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ABSTRACT 

The present paper describes a study based on the loss and gain of 

frames that are obtained through sensors (color, depth, and body 

tracking) of Kinect V2.  For this purpose, it is established a time 

to obtain each frames per second (FPS), evaluating a performance 

of sensors in three evaluation instances, using native Kinect V2 
libraries and other graphic processing libraries. In addition, 

several experimental tests were carried out, in order to verify the 

best performance of a test application based on graphical 

processing of each sensor. 

CCS Concepts  

• Software and its engineering➝ Acceptance testing 

• Hardware➝ Sensor Applications and 

Deployments   • Hardware➝ Sensor devices and platforms. 
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1. INTRODUCTION 
Kinect sensor was originally created for XBOX 360 video game 

console, which it has been in need of evolution. It currently has 

two improved versions: a commercial for video games, Kinect 
sensor for Xbox One [1]; and for development Kinect sensor for 

Windows v2 (Kinect V2) [2]. These two versions have been the 

most used for the field of research in treatment of images. 

Kinect V2 introduces new features in its sensors or input streams: 

for color (1920 × 1080 resolution images), infrared (gamma 

correction with depth sensor), depth (distances 0.5 to 4.5 meters) 

and body tracking (detection of 25 joints), without forgetting 

audio recognition (noise reduction) [3]. The management of these 
new features of Kinect V2 sensor are within the software 

development kit with interaction of the SDK 2.0 [2, 4]. 

Use this sensor to have some minimum hardware and software 

requirements: 64-bit processor, 3.1 GHz physical core, USB 3.0 

compatible with the Kinect Adapter for Windows, 4GB in RAM, 
graphics card that supports DirectX 11 or higher and Windows 8, 

8.1 or Windows 10 [4]. These requirements are established to 

obtain a good performance of Kinect V2 in color sensors, depth-

infrared and detection or body tracking [5]. 

With the sensors that Kinect V2 has, it is possible to access 
through the native libraries within the SDK 2.0 for developers [6]. 

The compatibility of these libraries with respect to performance in 

a test application is established using the frame reader for each 

input stream [7]. 

The color sensor is based on the properties: frame saturation and 
maximum resolution established for each frame [8]. The depth 

sensor is based on the properties: minimum accepted distance and 

relative time of saturation with respect to the frame in processing 

[8, 9]. The body tracking sensor is based on properties: maximum 

number of people traced and detection of joints in components (x, 
y, z) within a frame [10]. 

This paper made an investigation about the performance of the 

Kinect V2 regarding the sensors (color, depth and body tracking), 

in function of GPU processing (Graphics Processor Unit) [11]. 

The three instances of evaluation are done with certain graphic 
cards, which are: 1GB, 2GB, and 6GB, individually with the test 

application adapted to the native Kinect V2 libraries [12], and 

other graphic processing libraries [13]. 

The parameters of input evaluation are: performance based on 

processing frames, GPU use and CPU work [14], with the goal of 
taking advantage of the increased processing capacity in 

applications of Kinect study [15], to obtain better performance of 

the use of each sensor of the Kinect V2. 
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These work is divided into five sections, including introduction. 

Section 2, presents the work related to Kinect sensor. Section 3, 

deals with performance based on each sensor experimental results. 
Then, Section 4 contains discussion of results in this paper. 

Finally, conclusions are presented in Section 5. 

2. RELATED WORKS 
The significant features regarding the Kinect for Xbox One are 

improved compared to the processing of the sensors with the 

CPU’s work in cache [16]; in contrast to the Kinect V2 where the 

CPU works trivially with the GPU to avoid loading within the 

cache that stores the Kinect V2 sensor [17]. These features work 
based on the frame processing by second (FPS), where the sensors 

have a minimum and maximum FPS of 15 or 30 according to the 

color camera light [18, 19]. These values in FPS are considered to 

determine if the output data of each sensor are correct or have loss 

too much data.   

For the depth sensor the saturation of FPS depends on the GPU 

[20], due to the use of libraries or programming platforms such as 

OpenCV (Open Source Computer Vision Library) [21], OpenGL 

(Open Graphics Library) [22], Unity [23], and even platforms that 

compile free Kinect libraries, such as OpenNI [24]. 

