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Abstract  Video instance segmentation (VIS) is a key technology for developing vision systems
of intelligent robots, and ones deployed with video instance segmentation algorithms can accurately
perform highly complex robotic tasks, such as target tracking and obstacle avoidance. The imaging
results that are acquired during environment perception when the robot moves autonomously in a
specific scene is easily affected by its own motion speed., shooting angle, distance from the target
position and the target relative motion speed, resulting in randomness problems such as
topological deformation and scale scaling of the captured moving targets in general. For the same
target instance exsting across the adjacent static frames in a series of video frames, it is generally
diverse and uncertain in terms of the discernible feature representations which are learned by the

model of common methods. Existing video instance segmentation models mostly emphasize more
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on temporal interaction methods such as inter-frame mask propagation or multi-scale feature
tracking, through which the deep semantic parsing of topological instances and contour discrimina-
tion of targets in multi-scale are neglected, thus the effective attention to high-level fine-grained fea-
tures and accurate localization of low-level spatial information are seriously limited. To address the
above mentioned issues, a model based on polarized self-attention manipulation for multi-scale
video instance segmentation (named PSAM-Net) is proposed in this paper. First of all, in order
to establish the positional correlation information between arbitrary non-linear spaces and depend-
ences among orthogonal channels, we propose a single-stage and a cascaded polarized self-atten-
tion manipulation mechanisms, which are respectively embedded in the residual network after
each residual block in an optimal form. The above mentioned measures benefit to overcome the
dispersion of regression distribution for fine-grained features in the feature maps of deep levels
and enhance the feature focusing ability of the model on key regions, so as to complete the task of
deep semantic parsing of topological instances. Secondly, a multi-scale spatial location model of
multi-granularity spatial information is established, which can make up for the lack of low-level
feature space location and indistinct instance edge information caused by the feature flow from the
top to the bottom of the feature pyramid networks. Through this can we achieve better require-
ments of target location detection and contour segmentation for foreground objects under different
scales. Finally, we construct the episodic video dataset of animal instances extracted from You-
tube- VIS, and extensive experiments are conducted to verify the competitive performance of our
method. Compared with the YolactEdge benchmark model, the comprehensive testing results ob-
tained by the PSAM-Net model show multiple improvements, where the average detection reaches
44. 06 % which is increased by 6.08% ., and the average segmentation accuracy is increased by
8.87% to reach 44.41% respectively. In addition, the proposed PSAM-Net is capable of
processing 80 video frames per second, which is well above the real-time requirements for video
instance segmentation task. The model in this paper realizes real-time high-precision segmentation
of video instances, and provides an effective theoretical basis and certain reference value for the
autonomous environment perception of intelligent mobile robots.

Keywords  video instance segmentation; topological deformation; scale scaling; PSAM-Net;

polarized self-attention manipulation; spatial positioning branch
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Ko B YHTRNITF 55 ¢ R B HNECR ; threshold
MHTEAE ¢ S COCO PFH 8 b T 3% 2 1 8 18 15
B, P (o) Ry 57 SRR T 58 0 fE A 3.
4.4 HERRGH
4.4.1 ResNet50-PSA 35 #58 #U SZ 56 7 #r
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. N Bbox /% Mask /% T
LA LR AP AP50 APT5 AP AP50 APT5 EPS 7K /ms
Blockl 32. 89 55. 21 31,77 31,52 54. 05 39.08 90 1.1
Block? 35. 20 35. 20 38.15 35.16 55. 24 39. 46 90 1.1
Block3 37.35 60. 27 41,37 36. 89 58. 32 39. 76 98 10.2
Blockd 37.99 61. 66 41.92 38.36 59. 44 42.55 80 12.5
T4 ZENXNPAEERLELEREIILL

P Bbox /% Mask /% o
REgA R H;ﬁi?)\ AP AP50 APT5 AP AP50 APT75 FPS BT K/ms
Blockl +2 2 31,27 56. 99 37.29 32. 39 52. 56 35. 11 83 12.1
Blockl+3 2 36. 07 57.70 39. 01 34. 82 56. 12 37.56 86 11.6
Block1+4 2 34.46 57. 36 37.20 3423 55. 84 36.58 84 11.9
Block2+3 2 33.73 56. 62 36. 31 34.18 54. 84 37. 65 96 10. 4
Block? 4 2 36.93 59. 83 10. 41 36.79 58. 12 10. 60 78 12.8
Block3+4 2 36.78 60. 04 39. 82 36.53 57.78 £0. 44 80 12.5
Blockl +2-+ 3414 4 33.08 58. 75 33. 44 3441 34. 41 37.17 80 12.5
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T A B A s A A 37.99 61. 66 41.92 38.36 59. 44 42.55 80 12.5
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Fe A B0 2 S JE AR 8+ PANet 41. 80 63. 26 46.79 39. 44 61. 20 43.11 77 13.0
PSAM-Net 44.33 65.52 47.53 41.75 62. 84 43.45 73 13.6
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% 7 Bootstrap 3 # 3X X 36 I L3k 45 R 3 bk

) Bbox /% Mask /% L
Ba N AP AP50 APT5 AP AP50 APT5 FPS BN K/ms
1 44.33 65. 52 47.53 41.75 62. 84 43.45 73 13.7
2 40. 85 64.57 44. 83 39.18 61.93 42. 22 80 12.5
PSAM-Net 3 44.70 68. 39 50. 35 38. 87 61.93 43.59 86 11. 6
4 46. 82 69. 40 54. 66 39.63 65. 60 43.00 81 12.3
5 43.62 66.75 48.53 42. 60 66. 21 47.60 80 12.5
x8 HERBMERELTNWIEXLWE R

foi A Bbox_AP /% Mask_AP /% FPS &7 BHE /ms

Fi v A 7R 37.98 31. 54 90 11.1

PSAM-Net 44. 33 41.75 73 13.7
PSAM-Net (3¢ XK HIE) 44.06(+0.50) 40.41(%0. 60) 80(+4.95) 12.5(40.76)
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Background

Video instance segmentation is one of the most difficult
tasks in computer vision, which can be widely applied in
autonomous scene perception tasks based on episodic intelligent
robots. When a robot moves in a specific scene, the visual
imaging system can be affected by its own speed, shooting
angle and distances to the instances, as well as the randomness
of topological deformation and scale scaling of the captured
instances. As a result, the instances in the images have
blurred edges and different scales and shapes across frames.
which causes a great challenge to the segmentation tasks.

Recently, a host of researchers use the contextual infor-
mation of video sequences to improve the effectiveness of the
algorithms by means of inter-frame propagation or tracking.
However, the algorithms still lack of effective attention to the
high-level fine-grained features and the accurate positioning of
low-level spatial information for the instances, which results in
low segmentation accuracy for video instance segmentation.

Based on previous works, considering the adaptability of

the algorithm to the variable shape of the instances, the focusing
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ability of important regional features and the blurring of edge
information, a model based on polarized self-attention manipu-
lation for multi-scale video instance segmentation is designed in
this work. The experimental show that compared to YolactEdge
benchmark, the comprehensive testing results obtained by
the PSAM-Net model on the episodic video dataset of animals
extracted from Youtube- VIS show that the average detection
increased by 6.08% and reached to 44.06% , the average
segmentation accuracy increased by 8.87% and reached to
44.41% respectively.
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