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ABSTRACT

An Attitude and Heading Reference System (AHRS) provides the attitude of a vehicle with a constant velocity using an Inertial
Measurement Unit (IMU) and a magnetometer. In this case, in order to avoid the disadvantage of a gyroscope, an AHRS using
a Gyro-Free IMU (GF-IMU) that is composed of only accelerometers may be considered instead of the gyroscopes. In this
paper, a design method of an AHRS using a GF-IMU is proposed. The proposed AHRS consists of roll and pitch calculation,
yaw calculation, angular acceleration and angular velocity calculation, attitude calculation, and a Kalman filter. In particular,
since the angular velocity cannot be measured from a gyroscope, the angular acceleration is obtained from the accelerometer
output, and the angular velocity is calculated by integrating it. In order to show the usefulness of the proposed method, a
performance evaluation was carried out. The performance evaluation results show that the attitude estimation performance of
the proposed AHRS is similar to that of the conventional AHRS.
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ZFQ0{: AHRS, GF-INS, A}A|

1. M2 A&sE EAE slZsH] $ste] Attitude Heading Reference
System (AHRS)Z A& 2Hate AL A2 4 9lch
(Farrell 2008, Hong & Won 2019). AHRS+= IMUS} X Z}A]|
(magnetometer)2] &% o 2HE] AE FHstH, FA7F 5
& 25 W o ASEA FUW ZAHE AL 0] 85
o] 23} WA £, A2 2L o] 83le] 2 ALKE

A1 o] A S AASH] Y5te] Inertial Measurement Unit
(IMU), th= <L} Global Positioning System (GPS) 424171, 7}
H2t 5 A7 Y AAME o] 8 4 ok IMUE o] &5}
= Inertial Navigation System (INS)+= A|7to]| o] wla} Al

A @27} A E o] 2pA| @217} =713t (Titterton & Weston
2004). thE QHELF GPS $:417] & o] &51d Au} whefiu} 2|3 o
2 013}0] GPS X155 £AIT 4 Qe AL 2PAS AS £ g
on, FHlEHE o] & wioll= 714 Aol sl o] EntA
Ao] Bk A9 AHHIE AT 4k (Park 1996, Kim
2014).
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t} (Farrell 2008). o|ZH A L5t &, 9%], R & B X X135 (aiding
signal) 2 o] §3}e] x| LATE o2 RE T8 AN
B A5t} (Farrell 2008). 2] Zofl+& Micro Electro-Mechanical
System (MEMS) IMU®] 7] 0] Wigto]] we} 47140 23 2
A A2 AF23E 2 9)A HHA] MEMS IMUE 745+ AHRS7}
FEH7 Qlt} (Geiger et al. 2008, Roh et al. 2011, Wang et al.
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Fig. 1. Conventional AHRS.

2014). Hong & Won (2019)-2 A 7] Arel] 24 ¢ua|&3} 7vy
THZE|E o] g3lo] A|QFS AHRSE g, 35 25 A&
olele}l x15F 38 AFE Fl AIS AHRSZ} AFE AlFECk ¢t
B9 A ATEE Bk Kim et al. (2018)& G fo} ALz
2 W3] $lsted 3fobe Flofel tutol i) AHRSE A
Jolz, RUEE A3 Avle Eog BolRE AAHE T4
ZA3}E gk st Kwon & Lee (2015)= m]A A A 0| E)o|
MEMS AlA] 7]4ke] AHRSE Babsin, AZ Hz A/37, 0/
o2 of|7], E(toe) 59 &S &5 Aaks YIS

I, IMUOA| APo|R2AF I = Huj7t 331, 7FA o] vkt
o, AYPE Yol ARSIEZ, Rpo|2AF XTI} i+ Gyro-Free
IMU (GF-IMU)E ©]&-5}%] AHRSE F/d3l= WS A4
Atk

GF-IMU 1 27]oll& 7 EAI7E A 50] £4] ot Y
off AbEE = IS, HTolle ¥4 ¥ THIAIE ol 851
7HEEAR ufe- FES 7IEE o] 7AW A ohA] A
7} A)ZFE] @ik (Sorrentino et al. 2010, Pachter et al. 2013). Liu et
al. (2014)& 12719] 7I&E A2 FLAISE 4714 GF-IMUE AJA]5}
I, ZNPEE R A4 5ol vjHE 4% 43E BoiFQith Yu
et al. (2016)-2 HX|5t Aol dhisle] 7H&EEA vlolojAE BAY
(calibration)s}= HHH-& Aol A% 71& =4 £35S 4
ghEEel QJestel Ao 4TS 2% ATE Bl
Yang et al. (02)& Z7H4 50} ASEE 2457 S A2
7T A vl W& AlbShaL

il

(

e
i

=
'y 1
Al

2 ujRISHE 7)E ujX) HpE R Ak o] SPgH 0 2 244
£2 3451 22 HoiRgith W4T 29E B GF-IMUZ
AHRSo]| &4 , = AHRSO] 34