For the integration of Kinect V2 sensors in applications, the 

developers use more OpenCV as GPU code activation [25], thus 

determining a minimum amount of data of a frame that is a 

process inside one of the libraries of OpenCV [26]. 

On the other hand, to determine Kinect processing and to increase 
the use of GPU, most academic related researchers use NVidia 

CUDA [27]. For which, there is study with Kinect V2 and NVidia 

CUDA, to recognition of people and the tracking of RGB-D data 

[28], obtaining as outcomes, the frame rates gain an improving in 

compare with the use of CUDA in the processing. The integration 
of OpenCV in this research, presents an improved data acquisition 

for the scalable tracking of people, thanks to the OpenPTrack 

library [29]. The dependency of the libraries with which the 

Kinect works, allow to support this work in the performance of 

the Kinect V2 in compare with the processing of the GPU [17]. 
The instance tests are realized with three graphic cards: 1GB 

(integrated), 2GB (192 CUDA cores and a 64-bit bus), and 6GB 

(1152 CUDA cores), applied it to native Kinect libraries for 

Windows v2 and with another type of development platforms with 

the use of OpenCV libraries [30]. 

3. EXPERIMENTAL RESULTS 
In order to evaluate and discuss the performance of Kinect V2, in 

the graphic processing and data output in each of the sensors 
(color, depth and body tracking), is created a test application that 

contains calls to the native libraries of the SDK 2.0. 

The following code segment shows the basic operation to 

initialize the sensors to work with Kinect V2 using the SDK 2.0 

from C #. 

// Variable that incorporates the Kinect sensor device 

KinectSensor _sensorkinect; 

// Reader for multi-source frames. 

MultiSourceFrameReader _reader; 

//Instance of Kinect sensor connected 
_sensorkinect = KinectSensor.GetDefault(); 

/Initialize the Kinect sensor 

if (_sensorkinect != null) 

            {   

              _sensorkinect.Open(); } 

// Reader for multi-stream data frames 

_reader = _sensorkinect.OpenMultiSourceFrameReader( 

FrameSourceTypes.Color |                                             
 FrameSourceTypes.Depth |                                             

 FrameSourceTypes.Body); 

 // Only it is activated every time a frame or frame is captured 

_reader.MultiSourceFrameArrived                += 

      Reader_MultiSourceFrameArrived; 
 

This code creates a frame reader for multiple sensor outputs. For 

each data flow there are: to color (FrameSourceTypes.Color), 

depth (FrameSourceTypes.Depth), and to body tracking 

(FrameSourceTypes.Body). On the other hand, the next execution 
cell shows the basic operation of each sensor (see Figure. 1). 

 

Figure 1. Kinect V2 Process Stack 

3.1 Color Sensor: Results in FPS 
The result summary of the preliminary evaluation of the FPS with 
graphic processing, are obtained in correlation to each frame and 

determined time in 300 seconds or intervals of 1 second for each 

frame. For the body tracking sensor, a scatter diagram of the 

evaluation is presented in the test application. The estimation of 

each frame is determined by values between 15 FPS (average 
quality - Kinect v2) and 30 FPS (high quality - Kinect v2). 

In 1GB of graphical processing, we obtained a value of 233 

frames that are less than 30 FPS, and 67 frames greater or equal to 

30 FPS, in 300 seconds per frame (see Fig. 2). This determines a 

significant drop in FPS on the 1GB card, causing the loss of some 
frames or frames for the evaluation of the application in real time. 

 

Figure 2. COLOR: Results in FPS – 1GB 

In 2GB of graphics processing, we obtained a value of 162 frames 
that are less than 30 FPS, and 138 frames greater or equal, in 300 

seconds per frame (see Figure. 3). In obtaining application data 

and the color sensor with maximum resolution, it is determined 
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based on all frames greater or equal to 30 FPS, to get a good 

performance on the 2GB card. 

 

Figure 3. COLOR: Results in FPS – 2GB 

In 6GB of graphic processing, we obtained a value of 127 frames 

that are less than 30 FPS, and 173 frames greater than the quality 
of 30 FPS, in 300 seconds per frame (see Figure. 4). 

 

Figure 4. COLOR: Results in FPS – 6GB 

The valuation of each FPS in a determined time, allows setting the 

evaluation properties in the test application of the color sensor, 

where the 6GB card has a significant improvement over the 1GB 

and 2GB cards, according to the diagrams presented. 

