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1. More Visual Results
In Fig. 1 we present more results obtained with the three

methods. In addition, Fig. 2 and Fig. 3 show the results
of hiding different length of audio data in our base single-
layer system for the LJ Speech database and the CMU-
ARCTIC database [1]. The iterative hiding results of the
double nested hidden architecture is shown in Fig. 4.

2. Details of User Study
The rating results by each user are shown in

Tab. 1∼Tab. 3, which represent the scores of the results ob-
tained by baseline (raw audio data), STFT and compression
respectively.

3. Decoded Video and Audio Results
We show the video and audio results of each experiment

in the folder named Results, in which the folder named
single-layer and double-layer denote the results for the

base system and the double nested hidden architecture, re-
spectively. For fair comparison, we chose the same fa-
cial image as input for each experiment. The file names
in single-layer are: the results form the range the for-
mat of the method, e.g. video 0-10 mel.mp4, audio 0-
10 mel.wav and container image 0-10 mel.png are the
video result, the audio result and the corresponding con-
tainer image. Similarly, the files in double-layer are: the
results form the range the N layer, e.g. video 0-20 first-
layer.mp4, video 0-20 second-layer.mp4, audio 0-20 first-
layer.wav, audio 0-20 second-layer.wav and container im-
age 0-20.png are the video, the audio and the corresponding
container image for both layers.

References
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Figure 1. The visual results of container images and recovered audio from different methods.

(c) 0~80s

O
ur

s
O

ur
s

G
T

G
T

PSNR:

PESQ:3.545PSNR:3 PESQ:2.978PSNR:2

1st 250th 500th 750th 1000th 1st 300th 600th 900th 1200th 1500th 1800th

(b) 0~40s(a) 0~20s 

PESQ:2.448

1st 350th 700th 1050th 1400th 2100th 2450th 2800th 3150th 3500th 3850th 4200th1750th

Figure 2. The decoded audio and video frames corresponding to different audio lengths in the LJ Speech database.
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Figure 3. The decoded audio and video frames corresponding to different audio lengths in the CMU-ARCTIC database [1].
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Figure 4. Visual results of the double-layer nested hidden architecture in hiding different ranges of audio lengths.
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U
V

v1 v2 v3 v4 v5 v6 v7 v8 v9 v10 v11 v12 v13 v14 v15 v16 v17 v18 v19 v20

u1 4.0 3.0 4.0 4.0 3.5 4.0 4.0 4.0 3.0 3.0 4.0 2.5 4.0 4.0 4.0 4.0 4.0 3.5 4.0 3.5
u2 2.5 3.0 3.0 3.0 3.0 3.0 2.5 3.0 2.5 3.0 3.0 2.0 3.5 3.0 3.0 3.0 3.0 2.5 3.0 2.5
u3 3.0 3.5 2.5 3.0 2.5 3.0 3.0 3.5 3.0 3.0 4.0 0.5 4.0 3.0 3.5 4.0 4.0 3.5 4.0 4.0
u4 3.5 3.0 3.0 3.5 3.5 3.5 3.5 4.0 1.0 3.5 3.5 0.0 4.5 3.5 3.0 4.0 4.5 3.0 4.0 2.0
u5 1.0 0.0 0.5 1.0 0.0 1.0 0.0 1.0 0.5 1.0 3.0 0.0 4.0 1.0 1.0 0.0 1.0 0.0 1.0 2.0
u6 3.5 3.0 3.5 3.0 4.0 3.0 3.5 2.5 4.0 3.5 2.5 3.5 3.5 3.0 4.0 4.0 3.5 3.5 3.5 4.0
u7 4.0 3.5 3.5 3.0 3.5 3.5 3.0 4.0 2.5 3.5 3.5 2.5 4.0 3.5 3.5 3.5 3.5 3.0 3.5 3.5
u8 2.0 1.5 2.0 2.0 2.0 1.5 1.5 1.5 1.0 2.0 1.5 1.0 1.5 1.5 1.5 2.0 1.5 2.0 1.5 1.5
u9 2.5 2.0 2.0 2.0 1.5 2.0 1.5 2.5 2.0 3.0 3.0 1.5 3.0 3.0 2.0 2.0 2.0 3.0 1.0 3.5

