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xk�2
<latexit sha1_base64="1ns2w+CKilNznQUawcCxBdUE0vs=">AAAB+XicdVDLSsNAFL2pr1pfUZduBovgxpDUV90V3LisYG2hDWEynbRDJw9mJsUS8iduXCji1j9x5984aSv4PDBwOOde7pnjJ5xJZdvvRmlhcWl5pbxaWVvf2Nwyt3duZZwKQlsk5rHo+FhSziLaUkxx2kkExaHPadsfXRZ+e0yFZHF0oyYJdUM8iFjACFZa8kyzF2I19IPsLvey0VEt98yqbZ3azsWZg34Tx7KnqMIcTc986/VjkoY0UoRjKbuOnSg3w0Ixwmle6aWSJpiM8IB2NY1wSKWbTZPn6EArfRTEQr9Ioan6dSPDoZST0NeTRU750yvEv7xuqoK6m7EoSRWNyOxQkHKkYlTUgPpMUKL4RBNMBNNZERligYnSZVV0CZ8/Rf+T25rlHFu165Nqoz6vowx7sA+H4MA5NOAKmtACAmO4h0d4MjLjwXg2XmajJWO+swvfYLx+AAodk+Y=</latexit>

xk�1
<latexit sha1_base64="YQBVIznjHe0EY3tnnXF8GdALo7U=">AAAB+XicdVDLSsNAFL2pr1pfUZduBovgxpDUV90V3LisYG2hDWEynbRDJw9mJsUS8iduXCji1j9x5984aSv4PDBwOOde7pnjJ5xJZdvvRmlhcWl5pbxaWVvf2Nwyt3duZZwKQlsk5rHo+FhSziLaUkxx2kkExaHPadsfXRZ+e0yFZHF0oyYJdUM8iFjACFZa8kyzF2I19IPsLvey0ZGTe2bVtk5t5+LMQb+JY9lTVGGOpme+9foxSUMaKcKxlF3HTpSbYaEY4TSv9FJJE0xGeEC7mkY4pNLNpslzdKCVPgpioV+k0FT9upHhUMpJ6OvJIqf86RXiX143VUHdzViUpIpGZHYoSDlSMSpqQH0mKFF8ogkmgumsiAyxwETpsiq6hM+fov/Jbc1yjq3a9Um1UZ/XUYY92IdDcOAcGnAFTWgBgTHcwyM8GZnxYDwbL7PRkjHf2YVvMF4/AAiYk+U=</latexit>

xk
<latexit sha1_base64="+TbXcjH2/Ba5XY5z0rus7mGuS+0=">AAAB9XicdVDLSsNAFL2pr1pfVZduBovgKiT1VXcFNy4r2FpoY5lMJ+3QySTMTNQS8h9uXCji1n9x5984aSv4PDBwOOde7pnjx5wp7TjvVmFufmFxqbhcWlldW98ob261VJRIQpsk4pFs+1hRzgRtaqY5bceS4tDn9MofneX+1Q2VikXiUo9j6oV4IFjACNZGuu6GWA/9IL3Leuko65Urjn3kuKfHLvpNXNuZoAIzNHrlt24/IklIhSYcK9VxnVh7KZaaEU6zUjdRNMZkhAe0Y6jAIVVeOkmdoT2j9FEQSfOERhP160aKQ6XGoW8m85Tqp5eLf3mdRAc1L2UiTjQVZHooSDjSEcorQH0mKdF8bAgmkpmsiAyxxESbokqmhM+fov9Jq2q7B3b14rBSr83qKMIO7MI+uHACdTiHBjSBgIR7eIQn69Z6sJ6tl+lowZrtbMM3WK8frJ+TQg==</latexit>
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z-1

Hk|k�1
<latexit sha1_base64="tLM4Wh8uEFz95F1TdzMhOqN5i2c=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBjSWpgi6LbrqsYB/QhjCZTtqhkwczE7HE/IobF4q49Ufc+TdO2iy09cDA4Zx7uWeOF3MmlWV9G6W19Y3NrfJ2ZWd3b//APKx2ZZQIQjsk4pHoe1hSzkLaUUxx2o8FxYHHac+b3uZ+74EKyaLwXs1i6gR4HDKfEay05JrVYYDVxPPTVuam06fpuZ25Zs2qW3OgVWIXpAYF2q75NRxFJAloqAjHUg5sK1ZOioVihNOsMkwkjTGZ4jEdaBrigEonnWfP0KlWRsiPhH6hQnP190aKAylngacn86Ry2cvF/7xBovxrJ2VhnCgaksUhP+FIRSgvAo2YoETxmSaYCKazIjLBAhOl66roEuzlL6+SbqNuX9Qbd5e15k1RRxmO4QTOwIYraEIL2tABAo/wDK/wZmTGi/FufCxGS0axcwR/YHz+ABhUlHg=</latexit>