S Aat=glong GF-IMU
T 7 Tle] AHRSE thAlIT 4= A= A28 E Hrtd o2
AAstaL, 2k 4 23 4& £ UL S AT ok

£ =7olAl& GF-IMUE ©]-&3F AHRSS| A 9 & At
531, A|QFsE AHRS O] 5-835HS Bo|7| §J5}e] A|EHodE 4
st A3kg A A5t} gkt 1|3, Fee] AHRSSF AMA| 3
ZAIE v 2 57 AaE At 2%l A= GF-IMUE
0|85t AHRS| /A3 3} g | Fol thal] AAI8] Al&sict. 3730
A A7 5% &5 o Fl9] AHRSS} GF-IMUE o83
AHRSO| Z}A| Y X & v| st AL A|AIStA} St vhx|et
O 2 4o B Ao A8 9 23 A8 Aedith

st
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N A\

2. GF-IMUE o|8%t AHRS

%]l 9](conventional) AHRS Fig. 10]] L}ERAH B} ZHo] IMU,
AZA, &, T, & ALY, ZHA] A4k, 2T E 2 o] Fo{H
HZ(alding) 4182 AM2EE &, 9%, & Al4llA &3t 7%
£ 7HEEA £Y o2 HE levelings £3Y5}e] 15, 714G E
Aol 24 gt St ojulie] 714 EA 28L& Eq O Zot
(Groves 2013).

f* =Cof”

cos@cosy cos@siny —siné 0
=|singsinfcosy —cosgsiny singsin@siny +cosgcosy singcosé || 0

cosgsin@cosy +singsiny  cos@sinfsiny —singcosy cosgeosb || —g

gsinf
~| —gsingcosd (1)

—gcos@cos

o]7|A, p= FAY E(roll), 9= FA] T X|(pitch), y+= T
9] @ (yaw)E Qugich B2 X152 AR EE 2+ Eq. D2 R
T8 &3} ojx], X 2HA| 2 & o]-g3lo] A& (magnetic north)S
T8}, AHEof] HZH(declination)& Tike] & 4= Qltt.

A AlAt A AL vl 24l S oA AAE et
ojuf, X U £EE & 4 F AolE A nlEg A 2
Sh=l 2]t 2 ZHE & 9L craft rateE FA| ST} (Groves 2013).

2t Wele 22 A5 2 Qe A9 Alo|zATE EHS
2 E5lo] 5k 2pA)| Rpo| 2RE] AA| Q415 A}, upA|ete.
Z Ao|2AT I £ 0 ZHE I3 AME BASI] 25 AR
£ 3t

£ =74 A|gtsh= GF-IMUE ©]-4-3F AHRS+= Fig. 2] L}
elfeict GF-IMUE ©]83t AHRSE &3} 1)z Akl & A4l
714 9 45 AXL 44| AL Z9EE| R o] ZofIT, 7}
&7 £ o 2R ALk 2ME 2R Jefo A 3T 2R
SA}E ol gslo] BRI

A o] FAFHoZHE A AL rTHE HolFl 2 -ef| 7}
& EAE 59 Fig. 304 Lehd vie} Zro] RA|FAlof A 2] vy
2, T4 7HEE o), x(o), xr,), 34 7HEE @), xi7HP Aol
vebdtt. oldf, 7S 54 &4 W d,& F5Id Sl A-el
EhtE 7MEEE 18 4 Qlok

M EA NW7E 017 739 GF-IMUS] &4 2|+& Eq. ()¢}
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2t
[y, dT(f b xr +o, (c) xr))

Y= |= :
Yy d (f +c) (c) XT, ))
( Xd) d , le(c)fb (c) XT, )) ,

- : {"’g} _J{m;'b}M @)
f ; f

(rNde)T d; dN( (")szr ))

SI7IM, yie M) TS EA S ZHA, ol WIEE, ol 2t
£52 ojujsith Bq. ()F Z7H Rk BAFAIM ] HlZo]
dish g elskH Eq. (3)2 2k

fﬂ =(313) I (Y-M) = E‘;’}(Y—M) ®)

— O
e

Eq. @)oll bl FAIFA A9 v 278 73 & ¢2 Eq.
(O E4ad

¢ =atan2(-f,,—f) (4)
A7|A, [P RAFAHAAMY y&E Y, e FAISAHCNAL 2
Z H|E & oulgict 9]%] ¢+ Eq. (5)7} Hch

A71A, fIe FASAHANAY xF

j;(b

[ (ff)2+(ff)2] v

Hl2lg ofmjgict.

