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Contextual information across frames is crucial for single object tracking!
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PROBLEM DEFINITION

Previous Paradigm

» F(Ti—1,P;) = (Ax, Ay, Az, AD)

B; and P, are the bounding box and point cloud at
time t, respectively

Ax, Ay, Az, AB are the offset vectors between B;_; and
B,

T;_4 is the template point cloud of the target cropped
from P,_; using By_4
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= F(P,_i,M,_1,P,) - (Ax, Ay, Az, AB)

B; and P; are the bounding box and point cloud at
time t, respectively

Ax,Ay, Az, AB are the offset vectors between B;_; and
B,

B;_1 is encoded into the point-wise mask M;_; to
indicate the tracking target
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Car |Pedestrian| Van Cyclist Mean Component FLOPs | #Params Infer Speed
Method (6424) (6088) (1248) (308) (14068) backbone 3.18G 1.3M 8.5ms
SC3D  |41.3/57.9] 18.2/37.8 [40.4/47.0|41.5/70.4]31.2/48.5 transformer 1.28G | 14.7M 10.9ms
P2B 56.2/72.8 | 28.7/49.6 | 40.8/48.4 | 32.1/44.7 | 42.4/60.0 X-RPN 0.17G | 2.3M 3.0ms
3DSiamRPN | 58.2/76.2 | 35.2/56.2 | 45.7/52.9 | 36.2/49.0 | 46.7/64.9 pre/postprocess - - 6.8ms
LTTR  |65.0/77.1| 33.2/56.8 | 35.8/45.6 | 66.2/89.9 | 48.7/65.8 CXTrack 4.63G | 18.3M | 29.2ms(34FPS)
MLVSNet |56.0/74.0| 34.1/61.1 | 52.0/61.4 | 34.3/44.5 | 45.7/66.7 _ :
BAT  |60.5/77.7| 42.1/70.1 | 52.4/67.0|33.7/45.4 | 51.2/72.8 Method Car |Pedestrian| Vam | Cyclist | Mean
PTT | 67.8/81.8| 44.9/72.0 | 43.6/52.5|37.2/47.3 |55.1/74.2 _— 2(51%?;”1 1;83/1196)2 22377/12? . 17(%‘/)11;2 2(12;’/3338)1
V2B 70.5/81.3 | 48.3/73.5 | 50.1/58.0 | 40.8/49.7 | 58.4/75.2 e =7 EAR T P62 27,0085,
P2B 27.0/29.2| 15.9/22.0 |21.5/16.2 | 20.0/26.4| 22.9/25.3
PTTR  |65.2/77.4| 50.9/81.6 | 52.5/61.8|65.1/90.5 | 57.9/78.1
_ BAT  |22.5/24.1] 17.3/24.5 | 19.3/15.8 | 17.0/18.8| 20.5/23.0
STNet  [72.1/84.0 | 49.9/77.2 | 58.0/70.6 | 73.5/93.7 | 61.3/80.1 VIR 313351 | 173234 2171167 | 22.2/19.1 | 25.8/29.0
M2-Track |65.5/80.8 | 61.5/88.2 | 53.8/70.7 |73.2/93.5 | 62.9/83.4 STNet 13223611 191272 |22.3/16.821.2/29.2 | 26.9/30.8
CXTrack |69.1/81.6) 67.0/91.5 | 60.0/71.8 | 74.2/94.3 | 67.5/85.3 CXTrack | 29.6/33.4] 20.4/32.9 |27.6/20.8 | 18.5/26.8 | 26.5/31.5
Improvement | |3.0/2.4 | 15.5/13.3 | 12.0/71.1|10.7/70.6 | 14.6/11.9 Improvement | [2.6/|2.7| 11.3/15.7 [11.9/L1.1 | 13.7//2.4| 10.4/10.7
Vehicle(185731) Pedestrian(241752)
Method Easy Medium Hard Mean Easy Medium Hard Mean Mean(427483)
P2B 57.1/65.4 52.0/60.7 47.9/585 52.6/61.7 | 18.1/30.8 17.8/30.0 17.7/29.3 17.9/30.1 33.0/43.8
BAT 61.0/68.3 53.3/60.9 48.9/57.8 54.7/62.7 | 19.3/32.6 17.8/29.8 17.2/28.3 18.2/30.3 34.1/44.4
V2B 64.5/71.5 55.1/63.2 52.0/62.0 57.6/65.9 | 27.9/43.9 22.5/362 20.1/33.1 23.7/37.9 38.4/50.1
STNet 65.9/72.7 57.5/66.0 54.6/64.7 59.7/68.0 | 29.2/453 24.7/382 22.2/35.8 25.5/39.9 40.4/52.1
CXTrack | 63.9/71.1 54.2/62.7 52.1/63.7 57.1/66.1 | 35.4/55.3 29.7/47.9 26.3/44.4 30.7/49.4 42.2/56.7
Improvement | [2.0/11.6 [3.3/13.3 [3.5/11.0 [2.6/11.9 | 16.2/110.0 15.0/19.7 14.1/18.6 15.2/19.5 +1.8/14.6
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m Failure cases

® The point clouds are too sparse to capture informative local geometry — Light-weight design
m | arge appearance variations occur(target missing) — Exploiting historical information

® The scale of the displacement between training and testing data differs significantly
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