multiple antennas are used to estimate the direction of a signal emitted by a source; they can be
used to rescue a victim or locate a specified source. During direction finding, reflection waves are present and signal distortion is
observed depending on the external shape and material of a system that incorporates the direction-finding equipment and multiple
antennas. Therefore, to accurately estimate the azimuth of the signal source and develop the direction-finding equipment, a calibration
should be performed to reflect the influence of the antenna arrangement(layout) and system contour. In this paper, we describe an
in-flight calibration method to develop direction-finding equipment to locate communication signals using an aviation system, and we
analyze the direction-finding performance when applying phase calibration data obtained through the in-flight calibration.

Key words: Communication Signal, Direction Finding, Aviation System, In-Flight Calibration

I.M E 5 7he A IA QEHUE ol §at] Wk "Ast

= 3 W gAF g tEUE o4t 4241

A g7 A w3k g4 (direction-finding: DF) X+ ¥ A3 7+ AZ 3Jo|2 vy ate] W B2 e
‘W% Ao digk Ao Wik FAsty 1 A3 Az wek gA0 FAE A5 7 QRE 0] L3t
g olgdle A8 FFORA, A5 ANE AT Y gAS FAKE AR 4 IAN 208 A
0}71 flato] AREE T Wk g W o F2 H) 3 7HAE A 9 2ol & BF o)Ll AEF-AH L

<7} 8 A T 4 (Agency for Defense Development)
- Manuscript received January 18, 2019 ; Revised March 11, 2019 ; Accepted April 4, 2019. (ID No. 20190118-008)
- Corresponding Author: Jeungmin Joo (e-mail: gangsang@add.re.kr)

290 (© Copyright The Korean Institute of Electromagnetic Engineering and Science. All Rights Reserved.



uek gl So) hoket uio] A 2 A4xo) gk

W B2 A Ao s wek gXE Fshe
Hralof] whebx] ZlFolut 9/l tigk BA vlolEE o]
&3t Wl ztE FAsA Aot W g AR EHE B
A HolHE Adste WHOZE U wix ¢ 54
= 2E% FANE BdgS Foto] g58te 7Yl
I [12]~[1419 7Fol AA AL, HZ S A
HAE 9ste] HAtE 2S5 o] &ste] Wzt HE B
4 HelHE g5ate Wl Fawd [15], [16]3% 72l
AFH A

BT o] S e g e RE ot Al
dol dg AE&HYL U A B FA=
o] Qtelue]l FAIEHE 2 AHE o] &3t

=
<
o

rr ol o2
o

o oz )

S @A e, 41 Qhel b o]
2 obg el Whek B g 7h AR
o) Fejot AAe] JFL wo] uh=cf!,
& BAE 0 ALY ERF 9B F2
A A5 o) wialalr) WA a9 Al
il

i)
>,

oY
ofl 1'01‘ 1)‘
ok

> 2 Lo e i & o ol

o g

4 £ o o

iy

1 e
ox
i}

o

i
s
I
=2
1o,
:cu)l'_',
>
>
r>
>
fol
lo
fo
|
°

i _D'
fo o rff x0 L U oo de T gt = [X

ofr
L
fd
b

of
i)

";T
Foltt. meh Az el B ©
o " HOLO A

fz d
oX yo
o
T o
)
T 2
D
.=
=
2
= 1o
(LS
N T
2 Rl
4y o
o oot
Qllﬂ
SN

e

4 I

o> do N
or I,

T
o
in)
o
v
il
ok
ok

)
D)
o
)
=,
o3l
jinss
g{é

[e]
o
)
e
&

o 55 94 EA vlolH
2 (anechoic chamber)3} 7+0]
s ukAb o} Q1 SRS A x5}

o a0l vk 7ol thEte] A E HIA}
B}
a

b FEMOE,
ro dov o o
gl‘lFTﬁ,_‘gm
oo o=
05—{}1‘3_?_'
PR
o ME
(TN
O‘é‘:fﬂ

[o folr ob RI N rIr

>
PL

e

X

i)

e

N

&

N

e

ol

B

N

:3

_‘_(}l

ox

_>‘4_41

En)

o Ry
>
2
glg

r
o

Do of Ao 2 2L 1R 49 ox
1o,

B a% > o

it
re
oft
>
>,

for
1o
i N
-
At Ay
=
12
ro,
5

<

=

Log gy
o
& o td
o2

t

ox,

=

o,

a

Ao

Hoyox 82

>

z O
rz
o2t
>
o
tot
B
ﬁL
)
AR
2
inl
N
=2
M
=
N

[¢)
stel 9ol AasE 5 U AR

D
oo
.
=

o e 1 2
oo
ox
o
4
o?‘-é,
:uoL_',

o O.

