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Abstract— This paper presents the development of a
framework for distributed processing and transmission of
key frames and map points, which are components of a
sparse map built with feature based visual SLAM frameworks.
The developed framework uses a client-server architecture
that makes it possible to separate the map and key frame
components of the visual SLAM for communication in realtime. We devise a mechanism to minimize the communication
bottleneck that is encountered when transmitting map points.
The implementation of transmitting map is generally a bandwidth intensive process. The designed architecture provides
excellent overall map quality even in scenarios where map
objects are lost in the communication process. We perform
simulation based verifications and real world examples to
illustrate the validity and robustness of our architecture. Our
architecture provides the first such system to process and
transmit full map information from client to server in realtime without sacrificing robustness.

Index Terms: distributed visual SLAM, multi-agent
mapping, client-server architecture, keyframe, map
point.
I. INTRODUCTION
With the emergence of 5G mobile technology, the
field of communications has come to a new phase.
In particular, 5G has improved speed and real-time
communication compared to LTE technology, and new
attempts have been made in various fields [1]. This means
that even if nodes are located far from each other, they
can interact with each other without latency by using the
real-time nature of 5G technology. 5G communication
makes it possible for a physician to remotely operate
on a patient by using a surgical machine, and enables
an autonomous vehicle that needs quick judgment, to
quickly determine obstacles and safely avoid them [2],[3].
In this 5G communication environment, it is possible
to transmit high quality spatial information to another
place in real time. It means that we can obtain real-time
location information from a long distance.
Simultaneous localization and mapping (SLAM) is
used to detect and map our surroundings using various sensors. With the advent of cheap and effective
vision sensors, visual SLAM has come to be the main
choice when implementing a SLAM system. The camera
extracts features from a frame and uses the relative
motion from successive frames to estimate camera egomotion as well as projected 3D locations of the features
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to create environmental map. The created map can be
transmitted to another computer to either be further
processed or displayed. ORB-SLAM2 is a visual SLAM
system that currently gives the best performance in
terms of robustness, speed and map quality. It creates a
data efficient sparse map that looks similar to the real
world [4]. By transmitting lightweight data, it is easy to
create a system that can share a map created in realtime. If the created system can transmit the map in a
fast communication environment like 5G, it will be able
to share virtual places with people on local site.
When a single robot is doing SLAM, there is usually very little communication overhead, and real-time
performance can be guaranteed for most applications.
With the advent of multi-robot systems and multi-robot
SLAM, however, communications aspects such as latency
and bandwidth considerations can no longer be adopted
as secondary issues. As a result of communications
issues coming to the forefront, there has been a growing
number of research in centralized and fully decentralized
approaches to multi-agent SLAM. We state some of the
most notable works in Section II.
This paper develops, for the first time, a client-server
system for ORB-SLAM2 that communicates full map
information. Our system takes a map created by a
client in real time and renders it on a server with very
little latency. This enables our system to delegate heavy
computation to the server while still getting high quality
map information locally. In addition, we construct our
system in such a way that a map on the server can be
reused once the client loses its local map. We implement
our system in ROS for prototyping. As a result, we are
able to create a system in which the server can create a
virtual environment through a map created by the client.
The rest of this paper is organized as follows: Section II
describes the related work. In Section III, our distributed
SLAM architecture is presented. Section IV reports the
experimental results with the developed architecture.
Finally, concluding remarks follow in Section IV.
II. RELATED WORK
There are four key elements when considering a multiagent mapping system: the type of data that is shared
among agents, how the data is shared, where the data is
processed, and how the processing is performed [5]. The
most recent and notable works in the area of multi-agent
SLAM are those done by Li et al. [6] and Schmuck and
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Chli [7]. We briefly describe the multi-agent system and
two algorithms below.
A. Multi-agent System
Multi-agent systems, also called swarm robotics, refer
to systems in which each robot simultaneously moves
and interacts by intelligence control [8]. Each agent must
share not only its own data, but also the data that
other robots in the group have in order to work together
as a group. In particular, being able to work with its
own data as well as others’ data is crucial matter when
operating multiple unmanned aerial vehicles(UAVs). The
UAVs can move faster and more freely than cars in
free space, so they can observe large areas by installing
cameras. These UAVs can enter environments that are
not easily accessible, such as overgrown forests, and use
SLAM to generate maps to locate the injured and quickly
rescue teams [9]. If wireless communication technology
advances, reducing latency and developing a system that
can monitor and interact with multiple robots from a
long distance in real time would be possible.
B. CORB-SLAM
CORB-SLAM is a system in which clients transmit
map information to a server, and the server creates a
single integrated map. Each client has its own local map
[6]. Whenever a new part of the local map is created,
it is transmitted to the server, and the server collects
the local map of each client and creates a global map.
Based on the generated global map, the server sends each
client updated information about the changed part while
generating the global map. To reduce data transmission
bandwidth, CORB-SLAM transmits light weight data
like light key frame and light map point. The light key
frame and light map point consist of the coordination and
client information. The clients only refer to the updated
global map and do not reflect it in their maps. Since
only a lightweight information is stored in the map of the
server, there is a limitation in reusing it in the client. Our
system, on the other hand, is free from this limitation.
C. CCM-SLAM
CCM-SLAM is a system that collects individual maps
from a server using UAVs equipped with a monocular
camera and creates a global map [7]. The map information generated from each UAV is sent to the server, and
the server optimizes the map information transmitted
from each client for final integration. The client deletes
old key frames and map points, holding only the initial
key frame and N recent key frames that can determine
their location to efficiently manage memory. Before the
client deletes the map information, it confirms whether
the corresponding information is transmitted to the
server. If not, the key frames and map points of the
relevant part are transmitted to the server. Otherwise,
the client deletes the map information. Despite having a
very good performance, CCM-SLAM is unable to reuse

map when a client makes a request to the server about
a local map that has been deleted. On the other hands,
our system has the ability for map reuse even in the case
of map deletion from client side.
III. DISTRIBUTED VISUAL SLAM
ARCHITECTURE
In this section, We explain our architecture for a
server-client communication system in the ROS environment with ORB-SLAM2. To do this, we create a novel
server system that receives map information from the
client.

