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Application and Trends of 3D-Audio in Aviation

LYU Yi,PAN Hao,LI Feng, WANG Juan

(Southwest China Institute of Electronic Technology , Chengdu 610036, China)

Abstract ; Starting with the benefit of the 3D—audio technology for improving the situational awareness and
the application of 3D—audio in foreign aviation field,this paper analyzes the major application scenarios in
aviation including 3D —audio alerts, voice communication, flight simulation and supervisory control of un-
manned aerial vehicles,and discusses the key technique in aircraft 3D—audio such as high-resolution indi-
vidual head related transfer function getting, head tracking and environmental suitability. Finally, it gives
the development trend. The research in this paper can provide a reference for the researchers in aircraft au-
dio area.

Key words: avionics equipment; situational awareness ; 3D —audio; head related transfer function ; aircraft

audio system ;3D audio alerts
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Fig. 2 The classification of aircraft 3D—-audio applications

3.1 3IDEHENA

TE A Ty T N, B R AR GeE R
(A bR =2 A A S A R R X SR
GO BE B R E S T LIRS
PR, FE ST B BT AT SO A
IR E e H AT = 4 A S S R o T
I, AR A 20 531 (%) AN [R) AT Ay Jl iy 24 45 2
RN KEE,
3.1.1 HppEEE

JEPI IS R S R B AL Y P R
M st 3 2ok PR e T s ) KT AL R AT B A,
DI AT 53 TG & B0 W, R BRI it b2
A A T EOVLR B3 | T 5L 3 L S0 A Al 4R
Fi s, FERATHBRSE BT RAGD =t
B R G5

X b S R, H R R N
R FR0 380 1 JES ol A AT R R = 4 MR AR AE T
b PR EE FRASALL L UM 4 67 B S DL RGE B
- 1306 -

X T = e R AR AR Ty T, HAE
Qb 2 T R FH = 3 ) A B S X i A AR
B DVEACHE " 4% 38 I =2, i 5 70 0 B ) A4 (T
TR ARIRA ) SR P ok 28 AN W] L7 1] (AR AL
Ja 7 %) B 0T Inp AT B3O b 4 e R S
[F] Bkt A AT 03 TR E ) B TR S ML Ab
1T 4 B[] 5 ] B 4 ABE 32 38 1) 48 25 B R g
JIE,

X TN FH X 75 5 S RS P A A 3 1 1Y) 22
KA H TR IR | R AF IR A MR IDORS B, e
SHEE Y5 ] 3 R T 50,

3.1.2 RREFE

PERIEEE FEH T XANL R GRS S fe ™
A R R B G T A P N RS A i
KT GINHR B S 3mSR o 45 7y ik — 20 I il
B Ji R S R AT S kB /AT AR S R
PATHOCRY, 2R

H AT =4k R AR AP e b A =
INAEEp 7

(1) 788 77 >k A SEBRs R 7 1)

BEE =5 E S R Ak A TS bRk fef
B S A K S AL R TR R R T
B AN, 2R R R SO R ANR
BT A AR R B A AT NN R,,
B pR T B TR R BT I A e AR L T P T R R
AR

(2) B I ik A5 ]

7% SR PE s W v 5 AR A H 892 T
H Rl B AT B U R BB | B A R
FFREATARRL A . UL, 107 7 DL T R B
R AT K, R =4 R AR e 5
AT 57 R R 15 ) 5 5 (KT DG TN R Bl S B T
AINLE) |, W o 45 B A S 5 S o 4 T ) — Pl
BB, iR BIHR TF QAT DO (4 i 107 S BE 1 H Y,

(3) I =4k iz s 152

P2 ORI =4k 3R R B BAT 12
SRR B S R B BREH, R e 2,
2TRALIH R AN Z2 B & KT 0 el
PSRN E 2 A AL TS ATL A 1 e 081 i 42 1
P N RE T AR A B AR
WEGR T S BN AT DR T BT (A
BN E AR, T R ARA B[R] 3 T 9

