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Design and Evaluation of Intelligent Helmet Display System
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The 7th R&D Institute, Agency for Defense Development

ABSTRACT

In this paper, we describe the architectural design, unit component hardware design
and core software design(Helmet Pose Tracking Software and Terrain Elevation Data
Correction Software) of IHDS(Intelligent Helmet Display System), and describe the
results of unit test and integration test. According to the trend of the latest helmet
display system, the specifications which includes 3D map display, FLIR(Forward
Looking Infra-Red) display, hybrid helmet pose tracking, visor reflection type of
binocular optical system, NVC(Night Vision Camera) display, lightweight composite
helmet shell were applied to the design. Especially, we proposed unique design
concepts such as the automatic correction of altitude error of 3D map data, high
precision image registration, multi-color lighting optical system, transmissive image
emitting surface using diffraction optical element, tracking camera minimizing latency
time of helmet pose estimation and air pockets for helmet fixation on head. After
completing the prototype of all system components, unit tests and system integration
tests were performed to verify the functions and performance.
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Fig. 1.

(a) Civilian goggle display, (b)
Pilot’s Helmet Mounted Display
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FNS: Flight Navigation Simulator, LIS: Nis=—
LRU Integration Simulator, HDC: Helmet I H
Display Computer, IB: Interface Box, TCU: I
Tracking Camera Unit, HCU: Helmet
Control Unit, TLE: Tracking Light Emitter,

HEU: Helmet Electronic Unit, BRI:
Bore-sight Reference Indicator, DPC:
Display Positioning Controller, MCS:
HPC Mission Computer Simulator, HPC:
Host PC

Fig. 2. Block diagram of IHDS and SIE
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Gigabit Ethernet 41&, FLIR F3dES
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22 IHDS of7|Elx A

IHDSE= AAIH QD HA FAo me}h gt wtol
AR FEA—E7, B FA3 BAPAA

=
2e §HI tolBH =(Hybrid) RHAAFF
w2

ol ﬁ jun

71, 32k HAAA = FAAE, IR FEGAE
d At okANAE H A (Multi-Color) Al 5
o HAdAdS HE&sto HASAH. Table 12
IHDS?| F8 7] % Aeidd 3 &
UERITh  Fig 3¢ IHDSS| F#HFE 9l HDCE
Z4 92 HEU(Helmet Electronic Unit), &9 =}
A4 A 2=®(HTS, Helmet Tracking System)
3l HCU(Helmet Control Unit)7} 1% ¥ th2].

Table 1. Function and performance
requirements of IHDS
Functions Specifications
- FOV(H+V) : 40° = 22.5°
- Eye relief : 10mm
Binocular - Eye box : 8mm
Display Visor - MTF : 30lpm
Projection - Resolution : 720p
- Frame rate : 30fps
- Color : > 4 color
- Accuracy © < 6 mrad(10)
Hybrid - Latency : < 10 msec
Pose (Inertial - Motion box(W+D+H) :
Tracking ar_1d > 500+500+200mm
Optical) - Angular speed :
> 300°/sec
Mission ' o
information Flight and navigation symbol
Aircraft Instrumental symbol
Infor— status
mation | Geographic | 3D map : DTED II
information
Imagery - FLIR image
information | - NVC image
- Weight : 950g
Helmet Quter and - Head Fixing : Air pocket
Shell Inner Shell | - NVC : Mechanical provision
- Carbon fiber composite
- Gigabit Ethernet : 4ch
Interfa- MZCB'V'I?)%R’ - RS-422 : 2ch
ce ! - STANAG-3350A : 1ch
etc. ~ete
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Fig. 3. IHDS component interface diagram
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Fig. 4. HTS component interface diagram
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Fig. 6. Optical system for visor projection

ojof Fhth. webA <fztel FHexrt vEt=
R z+skA 5]—”}1’0] daEmg 143 dA9 A
g 7bE B2 xHo] 87HT. FALFALEA
720p 2] H*&E‘é Zb= LCOS(Liquid Crystal On
Chip)¢} 24 LED(red, green) 3 AAE A3}
o] Z3437 (Lighting optical system)E 27|
St A73 38 (Imaging  optical system)t
ZHFGA N EAHE WS sty FE2A
o] & A
A2l Q51 AR1 Eye relief(533 o] 4ol
Ae) 10mme}t Eye box(5&3 °lAdf Z
SmmE WEHstr] 93 AAE FIEAH. o=
&3 Hpol At 7%3]0]7%4' 5 olgel o
g 019“34*] Yetl = S AA 4 E/ﬂ,
1::‘!’] = O]Fél'ol‘»\a 6]
34 FEH=Z AdstA XA "o BE_??_
AARRL ol FAME = G4 o] A
AN=E “74]6]'04 2 &3ttt
2