Consecutive
frames

Ik
<latexit sha1_base64="m2XFXodN6S2gnKXOQ2kbKq0ysFY=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRV0GXRje4q2Ac0oUymk3boZBLmIZTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJU86Udt1vp7S2vrG5Vd6u7Ozu7R9UD486KjGS0DZJeCJ7IVaUM0HbmmlOe6mkOA457YaT29zvPlGpWCIe9TSlQYxHgkWMYG0l34+xHodRdj8bTAbVmlt350CrxCtIDQq0BtUvf5gQE1OhCcdK9T031UGGpWaE01nFN4qmmEzwiPYtFTimKsjmmWfozCpDFCXSPqHRXP29keFYqWkc2sk8o1r2cvE/r290dB1kTKRGU0EWhyLDkU5QXgAaMkmJ5lNLMJHMZkVkjCUm2tZUsSV4y19eJZ1G3buoNx4ua82boo4ynMApnIMHV9CEO2hBGwik8Ayv8OYY58V5dz4WoyWn2DmGP3A+fwA7zZHP</latexit>

Ik�1
<latexit sha1_base64="zhYwitm+mRRwHnnyDc6T+gJR3NQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpJUQZdFN7qrYB/QhjKZTtqhk0mYmRRKyJ+4caGIW//EnX/jpM1CWw8MHM65l3vm+DFnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8yV3ud6ZUKhaJJz2LqRfikWABI1gbaWDb/RDrsR+kD9kgnVy42cCuOjVnDrRK3IJUoUBzYH/1hxFJQio04VipnuvE2kux1IxwmlX6iaIxJhM8oj1DBQ6p8tJ58gydGWWIgkiaJzSaq783UhwqNQt9M5nnVMteLv7n9RId3HgpE3GiqSCLQ0HCkY5QXgMaMkmJ5jNDMJHMZEVkjCUm2pRVMSW4y19eJe16zb2s1R+vqo3boo4ynMApnIML19CAe2hCCwhM4Rle4c1KrRfr3fpYjJasYucY/sD6/AFjipN+</latexit>
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z-1

Ik
<latexit sha1_base64="m2XFXodN6S2gnKXOQ2kbKq0ysFY=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRV0GXRje4q2Ac0oUymk3boZBLmIZTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJU86Udt1vp7S2vrG5Vd6u7Ozu7R9UD486KjGS0DZJeCJ7IVaUM0HbmmlOe6mkOA457YaT29zvPlGpWCIe9TSlQYxHgkWMYG0l34+xHodRdj8bTAbVmlt350CrxCtIDQq0BtUvf5gQE1OhCcdK9T031UGGpWaE01nFN4qmmEzwiPYtFTimKsjmmWfozCpDFCXSPqHRXP29keFYqWkc2sk8o1r2cvE/r290dB1kTKRGU0EWhyLDkU5QXgAaMkmJ5lNLMJHMZkVkjCUm2tZUsSV4y19eJZ1G3buoNx4ua82boo4ynMApnIMHV9CEO2hBGwik8Ayv8OYY58V5dz4WoyWn2DmGP3A+fwA7zZHP</latexit>

Ik�1
<latexit sha1_base64="zhYwitm+mRRwHnnyDc6T+gJR3NQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpJUQZdFN7qrYB/QhjKZTtqhk0mYmRRKyJ+4caGIW//EnX/jpM1CWw8MHM65l3vm+DFnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8yV3ud6ZUKhaJJz2LqRfikWABI1gbaWDb/RDrsR+kD9kgnVy42cCuOjVnDrRK3IJUoUBzYH/1hxFJQio04VipnuvE2kux1IxwmlX6iaIxJhM8oj1DBQ6p8tJ58gydGWWIgkiaJzSaq783UhwqNQt9M5nnVMteLv7n9RId3HgpE3GiqSCLQ0HCkY5QXgMaMkmJ5jNDMJHMZEVkjCUm2pRVMSW4y19eJe16zb2s1R+vqo3boo4ynMApnIML19CAe2hCCwhM4Rle4c1KrRfr3fpYjJasYucY/sD6/AFjipN+</latexit>