IR =P A A L, S5BR 3D B RS
BT R 25 A0 BLURR 28 S AR TR2e 0525 1% 2%



B O R EORTEN 2

i AR 511

%55 % ERR TG 4
AT AR RAR R 52 O B B o
i = AR5 SR, [F] N 2545 4% IS B I 45 U E 3D

BTN LA B SR INBE 17K
3.2 EEBENA
TEARGALE T & T s &
(7] R
(1) Z GG A E AR 2 2 ARl @ is i, 2
B AR TR 5 i L, H T R RO 1Y 2 2R 25 i
T ] B R R R TR W T TS 2 i i
9 57 B
(2) Wil AN HER . 2[R B W T 22 30 18 o 0 A
B, X5 T L 1 2 SR AL SR 3 15 B, WO B ek M
I BEA R 52 AT 55 A TR
=Y WA A T A N AT A e R A
BRI = 4 25 A5 AR X AN [) 5 4 3 1 3 7 AN [F)
149 R L5 Y5 7 A7, S JRGT 45308 1 ¥ ASUEICHE 1) 70 2, 1R
BN EHUE T 25 AE B EHAA R B/, 150 i
AN B, AR 22 N GE TS B 0T RO
() 368 08 1) R UL Y5 A7 A [ WU 8 TR 4R U 3
W T 5 A7 S PR A A T R R, B T o 7 R
HRAJE R 37 5 AN A A] 4328 LA = 4Em IS FALIN =
AL
3.2.1 #HSMAEE
BLAIE T 26 A L8 1o 68 A0 L 15 4B AR T A
5 Hb 1T B8 PR AL 50 BRI A
3 4T F-16 HLAN =4 if X H 5E 5001
SMETERSCR R B E, BRI EREEER S 1/
RS 2 U, T 4 BE S A B SRl
X 4 FEAE A A A B R S AL
B G R S B 5O < Sk TR R B
B g Bk A Tk 3R, Tk X4 EiEfFE R, 1
ﬂmf%a%ﬁ¢7h4%TﬂLﬁMFﬁ&U§
ARITAL, CATHE S5 v 453808 1) R U 67 181 |, 3 ik

i A E I T A

HTHA USR] A5 ®AT AR PR AN [R) 5 o 1 75 5 DRk
SR TE S, 45140 24 e ok 28 0 AT BV ST 20 340 W H
K ETHED 1, LMES T M BT R
g E =HEH
TE — ‘ — J
ﬂﬁﬁi:::;ZQ;?\k' i ~f|=4. B2
ﬁﬁw{///<j;;'f‘ T =
- It—'f: Py

K3 HLANE S 5o B

Fig. 3 The schematic diagram of wingman—communication

TR B R R A IS AR 1A 1Y R UL 3 M3 o
[ 58 , N BEAT 55 AN [R) sl AR X7 B k2R T ek 2R, JC 7
NFANRZSAR B R o] S 808 1 4 25, A A T TR
o FHAES

3207 ¥E TE ik R B bR e, AN T g BA K
ARXFAESF, B, BT —2K 20580 =4k
TR S A sh S O 7 S8, AR A P HIL R AH X
R FULE P R, A AL AR B3 38 1 3 )
RIS BEEHL ) KR T 7, 5o Ak 2 AL 11 L [T
WS T X 45 BB S A 53 55, (H SR LT
FERASEHILAY I o M5 B8 R i 2 5 AR B B ik
£, 8 RO B B AR AR 0 2 As | R J ETs AL T
FLBUR B

X = A AT R R 6 R R
AN PR AR, (EL T i OV A Tl ] i B
SKEYTTHE T AT [ SR oK i iE S H . Pl aE
38 K480 07 ] o 8 6 5 A o 3 3 A S A 45 A T
PSR E A H AR T e KRR AR = YA
IFEH
3.2.2 HLA@EIE

= A IAE R N S8 T N TR S LA E T
AAANR], FEESCIRTAS [RIHLLH N B3 1] 380 3 1) 5 50
B HARR FH iR an e 4 s MRS HLL AR 51 A AH X

Dy AT EL SR TN T R YR, TR B4R
TS AT A H A
HLAL 11 LA 513

/.»
mﬁmﬁz N\\\\\m%mﬁ4

K4 HLNE S S 5o B

Fig. 4 The schematic diagram of intercom

3.3 XiIlAE A

RATRHUERAE N AT RN ZR —Fa 3T B
R BERLIZRAE R LB B —A~ E W T
I, LR = 2 S AR AR M 2 e R 9 7 1
FHF ST AL N W 5 PR3 1 2 01, L 22 J L 7
BT AR AL