& AldolM = Egs. (4, 5)& AxHA P2 RE A5 v, =
Eq. (6)3+ o] 73tk

v, = atanl(—mb cos@+ mlJ sing, mf cosf+ m;’ sing#sin 6 + mb cos @sin 9) (6)

SAZVA, ml, m?, mb= ZH2F SRZEANN L x, y, 25 217
A £21.¢ oulgic, 215 (true north) = Eq, (7)3} o] A48o]
q.

B2}y, & Hslel

Z}*ﬂ 741”01]

9} craft rateS F-A|3F ZpA|

(Groves 2013).

et

V=y,ty,
&S Aol 7‘7}%—_‘?_& Eq. Q)22 HE ¢

A& Eq. (8)ofl LHEhd

()

kol o] A7 241 24
U] R A S Bl XS PRkt

G =G, (@ +a,)C;

~ ngfb

(8)

o]7|4, Ci= A= EA A FH2REA 29 direction cosine
matrix, Q= HHTACNA el A7 A1 A4E, Q)
SR T A ol A LFERA craft rateS o]n]sict,

ZHEE]E Egs. (2, 8)°] Zk2t Ukl 2k s u] 2 413 2}

Al El g Ao 28

R

ol A2 Eq. 9)9F Ak

714, Sol, =
(10)3} 2t

H T8 oXEDS o] gk ALE 03

Sol, =T, (5Y - M) (9)

ZAEE 3L sY=

71 EA 24} sME Eq.

M =Ado®
A G G
S B (10)
vy Ayy Ays
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oA71A, 4= AQ] A 3, kA LAE o u|Thct.
_( b b b b b b b b b b b b
ai,l =\o, ’r, T wlb,zr;,z )dl,x + (wib,yr;,x - 2wib,:r’;,y )dl,y + (a)ib,:’;,x 20) L )dl,: (1 1)

a, :(a)g —2a),by i p rb)d (12)

a;= ( ,b“ 2% ”)d,Y +(a).by rb —2a)';_,,;;f’y)di,y +(a)3, };f’x +aof };f’ )d_, (13)

A7|A, d,,, d,, d = A7 THEEA S WE &y 25 AR,
Moo Top The 5 7‘7‘ AX 9 x, y 25 S QulRich ZpA| @2} bl

RS Bq (42} 2t

Ox=Fox+w (14)

o 71A, Gyis ARl 2A1S ojulatch el F4E SIsk Al
5412 Eq, (5,91 2,

Sx=FSx+w (15)
ojm|gic}. Abel

o:lm Fi AAY 8, wi T24A 388
44 sy Eq. (16)7} 2k,

5x:[5\|lT é‘m’;T b, b T]T

=[op 00 oy e}, o0}

b,y

é‘a)ju b

Ox,

T+N 84N 6x9+1v

:[Exl ox, Ox, Ox, Ox; Ox; Ox, - Ox Exww]T (16)

A7IA, sp= & &4, o= TA LA, Sy & LA, sl
S, , Saf, = TV T 03}el n, y, 25 *JE, = i 7}
S HIO012, by AR BIOIOI2, b, b, b, 717
A7 upolol 2o x, y, 2% A& elulic, e e re
a7zt 2t
03><3 _CZ Osz 03><3
F= 03><3 _deA T. 03><3 (17)
Oy Opg Oy Oy
0, 0, 0,v 0,
£7% 22 Eq. (18)7 2t}
oz = h(6x)+v
=YY+
¢G _¢
= 6,-6 |+v (18)
Ve~ V¥

AT, by, O, wo'e 27 Aolm AT T B0 R RE T4 &,
D7), @, ¢, 0% FHEEA FPo e 73 B3 73,k ¢
o} 9122 A7A Yo mRE T3 2.2 olujgith v 57
e ojmjgith 249WY = Eq 19)9h 2}

