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Visually Guided Binaural Audio Generation Method Based on Hierarchical Feature Encoding and
Decoding
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Abstract: Visually guided binaural audio generation is one of the important tasks with wide application value in multimodal learning. The
goal of the task is to generate binaural audio that conforms to audiovisual consistency with the given visual modal information and mono
audio modal information. The existing visually guided binaural audio generation methods have unsatisfactory binaural audio generation
effects due to insufficient utilization of audiovisual information in the encoding stage and neglect of shallow features in the decoding
stage. To solve the above problems, this study proposes a visually guided binaural audio generation method based on hierarchical feature
encoding and decoding, which effectively improves the quality of binaural audio generation. In order to effectively narrow the
heterogeneous gap that hinders the association and fusion of audiovisual modal data, an encoder structure based on hierarchical coding and
fusion of audiovisual features is proposed, which improves the comprehensive utilization efficiency of audiovisual modal data in the
encoding stage. In order to realize the effective use of shallow structural feature information in the decoding process, a decoder structure
with a skip connection between different depth feature layers from deep to shallow is constructed, which realizes the full use of shallow
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detail features and depth features of audiovisual modal information. Benefiting from the efficient use of audiovisual information and the
hierarchical combination of deep and shallow structural features, the proposed method can effectively deal with binaural audio generation
in complex visual scenes. Compared with the existing methods, the generation performance of the proposed method is improved by over
6% in terms of realism.

Key words: binaural audio; visually guided audio generation; hierarchical feature encoding and decoding; multimodal learning; skip connection
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o, kE— G IR . x BIONES 2,101 5 A5 HEAT 48 I 8 SR AR 4 Y 5 BNHEA5 5. 3 4b, TRV 2R 72
o, O T EERRE RS T IS, A 5) My, iy, py . gy S IBEE N 0.2, 02,03, 0.3.
3.1.2 VFINhRAE

9T VP AR SR A R JE R, A SR I Mono2Binaural ! . Ambisonics P24 JE TR 110 23 ) A5 AR R ) B
HH BIERI R T AR R A SRR AT AT PR B (STFT distance) AL 2R #E 55 (envelope distance). 1, At
PR 1B 2R S G RN A Bl A ) 7 A 7 T ) S OB () BR EGRR S, THEL TN

Disten = IX" =X o+ 1 X7 - X", )
0,28 £ B 19 2% S T AR 2 FR 5 A1 2 A 7 S 2 IR T 2 1 O B B 8, 7 0
Dy = |E[X (0] = E[Z ]Il + | ELX (0] - E[Z (D)1l ®)

AR E B B0, 28 42 FE B AT LA 23 3l A 5 R AT R I el ke i 25 A 15 A5 T 468 2 AU B ) o i, B0 R R, T
AEXT T iR i A0 S 22

FAh, T VR SEAR T AR B 7R S TR, AN SCEREL T R E T AR = PR I R, AR IR B L (source-
to-distortion ratio, SDR) 57%. JRT-# kb (source-to-interference ratio, SIR) 5i% . JHIN L (source-to-artifact ratio,
SAR) Bk, FER Z WA /E (short-time objective intelligibility, STOT) %%, ¥ R Z W I & & (extended short-
time objective intelligibility, ESTON)*"'LA & MOSNet 75 3% " Hn g fridk, #0551 F S 44 75 A i T LA AR 2 — Pkl
PRIFE VRS B4R 5%, DA, SIR. SDR. SAR 554 H T A IR 7 55 B VP4 75 ik T LAAR S B 51 S I A 7 A
FRFFATA H. MOSNet J7vk PUFE 2 5 AR AT A A 22, %0 VAR E S5 A0 & b (B 2 AP E S AT 7 . 2
AT R HAE) BE 5 AR MRS — SR R I,
3.2 LEseLE