u10 2.0 2.0 2.5 3.0 3.0 2.0 1.5 3.0 1.5 2.0 2.0 1.5 4.0 3.0 3.0 4.0 2.0 1.5 2.5 2.0
u11 2.0 1.0 1.0 1.0 1.5 1.0 1.0 2.0 1.5 3.0 3.0 1.0 3.0 2.5 1.0 3.0 1.0 2.5 3.0 3.0
u12 2.0 1.5 2.0 2.5 3.0 2.5 1.5 1.5 1.0 1.5 2.0 1.0 3.5 2.0 1.0 2.5 1.5 1.0 2.0 2.0
u13 0.5 0.0 0.0 0.5 1.0 0.5 0.0 0.5 0.0 1.0 1.0 0.0 1.5 1.5 0.5 0.5 0.5 0.0 0.5 0.0
u14 3.0 2.0 3.0 3.0 3.0 3.0 2.0 3.0 2.0 3.0 3.0 1.0 3.0 2.0 3.5 2.0 3.0 2.5 3.5 3.0
u15 1.5 1.0 1.0 1.5 2.0 1.5 1.0 1.0 0.5 1.5 1.5 0.5 2.5 2.0 1.0 1.5 1.0 0.5 1.5 1.0
u16 2.5 1.5 1.5 3.0 3.0 3.0 2.0 2.5 0.5 1.0 1.5 0.5 2.5 1.5 1.5 3.5 1.5 1.0 3.0 2.0
u17 2.0 2.0 1.0 2.0 1.0 2.0 3.0 2.0 1.0 1.0 2.0 2.0 2.0 1.0 1.0 2.0 1.0 1.0 2.0 1.0
u18 2.0 1.0 2.0 3.0 3.0 2.0 1.0 1.0 1.0 2.0 2.0 1.0 3.0 2.0 1.0 2.0 2.0 1.0 2.0 2.0
u19 4.0 4.0 3.5 3.5 4.0 4.0 4.0 4.0 2.5 3.5 4.0 2.0 3.5 3.5 3.5 3.5 2.5 1.5 2.5 2.0
u20 3.0 2.0 3.0 3.0 3.0 3.5 3.0 3.5 2.0 3.0 3.5 2.0 3.5 3.0 2.5 3.0 2.0 1.0 3.0 2.5
u21 3.5 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.5 4.5 4.5 4.5 4.0 4.5 4.0 4.5 4.5 4.0 4.5 4.5
u22 3.0 2.0 2.0 3.5 3.0 2.0 1.5 2.0 1.5 3.0 2.5 1.5 3.0 2.0 3.0 2.5 2.0 2.0 3.0 2.5
u23 3.0 1.5 1.0 2.0 2.5 2.5 0.5 0.5 0.5 0.5 2.5 0.5 2.0 2.5 2.0 4.0 2.0 1.0 2.5 2.5
u24 3.5 3.0 3.5 3.5 3.5 3.5 3.0 3.5 2.5 3.0 3.0 2.5 3.5 2.5 3.0 3.5 3.0 2.5 3.5 3.5
u25 3.0 2.5 3.0 3.5 3.0 3.0 2.5 2.0 2.5 3.0 2.5 2.0 3.0 3.5 2.5 4.0 3.0 2.5 3.0 2.5
u26 3.5 3.0 2.5 2.5 3.0 3.0 1.5 3.0 2.5 3.0 2.5 1.5 3.0 3.5 4.0 4.5 1.5 1.0 2.5 2.5
u27 3.5 2.5 3.0 3.5 3.0 4.0 3.5 3.5 1.0 3.0 3.0 2.0 2.0 3.0 2.0 3.5 3.0 1.0 3.5 3.5
u28 3.0 2.0 3.0 3.0 4.0 3.0 3.0 3.0 3.0 4.0 4.0 2.0 4.0 3.0 3.0 2.0 2.0 3.0 3.0 4.0
u29 3.5 3.0 3.5 3.5 3.5 3.5 3.0 3.0 2.5 3.0 3.5 2.0 3.0 2.5 2.5 2.5 2.5 2.5 2.5 3.0
u30 2.0 1.0 1.5 1.5 2.0 2.0 2.5 1.5 3.0 1.0 3.0 1.0 2.0 2.5 2.0 2.0 1.0 2.0 3.0 2.5