(1) &L, 5EBEA ¢, 28 A7 0[5

(2) R, 5 EE ARG A O, 28 8] 7 fir
AHXT & 22

- 1307 -



www. teleonline. cn

HLIREAR

2015 4F

(3) AR AGT BRIERT, SAHXS T K

(4) Hedth S i B 5816 5 Hb 1D A0 BE 457, 5l
JE R TR AF OG5

(5 W R BREFEHFS LRGN TAES, =
[F) 7 32 [ 7

(6) HARKIEIREE MRS | anes (FIAH LA K T4
AP A

FEFAIT 5 58 R GEAR AR AT DL 4 ) AT R AL
IS ATIRAS , 325 TG sk il 19 3 ARCESCHR 126 ) 1 7
TR, PGt = RO A P T8 T 4 AR
HAUm I o A T2 R e T P s i 5 fr
AT I , DU AT LR AT S5 T
REIE 2 1Y 25 2505 O0 T 1Y W o R8T 48 w8 28 S8R
BT,

H1 TN HIR S ARG B SR AR, H i
) FH R & A b B9 22 (40 OpenAL | DirecSound
&) it el A e B, o T IR A 4
3.4 TANBRERR

SHEF RN FEN T A AR T AL
BN R S A N RHLEAL, R =4 4
TR Z T5 w2 T S HRE

(1) PREG P d Al . F AR TJC A ML B 22 50 KU R 42
FIRYPREE A | 3G b T ER AR DR AR, 5 4R AR
ROR

(2) 51 Hbpdli gk . 5| 145 A2 BB
Hh U AR B A R R I e TR R AR
1O

(3)3D &R HT X A I 5 GE RS 58 I
3D EIEE S THEHIRRE

(4) i 30 A5 I - 30 4545 01 2 [A) i = 4 5
O A S BULIA) 7 7 25 35 B B, 4R A B 4 i
i A S FRAME L

H T IC AALERAE S R PR 0 22 57 #3458 B A
D NS FVEE S8 55 , PR AR TC AL FH P B DG 1
FENRGRE GEIE R H SEE AR, 30 R s A
SRR IR R B o A o AT D 48 T 3 R A )

REAT

4 B =HFHEXERA
FURT =25 3R AR B B A i, 7RIk 2
BEASE R AU E A B R, (AR T35 450
S PSR S BT 38 AR AR, = S5 B AR AR A
- 1308 -

3 VU ) I PGS T 5 S G BE | P B3 g M S 2 T
AR T E R R, B XML BT B Rk A5 1,
AT 3BT AN T e R FH 8 S EE R
4.1 SREEANMENL KX MEEEHRIKRE

HRTF 4 78 () I 20k B s 7 B0y 52 25 (]
YR, R R TR IS | TS b N T
SR B B I RS R NP T 5, H R KR 4 r
HRTF 4 4 ok i 75K

Bl A AN, AR AE P 2 HRTF B8 2 11
H—AEEE . BT ABASZE S FEORFA
R/ HRTF 22 580K, JB A S5, v i - Hfk
W2 B R FEARGE T I 7 IR AL 2 i)

FEMTZS G R R BT RAT B NECA BR EL
FHXT AR E , R I AT 25 08 Ry B AL RAT B E R s
HRTF $040 | AT A3 8300 s B AN 2 R M A K
[r) L, ) s Ak mi 30 0 5, DA S Ry FH v ks 3 e A
(P BE .

4.2 SLERERERFIA

Sk BB B % sh 235 R AR 7 (7 A AR A, BRAR E 17
FRORE B, DRI LG AE A 2 i G B 1 FH B 75 5K R X RA T
BRSOV B S R

Xof Sk S R S TR ML = 5 A AR A 1
TSR LI =0,

(1) [ i (DOF) % 3k 340 B 8 45 1 5 2
FIFB 7S b B R B 3 NSRS [ R 3 A
Sl At [R5 3 O 1) (4RSS W AIKF HRTF
B RS B

(2) SHURHT . Ay ikt G X WT 5 5 A7 36 52 i
S B R HT K T10 He;

(3) RGIER] AEHLERIFEE T M A BT, &R
G AER AN REREIL10 ms,

i v ot %) P X 0 i Sk R R R B AR 4y
T AL FH A PERE SR 7E F-22 (F-35 48 HL A h
¥e s a>
4.3 HEIREEMNMHE

ML G A MR SR B A 55 1 4
TR R AR v A AR AT, IO T 3R LS G A PR B
PR 2N 7 6 4 0 T T e B AT B g R
EZATT RS, DU =4S e LA T
(R PREEIE N 1, BT R A P T AL R 1) = 4 5 0
7B I

