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ABSTRACT

It is important to secure the driver’s external field view in armored vehicles surrounded by iron armor for preparation
for the enemy’s firepower. For this purpose, a 360 degree rotatable surveillance camera is mounted on the vehicle. In this
case, the key idea is to recognize the head of the driver wearing a helmet so that the external camera rotated in exactly
the same direction. In this paper, we introduce a method that uses a MEMS-based AHRS sensor and a illuminance sensor
to compensate for the disadvantages of the existing optical method and implements it with low cost. The key idea is to
set the direction of the camera by using the difference between the Euler angles detected by two sensors mounted on the
camera and the helmet, and to adjust the direction with illuminance sensor from time to time to remove the drift error
of sensors. The implemented prototype will show the camera’s direction matches exactly in driver’s one.

FIE : A ) 24 AR, 2% A, ARAIE), DA

Keywords : AHRS, CDS sensor, Helmet mounted display, Helmet pose tracker

Received 19 December 2019, Revised 21 December 2019, Accepted 7 January 2020
* Corresponding Author Hae Chung(E-mail:hchung@kumoh.ac kr, Tel:+82-54-478-7484)
Professor, Department of Electronic Engineering, Kumoh National Institute of Technology, Gumi, 39177 Korea

http://doi.org/10.6109/jkiice.2020.24.4.529 print ISSN: 2234-4772 online ISSN: 2288-4165

©This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License(http://creativecommons.org/li-censes/
by-nc/3.0/) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
Copyright © The Korea Institute of Information and Communication Engineering.



I HEAISHS| =2 K| Vol 24, No, 4: 529-535, Apr. 2020
I.M B2

22o] o] 2e] Fguk ohfeh thrheel vz A
o R AN ZA slebt A 157t 5
¥k glek. B3, HEAF (YU, FL, AFE F)
o A2 37] F2o] ulstel Aol Hekoz Fel
Hof Qloms 2Bgol A He Aokshust ojelfl A
oN71A] e AL BT 5 7] e, ol A
3171 §15to] 24 ol ol Al felerE AR of o)
6 ol 7iletE A AIstel Az el A7) (oh
o) Tt FHEE GHL A7 HLEol
FE NG B 2557 2% 4
E% wolEnt & o A0 Yot
debet Yt ete] Feg 250 @

r
o
il
_1
)

f
)
o

Y
X

(¢

o] Z-ol 2F=7F 2He-3k Aul o] Waka 95 Fhet
O] Weke AesA YA 7= Aol Fagt Bxdolth
o] gk Ak vtk R oby 2}, HE7| 2} g
FEo= AE=7] ofizel 714 Wil HPT (Helmet
Pose Tracker, ABIAA|S=2 7)) WAstaL, 7hd2ket
A-5sto] -85kt Qlrt

HPTE 7W&st=d] SlojA] aLefsfjof & 452 Al

it

o ApIFA e, el vel9ld] el Helel
A% E Fol Atk B3] 34 Buksis Ao 4=

2 FAole AF7oA ARt A H=E ThSAIA
FA groH Fh|etR Y= A AR 2F5e7)
Hiz Aofe] Zpo & 18l &80 wAIE 2T 4= 3L,
AR o] 5 WHHAIATA] Ssto] F-35 HE7] 7ol
A|AH At = AEH1]. webA o] et ZA1E s E 5]
oA = B A Zpde]go] 2w, A A
28] 74A o] a7k7h E 4= Q1AL 58] SEIF o Hf-
o 7|sRE W g Agdflof & = qlrh

A7) ARGk Feha] WAl 2FARS] g
9ol F7to] T2 uff A8 4= Uk & =X
AF7|eF de] 21H0= o] FsHA] Y= AL 4
Km o] &&= &2 de|= HEARFo U qlIxkabegol A
- A7t = 88 4= Qli= HPTE AASHL, A &ES
T, s Aol ol 2= S HojF= Ao &
otk 3 fIsto] 285 dare]Eo A2 7|
2}7} Y] stk 2Lof| AF2FE AHRS (Altitude and Heading

Reference System) AlA oA &25l= Yaw Z}a} &ml
of] ZFatel AlAfol A Edt= Yaw 2+9] Hlo]E & wlo}
71 zpolRkE FhH|EkE 3] XA 7]= Aotk o] & S5t
5 SlAte) 7 0418 2 4 AT, HE AR
S5} ol ko] ake AAAIZ 5 Slek. TRl B
S Bl ERAAS 9s) A7el) 9ig B
(calibration) ¥+ 24 Z %= (CDS, Cadmium sulfide)
A S ARG Zlolth. 1 f]of|= At 72 Y&
© 2 2G4 Gl Wit tisiA e B

2 =Y S o Ak T A= e e 2
3} AHRS 53} -2 AP A) A3} b o1t o sf 2het
8] Argstar NI A= o] 549 7hef 2] Al AH]
i} 4§ EokE 27N IV o A= AR AllA| 9} o
£ FE0) Aol sl drggtct VAo A= AlSHE oF
aefFo] 8 Aol s AAISHL VI HojlA A&
o]

e 742 A7 A WS 3A FAtelA &

YESIEOR AT x AEEY 4% 25 /|FOR
37 xoy 2] Zheolet

n Yaw

-l

Roll
X

Pitch ¥

Fig. 1 Euler angles (Roll, Pitch, and Yaw)
22, AHRS

AHRSE 71458 2451 7142 414, 214 7}
2 S5Hs 24 A, 44715 Al W

tlo b

530



2ok A7) A L] 2EE Sarstel A4 W
2 24512 GAolt), B ROl HE 33 24w ALK,
35 7HE I AllA, 35 X &F7] Al 7F U7l AHRS AlLA
£ olgato] oA ol W] £72l S vhadh
7hu| et WgF Ao} A 'S AQFgeh. o] Al A’ Akt
3} o) EA0] ZH2HE AHRS AN ZRE] Yaw 2] o]
B & o} 1 Apolvhg 7HH|ehE 3ok 7)5-S vtk
Roll, Pitch Z}e He vl o 2 shafo] 753wt 2
ol A= Yaw Ztof| e sfjAfrt A gich

