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Motivation

1. Although many existing methods have achieved good
performance, the balance between the real-time requirement and
accuracy still needs improvement.

2. Although the predicted rectangles of the top row seem to meet the
Intersection over union (loU) threshold, if the grasp is performed,a
fingertip on one side of the gripper will collide with the object.

3. The loU item in the loss function is improved by using an
hourglass-shaped predicted grasp box instead of a rectangular
one when loU is calculated, which will reduce the influence of the
central area In the predicted grasp boxes and create good
correspondence between high IoU values and grasping success
rates.



Problem formulation

First, the grasp detection algorithm is used to
detect the pixel-level grasp configuration, which is
noted as G. In this study, G is defined as follows:

G = (WJ 8= Q) E R:S){ff)(‘rv: (1)

where W, @, and Q@ represent three output images
with the same size as the input image. Each pixel in
these images can be regarded as the width, rotation
angle, and grasp quality score of a grasp rectangle
candidate.

Second, an argmax operation is performed on Q
of G to obtain the pixel coordinates of the highest
grasp quality score, and then the coordinates are
used as the index to obtain the width, rotation angle,
and grasp quality score of the grasp rectangle in the
pixel coordinate system Gp. In this study, Gy, is
defined as follows:

Gp= (p, wpsgr:Q): (2)

where p denotes the pixel coordinates (u, v) of the
grasp center point, wy, is the width of the pixel-level
grasp rectangle, 6, is the deflection angle relative
to the horizontal line of the image in the range of
[<", 5], and g is the pixel-level grasp quality score
in the range of [0, 1].

Gc::(P: wczgr:Q): (‘5)

where P denotes the coordinates (z,y,z) of the
grasp center point in the camera coordinate system,
w, is the width of the grasp in the camera coordinate
system (i.e., the difference of the opening and clos-
ing degrees of the gripper), 6, is the same as that in
Eq. (2) because in this study the eye-in-hand robot
grasping system is used, and g represents the grasp
quality score.

Finally, G, is converted into the robot coor-
dinate system through external parameters of the
robot and camera, which is noted as G,. The defi-
nition of G, is similar to that of G, and will not be
given here. The convertion process from G, to G
can be represented as follows:

G, = Trans,. (G.) = Trans,. (Trans., (Gp)), (4)

R T

Tl‘ﬂ.nSrC(Gc)=|i 0 1

] G. =Gy, (5)
where R is the rotation matrix from the camera coor-
dinate system to the robot coordinate system, and T
is the translation matrix. Similarly, R in Trans., is
the rotation matrix from the pixel coordinate system
to the camera coordinate system, and T' in Trans.,
is the translation matrix.



Method

An end-to-end grasp detection convolutional neural network (CNN)
named AE-GDN
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Fig. 3 Model architecture
EN: batch normalization; RelLU: rectified linear unit. In the figure, the red lines represent the fused feature inputted into
the decoder stages. References to color refer to the online version of this figure



Method

Model architecture and loss function

L= £quality + ﬁ;?lsg[e + Ezir?gle + Ewidth + EGIOU: (6)
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Method

The effect of the generalized intersection over union (GloU)

Fig. 5 Examples of the ground truth (GT) rectan-
gle and the predicted grasp box for calculating the
generalized intersection over union (GIoU)
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Fig. 6 The effect of the hourglass box, which drives
the grasp detection result to change from the left (col-
lision between the object and gripper despite a high
IoU wvalue) to the right during training. References
to color refer to the online version of this figure



Conclusions

1. This paper proposes an efficient pixel-level grasp detection
network AE-GDN based on an attention mechanism and an
hourglass box matching mechanism.

2. The hourglass box matching mechanism creates good

correspondence between high loUs and high-quality grasp
rectangles.

3. The inference speed of the proposed AE-GDN can meet
the real-time requirement of robot grasping tasks.
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