>

N
i

o
—
19}_',
o
B
e
2o
ot

EECERICE
AR D F S0 2% WAl
Al ©

FUIO _D do
ox (=
o

o
QL
)
(o]
QL
£
+
r

of o

ost
ol

Al2g) 7Eke] FAAE e gAE AT g 2y 7Y

= 3T ALY e wido] ks WEe Fetes 1
d 29F o] AAste] Y BAL FsiA Hrh
&3 Al2E 71N FALS e gAE fleke] 9
B} BAS AT A AA 82 A" B AL
&3t7] o1 7] Wzol, 19k Tde o FE 3 A
=HU(mock-up)e AHESHA ETt Ly 54 AHEE
BT AA 282 A 2w o d A Aol EAsHA H
T, B A wof ofg] &7 Ao 7 Al 82
AEF I Aol ddew B AHA 59 8280 4
B} BARS Slste] FAHE A5 9wl 9% =
T Utk ol¢h 2 TS Aaskebr] flstel A3 WA
2 S0E ol ofg] FANMY WA BAS FHY

8l 1. AAkg 8k (anechoic chamber) A8 Al A

Fig. 1. Electromagnetic anechoic chamber test facility.

a8 2. 3 A2 71Hke] ok8] Al AJA(BAE systems)
Fig. 2. Outdoor test facility based on aviation systems(BAE
systems).

291



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 30, no. 4, Apr. 2019.

3 BA) AA Ashe
RS FAHY
BANE 4T A2UL olgd

SR EREEERE

2 = &3 TS W
HAE Ssto] MY HAS sPS v D23 HAY A~
g 74 39 BA IS Adeta, vE B o
A E A B delHE Adnla e BA S s
of 488 459 W #A A5 4 & =59
TS vt A oA W g9 9 3 9
& BA Eolgd tiete] ARdsty, Mol = wd B
A& A3 A2" TS ZIssH, VoA e g B
AolA A5E A BA dolgE B4 VA=
458 A B4 dHolHE ol &8 7o W gA A4
T v, A 488 2t

k
c P ,,,‘,b“illﬁ
58 S

Ant. 1 Ant. 2 Ant. 3

dy>

L113

lJlN
A 7 3 7y Iy
| Phase Comparator ‘
1
l h l & J [ l [A 1 Py
I AOA Estimator w/ Calibration Data ‘

G

28 3. M FAEE
329 BEE

g AL WF YA

Fig. 3. Block diagram of correlative interferometer DF equip-
ment using N receive antennas.

292

W, 7 el S48 A5 B2A7E Zold] ojald
FAHE A5 Aole] AR AR ol H % et
of $A8 A5 7F AR o A A5 Fos fo)
QARSI 7} 0, QHEI Afole] oAl A7) de) FH4 2
AE7] 2o, ST T MR el =2 A
& Nolel 14 o2 WAL 0% FRkz A0 )
S mepq Asge] ezl Wb AgHE 94
BA glo]g| & Wk Bha] Ax|= ARde] & 9)o] o];u} 3}
o, 2 YS9 o5 e Al2d o SUF FH,
Aol hE GPHe] BF BaE A4 G2 TAH
Fohe W 9IZhE S A dolElt BR gy Rolk

ARSIz 92 NE7k $A8 0 i chele] A
2 AT 1,9 Ao p,Q AS 71Z AU SHE
o] W QHElUell FAlEE Ao s T8 33 2] d;sind
o At AA A l Elge
el 1QL ke

A=c/f (e %E)%] W 4 (13t o] WAk

2T
G;i=pi—p = h\ dy;sinf 1)

7% el i e A }

9 2 B alel Y B 2 AL 3 a5
71% Qo) il Skl Afo] S 1A HlolEel §)4)
b3 olgsiel N ARk 2 1%

