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* Appendix A: Pseudocode;
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» Appendix C: Datasets;

* Appendix D: Data Augmentations;

* Appendix E: Evaluation Protocols;

* Appendix G: Hyperparameters;

* Appendix F: Architectures;

* Appendix H: Limitations;

* Appendix I: Broader Impact.

A Pseudocode

We present the pseudocode of our proposed CrissCross
framework in Algorithm 1.

B Qualitative Analysis

To perform a qualitative analysis of the learned representa-
tions in an unsupervised setup, we present the nearest neigh-
borhoods of video-to-video and audio-to-audio retrieval in
Figures S1 and S2. In this experiment, we use Kinetics400
(Kay et al. 2017) to pretrain CrissCross. Next, we use the
features extracted from randomly selected samples of the
validation split to query the training features. We find that
in most of the cases CrissCross performs fairly well, we no-
tice very few instances of wrong retrieval, which generally
occur when the visual scenes or sound events are very sim-
ilar. For instance, ‘playing piano’ and ‘playing organ’ for
video-to-video retrieval and ‘playing keyboard’ and ‘play-
ing xylophone’ for audio-to-audio retrieval.

C Datasets
C.1 Pretraining Datasets

We use 3 datasets of different sizes for pretraining, namely,
Kinetics-Sound (Arandjelovic and Zisserman 2017), Kinet-
ics400 (Kay et al. 2017), and AudioSet (Gemmeke et al.
2017). Kinetics-Sound is a small-scale action recognition
dataset, which has a total of 22K video clips, distributed
over 32 action classes. Kinetics400 is a medium-scale hu-
man action recognition dataset, originally collected from
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Algorithm 1: CrissCross pseudocode (PyTorch style).

# fv: visual encoder (backbone+projection mlp)
# fa: audio encoder (backbone+projection mlp)
# hv: visual predictor head (prediction mlp)

# ha: audio predictor head (prediction mlp)

# D: loss function, following Eqn. 1

def forward(vl, v2, al, a2):
win
v1l,V2: minibatch of augmented visual samples
al,a2: minibatch of augmented audio samples

nun

# visual

zvl, zv2 = fv(vl), fv(v2) # visual embeddings
pvl, pv2 = hv(zvl), hv(zv2) # predictor output
# audio

zal, za2 = fa(al), fa(a2) # audio embeddings
pal, pa2 = ha(zal), ha(za2) # predictor output

# loss calculation

# intra-modal loss, following Eqn. 2
L_intra = D(pvl, zv2)/2 + D(pv2, zvl)/2 + \
D(pal, za2)/2 + D(pa2, zal)/2

# synchronous cross-modal loss, following Egn. 3
L_sync = (D(pvl, zal)/2 + D(pal, zvl)/2 + Lv2a2 +\
D(pv2, za2)/2 + D(pa2, zv2)/2)/2

# asynchronous cross-modal loss, following Eqgn. 4
L_async = (D(pvl, za2)/2 + D(pa2, zvl)/2 +\
D(pal, zv2)/2 + D(pv2, zal)/2)/2

# total loss, following Egn. 5
L_CrissCross = (L_async + L_sync + L_intra)/3

return L_CrissCross

YouTube. It has a total of 240K training samples and 400
action classes. Please note that Kinetics-Sound is a subset of
Kinetics400, and consists of action classes which are promi-
nently manifested audibly and visually (Arandjelovic and
Zisserman 2017). Lastly, AudioSet (Gemmeke et al. 2017)
is a large-scale video dataset of audio events consisting of
a total of 1.8M audio-video segments originally obtained
from YouTube spread over 632 audio classes. Please note
that none of the provided labels are used in self-supervised
pretraining.

C.2 Downstream Datasets

Following the standard practices of prior works (Morgado,
Vasconcelos, and Misra 2021; Morgado, Misra, and Vas-
concelos 2021; Alayrac et al. 2020; Alwassel et al. 2020;