Hk|k�1
<latexit sha1_base64="tLM4Wh8uEFz95F1TdzMhOqN5i2c=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBjSWpgi6LbrqsYB/QhjCZTtqhkwczE7HE/IobF4q49Ufc+TdO2iy09cDA4Zx7uWeOF3MmlWV9G6W19Y3NrfJ2ZWd3b//APKx2ZZQIQjsk4pHoe1hSzkLaUUxx2o8FxYHHac+b3uZ+74EKyaLwXs1i6gR4HDKfEay05JrVYYDVxPPTVuam06fpuZ25Zs2qW3OgVWIXpAYF2q75NRxFJAloqAjHUg5sK1ZOioVihNOsMkwkjTGZ4jEdaBrigEonnWfP0KlWRsiPhH6hQnP190aKAylngacn86Ry2cvF/7xBovxrJ2VhnCgaksUhP+FIRSgvAo2YoETxmSaYCKazIjLBAhOl66roEuzlL6+SbqNuX9Qbd5e15k1RRxmO4QTOwIYraEIL2tABAo/wDK/wZmTGi/FufCxGS0axcwR/YHz+ABhUlHg=</latexit>

Consecutive
frames



Keypoint detection

Frame k-2

Keypoints



Keypoint tracking

Frame k-2 Frame k-1

Note
The colours indicate the
association between
keypoints

Keypoints
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Ik
<latexit sha1_base64="m2XFXodN6S2gnKXOQ2kbKq0ysFY=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRV0GXRje4q2Ac0oUymk3boZBLmIZTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJU86Udt1vp7S2vrG5Vd6u7Ozu7R9UD486KjGS0DZJeCJ7IVaUM0HbmmlOe6mkOA457YaT29zvPlGpWCIe9TSlQYxHgkWMYG0l34+xHodRdj8bTAbVmlt350CrxCtIDQq0BtUvf5gQE1OhCcdK9T031UGGpWaE01nFN4qmmEzwiPYtFTimKsjmmWfozCpDFCXSPqHRXP29keFYqWkc2sk8o1r2cvE/r290dB1kTKRGU0EWhyLDkU5QXgAaMkmJ5lNLMJHMZkVkjCUm2tZUsSV4y19eJZ1G3buoNx4ua82boo4ynMApnIMHV9CEO2hBGwik8Ayv8OYY58V5dz4WoyWn2DmGP3A+fwA7zZHP</latexit>

Ik�1
<latexit sha1_base64="zhYwitm+mRRwHnnyDc6T+gJR3NQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpJUQZdFN7qrYB/QhjKZTtqhk0mYmRRKyJ+4caGIW//EnX/jpM1CWw8MHM65l3vm+DFnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8yV3ud6ZUKhaJJz2LqRfikWABI1gbaWDb/RDrsR+kD9kgnVy42cCuOjVnDrRK3IJUoUBzYH/1hxFJQio04VipnuvE2kux1IxwmlX6iaIxJhM8oj1DBQ6p8tJ58gydGWWIgkiaJzSaq783UhwqNQt9M5nnVMteLv7n9RId3HgpE3GiqSCLQ0HCkY5QXgMaMkmJ5jNDMJHMZEVkjCUm2pRVMSW4y19eJe16zb2s1R+vqo3boo4ynMApnIML19CAe2hCCwhM4Rle4c1KrRfr3fpYjJasYucY/sD6/AFjipN+</latexit>

Hk|k�1
<latexit sha1_base64="tLM4Wh8uEFz95F1TdzMhOqN5i2c=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBjSWpgi6LbrqsYB/QhjCZTtqhkwczE7HE/IobF4q49Ufc+TdO2iy09cDA4Zx7uWeOF3MmlWV9G6W19Y3NrfJ2ZWd3b//APKx2ZZQIQjsk4pHoe1hSzkLaUUxx2o8FxYHHac+b3uZ+74EKyaLwXs1i6gR4HDKfEay05JrVYYDVxPPTVuam06fpuZ25Zs2qW3OgVWIXpAYF2q75NRxFJAloqAjHUg5sK1ZOioVihNOsMkwkjTGZ4jEdaBrigEonnWfP0KlWRsiPhH6hQnP190aKAylngacn86Ry2cvF/7xBovxrJ2VhnCgaksUhP+FIRSgvAo2YoETxmSaYCKazIjLBAhOl66roEuzlL6+SbqNuX9Qbd5e15k1RRxmO4QTOwIYraEIL2tABAo/wDK/wZmTGi/FufCxGS0axcwR/YHz+ABhUlHg=</latexit>