Wi
=2

RSN
i

B AHE w02 4 Q5 2ol AEEH, A
RBE w(o) ol AN 93 o} A5 YApe
S

B
o2
_|_'4
EE

N
arg max ¥(f) = arg max Ecos(q&i — (Ef)

0°< 6 <360° <o <3600 1=1 (2)

g Az 7l Wa B S Aol
WA S Aofe, B ALFeA] S

4 o ©

AL
s YA HA HolHE 9407 FAste] YA HA b

OB E Asts A &8 B, AN BAY A E
FAlskE A AlE B A, g A" AeE



PL
2
4
r>

[e]
-0,
il
<
g
Ho
ox

24 delgE s

=

o ME & 2 XN oX >
e 0% >

fo o lol

>

Al 19 48t 7ol 914 B dold %

NEE $7) HPOE A 9
gL Ao} 7]k Al
Ay ) A%
EFE 54 velgga
) X (longitude, latitude, altitude, roll, pitch)
gek A &8 Al dalel gAE 1A A
g B HolH & A3 Aol ¥

ok
>~
ad
[e3
O
{0
TN

o
~N
it
N
9
ok
=
==
o
5
—
>

)
=

rﬁ—h%)oc%}r[nr
2T

ofr = rx
o3
il
do

ofr
-

30 (K > o ol mn wu ox foil Ok mN
ro rir
o
o
M o
1%

ol
ol
M
ok ¢
oot -
iy}
)
2

S
>
ofo

N
N
ofr
o
o
FQ{I
oX

o,
= oz fr W
= o
> o
2 }0[1 l’m
i)
o
X
Ry

>
N\
AN

i ol) M to
0% e ﬂlii 2
o=
>
N
i
o>
for
e
ox
N,
o
e
oZ
it "
o 2 oo R
OF o MmN ) Fo

folr i fol
-
ol
N

> ooX i I HU

o
-
i
-
oX,
plud)
£
1
ot
>

it
<
o=
)
©
oot
oy
)
1o
(o

folf £O > [o >

4>
r>,
o
o
ofy
4
£,
>
)
offl
N
ot
]
St
i
P,L
)
Ho
st
9
[#5]

— Radio Frequency Signal N
— — — Embedded GPS/INS Signal GJJ ’
------------- » Control & Data Signal

NS

Air Data Link

Aircraft

Calibration Signal Receiver
e
U

\

Ground
Operation [l--

Controller
Processor ——
— Signal
....................... “¥ Generator High
Ground Operation E N er

R Amplifier
Equipment

GPS
Receiver

[ —

Radiation Signal
Generation Equipment

J8 4 W9 BAS A N2 PAE
Fig. 4. System configuration for in-flight calibration.

ot

do > oX ofo of
N sl

4

e
> oX _Q

fol
ey el
°

—r‘.\_o{

ox
i
ol i
=
o
A
o=
oX,
=2
|
ko
ok e fol
4
o >,
>
fol
fol ok
Y
o2 r» do o

fol
>
~N
2
[o
[N
oxl
ol
Ir
N
ofr
tijo
~
e
=
%

)
offl
N
ot
il

ofr
-

r,
o3
rir
oSt
ol
N
1o
o
fint
o3
b
-z
)
9

>

| 7F

o
e
[t
2
ol
e
=,
L
M
yus)
<
>,
>
(o] l-Oll
o
r>
A
off 1o
N
B
offl
N
ot

o] & A

X,

o

i,

£

z

ox

>,

fols

>

r>,

o

©

OII.

ot R I
>

T

oX Mo

Ny ofo

fo 1o
o
ox
)
=

o d
a
fifet
4
N

ofr
ol

offl
ne
e
o)
fos
S
AC)
oy
A ol
o o
|
ofr
ol
N
2
M
2
r> o
oSt
)
N

&

)
Q
o
oX,
o,
u i)
i
Q
i
oX
fu}
2,
>
fu
for 17
=i

(e kIR

S 2
S o
o
)
T
°
> 2
o M M
g 2o
rlo%
N
o
—l\rjjg‘
=
1g =
2 o} o
RaAlNoN
© o
40 o
ox B
o
gD
QL

LIFE

A% ol Ave AR FAGAS
500 MHz ©]5te] B4l A5 Fa}4 th oAl
o] shge] 7] R, 845 F314: thjol
RS 5T 5 e FR A P