N T B IE AR SRR AR R ST A4 7R A 2 TR, AR S0 RIS N B AR 3 Rl JrvE—EAT T A AR K
S LE, 43 Mono2Binaural 753: 7. Sep-stereo 77 PP & BinauralAG 7532 P) B 5 84 A SO 4 kAT T
WER. B 3 JER 1 A SCAE U AR FE 5 HAh 5 vE AR BRI SEAR 7S XS L, RIS, DR 7 SIS MR LG, T4 2 3 S A R
W R TE T B A M. 3 B ARSI ) 3 T PN 2 DR — Y8 O3 T I T A U, JFG T T 3 A A SRR B A8 Ak, [
BF, PR R Sk AR w3k, B — MRRELEAT R S B Sk, T LUE B, X PR YR 8 8l R AR L) et
A T3 T R AR LU B SR IR R T AR SOOIV I s P B i, (R T A B AR BUSUR. 3R | R T RSOy
VEARRR T HoAth 3 P V5AE Disrry VA Dipnyy RIS 1 RE. 7T LG 21, Bk BinauralAG J772:4b, 75 4 FFh 7 1240
BRI B B 22 0. A SO BT Binaural AG J7i: 2 RN, BR IHA —E LA,

A, I R VN 7 vk — P IIE T AR SC 5 A AR U 2 (R TR AN RIS, RSk N T 5
2% RIS RPN R (1 7 V2 WA B A S 2 A ) 22 BE. AN 2 R, ARSCR VR R Ay Fabs LARR T HAR
VEERA — 4. 78 STOI J ESTOI L, Sep-stereo Jy i I H T #IF (1P e, 1IX 3 B2 IHT Sep-stereo 1R A T
BORTEEE B YR o> IR TY A X 8 JE AR ] B SRV A VR 40 B AT 55 AR Rt S TE V4> A — @ AL 5. Bk
KU, AR TTEANR T IR 732, FE2 MERFRXT L A K4 6% BTt
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Dy =0.155

Mono2Binaurall”

D, =0.163
JRUG T A Binaural AG!!

K3 ARG L

Sep-stereo®!

Dy =0.138

Fl T AT FE B A4 2R B B S AR AN SE R R 2 FET RN T 105 S PN S 58
ik AT BE B (RS Frik STOI ESTOI SAR  SIR  SDR
Mono2Binaural”? 0.959 0.141 Mono2Binaural”  0.821 0.810 13269 8.631 7.652
Sep-stereo'”’ 0.879 0.135 Sep-stereo’”’  0.954 0.930 16215 10.543 9.619
Binaural AG"! 0.751 0.130 BinauralAG” 0935 0924 16.596 11.032 10.517
AT 0.708 0.125 AT 0.952  0.947 18.491 12.871 11.849

N T BAIE AR BT AAS P AR AT R, A SCE I MOSNet S AP AR 7575065 AR S5 B 5 5 50647 T 0F L.
W 4 B, S THEAEZIEE 1 Z A BN, X T DAL RA, A AR AN S A 2 RIES . AR RS

TRAAETT A LT AR AR b, ARSI VE R BORAR R LT

4.1
4.0+
39 ¢
38 ¢

3.7 ¢
3.6
35+
34
33 ¢
32 ¢
3.1

54

J&4  Mono2- Sep-  Binaural- A3
4% Binaural” stereo®  AGL VikrS

4 T MOSNet ¥ J7 7L 5% L Sz 36:

P, B P 2077 38, ERVEAN B A BE B IE A SO 2 A Rk A8 B AR SR, 13 AW 0 IR 9 324K
B ERAE 58 4 L BB T BRI, 1 SE B W B AR I ST A P 00, 355 B W AN IR 7 V25 BRI SLAK S 5 00, I
FORAE W Ja DAL 1 2 ) 25 100 30068 28 R -5 1 T ) — Bk, DL SRS B AR AL EAT VAR, 2k
FEPPA AT DL S A RO BT (0 — Fh 7 i, B e i rpar, BIXE DA BRI A IR SO0 T . 436 ZRTISEIR 4 R,
AT RGEH T 3 Rt L 77V T P BE SE 4F (Y Binaural AG J7VAE NS b, APRIESZARK & A 2 BRI Wi 22 5 ) i 7R
Tl BT Gert SR 5 B, AT LG B, 32l AR T SR A PR BT I AR, B B DAE

W B I 2 R B L. S35 K, A SO EAE— B S A E A 5L R .
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EX 3L ST i) TSR E R B R N 2173

=

bl -

0% 50% 100%
RITT tarifs [l Binaural AG”

K5 TR B8 A R X L S

VA b SzaG AR AP s U R T, AR ST IR 4 J2 O SR 5 M AR T B 5 TR AE & T AR A A 3, AR R T IR R 4R
TESLARFE AR AR R B T 5 IR R AR AE FIRE 2 AME A, 256 R R R B ARAE SR E AR R 35 4005 5 34T AR B
LI R B AR T B — TR R SR AR AE AL BRI RCR
3.3 JHRLSCIG