Consecutive
frames



Keypoint filtering

Frame k-2 Frame k-1

Object detection

Keypoints within (potential) moving objects
are removed

Keypoints

xx
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z-1

Ik
<latexit sha1_base64="m2XFXodN6S2gnKXOQ2kbKq0ysFY=">AAAB83icbVDLSsNAFL2pr1pfVZduBovgqiRV0GXRje4q2Ac0oUymk3boZBLmIZTQ33DjQhG3/ow7/8ZJm4W2Hhg4nHMv98wJU86Udt1vp7S2vrG5Vd6u7Ozu7R9UD486KjGS0DZJeCJ7IVaUM0HbmmlOe6mkOA457YaT29zvPlGpWCIe9TSlQYxHgkWMYG0l34+xHodRdj8bTAbVmlt350CrxCtIDQq0BtUvf5gQE1OhCcdK9T031UGGpWaE01nFN4qmmEzwiPYtFTimKsjmmWfozCpDFCXSPqHRXP29keFYqWkc2sk8o1r2cvE/r290dB1kTKRGU0EWhyLDkU5QXgAaMkmJ5lNLMJHMZkVkjCUm2tZUsSV4y19eJZ1G3buoNx4ua82boo4ynMApnIMHV9CEO2hBGwik8Ayv8OYY58V5dz4WoyWn2DmGP3A+fwA7zZHP</latexit>

Ik�1
<latexit sha1_base64="zhYwitm+mRRwHnnyDc6T+gJR3NQ=">AAAB+XicbVDLSsNAFL2pr1pfUZduBovgxpJUQZdFN7qrYB/QhjKZTtqhk0mYmRRKyJ+4caGIW//EnX/jpM1CWw8MHM65l3vm+DFnSjvOt1VaW9/Y3CpvV3Z29/YP7MOjtooSSWiLRDySXR8rypmgLc00p91YUhz6nHb8yV3ud6ZUKhaJJz2LqRfikWABI1gbaWDb/RDrsR+kD9kgnVy42cCuOjVnDrRK3IJUoUBzYH/1hxFJQio04VipnuvE2kux1IxwmlX6iaIxJhM8oj1DBQ6p8tJ58gydGWWIgkiaJzSaq783UhwqNQt9M5nnVMteLv7n9RId3HgpE3GiqSCLQ0HCkY5QXgMaMkmJ5jNDMJHMZEVkjCUm2pRVMSW4y19eJe16zb2s1R+vqo3boo4ynMApnIML19CAe2hCCwhM4Rle4c1KrRfr3fpYjJasYucY/sD6/AFjipN+</latexit>

Hk|k�1
<latexit sha1_base64="tLM4Wh8uEFz95F1TdzMhOqN5i2c=">AAAB+3icbVDLSsNAFL2pr1pfsS7dDBbBjSWpgi6LbrqsYB/QhjCZTtqhkwczE7HE/IobF4q49Ufc+TdO2iy09cDA4Zx7uWeOF3MmlWV9G6W19Y3NrfJ2ZWd3b//APKx2ZZQIQjsk4pHoe1hSzkLaUUxx2o8FxYHHac+b3uZ+74EKyaLwXs1i6gR4HDKfEay05JrVYYDVxPPTVuam06fpuZ25Zs2qW3OgVWIXpAYF2q75NRxFJAloqAjHUg5sK1ZOioVihNOsMkwkjTGZ4jEdaBrigEonnWfP0KlWRsiPhH6hQnP190aKAylngacn86Ry2cvF/7xBovxrJ2VhnCgaksUhP+FIRSgvAo2YoETxmSaYCKazIjLBAhOl66roEuzlL6+SbqNuX9Qbd5e15k1RRxmO4QTOwIYraEIL2tABAo/wDK/wZmTGi/FufCxGS0axcwR/YHz+ABhUlHg=</latexit>

Consecutive
frames



Validation

• Dataset: Multiple Object Tracking Challenge 2015, 2016 and 2017
• Prediction accuracy: mean squared error (bounding boxes centres)
• Comparison

– Location based 
• Static Prediction (SP)
• Linear Prediction (LP) [6]
• Exponential Prediction (EM) [7] 
• Linear Regression (LR)
• LSTM [8]