Zo] ok mahA F 8730 o3 v

2 o rir
¥o by
or b~
2 g
ol I/
S
— o
s
= 9
Jlﬂ:\é
22 ot (=}
g8 X
g8 o
2 =
s -y
3.
2 o
ez
o
o
e o
imiﬁﬂ%’—-ﬁ
o N o O+
mr oo o [ ofolk T oo 2L rlo & o A o

oL
o%
tjo
o
ofr
o,
I
tf
e
EA‘
ofr
ol
£
Hdo

N
2
s
ox!
o

NE ot
2 oy o A
>

N

o o
tjo
o

293



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 30, no. 4, Apr. 2019.

e g g A8 9 B dolEHE 4] 4
A Z8e g BAS 9% sAEE I9 59 2o
el WA E I st Ao R AME $4 BA
dlo[E 9} Aol A EHS o] &ate A 4 HA o
o1& Hla3t, Hlg) BAo] Qg Fupg 4 w97t
= WA AEste] Fad Fap g ez thate] H]
8ol 7hs e 3-A A AILRS s of gt
2|3 Aol A WAL = B Ao 71 A e
7o tjste] FAE F AEE 7)Y olF HRE A
Aafof gt 3 W B E St wjo] g37] H]gY
A E JEdte], Bg B A o] Fshe 371 e A
(roll, pitch) ¥ I T (altitude), & =7t DA FAE A
B9 94 B4 dolHE F5sl= o] T83kth o9}
2 g BA 8 A IY ARES wste 00~
360°9] A whelztel] thek 917 A dHolEE 47 flate]
olFg vy BA 379 olF HEE 1¥ 63 2k

MAABFOR olF vgsun
Ny B HolElE ST, AAFOR o % Y3t
WA 0°~180° 91719] 91 5 lolelE +y stk

MY BAS Fofel Y B4 HolEE $1Y 0, §

o
O
—_
)
S
[e]
ol
N
N
Lo

=D

—
Mathematical phase calibration data Generate phase calibration data
generation considering antenna layout by post-processing
& considering aircraft attitude information
Phase calibration data collection (Roll, Pitch, Altitude)
using mock-up and antenna reception level

I [

Azimuth calculation of
phase calibration data
considering longitude and
latitude coordinates of aircraft and
radiation signal generation equipment

| o
. i=i+1; i<=K

Air-ground system configuration
for in-flight calibration

Number of flight i = 0;

Aircraft path setting
considering calibrated azimuth angle,
i-th flight;

Comparison between calibration data
&

Identify the frequency and azimuth range
that needs to be calibrated

Accumulation of phase calibration data
collected in K flights

[

Measuring accuracy of direction finding
l after applying phase calibration data
into the direction finding equipment

Aircraft takeoff
&

Perform in-flight calibration
(Receive phase data and
aircraft navigation data)

[
O 5. v BAS 98 ¢HMT
Fig. 5. Flow chart for in-flight calibration.

294

2719 A ¥ TEe] Wk 7} by SAEE 2
= = kL o
o5 7o Ak d%= A ok 2" 72 HE B
5+1.0 T T
Xxxxwxxxxxxxx%xxxx)(x)(%
5+0.8 | f" * 1
B &£ "&%&‘s’
S 4+0.6 |- * % J
é %
cg: pB+0.4 % 1
- %
X
B+0.2 L )eg 1
‘ x  Counterclockwise
Clockwise
Hq a+b.2 a+0.4 c1+6.6 a+6.8 a+1.0

Latitude [degree]

a8 6. vy BAS AT 3719 olF A=
Fig. 6. Flight path of the aircraft for in-flight calibration.

Attitude information of aircraft during in-flight calibration (Roll)

Roll [degree]
‘ ‘ o

% Counterclockwise
- Clockwise b

200 400 600 800 1000 1200 1400 1600 1800
# of samples

Attitude information of aircraft during in-flight calibration (Pitch)

. g _

¥
My st

- i

Counterclockwise | |
Clockwise

Pitch [degree]
N o N B o [

200 400 600 800 1000 1200 1400 1600 1800
# of samples

Callbratlon 5|gnal receptlon Ievel

Signal Power [dBm]

% Counterclockwise | -
N Clockwise

L L L L L L L L L

200 400 600 800 1000 1200 1400 1600 1800
# of samples

Hig) B 3 Al 8719 AR A E(roll, pitch)
3R A5 ggleel 4 g

. Aircraft attitude information(roll, pitch) and calibration

signal reception level during in-flight calibration.



