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Abstract- In recent years, studies using multiple markerless sensors have become widespread. Synchronization is required 

step if multiple markerless sensors is used on the same system. In this work, we propose an algorithm that enables clients to 

synchronize with each other on systems using multiple Microsoft Kinect v2 sensors.The proposed algorithm is suitable for real 

time operation. This algorithm is robust against the inclusion of a new sensor in the system or the removal of existing sensors 

from the system during operation.It is important to note that the algorithm also has a number of dynamic sensors. 

 

Index Terms- Motion Capture Systems, Multiple Kinects, Synchronization. 

 

I. INTRODUCTION 

 

In recent years, especially in the field of computer 

vision, markerless sensors has been paid much 

attention on various field of discipline by researchers 

[1-5].The main reasons for studies on this field; Direct 

contribution of studies to human life through 

machines. Installation and using of system can be 

shown as simple.Because of the conveniences have 

offered,many researchers have been working on 

markerless sensors. With the invention of the low-cost 

Microsoft Kinect sensor the number of studies has 

increased dramatically[6-8]. Kinect sensor has 

become focus for researchers owing to working 

real-time operating and high accuracy to skeleton 

tracking and depth image processing. Microsoft's 

success on the Kinect v1 sensor for marketing can be 

said to be the driving force of the Kinect v2 sensor[9]. 

 

Several studies have shown that applications 

developed using multiple kinect sensors are more 

successful than those developed using a single kinect 

sensor [10,11]. The use of multiple Kinect sensors 

increases the success of the developed system[12]. In 

addition, using multiple kinect sensors remove 

limitations caused by using a single kinect sensor. 

Such as, people must be facing the sensor, people are 

quite few degrees of rotation around itself. Multiple 

kinect sensors offer 360-degree of rotation. 

 

 Although system setup and installation easy to use, 

in practice markerless motion capture using Kinect v2 

have some difficulties.First of all, the application of 

Kinect v2, developed with the official SDK, confronts 

the difficulty of operating each Kinect with a computer 

[13]. The reason for this problem is the high 

bandwidth usage of Kinect v2. The number of 

computer must be as many as the number of sensors to 

be used in the developed system. Since these 

computers also transfer data between each other, they 

need to be synchronized. 

Synchronization is one of the important process steps 

when working with multiplekinect sensors [14]. To 

ensure coordination between the client and the server, 

synchronization must be done correctly. 

Synchronization is required during data transfer 

between client-server computers. The general scenario 

used in multiple Kinect studies is given in figure 1. 

There is a two-way communication between the client 

and server computers.T he client is responsible for 

communicating the data received from the sensor to 

the server. Rest of operations are performed on the 

server. 

 

 
Fig 1. Multiple Kinect v2 Connections 

 

 In general,communication of client- server carried 

out by Local Area Network (LAN)[15]. During data 

transmission over the LAN, time delays and packet 

losses can occur. 

Such problems can be eliminated by synchronization. 

 

Yang et al. for the system they develop, they 

periodically send a synchranization message between 

the client and the server. Messaging is bidirectional 

and the delay time for each connection is calculated. 

Synchronization is performed over this delay time[12]. 

In the Dance experience system, Baek and Kim have 

developed a synchronization process using spline 

interpolation. Provide synchronization by applying 

the previous messaging times to the interpolation 

process. Baek and Kim developed the Dance 

experience system and performed the synchronization 

process using spline interpolation.They have 

synchronized by applying the previous messaging 
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times to the interpolation process[16]. 

There is double-sided communication in previous 

studies. It also does not specify what to do if the 

existing connection is broken or a new client is added. 

 

In this study, we have developed an algorithm for 

synchronizing client-server with a system using 

multiple kinect v2 sensors. 

 

II. DATA ACQUISITION 

 

During the data collection phase, each client's own 

time line is created. In order to create the time line, 

each client inserts the time stamp into the packet data 

while transmitting depth and skeleton information to 

the server computer. Using timestamps sent by the 

client computer, local timelines are created as in 

Figure 1. 

 

The local timeline from each k th Kinect is 

represented by kL
.In each kL

, there are Ti indicating 

the frame number and iF
 indicating the frame time. 

