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1.Introduction

Multi-task learning is a multi-structure model, 
involving single-task and secondary-task. Single-
task focuses on training using information of main 
application. Secondary-task, on the other hand, 
learns features from relative information, which 
can be anything related to our main purpose.

The combination of features learned from main 
and relative information can help improve 
accuracy in achieving main application (Caruana, 
1998).

We focuse on investigating the performance of 
mutli-task model in image understanding. 

2.Model Architecture

3.1 face detection 

Secondary task: 6 layers( L0 to L5).
Single-task: 7 layers ( L0 to L6). 

3.Evaluation  using 3D information(color and depth)

3.2 object recognition

L0 is 51x51x4(Y,U,V and Depth) pixels. The filter size in single-task is 36x36 pixels and 46x46 in secondary. L2 is in 
size of 1080 and 7680 respectively in single and secondary tasks. L3 is 1000 in both tasks. L4 decreases the feature 
size from 1000 to 500. L5 also reduces the feature size from 500 to 300. 

Faces detected by six models. As shown in Table 1, ’1’ represents faces detected by S-C. ’2’ is faces detected by S-D. ’3’ is by S-CD. 
’4’, ’5’ and ’6’ are correspondingly faces detected by M-C, M-D and M-CD.

Multi-task model vs. other model

Detection rates of four methods on VAP. VAP are grouped into 8 
groups according to the pose directions and different expressions. 
’Downward’ being seperated from other poses owes to the reason that 
our method performs poor under this situation. The detection rates of 
’Upward’, ’Horizontal’ and ’Slight down’ are the average values of each 
pose indexed 1-4,5-9,10-12 in VAP seperately.

Accuracy(%) of detection rates on VAP dataset by multi-task model, 
single-task model, FACE Triangles detection(F-T)(Colombo et al., 
2006) and PCA(from (Hg et al., 2012))

Statistically, multi-task model significantly 
improved the detection accuracy (at 95% 
confidence level), compared with baselines

3D vs. 2D or depth data

Accuracy of detection rates on VAP dataset by single-
task(S) and multi-task(M) using color (C), depth (D), 
color-depth (CD) data seperately(%).

Accuracy of segmentation using S-C,S-D,S-CD,M-C,M-
D,M-CD at pixel level(%).

M-CD not only significantly (at 
95% confidence level, using Chi-
square) outperforms the other 
methods in terms of segmentation 
accuracy, but also improves 
significantly in detection rates. 
Consequently, multi-task model 
using 3D data can be used to 
detect face more practically and 
accurately.

Accuracy(%) of object recognition on RGB-D Object Dataset.CD 
is short for color-depth data.

Four general shapes of objects.

Performance(%) of object recognition on RGB-D Object Dataset.
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Multi-task Deep Learning for Image UnderstandingMulti-task Deep Learning for Image Understanding

L0: Original image with width of W and height of H.
L1: Convoluted and pooled layer in both tasks.
L2: Reshaped from L1.

L3: Hidden layer.
L4: Hidden layer of denoising auto-encoder. 
L5: Hidden layer.
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Deep learning based multi-
task model can be used to 
improve recognition and 
detection rates in various  
image understanding  
applications markedly.

Concolusion

All the depth and YUV matrices were downsampled into 320x240 pixels by linear 
interpolation.A sub-region in the size of 51x51 centered at each pixel in the image 
was generated and used as a sample to do face detection.
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