Table 1. The scores for the generated audio-visual results of the baseline method. ”v1∼v20” are the 20 videos, and ”u1∼u30” represent
the 30 users.
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U
V

v1 v2 v3 v4 v5 v6 v7 v8 v9 v10 v11 v12 v13 v14 v15 v16 v17 v18 v19 v20

u1 2.5 2.5 3.5 4.0 3.5 4.0 4.0 3.5 3.0 2.5 3.5 2.5 4.0 4.0 4.0 3.0 3.0 3.0 3.0 4.0
u2 3.0 2.5 2.5 3.0 2.5 2.5 2.5 3.0 2.5 2.5 3.0 2.5 3.5 3.0 3.0 3.5 3.0 3.0 3.0 3.0
u3 2.0 1.5 1.5 0.5 2.0 1.0 2.0 4.0 2.5 2.5 4.5 1.0 3.5 2.5 3.0 3.5 3.5 3.0 3.5 3.5
u4 3.0 2.0 1.5 3.0 3.0 3.0 3.0 4.0 3.0 3.5 4.0 0.5 4.0 3.0 2.5 4.0 4.0 3.5 4.0 3.0
u5 1.0 0.0 0.0 1.0 0.0 1.0 0.0 1.5 2.0 0.0 3.0 0.0 4.0 1.0 1.0 0.0 1.0 1.0 0.0 1.0
u6 3.0 2.5 3.0 2.5 3.5 3.0 3.5 2.0 3.5 3.0 2.0 3.5 2.5 2.5 3.0 3.0 3.5 3.0 3.0 4.0
u7 2.5 2.0 2.0 2.5 3.0 2.5 2.5 3.5 2.5 3.0 3.5 2.5 3.0 3.0 2.5 3.5 3.0 2.5 3.0 3.5
u8 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 1.5 2.0 2.0 1.0 2.0 2.0 2.0 2.0 1.5 2.0 2.0 2.0
u9 2.0 2.5 2.0 2.5 2.0 2.0 2.0 3.0 2.0 2.0 3.0 2.5 2.5 2.5 2.5 3.5 2.0 2.0 3.0 3.0