3.2 Depth Sensor: Results in FPS 
For the depth sensor, is presented in the same way a scatter 

diagram of the evaluation in the test application. The estimation of 

each frame is determined by the values between 25 FPS and 30 
FPS, in addition to the relative saturation time. 

In 1GB of graphics processing,  we are obtained 238 frames that 

are less than 30 FPS, and 62 frames greater or equal to 30 FPS 

values, in 300 seconds per frame (see Figure. 5). The intensity 

with which the native Kinect V2 libraries work, is adjusted to the 
depth evaluation over a given distance of 0.5 to 2 meters, resulting 

in a significant loss of data. 

 

Figure 5. DEPTH: Results in FPS - 1GB 

For the evaluation in 2 GB, within the same distances, are 

obtained 197 frames smaller than 30 FPS, and 103 frames greater 

or equal to 30 FPS, in 300 seconds per frame (see Figure. 6). The 
data present a separation in two acceptable ranges between 28 to 

29 FPS processing. 

                   
Figure 6. DEPTH: Results in FPS - 2GB 

On the other hand, in 6GB of graphics processing, we obtained a 

value of 121 frames that are less than 30 FPS, and at the same 

time, there is a high value of 179 frames in compare with 30 FPS, 

in 300 seconds per frame (see Figure. 7). 

 

Figure 7. DEPTH: Results in FPS – 6GB 

In the depth sensor, the values are adjusted to the changes within 

the evaluation, each data varies depending on the saturation 

captured in 300 seconds per frame. For the 2GB card compared to 

the 6GB card, the variation ranges from 29 FPS to 30 FPS, 

presenting a minimum loss of data, for the evaluation properties 
of the application. 

3.3 Body Tracking Sensor: Results in FPS  
For the body tracking sensor, a scatter diagram is also presented. 
The frames that are obtained are valued based on a person traced 

in a certain time referring to the 25 joints detected. 

In 1GB of graphic processing, we obtained a value of 230 frames 

that are smaller than 30 FPS, and 70 frames greater or equal to 30 

FPS, in 300 seconds per frame (see Fig. 8). The data collection is 
based on the evaluation of a bitmap image, with a similar 

evaluation with the color sensor, results of 1 GB (see Fig. 2). 

265



 

Figure 8. BODY TRACKING: Results in FPS - 1GB 

On the other hand, in 2GB of graphics processing, we obtained a 

value of 188 frames  that are smaller than 30 FPS, and 112 frames 

greater or equal to 30 FPS, in 300 seconds per frame (see Figure 

9). The valuation between body tracking and color resembles a 
scatter of frames that is presented in depth. 

 

Figure 9. BODY TRACKING: Results in FPS - 2GB 

For 6GB of graphics processing, is obtained a value of 115 frames 

that are less than 30 FPS, and 185 frames greater or equal to 30 

FPS, in 300 seconds per frame (see Figure 10). In order to obtain 

this data within the body tracking sensor, the frames do not have 

much dispersion, meaning that it works correctly in the estimation 
of 30 FPS (high quality - Kinect v2). 

 

Figure 10. BODY TRACKING: Results in FPS - 6GB 

The assessment of each FPS in the body tracking sensor, at 300 

seconds per frame, establishes an output range compared to the 25 
joints detected in a body. For the 6GB card the evaluation is 

similar to the data obtained for the depth sensor (see Figure 7), 

since for the recognition of the bodies it is applied for both color 

and depth sensors. 

3.4 Real Data 
To measure the use of the GPU with each of the sensors is 

evaluated based on the OpenCV libraries, which was designed to 

take full advantage of the real-time processing of applications. 

The libraries included for the test application are specifically 

selected to access graphic processing functions in opencv2: core 

(basic data structures), imgproc (image processing), highgui 
(video capture, images) and GPU (accelerated algorithms). 

The results obtained are segmented by each of the graphic cards 

of 1GB, 2GB and 6GB respectively for the sensors (color, depth 

and body tracking). The evaluation is based on the use of the GPU 

(0-100%) and the determinant of the fall of each frame based on 
30 FPS (high quality - Kinect v2). 

For 1GB graphics processing card is obtained an evaluation of the 

FPS greater than 30 FPS in a time determined by the GPU, which 

present a total of 234 frames (see Figure 11). 

