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leg during ball repossession. Accurate pose estimation is also a key step for higher
level tasks as analysis of visibility of action for each player, or having an open
position while ball pass receiving.

Visual tracking systems installed in football academies uses wide view cam-
eras, spanning on whole pitch or near half. Depending on installation site cameras
could be positioned near ground, producing substantial occlusions, or on a high
pylons giving non-standard human view from above. Moreover, wide view cam-
eras imposes very low-quality human visuals even for top tier recording hardware.
We did not find any literature nor the databases with annotated human pose for
the high view and low resolution scenario, what imposed the presented research
problem. All successful pose estimation approaches concern high or medium res-
olution images. The literature presents two generalized approaches in that case.
The first one is called bottom-up and the second is top-down. We tested multiple
known state-of-the-art algorithms for pose estimation with our custom test im-
ages. The images have been acquired form real system with four high-view and
high-class wide-view cameras. In next subsections we present analysis of related
work in different pose estimation approaches.

1.1 2D multi-person bottom-up approaches

Bottom-up approach predicts all keypoints, which are considered as skeleton
model parts in a single scene. Those are further assembled into full skeleton by
assigning the parts to appropriate place in the model. In [4] the multiple-stage
fully convolutional networks for estimating Part Confidence Map (heat map) and
PAF (Part Affinity field - 2D vector field) have been considered. This solution
uses multi-stage convolutional network that generates heat map and 2D vector
field for each body part (e.g. right elbow, left wrist, neck). The affinity graph is
build using 2D vector field part. Based on it, the 2D skeleton with a particular
heuristic graph relaxation technique proposed in the article can be constructed.
The approach presented in [21] achieved the best result in COCO 2016 Key-
point Detection Task, being valid proposition for solving our problem. Along
with work of Simon [29], this approach has publicly available implementation
called OpenPose [11]. Highest score on MPII multi-person pose dataset [1] got
an approach presented in work of Newell et al.[25]. Authors trained a network to
simultaneously output detections and group assignments. Output of their neural
network consist of detection heatmaps with respective associative embeddings.
Grouping body parts is performed by an algorithm based on thresholding the
parts embeddings distances. This approach differs from other bottom-up ap-
proaches by the lack of separation between detection and grouping. An entire
prediction is done at once by a single-stage, generic network based on a stacked
hourglass architecture [26].















Figure 1: Example synthetic blobs with drawn ground truth skeletons.

blobs from 2.1k captured sequences for the second distribution. Example CycleGAN-
ed training images are shown in figure 2. The model is trained with batch size
of 1.

4.3 Benchmark

We annotated 400 real blobs with full skeletons. First, all testing blobs are fit into
256x192 rectangles. For each blob we measure OKS (Object Keypint Similarity)
given by:
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training set training
epoch

mean OKS
(our bench-
mark)

mean OKS
(our synthetic
benchmark)

COCO (Mini-
val) AP
@0.5:0.95

coco 163 (best) 0.725 0.824 0.691
coco 400 0.700 0.836 0.700
coco + CycleGAN-ed 46 (best) 0.725 0.926 0.595
CycleGAN-ed 23 (best) 0.691 0.923 0.009
raw synthetic 5 (best) 0.572 0.966 0.006
raw synthetic 100 0.303 0.977 0.004

Table 2: Summary of selected checkpoints scores. Epoch marked with ”(best)”, is
the one after which the model achieves best score (among the other checkpoints
from this experiment) on our real images benchmark.

COCO only. We suspect that detailed experiments on various stages of our
experiments may achieve even higher results.

5 Conclusions

In this paper, we focus on football players pose estimation on very low-resolution
images, received from the actual High Quality CCTV system located on lighting
spots in the corners of the football pitch. To omit the need for the manual anno-
tation of many thousands of training examples we create simple python script for
rendering synthetic images. In order to give more realism to our raw synthetic
images we used vanilla CycleGAN. Conducted experiments proved, that training
neural networks for pose estimation without manually annotated data can (in
some cases) achieve as good results as training with large, manually annotated,
generic datasets (like COCO keypoints). With more exhaustive experiments, it
may be possible to achieve even better results by changing synthetic dataset
generation method, various hyperparameters, and architectures of both image
translation and pose estimation models.

Precise annotation of a large training set requires many hours of human labor,
while script for rendering synthetic dataset for a specific task using heuristics,
can be created by one person and much faster.
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