– Location and image based
• Simple Homography-based prediction (SH) [3]
• Proposed with keypoints on ground plane (GMG)
• Proposed (GM)

[3] S. Li et al., Visual object tracking for unmanned aerial vehicles: A benchmark and new motion models. In Proc. AAAI. 2017
[6] K. Shafique et al., A rank con- strained continuous formulation of multi-frame multi-target tracking problem. In CVPR. 2018
[7] V. Akbarzadeh et al., Target trajectory prediction in PTZ camera networks. In CVPR. 2013
[8] M. Babaee et al., Occlusion handling in tracking multiple people using RNN. In Proc. ICIP. 2018



Prediction accuracy [pixels]

number of frames to predict
number of observed frames

Proposed



Prediction accuracy [pixels]

number of frames to predict
number of observed frames

Proposed



Prediction accuracy [pixels]

number of frames to predict
number of observed frames

Proposed

* Indicates at least one more order of magnitude 



Prediction accuracy [pixels]

Up to x 2.75 tim
es more accurate

number of frames to predict
number of observed frames

Proposed

* Indicates at least one more order of magnitude 



Robustness to noisy observations

SP
LP
EM
LR
LSTM
GMG
GM (proposed)

• Gaussian noise introduced to observed past locations
• Prediction accuracy on all objects and for all frames of the test dataset

Pr
ed
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cy
 [p
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Standard deviation of the noise



Robustness to frame-rate reduction

0% 50% 67% 75% 80% 83%

Frame-rate reduction (FRR) of the original frame-rate

Pr
ed

ic
tio

n 
ac

cu
ra

cy
 [p

ix
el

s]

At 33% FRR,
the proposed predictor 
is more accurate than 

all alternatives
at 100% FRR

• Prediction accuracy on all objects and for all frames of the test dataset
SP
LP
EM
LR
LSTM
GMG
GM (proposed)



Example

Manual
annotation

Linear 
prediction

Proposed

past observed framesTP = 10
<latexit sha1_base64="vT7WzCZMGDbo24gFNOHibQjobLE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHCHlBsoTZSW8yZHZ2nZkVQshPePGgiFd/x5t/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rGsm3GCfkQHkoecUWOldr1XIzfEc3vFklt25yCrxMtICTLUesWvbj9maYTSMEG17nhuYvwJVYYzgdNCN9WYUDaiA+xYKmmE2p/M752SM6v0SRgrW9KQufp7YkIjrcdRYDsjaoZ62ZuJ/3md1ITX/oTLJDUo2WJRmApiYjJ7nvS5QmbE2BLKFLe3EjakijJjIyrYELzll1dJs1L2LsqVh8tS9TaLIw8ncArn4MEVVOEeatAABgKe4RXenEfnxXl3PhatOSebOYY/cD5/ABULjq8=</latexit>

future predicted framesTF = 60
<latexit sha1_base64="Gsuu9QGAhYUgqWq1r/IPvtBytTo=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqexWUS9CURCPFfoF7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zM82PBtXGcb5RbWV1b38hvFra2d3b3ivsHTR0lirIGjUSk2j7RTHDJGoYbwdqxYiT0BWv5o9up33piSvNI1s04Zl5IBpIHnBJjpXa9d4ev8YXTK5acsjMDXiZuRkqQodYrfnX7EU1CJg0VROuO68TGS4kynAo2KXQTzWJCR2TAOpZKEjLtpbN7J/jEKn0cRMqWNHim/p5ISaj1OPRtZ0jMUC96U/E/r5OY4MpLuYwTwySdLwoSgU2Ep8/jPleMGjG2hFDF7a2YDoki1NiICjYEd/HlZdKslN2zcuXhvFS9yeLIwxEcwym4cAlVuIcaNICCgGd4hTf0iF7QO/qYt+ZQNnMIf4A+fwANSo6q</latexit>