~

r°l'

steg HlgH

Ir

= HAZE Ao, S-S e 19 &
ool A g3 RG] LCOS 3
& &%t Fig. 72 3%

g wlo] Ao iyl FEHA
Zl7Ee A

_|_,
of
e
N
ol
ot o
o |

-

Jepa,

lo ot ox
- Lo
i
fo
i)

ok

i “‘jﬁ
fi“ 2
=2 mﬂ,l-m
™
lo T~
5 -
ot
" o o mo b fob (M ¥R

i
T

~
o
a4y
(it
2 1
1
o

e A 9
AE HERAE W
= W3 = Vse

Fig. 7. Optical components(Lighting optical

system, Imaging optical system and
visor assembly)

——

LightBeam J] -7,
vae LT3y
b I TIE

Fig. 8. Transmissive image emitting sur-
face using diffraction optical
element

Zteth 34y 94 TAEe 10ume] FEE

AAdo]l Aoz widEo S, 7 de

600nm91 a7z FAe] Az (FZ)EH dArE
S OF +/- 20°9] ZE==® FAEAIT

2.5 oA HFE(HDC) A A

HDCE IHDSS] F#FEEA Fig 9@ 2
o] 28Vdc 9FH Y-S Po} YR HYdgoz W
3t F53te PSM(Power Supply Module), €5

T4 2 AJz="lA|o]& SCM(System Control
Module), #@oAAM 48 HTM(Helmet Tracking
Module),  @7Hl°lE 284 GCM(Graphic
Control  Module) 271, IFis A&

IGM(Image Generate Module) 27, &% A5 9
dolel ¢],&%H8 IOM(Input Output Module),

Back Plane

Power(28Vdc), ich, Etherngi/’r\h\BS 122 2ch,
RS—2; m RS- Discrote 8ch. ch.

‘ \JTANAGB%D’/I/Ch Optlc Acl h. etc

(a)

TCU

GCMP

DC
(Display Control

HTMP(P)
(Helmet
Pose

1. MC(1553, SCMP

Ethernet) > ng-'-lemIE

ontrol

L PSR 1anageme Tracking,
HEU nt Process)

wom

(Helmet

RMP #1 Pose
(scm
Resource
Manageme Co-Pilor)
nt Process)

Tracking,

{GCM Resource
Management
Process]

sCm HTM GCM

Fig. 9. (a) HDC functional block diagram
(b) HDC software architecture
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3.1 IHDS Al2a® S&AIH

IHDS &3l A &9 F4F A8 2 o+
ANz" Ads $53% 3 SIEE ol &3t T3~
S F3Y3 . SIEE IHDSS AsdE
FEHA FAF(IFHFE, GPS/INS, FLIR,
ADC, MFD, CDU %)°] =Eo|d AlxglozA
54 37 ds8e nHsted AA 2 Azt
ATt IHDSe| FHFE S HDCE YFHFEHE
Afrsted FF3HA FAFHN HPH R FAG
o @ "y Fatd AFAAIMU)L] HAZE
Aoz 7h& F8387] f1s GPS/INS B E &=
FAsked AA| 2 AARS gt Fig.
16(a)ol Ao o] AuAd7]o] 3 HAA=

=
2=

FLIR Image

3D Map Image

Fig. 16. (a) FLIR image superimposed on 3D
Map (b) Scene of IHDS system test

At FLIR 4o
Bl= A3Eo] Ad
o2 AFEHI Y
IHDS 3418 A

PIP(Picture In Picture)
ZtE vPP R A
gttt Fig. 16(b)
Ueh 3 ik

3.2 &l XMl FEH AAR(HTS) AIE

HTS® 2454 A=E Aldstr] fs) A

2
K

flr 2 o

<.