Each kL
 contains a iT

 that specifies the frame 

number iF
 and specifies the frame time.There are as 

many local timelines as the number of kinect sensors 

connected to the system.The local timeline consists of 

n frames. 

 

 , 1...i i

k k kL F T i n           (1) 

 ,n n n

k k kL F T             (2) 

 

Whenever a client connects to the server for the first 

time, the kO offset value (local start) is stored on the 

server side to provide synchronization. Here, the 

frame number of sequence is also determined by the 

kO value. 

 
Fig 2. Local Timelines 

 

The global timelines on the server are created using 

the local timelines and offset values of each client. At 

this point all local frames are represented by a single 

timelines.The grouping of incoming frames is 

determined on this timeline by showing the depth and 

skeleton information of the same frame order on the 

main scene. Figure 3 shows an example of a global 

timelines consisting of three kinect sensors. 

 , 1...k k nG L O K k m             

 (3) 

 ,n n nG T K                

 (4) 

m is the number of kinect sensors attached to the 

system, and K is the index of kinect, time stamp. 

 

 
Fig 3. Global Timeline 

 

Global timeline is located on the server. It is controlled 

from single point and enough one way 

messaging.Identification (ID) of each clients and 

location of each frame on the timeline is defined.  

 

Frame information obtained by using six kinect v2 

sensor on scene is shownin the figure 4. As can be 

seenin the figure, the frame times of each kinect do not 

have equal time lengths.Theoretically, when the data 

stream runs at 30 fps, it should be 33ms, but in 

practice this value can vary.Factors affecting system 

run times other than packet transfer time is given 

below: 

 Inclusion time of sensor to system, 

 The duration of the sensor's exit from the 

system, 

 The delivery delays of packages, various 

temporal delays may occur like these. 

For this reason, it is expected that the algorithm to 

be developed should be robust and correctly grouped 

without being affected by temporal differences. 

 

The data obtained from all the sensors located on 

the stage is displayed to the user by combining with 

various methods.The skeleton and the depth 

information with the same frame value during the 

merging process are processed by the 

algorithm.Because of error in the synchronization 

process will change the frame values, this changing 

may cause to become corruptedthe recorded 

motion.The synchronization algorithm to be 

developed should work correctly against packet loss or 

missing errors that may be caused by the kinect sensor. 

 

Data set used in this paper is prepared by Alexiadis 

et al. The data set contains 12 different depth and 

skeleton information. The motions in the work were 

recorded using 4 and 6 kinect as shown in Fig 5.Data 
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from c2 and c4 are not taken in studies performed with 

4 kinect. Rach client adds a local timestamp when 

sending depth and skeleton information 

forsynchronization.The local offset values of each 

client in the data set are also given.[14] 

 
Fig 4. Placement of the sensors for the recorded dataset 

 

 
Fig 4. Global timeline of multiple kinect v2 sensors 

 

III. ROBUST SYNCHRONIZATION 

 

Synchronization in this work is performed on the 

global timelines obtained in chapter 2. Frames with 

the same frame number  on global order are grouped. 

In this way, faults that may occur for future steps will 

be avoided. 

Synchronization starts with the first element on the 

global timelines, ending with the last element. Each 

element is incorporated into one of two groups of 

candidates. Each element can be added in the existing 

or new created group. The factor that determines this 

is the distance to the next different sensor frame.  

Figure 6 shows a simplified global timeline.  The first 

element 1

1K  represents the first frame of the first 

kinect sensor, 1

2K represents the first frame of the 

second kinect sensor. When the first element is taken 

into the algorithm, there is no pre-created group, so a 

new group will be created and the first element will be 

included in this group. Then the second element is 

taken into the algorithm. 

 

K
1

1 K
2
1K

1
2

T1 T2 T3

Global

 Timeline

 
Fig 6.  a simplified global timeline 

 

Let P  is the distance between the first element of 

the existing group 
1

1K  and the next element taken 

from the different sensor 1

2K . Let Q  is the distance 

from the next element 1

2K  to the next element 2

1K  in 

the same group as the first element of the group kinect. 