£ 2 9] IMU (Inertial Measurement Unit) Al A 5HS.
2 =49 2AHHE Es7lole A7 dAsHA] ke
o AlZro] AgpE ARl A o] BV
o 25 MM A9 2t Tk 95 2 g
o HabA Hek of THA AN ol 2w
HREo] SYTE 9271 TS Hrk HEE AA
= 7SR 3 Ol 2 ARSSE R ol 2Rt &bk Ay
s Qe AE AL o) 55He Aol Fioksl 5
2 14w R 218 Yaw 21] 30| B7)5a tdo]
o A7) AN 910 A, A=, SIm0] Fare v
o] WA Eck. AHRS+= o] IMU AA &9 &8
A 9 §tstol 04 ARe ¥l R Sdehes

£t

23 AT

Abgre] wel A9 ZAsHE 718 WhEoRE 4
714, 25k BA, F3E B4 Fol ek o] FoIA B
o} Al 2 540] Wolol] hae] WA Pol of el
thel Aol 4l shetm Hoste] 214 HES Airt
A AL IMU A4S Ao S35to] welzke =
gk, o] i FRH 02 TheaALL A7l uje
2] @27k wbApshe wo] Glek. Aol ot )
3 2 P4 o] 2T Sho] Bl = whjo] A 9)
= ZAeleH2).

25 AR 0] 9h7]o] uhek 4 ghol Mate 7hu
A olet. DS Ho] o] Sol 7] = Ao] 2ot

2|1 o] A7 Solew xgho] AZIct &3, CDS+=
g o] Aj7je] wet vla gz o g Fabste] Aojst
7] 41 540 Qleh lEEE AdS Yok 292
W7517] $l8l At Ad AAste] ARggiT) 2 =
oA A3 2T AA = 0~1023 AFo] ] opd& 1 gt
Zggict

Mo

o

531

OISH Lol 8 weizt 55 AIAH T8

MEMS (Micro Electrical Mechanical Systems) 7|1k
O uEolH YA IMU A (155, 24, 24}
7Nhete gz Akt © g ZF (Roll, Pitch, Yaw) 2 &
2oh= A& E7Fssith o] 23 IMU AlA o TS B2
&517] 918 AHRS AllAl= IMU AllA1 9] Hlo] 52 v}
o|A R HEED M B B gt edd 4= =
2|IEth AHRS AlAS ARE-St] Ee Al2ElEo] 7l
] of SITH3-5]. & =20l A= AHRS AllA 2} 2= Al
Mg o]83te] o5 A HlollA Aghe] vz (BH) &3
Yoz Fhete] WIS Alojste AlLdE AlQtskal

A} gk,

I, ol&AI2| 7tH[2} Mo] AJAR

3.1, 0| SH2| FHH|ZE M0 A|AH

AR o] 5 A o] 7hHlek 4 A|AE 9] FF27F 9
20| =014 Qlt}. AHRS AlA 13} 2+= 242} AHla} o] &
A o] et Kol AARkE e, ZF AlA = Aul} o] 54 9
3EEFO] Yaw 712 &¥3%cl. MCU (Micro Controller
Unit)= 2} AIA 27 YawZ) g ol o] = AlA &
Yaw 2t ZfolulE HElS Ao o 54| W] A
o] dule] Hgko 2 shjets Alojgit AE &
o] A 2] s2go] +605k kS Fstal AHlo] —30%=
RS SFShohH HElE —90% WHFTHE 22 o] dul
o] ok £o & 3 - Sh= Zlolnk I uR =AM Y
Yaw 2] At 2] Ql 2o 7} Fashe, RO ks o
Zartglar, 7o o527t 0 = o2t ok

0=0,—10, )]

01714 01 1} 0, <= Z}7F AHRS AlA] 13}29] &2 o|ct

2 = A= AHRS AlA 9] EEZEE | A5}
9ol 2= A e} oA E ARE-RITE ATl | Ao 2}
ol o] A S AaFshaL, 254 Ayt Tl 44 2=
A 1374 25 AA)gteh 2kl glox]7F JHe) = =
=AM 1S 3 wjmtet AlA] 19] 415 7F AlA 20] A%
Bk A4 gk o) Al A, of wf Zhet AR A2
HE= 7h ko] Weks Anlo] YAAA HAS 45
gtk



I HEAISIS|=2X| Vol 24, No, 4: 529-535, Apr. 2020

Servo
motor

MCU
i T

‘---------t--CaIibration part -

- Turret part

AHRS 2

AHRS 1

L-Helmet part-----oooeeeeees 3

Fig. 2 Camera tracking system using AHRS sensor and
CDS sensor
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Fig. 3 Flowchart for camera tracking algorithm
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Fig. 4 Applications in the military field (a) Tank (b) Helicopter
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