PARAMETRIC HEAR THROUGH FOR AUGMENTED REALITY AUDIO
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Motivation Proposed system Results and analysis
> Augmer_ned Reality (AR) audio needs real sounds unaltered | AR audio headset prototype §§S|gnal synthesis I
i and fusion of real and virtual sounds | HT processing & | o | L
> Hear-through (HT) used for real sounds and binaural rendering Playback > il_tlmcor_related pink noise S|gn_als of 2s each filtered by 3 bandpass filters: 0.1-1 kHz (low), 15
for virtual sounds | z (middle), and 5-16 kHz (high) |
> Different playback devices have certain advantages and External mic to 1 > Obtained signals filtered with impulse response for two direction pairs: (0°, 30°) and (-15°, 75°)§

disadvantages for AR audio: capture real sound » All combinations taken (total 12, 6 each for overlapping and non overlapping frequency
e | . bands)
Pla)_/back Advantages Disadvantages > Real sound: broadband music and narrowband speech signal (4s each) convolved with 2
j devices Toxer(t) | U (t) Ur (1) | Toxer(t) . directions chosen randomly from set of 13 azimuthal positions (total 156 soundtracks)
. . . gL _ _ 10
Open back Passive hear- Comb filtering Hear-through equalization results |
 headphones through at high > AR audio headset prototype shown in previous study [1]
- [1]  Hi-fidelity virtual frequencies | B
| olayback . Need to > External microphones denoted by 7.,z (¢) and processed ear signals by u, /(t) - SDcombined = >DL” L;’ff ;”; fPJ’:D HPH al
\ * Open ear canal embe_d pinna 4 5. Ajm of the system: DoA estimation and directional HT filtering in time-frequency domain % |l
listening cuesin EQ a 8 5
. Inference | Training data Q 4t
| - | - Incoming real sounds IWyTleer Wyﬂexm - " R'r%efL(k)'l'RrefR
 Closed in-ear * Individual Pinna * Loose _flttlr_lg Fores () Toxe(0) =SDL /MIE= e 2K, o | 10009 % R, 0O R, £ 100 3
' headphones [2] cues preserved -> comb filtering | et nt C c ot : \ ar
| nf_zltl_,lrall_y | . Compensate eatures: Interaural Cross Correlation - P ) ] APl o il
. H||-f|gelltlz/ virtual for Iear_ canal | (IACC) and Interaural Level Difference (ILD) I - (t) I L/M/H = LKy m/m (‘ ext L ()" + |Reoxe g ()| ) . B e
playbac eeiusion i R,,ef,L /r (k) Is the frequency spectrum of open ear reference, I?ref,L /r (k) Is the processed real
| b | JACC.(AD) = 2 Text,Ls(OText,R.s(EAL) Feature Feature sound recorded at the ear, and K; ,,,,y denotes the total number of frequency bins in each
| Closed back * Open ear canal * Needto JZ Toxt,Ls(t) X Toxt r,s(E—AL) extraction extraction frequency band, respectively.
' headphones listening embed pinna || Time-frequency ll ACCo LD, | ll | | |
| (Proposed) [3] « Less/No comb cues in EQ transformation > All HT filters perform better in low frequencies (< 1 kHz)
5 filtering effects « Compensate || DOA . .
5 Roye (K, :
Complete sound- for headphone | || ILD, = 10log (Z Texth(t)) e (K1) estimator Training estimator > Performance of HT filters: IdealHT > groupedHT > AvgHT > UnequalizedHT
field control isolation | 10 Text.r,s () ll Os weghts | 5 > Lowest SD values for idealHT (< 5 dB for all cases)
I L
- raeramanil = ) Iteri hrough fi I e B a1
 Open ear emitter . No need for HTEQ * Poor isolation || Un/r(k,m) Rext'.L/ R (K ) Hp, 1/ (k,Q(k, n)) fltering | SRS -URIC | SOJ,',ZHT — ol
| | and bass where Uy, /g (k,n) Is the processed real signal Hyt, 15 (k, 0 (k,m)) | — ek —— .
* Pinna cues are . | |
« Leakage - u,(t)  ug(t) el !
preserved . Processed real sounds HTEQ Database I = -
effects . 3 g
- * Open ear canal | - -
listening . . . S 3
— _ . DOA estimation using neural network 2 .
» Study by Gupta et al. [3] shows directional HT EQ filters - 51 51
 outperform average HT and unequalized HT EQ for » NN based model tested for frontal source directions (-90° to 90°)
i frequencies >2 kHz | > Model trained using 10 s white noise filtered with HRTFs measured at external microphone
- » However, past studies have dealt with HT for single sound _ L "
5 source > Slmple network tOpOIOgy: low-mid mid-high high-low low-mid mid-high high-low low-low  mid-mid high-high low-low mid-mid high-high
. | I ] \ Y J\ ‘ )
> This study uses parametric approach for multiple sound Input layer Hidden layer Output layer L [Q_g{_';,_gg_]_ __________________________ [ :1_5_{__7_;_;_3_] ________________________________________________________ 0° 300 | [-15°,75°1
~sources | |
. . 128 nodes with 102 Single hidden layer with 128 13 nodes 1
> Benetits of parametric approach |4]: dimension input nodges ’ e Conclusmnandfuturework ______________________________________________________________
> Ir_ldependent processing of spectral coefficients obtained for vector HCOHClUSiOﬂS |
dlﬁerent sou.rces | o 5 Training parameters: Optimizer: adam; Learning rate: 0.001; Batch » Directional EQ filters (IdealHT and groupedHT) show close match to reference for all cases,
» Differences in magnitude and phase in time-frequency size: 25 samples; maximum 100 epochs including real and overlapping sounds
domain similar to variation of human spectral cues . . > NN based DoA approach using IACC and ILD features shows good localization performance
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