110 e 2R o) B N N R TE SN



555

0o

RS AR GF R R OR TR 2 U 1 4 e

55113

& & 077 AR R PTG

5 REERE

SHEFRAE R IV R G AR T SR RE
M —MA R TFBe, HRTE AEAL 2 SR 2] T — & 1Y
B, BEE (S SRS TR A e, =45 B R 1
R BN S  (E AR A A S TR 5 T
TSR — LB [ A TR AR

(1) AL HRTF % dk 2E 20 . H AT 1 4
HRTF 38 5 5% 52 36 75 12 AR, FLt ] f 22 57 sliAR
B Bdn T A AR, 2 T BIeRR B
IIAT 5 SR A 4 S B9 HRTF AR 5 07 3%
58 AR I 5 A ) ) S S R340 4 25

(2) =45 WU IR R B S . H AT =2
EEOAR BIPERE VA B EARME T PR, 52 A
SEMARER, DR AT 2 SR F N HE W5 5 il B LR
SRR E 58 BB A R

(3) WL I 7 5 Bt 458 = 4E S B EOR
AR Tl E R A RO BILARON 3 5, o B 8 M0
PRI AT —5E AE 2, H A M T SRR B 4R T — 4
AU S FAEARE ST B, A8 =25 B R B
H i 588 M1 00 T L g Bt e — AR
PSS i)Y S

WAk FERLARE P 4 7 I, AR = HEH AR
R S TRF U 85 A R ST HE T A R A Rl
B, LI R WU B RS R B e RS
MBE ARG Sl iE R GE W0t R G N R G5 B
e EEER A, LA BE Sk 28 s G — IR s 5 S P X
FAAE, HIESE A -RGLE

R

(1] He% FEE. RSB TFREN LR mT].
PR HLF T2 ,2014,34(3) :4-8.
MA Jianyi, ZHEN Lianze. Key Technology Analysis and
Development Trend Prediction of Early
Airplane[ J]. Ship Electronic Engineering,2014,34(3) .4
-8. (in Chinese)

[2] #AmEL, ERER, KRN, 5. =g SRR ]].
Bl R4 5402014 ,29(5) :661-676.
HU Ruimin, WANG Xiaochen, ZHANG Maosheng, et al.
Review on Three—Dimension Audio Technology|[ J]. Jour-
nal of Data Acquisition & Processing,2014,29(5) .661 -
676. (in Chinese)

[3] XIE BS. Head Related Transfer Function and Virual Au-

ditory Display[ M ]. Florida:J ROSS Publishing,2013.

Warning

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

(12]

[13]

[14]

[15]

[16]

[17]

MCKINLEY R L. Auditory and Acoustic Research and
Development at Air Force Research Laboratory ( AFRL)
[R]. Fairborn:Ball Aerospace and Technologies Corpo-
ration,2010.
NEHME C E,CUMMINGS M L. Audio Decision support for
Supervisory Control of Unmanned Vechicles [ R]. Cam-
bridge ,MA : Humans and Automation Laboratory,2006.
BEGAULT D R. Head —up auditory displays for traffic
collision avoidance system advisories : A preliminary inves-
tigation[ J]. Human Factors,1993,35(4) .707-717.
BEGAULT D R, PITTMAN. Three — dimensional audio
versus head — down traffic alert and collision avoidance
system displays [ J ]. International Journal of Aviation
Psychology,1996,6(1) :79-93.
BEGAULT D R,ANDERSON M R,MCCLAIN B U. Spa-
tially modulated auditory alerts[ J]. Journal of the Audio
Engineering Society,2006,54 (4) :276-282.
KOTESKEY R W,WU S C,BATTISTE. Enhanced Audio
for NextGen Flight Deck [ J]. Advances in Human As-
pecets of Aviation,2012.33.
BEASLEY H H,HARDING T H,MARTIN J S. Labora-
tory system for the evaluation of helmet —mounted dis-
plays [ C]//Proceedings of 2004 SPIE. Beijing: SPIE,
2004 :204-212.
LEE M D,PATTERSON R W,FOLDS D J. Application
of simulated three—dimensional audio displays to fighter
cockpits: a user survey [ C]//Proceedings of Aerospace
and Electronics Confrence. Dayton, OH: IEEE, 1993,
654-660.
VELTMAN J A, OVING A B, BRONKHORST A W.
3-D audio in the fighter cockpit improves task perform-
ance[ J]. International Journal of Aviation Psychology,
2014,14(3) .239-256.
PARKER S P A,SIMITH S E,STEPHAN K L, et al.
Effect of supplementing head —down displays with 3-D
audio during visual target acquisition[ J]. International
Journal of aviation psychology,2004,14(3) :277-295.
MCANALLY K,MARTIN R,DOMAN ], et al. Detection
and Identification of Simultaneous Communications in a
Simulated Flying Task[ R ]. Melbourne ; Defense Science
and Technology Organization Melbourne ( Australia) Air
Operations Div,2005.
ARNTZEN M,RIZZI S A, VISSER H G, et al. Frame-
work for Simulating Aircraft Flyover Noise Through Non-
standard Atmospherrs [ J ]. Journal of Aircraft,2014,51
(3) :956-966.
MCMULLEN K, WAKEFIELD G H. 3D sound memory
in virtual environments| C]//Proceedings of 2014 IEEE
Symposium on 3D User Interfaces. Minneapolis, MN.
IEEE,2014.99-102.
BRI RIS, AT S R G
- 1309 -