H=[H, H, H, H,| (19)

weer Hooe= ZYZY Egs. (20-23)31 2t

1714, H,,, H,,, H
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_cosy _siny 0
cos @ cosd
H, = siny —cosy 0 (20)

—tanfcosy —tanfsiny -1

oh, oh, oh,
06x, 00x; 00x,

_ 0Oh, oh, 0Oh, (2 1)
& | 85x, 0Sx, 05xg
0 0 0
oh, oh,
06x, 00x,,
_ 0Oh, 0Oh, (22)
“ | osx, 05,
0 0 0
0 0 0
H”mg = 0 0 0 (23)
Oh, oh,
65x8+N 65x10+N

3. 8587t

A2 AHRS 9] 24| 7 /55 B7Fs17] st wlolef A
4719k & 131%2 T4 4587 AlARE Fig 4ol UERy
et dlole 44371 AIH /371, AZHA 421 87371, True

IMU &9 ’%"‘37], GF-IMU &7 2] AJ/4d7| = o] FoiXIct. H1H 48
A7 A 9, &5, ZHA| AZA £ 2] 443
71 AT A% Hol ER2EE 42 Ti%, ZK(inclination), A}
£ 3 7](magnitude of the flux density)Q} TA|2] A ZEE] A
A £8& A8t True IMU S| A4 71= A9 $14],
&5, A2 HE v|Hat A4 EE AYAJTIct GF-IMU S %] A8
AA71= true IMU &3 QA7 2HE 7IE T4 2AXE AYAISH
o} mpx|eko 2 A|QksE Y A| AR 0 2R E] 275 ZAl| o A1
7|2 HE A5 true ZHA|E H]adle] 5BV A &Y
s},

Fig. 59l A% B7HE fste] A8 4712 3% Al
£ UG oH, o] & B A7} NorthF ¥4 /s

255 oA Bo] Hel=s AL & 4 Tt ol A
AHRSZ} ZHA| JEE AlFsher] B2t &8 0188, A
Ftoll AATH AH Y S & 4 Utk F, Eq. O Egs. B, DE
H A7} 7 255 5, 55 5 "o YRR A
St E3t T|X|7} g Esle] AHRS | 2R 4 A5o] Ak &
ALS & 4 ok Al 2212 v H (misalignment) @ X}, 7}
A

i
™
3
L
L

i

¢

1p

= oo rlo ot 2L

o= =

ulF I I 2A|A(Gauss Markov process)Q} 22 ol 71A] &
18 T3 Aol E A 237} 573 4 Sk,

Table 1oi=: GF-IMUS] 2 7] 4343719} A1) 24 2] 43437]
o|A] AF25} Analog devicesAle] A&F(tactical grade) THA] AlA]
91 ADISI6A88¢] 714 57|, 2jol 2, 2|7 AleFS Lkl

Fig. 6011 4558710l A3 GF-IMUE UeriQiet. 714
As Bl 7t we] F4lol gxs) Qon, 24 Ware 7t
W] 455 e PRIk olu, YYo= HE LA AX7H
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Fig. 5. Position, velocity and attitude of the vehicle.
Table 1. Accelerometer, gyroscope and magnetometer specification.
- b
Value @y 1 -1 0 0 1 -1
. - b 1 (2 4)
Bias 0.029 m/s/v/hr @, |=T,Y= - 1 -1 0 -1|Y
Accelerometer by 0242
Random walk 16 mg b : 0 1 -1 -1 1 0
” ib.z
Gvroscone Bias 0.3 deg/vhr !
T P Random walk 0.2 deg/s
b )
Bias 15 mGauss fx 1100 -1 -1 Wy, Oy -
Magnetometer Noi 0.45 mG " 1 b b
Lk o mCauss f :T‘Y—T‘M:T 101 -1 0 1|Y+01]e}a. | (25)
b N2 bob
I 0111 1 0 @y By,

Fig. 6. GF-IMU for performance evaluation.

#19] 743 12 01 mole},
GF-IMU®| 714 E4) &elo 2RE] 75 2Pl4 st
S5 Ale149] ¥ & Eq, (25)9} e,

Eq. (24),

Eanl
g},
SX:[S\VT sl b, bMT}
=[ 00 Gy daf, daf, dof. b,
03><3 _C; 03><6
F= 03)(3 03><3 Tﬁ)
06><3 06><3 06><6
0 0 0

Z43E Eq. 19)2] HOlA H,, =

3x6

L

- b

a,6

b

mx

S O O O
o
&

b

my

Eq. (28)2} 2t

b,.]