T BAE AR ST A NI G A, AR RT T U ARSI Y ARSI ISR A T AN A ARSI
TP DL R A K bR B R . E SR AN S 2R (1 06 B 5 TR, = LA 00 I R I 5 ) PR B R TS A M RTAT 5%
R, WA RIS 5 EMILZER 10 MRS ITH 4 29I ME#T 7T B S5, s Tas 3 ZRE
3 AR TG 2 EMEBE . AF 4 ZRmBEM 6 MEGITH 3 EMEEH LR ES 6 EmIBEM 16 /MR
JUI 5 JEREDAE R, QB 6 FTun. FEBAIFA0 R oA B AT 200 5 THT, 25 ZEF 5000 1) R I TR G5 R 15 2 R 5%
IR AR, A B A R B BB 65 7 MSE #0128 B DA K L1 3k s IR, 51N T ZEA5E 51 5 10 3 4R 75 A= plo b
B B 48 4 O, SRR A P T30 8 1) 7 3B 75 A5 AR s R (4R T

23R T AT B SEIN LS B, 2 3 Y MSE M L1 2 HIARE THERBIER, U2 RET 2 B
1. U4-M 3 T 15 U4 G5 AL T AEARAD 0 N IR, o] LUE 21, B35 X 45T B 0389 00, A ST A {9 ST AR 75 26 Al
SR WMAESE T, IXFRTHE T 4 ZE RIS G5 M R ET L%, FRS, T AR SCEEMIINE &, 5 BRI A M T A 4
FERASE e, I ERIE R, XA T80T T A S AU R B N R T BAFAF AL R, 5] NIEHEHE A RE B T
PRFFILARTE A U, X AR RO, AR SO A TR T R TR S A ARRAE, B IS R T U7 T A A R,
XA N JEHE 1) 77 2R ME 3R A5 50 I B 2 T, [FIB, AN & B g M AT SR, X R (AR I AR 1S
BAER, 46, v LG B, AR ZEORZR AT ~, MSE 332 bR B0 8 R £ T L1 B2 R B sk ). 3561 ik
SEEG, ASCIRE IR R T 4 EIRFD 45 UL K MSE #5158 2L

R3O AN RIS LA R B R T Rk s

BE R R UL L IE
AR L1 MSE L1 MSE
2 0.748 0.732 0.175 0.163
U3 0.695 0.717 0.159 0.156
U4-M 0.705 0.694 0.160 0.150
[ Us 0.711 0.690 0.153 0.152
B U5 U4 0.704 0.692 0.158 0.151

I us
B 6 MRS a4t fy
4 B %
AR T —FhFE T2 ERER AL AR 5 5] T BSR4 T i, A AR TH T Srk AR s i . b, AT

A7 A5 /N BELRS UL T A A KR ) SRIRR £ ) SAAQ I 78, 3R T — PRI S 20 2 G B il £ 1) i 454, 4
T AT B EAR AR G I B SR M I ROR, O T SEBLRS I R h iR 2 S MRHE S 2 A ORI, A3 T —F iR
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BRA FIR LR Z (8] BRI RS 28 454, SEBL 1 R RRIT SEAR A5 2 132 40 T R AIE 5 TR RFALE R 78 20 R .
P TR A5 S ROR F DL RO R R R G MR AL 70 JR S, AT v A U PR 2 e 3 5t P O S
P, AT B T7, A SCITE A SR AT SRS TT AT I 6% HOSRTE. AN, AHREE B RN 1 I%)= 45
RPAEAE SLARFS A R BAT RIS AR, 2 IR B AR 25 R CE AL 51 3 ) S A 75 2 RS ) R A A £ 17 P 53¢

S AR5 AT VA AR F5 A v K ST AR S 0, (E AT AE — € R BRYE. & e, ASOETH R R AR AR L
o, W B SR A A AN R R R 5 B B E 5| S I SL A A A A N 3 5 b AR S A R, RSO i
M ATV A T SRR B3R, SRS T RO IR A RO B R . S34h, ARSI IRAE AR B E LR M
AT PR RS 3 AfE LA AR R ORI U0 A AR B 55 1 I SEAR TS IV, AN SCVETCVA SR IO 70 B 2E B3 IR AL
RGOS S AT A A L ) AP P A SO T SR AR e
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