If P Q  then the existing group will be closed and a 

new group will be created. The first member of the 

newly created group will also be 1

2K . Otherwise, 1

2K
 

will be included in the existing group. 

 

2 1P T T                   

  (4) 

3 2Q T T                  

  (5) 

 

Another grouping criterion is the local threshold 

value. If the temporal distance between the next 

element and the last element of the existing group is 

less than the local threshold value that determines 

parametrically then the next element will be included 

to the existing group. The local threshold value is 

chosen to be quite small. In this study, the local 

threshold value was chosen to be 10 ms. In this case, 

incorrect groupings are avoided. The pseudo code of 

the algorithm is as follows; 

 

groupIndex=1 

min_threshold=10 

WHILE EndOfTimeline 

 IF groupIndex==1 THEN 

group_number = CREATE_GROUP 

ADD_TO_GROUP(group_number,group_in

dex,element) 

INCREMENT group_index   

ELSE 

tp, kn = 

GET_NEXT_ELEMENT(global_timeline) 

prev_difference = 

PREV_DIFFERENCE(tp,group(group_num

ber,1),element) 

next_difference = 

NEXT_DIFFERENCE(tp,group(group_num

ber,1),element) 

first_difference = 

FIRST_DIFFERENCE(element,tp) 

IF prev_difference <next_difference 

OR 

first_difference < 

min_threshold THEN 

 IF 

NOT_IN_GROUP(group(group_number),el

ement) THEN 

  

 ADD_TO_GROUP(group_number,group_i

ndex,element) 

   INCREMENT group_index 

  ELSE 

   CLOSE_GROUP(group_number) 
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   group_index=1 

  END   

ELSE 

  CLOSE_GROUP(group_number) 

  group_index=1 

END 

ENDIF 

END 

 

Table 1.   Sample data set 

 
A sample data set is given in Table 1. If this data set 

is implemented as an input to the algorithm, then 

step-by-step operation is performed as in Table 2. 

Since there is no group in the first step, a new group is 

created and the first element 1

1K  is added to the group. 

In the second step, local threshold and time 

differences are considered. At the end of the logical 

operation, the existing group is closed and the new 

group is created. 1

2K
 
is added to the newly created 

group  as the first element. In the third, fourth and fifth 

steps, the selected elements are added to the existing 

group. The algorithm works until the last element of 

the input table. After all the elements are grouped, the 

appearance as shown in Table 3 is obtained. 

 

Table 2.  Step-by-step execution of the algorithm 

 
 

When the grouping process is completed, the frames 

belonging to each group are handled together. 

Subsequent operations are performed on a group basis. 

 
Table  3.  Algorithm result group table 

 

 

IV. RESULTS 

 

In this study, the proposed algorithm has been applied 

to the data set ready for the determination of success. 

The data set used is generated from the scene prepared 

to record movement in real time. When the developed 

algorithm is applied to the input data set in Fig. 4, the 

synchronization process is performed as shown in Fig. 

Synchronization has been completed with success. 

Algoritma carried out on a desktop PC with Intel i7 @ 

3.2 GHz, 32 GB RAM, Windows 10 operating system 

and MATLAB™ software. The operating times of 

synchronization process are given in Table 4. 

 
Table 4.  The operating times of synchronization 

 

 

When each dataset element is applied to the algorithm 

separately, the operating times are obtained. Each data 

set has a different frame length. Total running time 

refers to the time spent synchronizing  for whole data 

set element. Unit Running time refers to the time 

required to synchronize a frame on the global 

timeline. If the skeleton and depth information from 

the Kinect sensor is thought to be theoretically 33ms, 

the operating time of the developed algorithm is 

sufficient.   As can be seen from the table, the 

proposed algorithm is also suitable for real-time 

operation thanks to its high operating speed. 

 

CONCLUSION 

 

In this work, a synchronization algorithm is developed 

for systems using multiple kinect. The developed 

algorithm is robust against the constraints that may 

occur during operation. The algorithm is run on the 

existing multiple kinect motion capture system data in 

the literature and ensures accurate synchronization. In 

the future study, we will improve the algorithm's 

predicted success on real-time systems. 
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Fig 5. Synchronized Global Timeline 
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