TE| 9] A= Eq. 26), AlAE] FH Fe Eq. (27)0]

(26)

27
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Fig.7. Simulation result of conventional AHRS and AHRS using GF-IMU.

O S? 0, S} @) @ f?
f;;z fyiz f;;z
Hang —01 70))b,yf;)§ . ab),b.zfx a’zb,:fy_;;azb.xfx a’,b,xfy_;:azb,xfx (28)
So: S So S So S
0 0 0
o371A, .2k £l 72} Egs. (29, 30)} 2Tt
Lol =(R) (1) +(2) (29)
L= () +(£2) (30)

H,.S} H,, = 27 Egs. (31, 32)2} 2tk

r -/ -5 L-r -f; A
W22 22 a2 W W2
b b b b b b b b b rb b rb b b b b
N V0 4 0 e e ) OO
LG AN Y A NGY iy M NGV Nl M NG N Pl
0 0 0 0 0 0
0 0 0
H,= 0 0 (32)
Pcos@ Psingsinf+acosd Lcosgsind —asing
o+ p a’+ B a’+p
o714, ask = 247t Bas. (33, 34)9} 2k,
a=m,cos@+m, cos gsin &+ m_cospsin (33)
p=-m, cosd+m_sing (34)

Fig. 7ol= 27] & 9315 3%, 27] 9] 2212 3%, 27| &
o038 SER F1, 26 7FER A BHIHE 1008] st
T3 S o] AHRS9} A|QFgE GF-IMUE ©]-§-3F AHRSS] 2HA|
Root Mean Square Error (RMSE)S UYERH AT
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Attitude error(deg)

3 - Roll

Pitch
Yaw
25 1
2 a
1.5

Time[sec]

Table 2. RMSE of attitude estimation results.

Attitude  Conventional AHRS AHRS using GF-IMU
Roll (deg) 0.33 0.53
Pitch (deg) 0.23 0.53
Yaw (deg) 1.57 1.45

Table 20 Fig, 7oi] Lhebil 24| ©3}e] RMSES] B-& 1}
EfUiIch. Fig 72 B 243o] Lehi SeHo] AHRSC] wls] £
Zof et AIQHg AHRSS] & 23ke} %] @37 of AR,
Aol T RS & 4 Gtk 2T, & oXE FASA B
@349} %] @A}k Zn, Table 28 B FeHo) AHRSSF |2

3 AHRS7H AR & 2 A5 ATRES & 4 ek

4, ZE A £ A=

o

$ =Rol i GF-IMUE o] 83 AHRSE Al2ksigich gt
3 GF-IMU% ©| 83+ AHRS®] $-83+& Hol7]
AHRSS} 24| 5 AE Hlmshs 4
597}k A o] AHRSS SAR
£ o] g3k AHRS7} S o]

o 2k

ACKNOWLEDGMENTS

This work was supported by the research fund of
Chungnam National University.



AUTHOR CONTRIBUTIONS

Conceptualization, J. H. Son and D.-H. Hwang; software,
J. H. Son; supervision, S. Y. Lee, H. S. Kim and D.-H. Hwang;
writing - original draft, J. H. Son; writing - review & editing,
D.-H. Hwang.

CONFLICTS OF INTEREST

The authors declare no conflict of interest.

REFERENCES

Farrell, J. A. 2008, Aided Navigation: GPS with High Rate
Sensors (New York: McGraw Hill).

Geiger, W., Bartholomeyczik, J., Breng, U., Gutmann, W.,
Hafen, M., et al. 2008, MEMS IMU for ahrs applications,
In 2008 IEEE/ION Position, Location and Navigation
Symposium, Monterey, CA, 05-08 May 2008. https://
doi.org/10.1109/PLANS.2008.4569973

Groves, P. D. 2013, Principles of GNSS, Inertial, and
Multisensor Integrated Navigation Systems, 2nd Ed.
(Boston, London: Artech House).

Hong, H. & Won, M. 2019, AHRS Development Using
Still-State Estimation and Indirect Kalman Filter,
The Transactions of the Korean Institute of Electrical
Engineers, 68, 797-803. https://doi.org/10.5370/
KIEE.2019.68.6.797

Kim, E., Kim, S., & Kim, D.-Y. 2018, Implementation of Infant
Monitoring System using AHRS Algorithm, Journal of
Platform Technology, 6, 41-48.