u10 1.0 0.5 0.5 0.5 0.5 0.5 0.5 0.5 1.0 1.0 1.0 0.5 1.5 0.0 0.5 0.5 0.5 0.5 0.5 0.5
u11 3.0 2.0 2.5 2.0 2.5 3.0 2.0 4.0 3.0 3.0 4.0 3.0 4.0 3.5 3.0 3.0 2.5 3.5 4.0 3.5
u12 3.0 1.5 1.5 1.5 1.5 1.5 1.5 1.5 1.0 1.5 2.0 1.0 3.5 2.0 1.5 2.5 1.0 1.5 2.0 2.0
u13 1.0 0.5 1.0 1.0 1.5 1.0 1.0 1.5 0.5 0.5 2.0 1.5 3.5 2.0 1.5 1.5 1.5 1.0 1.5 1.5
u14 3.0 2.0 2.0 2.0 2.0 2.0 2.0 3.0 2.0 2.0 2.0 1.0 3.0 2.0 3.5 3.0 2.5 2.0 3.0 3.0
u15 2.0 1.0 1.5 1.5 1.5 1.5 1.5 1.5 1.0 1.0 2.0 1.5 3.5 2.0 1.5 2.0 1.5 1.5 2.0 2.0
u16 3.0 1.0 1.0 2.5 2.0 2.5 2.0 2.0 1.0 2.0 2.0 2.0 3.0 2.0 2.5 3.5 2.0 2.0 3.0 3.0
u17 3.0 3.5 3.0 3.0 2.0 3.0 4.0 3.0 3.0 2.0 3.0 2.0 2.0 3.0 2.0 2.0 3.0 2.0 2.0 2.0
u18 2.0 1.0 1.0 2.0 1.0 1.0 2.0 1.0 1.0 2.0 2.0 1.0 3.0 2.0 2.0 2.0 1.0 1.0 2.0 2.0
u19 3.0 3.0 3.0 3.5 2.0 3.5 4.0 4.0 2.5 3.5 4.5 2.5 4.0 3.5 3.5 4.0 2.5 2.0 2.5 3.0
u20 2.5 3.0 2.0 1.5 1.5 2.0 1.5 2.5 1.5 2.0 3.0 1.0 2.5 2.0 2.5 2.5 3.0 2.0 2.5 3.5
u21 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 3.5 4.5 4.0 4.0 4.5 4.5 4.0 4.5 4.5
u22 3.5 2.5 3.0 3.5 3.0 3.0 3.0 3.0 2.5 3.0 3.5 3.0 4.0 3.5 3.5 3.5 2.5 3.5 4.0 3.5
u23 4.0 2.5 3.0 3.0 3.5 2.5 2.0 3.0 1.5 1.0 3.0 0.5 3.0 3.0 3.0 4.5 2.5 2.0 3.0 3.0
u24 3.5 3.0 3.0 3.0 3.0 3.0 3.5 3.5 2.5 2.5 3.0 2.0 3.0 2.5 2.5 3.0 2.5 2.0 3.0 3.0
u25 3.0 2.5 3.0 3.0 2.5 2.5 2.5 2.0 2.5 3.5 3.0 2.0 3.0 3.0 3.0 3.5 2.5 2.5 2.5 2.5
u26 3.0 2.5 2.0 3.0 3.5 2,5 2.0 3.5 3.0 2.5 3.5 1.0 2.5 2.0 3.0 3.5 2.0 3.5 1.0 2.0
u27 2.0 3.0 3.0 4.5 2.0 3.0 2.5 4.0 2.5 4.0 3.5 2.0 3.0 2.0 3.5 3.0 4.0 3.0 2.5 2.5
u28 4.0 2.0 4.0 2.0 3.0 2.0 3.0 4.0 3.0 3.0 4.0 2.0 4.0 2.0 3.0 2.0 3.0 2.0 2.0 3.0
u29 4.0 3.5 3.5 3.0 3.0 3.0 3.0 3.0 2.5 3.0 3.5 2.0 3.0 2.5 2.5 2.5 2.5 2.5 2.5 3.0
u30 3.0 2.0 2.0 1.0 2.5 2.0 2.0 1.5 2.0 1.0 2.5 1.0 1.5 2.0 1.0 1.5 1.5 2.0 2.5 3.5

Table 2. The scores for the audio-visual results of the STFT method.
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U
V

v1 v2 v3 v4 v5 v6 v7 v8 v9 v10 v11 v12 v13 v14 v15 v16 v17 v18 v19 v20

u1 5.0 5.0 5.0 3.5 5.0 5.0 5.0 3.5 5.0 5.0 5.0 5.0 5.0 4.0 4.5 5.0 5.0 4.5 5.0 5.0
u2 5.0 5.0 3.5 5.0 5.0 5.0 4.5 5.0 5.0 4.0 5.0 4.5 5.0 5.0 5.0 5.0 4.0 5.0 5.0 3.5
u3 5.0 4.5 5.0 5.0 5.0 4.5 4.0 5.0 4.5 4.5 5.0 3.5 4.0 4.0 4.0 4.0 5.0 4.0 5.0 4.5
u4 5.0 4.5 4.5 5.0 4.5 5.0 4.5 4.5 4.0 4.5 5.0 4.5 4.5 4.5 4.5 4.5 5.0 5.0 5.0 5.0
u5 2.0 2.5 3.0 4.0 2.0 4.0 1.0 4.0 4.0 3.0 3.5 2.0 5.0 4.0 3.0 1.0 4.0 4.5 2.0 3.0
u6 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
u7 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
u8 3.0 3.0 5.0 3.5 3.0 3.0 3.5 5.0 3.0 3.0 3.5 2.0 3.0 2.5 3.0 3.5 2.0 2.5 3.0 3.5
u9 4.5 4.0 4.0 5.0 3.0 4.0 3.5 4.5 5.0 5.0 3.5 3.0 3.0 5.0 3.0 5.0 3.0 4.5 3.5 4.5

