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The purpose of the study is to determine a good posture of an upper limb segment in 
handling a rifle while aiming at a target in standing position. Ten male subjects 
participated in the study. The experiment was done using Vicon 1.5.2 motion analysis 
system and seven infra-red cameras. Data were filtered using Functional Data Analysis 
(FDA) technique. Results showed that mean flexion angle for all the subjects are 52 ±7 
deg and 32 ±9 deg for right and left shoulder, respectively. Mean elbow angle is 118 ±8 
deg on the right and 103 ±10 deg on the left. Ulnar deviation for wrist angle is the 
smallest with 21 ±9 deg for the right hand side and 47 ±11 deg for the left hand side. It is 
concluded that the shooting posture of the upper limb segment of a shooter is consistent 
within all the subjects. 
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INTRODUCTION: Accuracy in shooting is very important for sports shooters, police and army 
personnel as well as hunters. Shooting accuracy depends on several factors such as 
postural balance (Era, Konttinen, Mehta, Saarela & Lyytinen,  1996; Ball, Best & Wrigley, 
2003; Mononen et al. 2007; Hrysomallis 2011), breathing techniques (Plaster, 2006), 
ammunition dimensions (Anderson,  Boneh & Grevstad, 2009), novice and expert shooters 
(Doppelmayr, Finkenzeller & Sauseng  , 2008; Ravindra, Errol & Wing, 2009), length and 
weight of the rifle (Yuan & Lee, 1997) and biomechanical interactions in human-rifle system 
(Grebot & Burtheret, 2008). None discusses on the shooter’s posture of handling a rifle in 
target accuracy. 
In Malaysia, army and police personnel are required to attend shooting training to improve 
their shooting skill technique. The normal shooting training procedure is done by trial and 
error practice. The fact that the number of practice does not necessarily give the better 
outcome in shooting accuracy is long known (Platte & Powers, 2008). Thus live shooting 
exercises which involved a combination of expert and novice shooters has been carried out 
to obtain the level of shooting accuracy among Malaysian military staff and soldiers. It is 
found out that the mean score was 55 (SD = 10) (Din, Rambely, & Jemain, 2011). Thus the 
objective of this paper is to determine a correct posture of handling a rifle while aiming a 
target during standing shooting activity.  
 
METHODS: Ten healthy male military trainers free from any injuries, age 31 ±6.2 years old, 
weigh 71.6 ±10.4 kg with height of 166.3 ±5.9 cm were chosen as subjects. Consent was 
obtained prior to the experiment. All of the subjects are soldiers with more than ten years 
shooting experience using M16 rifle. The subject wore tight outfit carrying a 4 kg rifle. An 
M16 rifle without bullets was used in the experiment. Standing shooting positions was 
performed with three repetitions by each subject.  
Thirty-nine reflected markers were placed on the bony landmarks of the subject’s body 
(Figure 1). Tracking of gait kinematics data of the subject’s body motion while ambushing 
and aiming the target prior to shooting were recorded and digitized using Vicon 1.5.2 Motion 
Analysis Systems with seven infra-red cameras attached to the walls. There were 45 trials 
digitized and data was sampled at 50 Hz.  
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Figure 1: Subject holding a rifle with infrared body markers attached before experiment (left) 
and while aiming the target in prone shooting positon (right). 

 
Data was smoothed using Functional Data Analysis (FDA) technique (Ramsay, Hooker & 
Graves, 2009). FDA was a relatively new method for analyzing data. It first transformed data 
to functional forms for further analysis. Besides normal statistical analysis and verification of 
data, information from derivatives of the data could also be used. Other important features 
available in FDA were the ability to smooth and interpolate data, to remove phase lag and to 
align curves according to specified peak and trough which were not possible by other 
methods. This study fully utilized FDA smoothing technique in order to remove noise and 
spike with prior testing done thoroughly before selecting the most suitable parameters. FDA 
smoothing parameters selected was penalizing fourth derivatives with the amount of 
smoothing, lambda 1e-12. Programming was done in an open access R programming 
language. 
 
RESULTS AND DISCUSSION: Sixty frames from all trials during the aiming stage in sagittal 
plane are combined together. The first 30 frames is the getting ready position to perform the 
aiming. The real aiming point actually occurs at normalized time 0.69s. Figure 2 showed the 
angles recorded from all subjects. Table 1 showed mean angles for shoulder, elbow and 
wrist joints. Mean angles for right shoulder flexion and elbow are greater than that of left side 
mean angles as the rifle is always positioned on the right side of the body regardless of a 
dominance side of the subject. Elbow angles are almost flat lines with 110-120° (about 2.0 
radian) and 100-110° for right and left sides, respectively. The result shows that every 
subject possesses almost identical and consistent elbow angle while aiming the target in a 
standing position. Left shoulder angles are almost flat while the right shoulder angles have 
more variations compare to that of the left hand shoulder. The difference in shoulder flexion 
may due to different length of subjects’ hands as the length of rifle is fixed. Anyhow the gap 
is not that large from one subject to another with standard deviation of about 7° and 10° for 
left and right, respectively. The dotted lines at the bottom of the graph refer to wrist angles for 
all the subjects. Wrist deviation and flexion seems very small and consistent, with the 
contralateral wrist hyperextended at around 11° and ulnar deviation of ipsilateral wrist by 9°.  
Among the three angles, elbow flexion angles are the highest followed by shoulder flexion 
angles and wrist angles are the smallest of all. All subjects possess almost equivalent degree 
of angle movements. This may due to their many years experience in rifle shooting. 
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Figure 2: Right and left angles for all subjects during aiming phase. The top dotted lines refer 
to elbow angles, the middle straight lines are for shoulder angles and the bottom dotted lines 
are for wrist angles. 
 

Table 1:  Mean angles and standard deviation for right and left hand at shooting. 
 
Position 
 

 
Angle 

 
Mean angle (deg) 

 
Standard deviation 

Right Shoulder 52 6.95 
 Elbow 118 8.63  
 Wrist -21 9.32 
Left Shoulder 32 9.28 
 Elbow 103 10.62  
 Wrist -47 11.20 
 
CONCLUSION: Shoulder, knee and wrist angles vary slightly from one shooter to the other 
as their height and posture are different. Somehow, angles for all the subjects for this 
experiment are not much in variation which may be due to the subject years of experience in 
rifle shooting. Therefore, we can conclude that a good standing posture for Malaysian military 
is about the same range as subjects experimented in this paper. Right shoulder, elbow and 
wrist angles are more consistent compare to that of the left side of the arm. Flexion angles of 
the right hand side of the shoulder and elbow are greater compare to that of the left hand 
side. It is observed that the arm motions produce greater mean angle values on the right 
hand side while handling the rifle to aim for a target.  
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