A A 3kgrle] AR B A Al A7 Y
Bl A0 R 377 v B AR 1Y0~1009
A AE)SAL SR AL N AARFOE o] F v)g
at7] flate & 7]£(850~11203WH AE)E o roll
pitch7} w45t W3tste A &+ Avk T 7
715 7AF s st A BA wlolHd G
e 7 A, o] W BAEE A ] wshE 1
® 83 2tk Al A WARE BA A E 1 QeI
29 Mol =S wf, 19 QHE vk 2 QeI
TR A 7 9AA dEo)n, Hg) AL Falss 3
F717F | 7158 AlRA 913 e o] 7

_‘

Hg RS § %% EZ* do|E & W3k
gAo 4438 & e FE2S HelHE TET] $EA
=, THE veolHe $AE Fate] d3717F YA
o)A, Fd 4l A% gio] FRHNS AT T
e HlOlEi s 9% _Wé dlole AJAgef o]-g-afofl
stth, I8 9% WA SR B|gE wf 20~5° W9,
A AMEFO R WS rrH —50~—2° M9 roll 23
1.5°~3° W99 pitch 27 W5 FAlo B4 A%

%21 @o] —80 dBm o4 SHHANL A9 HolH R
FAYE 232l Ao,

360 ¥ T
300 %

-

X X X XXM

N
5
o

mewxxx%

A Phase [degree]
>
o

60

OOORHIROROON K X X X X
X X XXOUIEOOVOHRIOXK

X
KB X % X X X oA X X X X
e —,
.

-
~
o
oatmec X X X X % X X0008R%

ol i
“ 1
/ !

At [

660 800 10.00 1200 1400 1600 1800
# of samples
28 8. WA 2AL sl FHE S0 MHz F3h5
st 93k A (1 vs. 29 SHElL
Fig. 8. Phase difference pattern at 50 MHz frequency
collected through in-flight calibration.

[ % %

S POt

o
N
o
o
N

g A2 e BANE WY BAE A% wa 1A /Y

Attitude information of aircraft during in-flight calibration (Roll)

40
30 -
20
o)
2 10
87 0 b S RS
5, e~ wy
3 -10 |
m |- 4
20 X Counterclockwise
-30 +  Clockwise 7
40 . . . . L L |
0 200 400 600 800 1000 1200 1400

# of samples

Attitude information of aircraft during in-flight calibration (Pitch)

Pitch [degree]
S

2% S — PR
o x Counterclockwise | |
+  Clockwise
2 . . . . . . .
0 200 400 600 800 1000 1200 1400

# of samples

Calibration signal reception level

-90

-130 x Counterclockwise | -
+  Clockwise
0 200 400 600 800 1000 1200 1400
# of samples

Signal Power [dBm]

a8 9. ¥ B dolH *ﬂ"éé A F& M99 F
_,_7] 2N 2 BA AT A g .LIE-]FJ

Fig. 9. Aircraft attitude and calibration signal reception level
filtering of the effective range for in-flight calibration

data generation.

o|9} 2> FAYE Fste] 18 103} 2ol 94 B
Ho|HE AR 7Fedt 34 A& HolHE d& Al
7Fsstth. 19 8ol A& 3 7]7h ve) B Az X9
AU & 715 o T EE 0~10084 & 850~1,120
t‘ﬂ_aﬂ ] ggs3t ])\PX}JHEJO] _Ltﬂﬂoq 04,/:\_;{40] O]/\P
A dE oz yehdA g 13 1004 342 S 55}
B3 At delo] AARL, W g &8 7t
T8 1A dolHE A widl 19 103 2
A3 HEE & F vk I9 1094 MEFTF &
oA A & 94 HEo] Yos Al
3717F RAA RO ® o) Hl)ataA 0°0~—180° ¥

OE’L’

=

295



THE JOURNAL OF KOREAN INSTITUTE OF ELECTROMAGNETIC ENGINEERING AND SCIENCE. vol. 30, no. 4, Apr. 2019.