u10 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
u11 4.0 3.5 4.5 3.0 4.0 4.5 4.5 5.0 4.0 4.0 4.5 4.0 5.0 5.0 4.5 3.5 3.0 4.5 4.5 4.0
u12 4.5 4.5 5.0 5.0 5.0 4.5 4.0 3.5 3.5 4.5 4.0 3.5 5.0 4.5 4.5 5.0 5.0 4.5 5.0 5.0
u13 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
u14 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
u15 5.0 5.0 5.0 5.0 5.0 5.0 4.5 4.5 4.5 5.0 4.5 4.5 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
u16 5.0 5.0 4.5 4.5 5.0 5.0 4.0 5.0 3.5 4.0 5.0 3.0 5.0 4.5 4.0 4.5 4.0 5.0 5.0 5.0
u17 4.5 4.5 4.0 4.0 4.0 4.5 5.0 3.5 4.5 4.0 4.5 4.0 4.5 5.0 4.0 4.5 5.0 4.5 4.5 4.0
u18 4.0 3.0 4.0 4.0 4.0 4.0 4.0 3.0 3.0 5.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0 4.0
u19 5.0 4.5 4.0 5.0 4.5 4.5 5.0 4.5 5.0 4.0 5.0 5.0 4.0 4.0 4.0 5.0 5.0 4.0 4.0 4.5
u20 4.0 4.5 4.5 5.0 4.5 4.0 4.5 5.0 4.5 4.0 5.0 4.5 5.0 4.0 3.5 5.0 4.0 3.5 3.5 4.0
u21 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.0 5.0 5.0 5.0 4.5 5.0 5.0 5.0 5.0 5.0 5.0 4.5 5.0
u22 4.5 4.5 5.0 5.0 4.5 4.5 4.5 4.0 4.0 4.5 4.5 5.0 5.0 5.0 4.5 4.5 4.5 4.5 5.0 5.0
u23 5.0 5.0 4.5 5.0 4.5 5.0 5.0 4.5 5.0 4.5 5.0 4.0 5.0 5.0 4.0 5.0 4.5 5.0 5.0 5.0
u24 4.5 4.5 4.5 4.5 4.5 4.5 4.5 4.0 3.5 5.0 4.0 3.5 4.0 4.0 4.0 4.5 3.5 4.0 4.0 4.5
u25 4.0 3.5 4.0 4.5 4.0 4.0 4.0 3.5 4.0 4.5 4.0 3.5 3.5 4.0 3.5 4.5 3.5 4.0 4.0 5.0
u26 4.5 3.0 2.0 4.0 4.0 4.0 3.5 4.5 4.0 4.5 4.5 3.0 4.0 4.5 5.0 5.0 4.5 4.5 5.0 4.5
u27 4.0 4.0 4.0 5.0 3.5 3.5 4.5 4.5 5.0 4.0 5.0 4.0 4.0 4.0 3.5 4.0 5.0 5.0 5.0 5.0
u28 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 4.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0 5.0
u29 3.5 4.5 4.0 5.0 4.0 4.5 4.5 3.5 3.5 4.0 4.0 2.5 3.0 3.5 3.0 3.5 3.5 4.0 3.0 3.5
u30 3.5 3.0 3.0 3.0 3.0 2.5 1.5 3.0 4.0 3.5 2.0 3.5 4.0 3.5 4.0 4.5 3.5 3.5 3.5 4.0

Table 3. The scores for the audio-visual results of the compression-decompression method.
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