g & duizd dolg A AAsta TCU
7h et 2 IMU #3#EAE Fig. 17(b)<F 2| Rate
Table #ZEAZ F7]s}steiok ) wetr] 71&
# %Al Rate Tableol TCU, TLED % IMU7}
3 F718l= 9] Rate Table2] AFAM Ao} Fhah =}
A EYE gho] FulzA FA8A7 ghol gt 3
7h7]1%0] "

HTSE #3tilA FAZH BN FHES
4B I E](Complementary Filter) 2 §§3te] =}
AE FAgG. F3HAA TCUE A= A9
Fotof o] EAEH ol RA3r] 93| Fig.

18(a)2t #Zo] H=HAE XEE FEsA A=
st TCU 7iviel2 #Y3ste] BRAASFE F&

s}t Fig. 18(b)& @ulo] Rate Table2] 7X]7]
7ol gEstA gHE gde yehi,

Fig. 17. (a) HTS acuracy test using 3-axis
Rate-table (b) Coordination
transform

(a) (b)

Fig. 18. (a) Correction pattern plate for TCU
lens distortion (b) Installation of
helmet on the Rate-table
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Table 2. Test result of Pose tracking
using Optical Only or Adaptive
complementary Filter

Test Cases RMSE(mRadian)
Optical(Vision) Only 7.0488
Adaptive Complementary

47
Filter (Inertial-Optical) 868
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Fig. 19. (a) Distortion correction of
Optical system (b) 1951 USAF
resolution chart (c) Test of
eye-box, eye- relief (d) Scene
of visor projection image

Table 3. Test result of optical performance

Test ltems Unit Results
Resolution Pixel 1280 + 720
FOV (H+V) Deg 40 = 225
Distortion % 5
MTF (@70Ip/mm) % 30
Eye Box mm 10
Display Speed FPS 30
Eye Box B! Eye Relief= Fig. 19(c)¢} #o] %3t
A AXdollA AHEES Ft T AF3FATH
Fig. 19(d)= A A7 =¢" & LCOS A
@7)0l 33 AAAE 2 AR G 4
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(a) MIL-STD-155B Bus test
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Fig. 23. (a) Ridge lines mismatch between
camera image and depth map
image (b) Corrected ridge lines

Table 4. Test results of image registration

3D Camera | . | pich | Roll | FOV
Parameters

True Value 218.01° -0.15° 0.30° 35.7°
Initial Value 219.02° 1.15° 1.30° 33.9°

Result Value | 218.06° -0.19 0.41° 35.3°

Error 0.05° -0.04° 0.11° 1%
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Table 4= 904 A FFAEE AEF
A% g Fo A5S BAFEY. AA(true) 7}
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Fig. 24. (a) Real camera image (b) Depth

map image with error insertion (c)
Altitude error point

Table 5. Test results of altitude error
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Fig 25. (a),(b) Laminate composite of outer
shell and inner shell (c),(d) Product
of outer shell and inner shell

Table 6. Test results of environmental test

Test Items Test Spec. Result
fra~ | 4 > 3 4 5 6 7 8 gig?age Temperalure |\ sto-g10G 5015 PASS
me

Enviro | Low Temperature
A | -10 |-12~9| 87| -8 |-11~-8|-16~8 nment | Storage MIL-STD-810G 502.5 PASS
B | 10-14 | 10-14 | 9-16 | o-12 9 914 9 9-10 al Thermal Shock MIL-STD-810G 503.5 PASS

Salt Spray MIL-STD-810G 509.4 PASS
C M 10 10 9 9 9 Fungi Test MIL-STD-810G 509.5 PASS
D 20 20 20 20 20 20 20 Perfor | Shock ANSI 290.1, KS G 7001 PASS

manc | Punctuation ANSI 290.1, KS G 7001 PASS
E 11~14 | 11~14 | 10~13 | 10~19 e Chin-belt KS G 7001 PASS
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Fig. 26. (a) Impact test (b) Penetration test
(c) Chin-belt test
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