360 ; f
300 . g ?
X
4
g
7 240 - ¥
Qo *
2 %
ke H H
© 180 - ' ,
@ i H
& P
120 - g ! § 1
[
60 - g /\ / : //
% /
0 % . § . L . i H /
0 200 400 600 800 1000 1200 1400
# of samples
J8 10. ZHYH 50 MHz F3bo] tist 92 siE(1

H v, 2‘?_1 kel L
Fig. 10. Filtered phase difference pattern at 50 MHz fre-
quency(Ant. 1 vs. Ant. 2).

Azke] 4 BA HolH S s sttrF AA gL
F st 0°~180° W91 7ke] 1% B Hlo
Hohe ol —180°0141 0°9] 9t olB =
s =AEH0)7] wEolth

A E"é HolE o A =g 3A17171 fldte] oA
AuE WHoE o 359 HolH 4 ¥ $AE
?%8}1 FA e Alo] F7h 0% Fgsitt vE BA
= % 4 BA doly 4 % dHolE $AE 53]
Festal, FAste] AA H 0°~360° A W9zl s
A4 BA wlolB 9] 14AF S o A]
129} 72t} w3 BA 3 A A5 E
uhok 2 QFell *}OH A ezl g oA e
UeRl = Z1g o], A1 Qv HHil% gloto] 294
o AXE 94 BA Holee At e} vwst

At Ftd o2 AiE YA Ez% HlolE ] Ak} I
Be A2d g5 Ade) I glol £4 delE
o WATHE TG Y5 4 A5E) 94 o
o1 E o] &5tk

17 11 50 MHzOl A A o5 Akt =8 E 914
EZ* dlole ] 1 Qrelurel 29 QHev 7+ 91233k sE

S Uil Idoln, 18 125 450 MHzoI A WA A1
S5 T O BA dHolE o] 1 <L 2 <t

=08 1121
T8 19 ot

s
3z

296

360 %3 5 x|
Numerical calibration data
—>— In-Flight cahbratlon data k
300 B ’%( X |
X X
X X
3 ks [
& 240 % %
o X X
g g p
z X 3
o 180 X 3
@« X
- e | 1
o Maximum 46.99
4 phase difference error Minimum 0.05°
120 in azimuth angle 122° phase difference error |
¥ ¥ in azimuth angle 256"
% % g’;
% % |
60 | % 3 | %
3 %
; o
0 : 2 LA . S
0 60 120 180 240 300 360
Angle of arrival [degree]
Z HlL2~ = o
J8 11, 50 MHz Fabpol W ez ¥ 918 BA

glole] HlW (1 vs. 29 SHEILE 7F $14kAh

Fig. 11. Comparison of phase calibration data by azimuth
angle at 50 MHz frequency(Phase difference bet-
ween ant. 1 and ant. 2).

360

e x1 CTE X X

p! x T ox xx)‘(]‘ Numerical calibration data T
% I r ° Xy f*ln Fllghtcallbrahondata | g
300§ § 2T Tt 14 7 TTT Il TXF
&H] i ’”‘“*L 1k
| 1% | IX ¥ [x gl ll \
| LITIIANA T [ Eet il e o
= 240 Ik Bk e ] st 11l o | 1 X “\J“ 1Bl
8 ANIPNE ‘H"\; A% | L LI L E L
5 3| X1 J‘v 11 il Lk [1
D AUV R A L !
k=2 x| T[] Maximum 96.78° ¥ .‘* | el ;“M
3 180 | J!FL‘( phase difference error | ESkk) 1"‘1 1| b X[ x
g ¥IT||l| in azimuth angle 186" » | It ’} ‘\ | ;f
[ 1] |F Y K
e ’\‘le-u‘.‘.yi“\‘*xt( FT f : XLTH’LX")S X x
< 120 % | ?‘,LJX‘\“‘ ‘H ,;-‘ AT “"x
\;k,»‘Ln )”‘ AR TN 7 ¥ x
X T[] x| “ X ” ol X AL R { |
Ll H X *xx'x [ H* x‘ x| ‘ ?1(
} ‘T*‘x Xt x|t K TP >‘<x
60 Bl % £ t Minimum 1.00° b
| x |% A% *x 3 phase difference error | J‘
I )[ X ' i X in azimuth angle 341° 1 X
X e
0 X X A TRl X, .4 doo- -><-1
0 60 120 180 240 300 360