www. teleonline. cn

HLIREAR

2015 4F

(18]

[19]

[20]

[21]

[22]

IINTE A AR L] AR AR (T2 RR) L2013,
43(5) :1433-1440.

SHENG Xiaowei,ZHEN Shutao, HAN Junwei. Technol-
ogies of sound analysis and synthesis for audio system of
flight simulator. [ J ] Journal of Jilin University ( Engineer-
ing and Technology Edition) ,2013,43(5) :1433-1440.
(in Chinese)

SODNIK J,TOMAZI C S. Spatial Auditory Human—Com-
puter Interfaces[ M ]. Heidelberg , Berlin ; Springer,2015.
PHILBRICK R M,COLTON M B. Effects of Haptic and 3D
Audio Feedback on Operator Performance and Workload for
Quadrotor UAVs in Indoor Environments[ J]. Journal of Ro-
botics and Mechatronics,2014,26(5) :580-591.

BRILL J C,LAWSON B D,RUPERT A. Tactile Situa-
tion Awareness System (TSAS) as a Compensatory Aid
for Sensory Loss [ C]//Proceedings of the Human Fac-
tors and Ergonomics Society Annual Meeting. Chicago,
Mlinois, USA: [ s. n. ],2014:1028-1032.

JELR RLE, T A, AL ST R R ZE R [T ],
ER {5 BR2A,2015,45(2) :157-180.

ZHOU Zhong,ZHOU Yi,XIAO Jiangjian. Survey on aug-
mented virtual environment and augmented reality [ J ].
SCIENTIA SINICA Informationis, 2015,45 (2) . 157 -
180. (in Chinese)

IR, K F-22 Btz 7 R[], Bl
K ,2006,46(6) :7-12.

LUO Qiaoyun. The Advanced Avionics System of F-22
[J]. Telecommunication Engineering,2006,46(6) :7 -
12. (in Chinese)

- 1310 -

EE "I
B #(1985—) J) KA 2013 4F T
Hh R B 75 2 ST BT AR A o, B T
Sl i, S Iy 0 A 0 A 2
é‘/ HLF R | . o
LYU Yi was born in Chongging, in 1985.
‘? .He received the Ph. D. degree from Institute of

Acoustics,, Chinese Academy of Sciences,in 2013. He is now an

engineer. His research concerns audio signal processing and avi-
onics.

Email ; lvyi8512@ 126. com

& HE(1983—) ), ZHIA 2008 AE TG AL AT
SR A, B AR, BRI ST 0 A A TR

PAN Hao was born in Yunnan Province,in 1983. He re-
ceived the M. S. degree from Xidian University in 2008. He is
now an engineer. His research concerns avionics.

F $H(1981—), B, LN, 2013 4 T LT RHERE
RS = VARV B Y 3 N S 23 1) S ol L 7 R A 5 N

LI Feng was born in Hubei Province,in 1981. He received
the M. S. degree from University of Electronic Science and
Technology of China in 2013. He is now an engineer. His re-

search concerns avionics.

E OIB(1983—) %, BRI A, 2000 4 TP TRHE R
AR A2, B TR, SRR 6] A H TR

WANG Juan was born in Shaanxi Province,in 1983. She
received the M. S. degree from Xidian University in 2009. She

is now an engineer. Her research concerns avionics.





