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Multi	modal	fusion	and	learning	for	robotics

Estimating	the	capacity	and	mass	of	unseen	containers

empty	/	pasta	/
rice/	water	

0%	/	50	%	/	90% mL

Audio RGB
depth IR IMU

Task1:
Filling	Level	Classification Filling	Type	Classification	

Task2:	
Container	Capacity	estimation

Task3:



Solution	for	Task2	(Filling	type	classification)

Comparison of raw wave and log-Mel spectrogram 

・We used audio data

・Build CNN with spectrogram?

・We made “additional annotations”…

Quite clear sound

Empty Pasta Empty

Additional annotation

Input: The entire spectrogram??
→Not effective 
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Solution	for	Task2	(Filling	type	classification)

Model structure for Task2

log-Mel spectrogram 

crop

start end

Empty Filling Empty

VGG backbone



Solution	for	Task2	(Filling	type	classification)

emptypastapastaempty

pasta

CNN

FC layers

pasta

Threshold

・・・ ・・・

log-Mel spectrogram 

Overview of our framework for Task2 

Input:  ×The entire audio clip
○ Cropped frame

If Number of predictions of 
“a filling type” ≥ Threshold

then    “that filling type” 



Solution	for	Task1	(Filling	level	classification)

Overview of our framework for Task1 and Task2

・Reuse features of Task2
・Use LSTM



Results	of	Task1	and	Task2	

The quantitative results of Task1 and Task2 using leave 
one container cross-validation out scheme. Each task is 
evaluated with accuracy, weighted F1-score

・High accuracy for Task2
・Lower accuracy for Task1

Our model doesn’t take into 
account the capacity of the 
container. 
Necessary to use visual data? 



Solution	for	Task3	(Container	capacity	estimation)

Overview of our framework for Task3



Results	of	Task3	(Container	capacity	estimation)

The evaluation of Task3 using ACS metrics 
for each container. 

・Bad prediction?

ü We generated a 3D point cloud using only one point of 
view camera

ü Cuboid approximation was a very rough approximation



Conclusion

The results of overall tasks

ü Our solution still has room for improvement
← we only used the data independently for each task  

ü We will need to build a model that fuses multi-modal data
(audio, infrared, depth, and RGB of multiple views)