Angle of arrival [degree]
8 12, 450 MHz F3beol] thgh w91z 8 9 A
dlolE] W w(1¥ vs. 29 SHElL 7+ 9A4kab
Fig. 12. Comparison of phase calibration data by azimuth

angle at 450 MHz frequency(Phase difference bet-
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7k §1242k siEolTh 19 <telukel 21 QbE|L Abo] 9]

H 7HA o] 450 MHz 4159 3Hdo] 50 MHz A1 &
2 o] 9uf 2] wiel, Y14k el s 4
Walsle| ah7] 9l w2 (0°)9F AE(180°) Wkl A

o K
ﬂo?rl

s



7 B diojH 9] 9144} &
AEE 2SI F gl A e 7 fAMI S %
A AR 50 MHzo A =38k 91243F 'l 7 @3k 256°
HRE Zho A 2 4 0.05°, 122° W9zl A Z ) 46.99° @AY
= 207 FAHAY, 450 MHzo A 83 94kt sE
7F QA= 341° W97l A H A 1.00°, 186° 917kl Al
At 96.78° WA HE A0 7 Bl o] Wk %*Xl
z};‘qoﬂ _Or]}\} E;Q 1;-]] ] 12 z}qj o}—/ HPUk %P;(]
P73 e BA QAR #4SHA Hm, o]¢f 2

Y e o) g 3 FAE YA e B

BA HolEE WEA] ALg-sjof

—.~
=5
ra,
=
ko
)
N
AR
n)
Y
&
)
II
il

O

r[o ]
fo
29 o,

<]

PN
49 9

rE oo i ol
i, ol ﬂJ[O
_0|L
2

o
fr
P
L
_n

V. HE 29 HO[EE 0|88 4 &Al ds

Higl B4 9 3 AE Fote] 4A | 94 EA
olHE Fa7lol HAE W A A AU A+,
Wk 2] A 00~360° 7 Wzl tiste] Aku HE.ok
th Fed o2 ANE 94 BA dHo|HE Wk A &
Aol FAT 7459 B A A A5 v B
S 5 9 B vy A Al W g e A
=3 vaL kel &7 °ﬂ HZH% WHEF gl A
o AlE 914 B4 dolH W st whE Wk g
A RSE e 19 13 % 1% 148 2ok € 9l
4 24 gy FFol wE 50 MHz 4150 teh Wk
YA oate] g& By s 19 133 2101, 450 MHz 2l
Sof oiek W &x eape] S FEE ¥ 149 2tk
Hle BAS Sote] A @ 94 BA dHolH A& Al
W gx] 0ape] FxE FEAOE ALK 94 BAY
dolHE A48 759 JUHos vyd o W &
A 227} 00l 7HHAl BEEH O Q' AE g 5 Atk
ol Hg BAE B3t S FeiA st W
G Ao AL 4 BA vlolH e AFE 3|
og Aojel e 4= gltk 914 A4 wlolE Y] $R/ ¥
uek g1 93 A 4 3)F o] Aate 4= ot

ot
ol
>,
N
)
N
T
lo
oft
>,
>,
fots
=)
o
ot
D)
i

S a1y 7Y

0.016 T
X X In-Flight calibration data
RS Numerical calibration data

0.012 %
(=4
S
= b 3
2 2
= ><§
R ¥ x
S 0.008 2%
= % X
3 2y
a X %
<l
& H

0.004 - g

5 .',i_!g. e
] o .
. #t 1 nh._

DF error [degree]

a8 13, dz71d A&9 94 B4 voly R we
Wk gA] @Abe] SHE E(50 MHz)
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1. 98 24
g4 Xéé‘} A
Table 1. Improved DF accuracy when applying phase cali-
bration data through in-flight calibration.
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DF Freq. | Improved amount | DF Freq. | Improved amount

(MHz) of DF accuracy (MHz) of DF accuracy
50 1.1710° 60 1.5270°
380 0.6753° 390 0.9168°
400 0.9127° 410 2.0546°
420 6.4244° 430 1.9104°
440 5.6591° 450 2.5454°
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