
COMPUTER METHODS IN BIOMECHANICS AND BIOMEDICAL ENGINEERING, 2017

VOL. 20, NO. S1, S5S6

https://doi.org/10.1080/10255842.2017.1382833

Reducing the number of cameras and increasing the calibrated volume for 
motion capture

A. Aissaouia, P. Pudlob,c,d, I. Alouie, A. Oua!a and A. Taleb-Ahmedb,c,d

aLESIA Laboratory, University of Biskra, Biskra, Algeria; bUVHC, LAMIH, Valenciennes, France; cCNRS, UMR 8201, Valenciennes, France; dUniversité 
Lille Nord de France, Lille, France; eLINFI Laboratory, University of Biskra, Biskra, Algeria

KEYWORDS Optical motion capture; biomechanical applications; guided genetic algorithm; optimization

1. Introduction

Despite advances in motion capture systems, camera 

placement is still a challenging task, requiring expertise 

and experience, especially when the scene to acquire 

is complex and encumbered. In order to assist exper-

imenters in this task, Aissaoui et al. (2014) proposed 

to develop an algorithm-based optimization, which 

aims to !nd the optimal position of the cameras. "e 

algorithm allows to !nd the tags arranged on a virtual 

humanoid, in the same place as the markers a#xed on 

the real subject, and which simulates a neighbouring 

movement of the movement to be studied. Since then, 

this algorithm has been developed, as described in 

Aissaoui et al. (2017). In continuity, 2 questions arise: 

(1) Can we reduce the number of cameras, despite the 

presence of an obstacle, without reducing the calibrated 

volume? (2) Can we increase the volume calibrated with 

the same number of cameras, which would be better 

positioned? "e objective of this paper is to shed light 

on these questions through the application of the devel-

oped algorithm.

2. Method

To examine the relevance of a cameras con!guration, the 

acquisition volume (V
acq

) is calculated. In order to calcu-

late V
acq

, the working volume in which the subjects are free 

to move is represented by a set of tags (markers), and the 

visibility of each of these tags is calculated. For a tag to be 

reconstructed, it must be perceived by at least 2 cameras. 

V
acq

 is calculated as follows:

 

Nt is the number of tags perceived by at least 2 cameras, 

and N is the total number of tags present in the working 

volume (N = 612).

Six cameras are used as the basic con!guration for the 

digital experimentation. "e cameras are initially placed 

on both sides of a room of 18  ×  12  ×  3  m (3 cameras 

on the right and 3 on the le&, symmetrically) in order 

to perceive a working volume of 8 × 4 × 3 m in which 

is positioned, at its center an obstacle of 1 × 1 × 1 m. A 

camera has a !eld of view of 80º and an e'ective range of 

8 m. "ese values were used to determine the visibility of 

a tag by a single camera. "e triangulation is based on the 

visibility of the tag by at least 2 cameras. Starting from the 

basic con!guration, the number of cameras is reduced to 

5. "e acquisition volume is calculated without and with 

optimization of the location of the 5 cameras. "en, using 

the basic con!guration (without reducing the number of 

cameras), the acquisition volume is calculated without 

and with optimization of the location of the cameras. To 

optimize the location of the cameras, the GGA method 

of Aissaoui et al. (2017) is applied (Figure 1).

3. Results and discussion

"e working volume is represented by 612 tags. With the 

basic con!guration, the number of tags visible by at least 

2 cameras is 524 tags, so:

3.1. 1st question

Each camera is eliminated one a&er the other without 

changing the location of the other cameras. V
acq

 is calcu-

lated for the 6 possibilities.
(1)Vacq(%) =

Nt

N
∗ 100

Vacq = (524∕612) ∗ 100 = 85.62%
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3.2. 2nd question

Starting from the basic con!guration with 6 cameras, a&er 

optimization, the number of tags perceived by at least 2 

cameras is 524 tags, thus:

 

"us, with the same number of cameras (6 here) and an 

obstacle, the perceived volume, therefore assumed to be 

calibrated, increased with the optimization of the position 

of the cameras. "e gain is 5.23% (90.85–85.62).

4. Conclusion

"e results show that the minimization of the number of 

cameras, with the developed algorithm, can lead to sub-

stantial performance gains over the a priori placement.

Future work will aim at moving to the experimental 

stage and testing the results obtained by simulation.
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Vacq = (556∕612) ∗ 100 = 90.85%

•  Cam 1: V
acq 

= (423/612) * 100 = 69.12%

•  Cam 2: V
acq

 = (446/612) * 100 = 72.87%

•  Cam 3: V
acq

 = (398/612) * 100 = 65.03%

•  Cam 4: V
acq

 = (400/612) * 100 = 65.36%

•  Cam 5: V
acq

 = (443/612) * 100 = 72.38%

•  Cam 6: V
acq

 = (422/612) * 100 = 68.95%

By reducing the number of cameras to 5 with optimi-

zation of their location, the number of tags perceived by 

at least 2 cameras is 509 tags, thus:

 

Without optimization, markers are lost when switch-

ing from 6 to 5 cameras. "e maximum value of V
acq

 is 

72.875% for 5 cameras. "e minimal loss of tags is there-

fore 12.745%.

With optimization, markers are always lost when 

switching from 6 to 5 cameras, but this loss is minimized. 

Comparatively, with optimization loss of markers, follow-

ing the switch from 6 to 5 cameras is equal to 2.45%. "e 

minimal gain obtained by the optimization is 10.353%.

Figure 2 shows the !nal con!guration a&er reduction 

the number of cameras and optimization their location.

Vacq = (509∕612) ∗ 100 = 83.17%

Figure 1. Diagram of GGA method to optimize the placement of 
cameras for motion capture (Aissaoui et al. 2017).

Figure 2. Position of the 5 cameras after optimization for a room 
of 18 × 12 × 3 m, a working volume of 8 × 4 × 2 m, and an obstacle 
of 1 × 1 × 1 m disposed at the center of the scene.


