
 

 

Abstract: In the military, police, security 
companies, and shooting sports, precision 
shooting training is one of the most important 
courses. To improve precision shooting 
performance, trainees will consume a large number 
of cartridges and an immense amount of 
professional coaches’ time - both could cost a lot. 
We have designed an augmented biofeedback 
system based on machine learning techniques to 
reduce costs and shorten training time. Our system 
works in two different scenarios: concurrent 
feedback and terminal feedback. An accuracy 
prediction model for precision shooting based on 
random forest (RF) works in concurrent feedback 
that provides the user with real-time audio 
feedback to suspend the current shot, if the model 
predicts a poor result. The terminal feedback 
provides information about the statistical values of 
the shot accuracy, possible errors that may occur 
during the current training, and gives suggestions 
for improvement during the next shooting episode. 
Experimental results show that not only does the 
proposed RF model achieve the accuracy of 
91.27%, higher than any of the existing reference 
models, but also our system has the potential to 
reduce cartridge consumption and the time of 
trainers. 

 
Index Terms: Precision Shooting, Accuracy 

Prediction Model, Augmented Feedback, Inertial 
Sensor, Machine Learning  

 

1. INTRODUCTION 

Accuracy is the most important parameter in 
precision shooting. In order to achieve a high level  
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of accuracy, the trainees have to complete a lot of 
training, which requires a lot of time and 
cartridges, as well as guidance from the coaches. 
With the development of signal processing and 
sensor technologies, inertial sensors are widely 
used in the sports industry to improve athletes’ 
performance. 

There has been some work related to the use of 
inertial sensors in precision shooting. The authors 
of [1] developed a motion analysis system based 
on the technology of inertial sensors to estimate 
posture or micro-movements like postural sway 
during precision shooting activities. An aiming 
system was developed to provide aiming 
assistance to a shooter [2]. The relationship 
between posture balance, rifle stability, and 
precision shooting performance were discussed in 
[3]. None of the above mentioned took into 
account the factors that affect shot results in 
precision shooting and none of them provided 
real-time and terminal feedback within the same 
system. To the best of our knowledge, there are 
few studies that predict shot results using sensor 
data and machine learning techniques. Although 
the use of machine learning algorithms to predict 
shot results was discussed in [4]-[5], they only use 
static data, such as the athletes' basic information 
(gender, age, status, and precision shooting 
mode), and not the motion data collected by the 
sensors. As a result, they cannot implement a 
real-time biofeedback system that provides 
real-time feedback to users. 

Due to the above-mentioned disadvantages, we 
developed an advanced biofeedback system with 
the specialization method [6] to accelerate motor 
learning in precision shooting training. This paper 
follows the guidelines of Bankovic et al. [7].  

First, we collect signals from inertial sensors 
attached to the pistol and calculate hand 
movements, which are the most important human 
factor influencing the accuracy of the precision 
shooting that can be directly monitored by sensors 
[8]. Next, we created a machine learning model 
based on the hand movement data to predict the 
accuracy of precision shooting. Then we 
developed an advanced biofeedback system that 
gives concurrent and terminal feedback to the 
user. The proposed model, based on Random 
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Forest (RF) classification algorithm, can be used 
in the concurrent feedback scenario that provides 
real-time audio feedback to the user, thus 
reducing the number of poorly executed shots. 
The terminal feedback scenario can provide 
information about the statistical values of shooting 
accuracy and possible errors that occur regularly 
during precision shooting practice: excessive 
hand movement error, aiming error, and triggering 
error. 

2. METHODOLOGY 

2.1 Concurrent Feedback 

Our inertial sensor device, mounted on the 
bottom of the pistol grip, includes a 3-axis 
accelerometer, a 3-axis gyroscope, and a 3-axis 
magnetometer. We collected data of the whole 
process, from the trainees’ shooting preparation to 
the end of the shooting, including the four shooting 
phases: aiming, triggering, firing, and recoil 
phase. It has been proven that the hand 
movement before the firing phase is strongly 
correlated with the accuracy of the precision 
shooting [8]. The hand movement is acquired 
through the attached sensor device. The measure 
of hand movement is the standard deviation of the 
collected signals. Therefore, we use the 
measurement results as features to build a 
shooting accuracy prediction model based on 
Random Forest (RF) [9].  

 For the label, we can get an absolute shot 
score (from 0 to 11) by reading it from a 
standardized pistol target, but if we shoot from 
different distances, such score is not a good 
shooting performance measure. So, we use shot 
result angle as a measure instead of the shot 
result in numerical values. The shot result angle is 
calculated from the shot impact point distance 
from the center of the target and the shooting 
distance. We perform a binary classification by 
defining only two types of shot results: good and 
bad, according to the shot angle threshold of 0.5 
degree. If the shot angle exceeds the threshold 
value, the shot result is bad, otherwise, it is good. 

2.2 Terminal Feedback 

There are three types of errors that occur 
regularly during precision shooting practice and 
can affect the shooting result: excessive hand 
movement error, aiming error, and triggering error. 
The excessive hand movement error is caused by 
the conscious or unconscious body fluctuation. 
We can detect this error by using the proposed 
shooting accuracy prediction model. The 
triggering error occurs when the trigger is pulled 
incorrectly, resulting in an undesired pistol 
movement just before the firing. We can detect 
this error by analyzing the change of pistol angle 
in the last 100 ms before firing. It is calculated from 
the angular velocity signals collected from the 
3-axis gyroscope of the sensor device. The aiming 
error is caused by an incorrect aiming technique. It 

cannot be detected by analyzing sensor signals, 
but by statistically analyzing a number of shots 
taken by the same user after shooting. 

3. RESULTS 

The subjects performed 193 shooting episodes 
(shootings), each episode contained 5 shots, 
resulting in 965 shots that were fired in total. 
Finally, we obtained 965 shot results from 6 m, 10 
m and 15 m distances. 

To evaluate the performance of the proposed 
accuracy prediction model, it is compared with a 
number of baseline models, including logistic 
regression (LR) [10], support vector machine 
(SVM) [11], decision tree (DT) [12], k-nearest 
neighbors (KNN) [13], random forest (RF) [9], 
Adaboost (AB) [14] and gradient boosting decision 
tree (GBDT) [15].The experimental results are 
shown in Fig. 1, the RF-based accuracy prediction 
model achieves an accuracy of 91.27%, which 
exceeds all baseline models.  

 
Fig.1 The accuracy of different classification algorithms. 

4.  CONCLUSION 

We have proposed a precision shooting 
accuracy prediction model based on the RF 
algorithm. Experimental results show that the 
proposed model with RF achieves higher 
prediction accuracy than the other existing 
reference models.   

  Based on this model, we have designed a 
biofeedback system that works in concurrent 
feedback and terminal feedback mode. If such a 
system detects that the excessive hand 
movement, the system will advise the user to 
suspend the current shot, calm down and try again 
later. This can result in a reduced number of 
poorly executed shots and consequently saving 
cartridges, money, and time. In addition, after 
each shot or shooting, the system can give 
terminal feedback, informing users and coaches 
about users’ errors and performance. 
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