Kim, Y. 2014, Geometric effect in landmark-based vision
navigation system and INS/vision integrated navigation
system considering its effect, PhD Thesis, Chungnam
National University.

Kwon, K.-H. & Lee, H.-B. 2015, Recognition of Basic
Motions for Figure Skating using AHRS, Journal of The
Korea Society of Computer and Information, 20, 89-96.
https://doi.org/10.9708/jksci.2015.20.3.089

Liu, C., Zhang, S., Yu, S., Yuan, X., & Liu, S. 2014, Design
and Analysis of Gyro-Free Inertial Measurement Units
with Different Configurations, Sensors and Actuators
A: Physical, 214, 175-186. https://doi.org/10.1016/
j.sna.2014.04.033

Pachter, M., Welker, T. C., & Huffman Jr, R. E. 2013, Gyro-
free INS Theory, Navigation: Journal of The Institute of
Navigation, 60, 85-96. https://doi.org/10.1002/navi.32

Park, C. 1996, Attitude determination from GPS carrier

Jae Hoon Son et al, Design of AHRS using GF-INS 243

phase measurements, PhD Thesis, Seoul National
University.

Roh, M.-S., Song, J.-B., Song, W.-]., & Kang B.-S. 2011,
Ground Test and Performance Evaluation of Miniatu-
rized AHRS for Small-Scale UAV, Journal of Advanced
Navigation Technology, 15, 181-188. https://doi.
org/10.12673/jant.2011.15.2.181

Sorrentino, F, Lien, Y., Rosi, G., Cacciapuoti, L., Prevedelli,
M., et al. 2010, Sensitive Gravity-Gradiometry with
Atom Interferometry: Progress Towards an Improved
Determination of the Gravitational Constant, New Journal
of Physics, 12, 095009. https://doi.org/10.1088/1367-
2630/12/9/095009

Titterton, D. H. & Weston, J. L. 2004, Strapdown Inertial
Navigation Technology, 2nd Ed. (Stevenage: The
Institute of Electrical Engineers)

Wang, Y, Li, N., Chen, X., & Liu, M. 2014, Design and
implementation of an AHRS based on MEMS sen-
sors and complementary filtering, Advances in
Mechanical Engineering, 6, 214726. https://doi.
0rg/10.1155/2014/214726

Yang, P., Chen, Y., Chen, Y., & Dang, F. 2021, Gyro-
Free Inertial Measurement Unit with Unfettered
Accelerometer Array Distribution and for the Object
with Position Change in Center of Gravity, IEEE Sensors
Journal, 21, 9423-9435. https://doi.org/10.1109/
JSEN.2021.3054381

Yu, Z. & Crassidis, J. L. 2016, Accelerometer Bias Calibration
Using Attitude and Angular Velocity Information,
Journal of Guidance, Control, and Dynamics, 39, 1-31.
https://doi.org/10.2514/1.G001437

Jae Hoon Son is received a B.S. degree in the
Department of IT Electronics Engineering,
Daejeon University, in 2018. He is currently
a Ph.D. candidate at the Department of
Electronics Engineering, Chungnam Natio-
nal University. His research interests are
inertial navigation system, Integration
navigation system and embedded system.

Sang Yoon Lee received the Master of Engin-
eering’s degree in Electronics from Chungnam
National University in 2004. He joined
Navicom Co., Ltd. in 2005 and has 20 years of
experience in GNSS/INS Integrated navigation
System. He works as a senior researcher for
Microinfinity Co., Ltd in 2024.

http://www.ipnt.or.kr



244 JPNT 13(3), 237-244 (2024)

Hyo Seok Kim received the Master of
Engineering’s degree in Electronics from
Chungnam National University in 2019. He
joined Navicom Co., Ltd. in 2010 and has 11
years of experience in GNSS/INS Integrated
navigation System. He works as a principal
researcher for Microinfinity Co., Ltd in 2024.

Dong-Hwan Hwang is a professor in the
Department of Electronics Engineering,
Chungnam National University, Korea. He
received his B.S. degree from Seoul Natio-
nal University, Korea in 1985, and his M.S.
and Ph.D. degrees from Korea Advanced
Institute of Science and Technology, Korea

in 1987 and 1991, respectively. His research interests include

GNSS/INS integrated navigation system design and GNSS

applications.

https://doi.org/10.11003/JPNT.2024.13.3.237