 

Figure 11. SENSORS: Results in FPS and GPU - 1GB 

In the 2GB graphics card, the FPS greater than 30 FPS in a time 
determined by the GPU, present a total of 263 frames (see Figure 

12). 

 

Figure 12. SENSORS: Results in FPS and GPU - 2GB 

On the other hand, for the 6GB card the FPS greater than 30 FPS, 

determined by the GPU, present a total of 291 frames (see Fig. 13).  

 

Figure 13. SENSORS: Results in FPS and GPU - 6GB 

The results obtained using the OpenCV libraries, in the evaluation 

of color sensors, depth, and body tracking present a maximum use 
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of their evaluation parameters, such as performance based on 

processing frames and work on the GPU. 

For the 1GB card it ranges from 20% to 80%, while the 2GB card 
GPU performance ranges from 20% to 60%, and for the 6GB card 

the GPU stabilizes its performance from 30% to 40%. 

4. DISCUSSION OF RESULTS 
The results of the basic revision of Kinect V2 using the native 

libraries, within the 6GB graphic card, with the sensors (color, 

depth, and skeleton), allow to discard the FPS of less than 30 (see 

Fig. 4, Fig. 10). Therefore, at 6GB the data loss is not very 

significant compared to the other cards. 

In the application using a 1GB card and native Kinect v2 libraries, 

there was evidence a high data loss with values of 233 frames 

lower than 30 FPS, for the depth sensor. 

The problems using 1GB and 2GB cards that support DirectX 11 

or higher may cause loss of specific data, if it does not have an 
interpretation of results in FPS output (see Table 1). 

Table 1. Frames captured (300)> = 30 FPS, using native 

Kinect V2 libraries 

Cards 

Sensors 

1GB 

(frames) 

2GB 

(frames) 

6GB 

(frames) 

Color 67 183 173 

Depth 62 103 179 

Body Tracking 70 112 185 

FPS 66 118 179 

 
The work presents an alternative of graphic processing with 

OpenCV and as it is improved the obtaining of the frames. 

Determining to work with these sensors, the performance is 

improving with the use of platforms adjusted to graphic 

processing and even using NVidia CUDA. The output data with 
OpenCV (see Table 2) show values higher than those obtained 

with native libraries. For sensors on the 1GB card, with 234 

frames; in 2GB, with 263 frames; and for 6GB, with 291 frames 

greater or equal to 30 FPS compared to the values presented (see 

Table 1), are better. The representation of the FPS with higher 
outputs in equivalence of the estimated by Kinect V2 of 30 FPS, 

can match the performance of the card from 1GB to 2GB with 

OpenCV, respectively the 2GB to 6GB with this type of graphic 

processing libraries. 

Table 2. Frames captured (300)> = 30 FPS, using graphic 

processing libraries 

Sensors 

Cards 

Frames 

per time 

GPU use % 

Since – Until 

1 GB 234 20   80 

2 GB 263 20   60 

6 GB 291 30   40 

 

On the other hand, is obtained the use of the GPU, which is 
determined by the time in obtaining each frame. The use of the 

GPU ranges from a minimum value of 0% to a maximum of 100%, 

the GPU in unemployment is in processing from 0% to 10%. For 

the sensors, the use of the GPU is determined for this work 

between 20% and 80% (see Table 2), obtaining that the GPU 

processes more with the 1GB and 2GB cards, because they 

require it. While obtaining frames on the 6GB card, GPU usage 

does not exceed 40%, however, if the application so requests, is 
possible to send more load to the GPU for optimum performance. 

5. CONCLUSIONS AND FUTURE WORK 
The present work represents the values that the captured frames 
can take depending on the graphic card that is used, each 

valuation is adjusted to the requirements of the application. 

When using the native Kinect V2 libraries does not mean that the 

test application runs with errors, perhaps the data is not precise, it 

will depend on the processes that the application has, to know 

what are the basic requirements that must be taken into 

account.   The results improve if the libraries dedicated to graphic 
processing are implemented internally, regardless of the graphics 

card used. 

As future work it is proposed to adapt these characteristics in a 

system of ergonomic risk assessment of the movements of people 

in a particular area of work, since the processing must be mostly 
accurate values, in order to give a correct evaluation result. 
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