Example

Manual
annotation

Linear 
prediction

Proposed

past observed framesTP = 10
<latexit sha1_base64="vT7WzCZMGDbo24gFNOHibQjobLE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHCHlBsoTZSW8yZHZ2nZkVQshPePGgiFd/x5t/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rGsm3GCfkQHkoecUWOldr1XIzfEc3vFklt25yCrxMtICTLUesWvbj9maYTSMEG17nhuYvwJVYYzgdNCN9WYUDaiA+xYKmmE2p/M752SM6v0SRgrW9KQufp7YkIjrcdRYDsjaoZ62ZuJ/3md1ITX/oTLJDUo2WJRmApiYjJ7nvS5QmbE2BLKFLe3EjakijJjIyrYELzll1dJs1L2LsqVh8tS9TaLIw8ncArn4MEVVOEeatAABgKe4RXenEfnxXl3PhatOSebOYY/cD5/ABULjq8=</latexit>

future predicted framesTF = 60
<latexit sha1_base64="Gsuu9QGAhYUgqWq1r/IPvtBytTo=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqexWUS9CURCPFfoF7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zM82PBtXGcb5RbWV1b38hvFra2d3b3ivsHTR0lirIGjUSk2j7RTHDJGoYbwdqxYiT0BWv5o9up33piSvNI1s04Zl5IBpIHnBJjpXa9d4ev8YXTK5acsjMDXiZuRkqQodYrfnX7EU1CJg0VROuO68TGS4kynAo2KXQTzWJCR2TAOpZKEjLtpbN7J/jEKn0cRMqWNHim/p5ISaj1OPRtZ0jMUC96U/E/r5OY4MpLuYwTwySdLwoSgU2Ep8/jPleMGjG2hFDF7a2YDoki1NiICjYEd/HlZdKslN2zcuXhvFS9yeLIwxEcwym4cAlVuIcaNICCgGd4hTf0iF7QO/qYt+ZQNnMIf4A+fwANSo6q</latexit>



Example of error (occlusions)

Manual
annotation

Linear 
prediction

Proposed

past observed framesTP = 10
<latexit sha1_base64="vT7WzCZMGDbo24gFNOHibQjobLE=">AAAB73icbVDLSgNBEOyNrxhfUY9eBoPgKexGQS9C0IvHCHlBsoTZSW8yZHZ2nZkVQshPePGgiFd/x5t/4yTZgyYWNBRV3XR3BYng2rjut5NbW9/Y3MpvF3Z29/YPiodHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWM7mZ+6wmV5rGsm3GCfkQHkoecUWOldr1XIzfEc3vFklt25yCrxMtICTLUesWvbj9maYTSMEG17nhuYvwJVYYzgdNCN9WYUDaiA+xYKmmE2p/M752SM6v0SRgrW9KQufp7YkIjrcdRYDsjaoZ62ZuJ/3md1ITX/oTLJDUo2WJRmApiYjJ7nvS5QmbE2BLKFLe3EjakijJjIyrYELzll1dJs1L2LsqVh8tS9TaLIw8ncArn4MEVVOEeatAABgKe4RXenEfnxXl3PhatOSebOYY/cD5/ABULjq8=</latexit>

future predicted framesTF = 60
<latexit sha1_base64="Gsuu9QGAhYUgqWq1r/IPvtBytTo=">AAAB73icbVBNSwMxEJ3Ur1q/qh69BIvgqexWUS9CURCPFfoF7VKyabYNzWbXJCuUpX/CiwdFvPp3vPlvTNs9aOuDgcd7M8zM82PBtXGcb5RbWV1b38hvFra2d3b3ivsHTR0lirIGjUSk2j7RTHDJGoYbwdqxYiT0BWv5o9up33piSvNI1s04Zl5IBpIHnBJjpXa9d4ev8YXTK5acsjMDXiZuRkqQodYrfnX7EU1CJg0VROuO68TGS4kynAo2KXQTzWJCR2TAOpZKEjLtpbN7J/jEKn0cRMqWNHim/p5ISaj1OPRtZ0jMUC96U/E/r5OY4MpLuYwTwySdLwoSgU2Ep8/jPleMGjG2hFDF7a2YDoki1NiICjYEd/HlZdKslN2zcuXhvFS9yeLIwxEcwym4cAlVuIcaNICCgGd4hTf0iF7QO/qYt+ZQNnMIf4A+fwANSo6q</latexit>



Tracking with linear motion prediction

False-positive
initialisations

Note
Tracking does not use 
appearance featuresR. Sanchez-Matilla et al., Online multi-target tracking 

with strong and weak detections. In Proc. ECCVw. 2016



Sample of tracking with proposed motion prediction

Note
Tracking does not use 
appearance features



Conclusions

• Simple object motion predictor that
– requires no camera calibration, scene nor object location assumptions
– is 3x more accurate than LSTM and 2x more accurate than linear prediction
– is as accurate as linear prediction when processing only 1/3 of the frames
– is real-time
– improves tracking results

• Future work
– integration on a moving platform (robot) for navigation 
– energy consumption analysis