Fig. 1: Structure of our system.
A. System Overview
Our system divides functions into three nodes in total:
camera, a client, and a server. Fig. 1 shows the structure
of our system. Camera node uses RGB-D camera. The
node publishes the RGB image and the depth image
to the client node. The client also publishes the key
frame and map point to the server, which are in the
map created at this time. Clients send key frames and
map points to the server through a topic. Since the topic
works asynchronously, the SLAM system on the client
can create a map regardless of the state of the server.
Since the sparse map of the original SLAM system is
tightly linked with the key frame and the map point, it is
difficult to use only the part of the map, we should bring
it all if we want to use the map in the other environment.
The system is implemented in C++ and key frames and
map points are connected by pointer.
Therefore, if the SLAM system is transferred to
another computer without any processing, the connection
of the pointer will be broken, making it very difficult to
use.
To solve this problem, we extract only the most
important information from the map point and the key
frame, labeling the connection information instead of
pointer, transmit it to the server, and then use the server
to reconstruct the remaining information. In this way,
the server can transmit the map information integrates
it to the client map when the client requests the map
information, and immediately after receiving the map
the client can proceed to the SLAM mode.
B. Overall Threads
There are three threads in the original ORB-SLAM2
implementation. The three threads are tracking, local
mapping and loop closing. Tracking extracts the feature
points from the camera image and then selects key
frames. Local mapping adjusts the position of key frames
and map points by discarding the frame or performing
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local bundle adjustment when the selected key frame is
needed. Once loop closure is performed, an optimization
procedure called, bundle adjustment process, is carried
out to refine the existing map. We add a separate thread
to this system, which transfers map data from the client
to the server.

Fig. 3: Key frames and map points that are sent from
the client to the server as ROS topics.

Fig. 2: Flow chart of the key frame and map point of
our proposed system.

the order in which map points are created, and the ID of
each map point is also transmitted to the server. In the
map point, the three-dimensional position information,
descriptor, the ID of the key frame that created the map
point, and the index information of the map point in the
key frame are included.
Algorithm 1 Classify commands on the server

Fig. 2 illustrates the addition of our designed streaming thread to the existing ORB-SLAM2. In this figure,
we highlight the threads in color. The arrows indicate the
flow of the key frames and map points. The green arrow
shows the flow of the SLAM process as implemented in
the original ORB-SLAM2. In our system, the generated
key frame and map point from the tracking thread are
also transmitted to the streaming thread. Besides the
tracking thread, other threads also pass information to
the streaming thread. After receiving the key frame and
map point from the tracking thread, the local mapping
thread deletes or modifies the key frame information
in the streaming thread. Similarly, the loop closing
thread also sends the updated key frame and map point
information to the streaming thread. Changes made
in the full bundle adjustment process are also sent
to the streaming thread. The streaming thread that
receives the information from each thread immediately
sends it to the server. By focusing on the information
changes provided by the three threads, the existing
three threads perform the original role and minimize
the performance degradation of the client by the delay
of the communication process, and hence it is the reason
why we claim our system is robust.
C. The Key Frame and Map Point Transfer System
We design key frames and map points separately on
the map so that client and server maps can be shared in
real time. Fig. 3 shows the structure of the topic from
the client to the server. Each key frame and map point
are treated as independent objects. In other words, each
element is published individually to a topic and sent
to the server. The key frame has a unique ID number.
In the key frame there are the parent key frame, the
position and covisibility key frame list, and the child
key frame list. The map point is used to create an id
number that does not already exist. IDs are assigned in

1:
2:
3:
4:
5:
6:
7:
8:
9:
10:
11:
12:
13:
14:
15:
16:

Inputs: Command ← topic.command,
object ← key f rame or map point
Initialize: id ← object.id
if Command = IN SERT then
if id does not exist then
Add object
end if
else if Command = ERASE then
if id exist then
Erase object
end if
else if Command = U P DAT E then
if id exist then
Erase object
Add object
end if
end if

When the client publishes the key frame and map point
of ORB-SLAM2 to the server, it sends a command to
each the key frame and map point as a topic together.
The server checks the command and reflects it on the
map of the server. Algorithm 1 shows how it is applied
to the server’s map. The server reflects information
continuously coming from the client’s streaming thread
on the server’s map. Since the key frame and the map
point operate as independent objects, even if a specific
map point is lost in the process of communication, there
is no problem in the overall map creation.
D. Re-building The Client Map
Key frames and map points sent to the server are all
independent elements. In order to make it available to
the client, it is necessary to re-establish the relationship
between each key frame and the map point, and to allow
the client to receive the map again so that it can be used.
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When recreating the key frames for the client environment, the following verification process is performed.
First, it is determined whether there is a duplicate ID
number among the independent key frames. Second,
the key frame of the duplicated ID number is deleted
from the client. Finally, it is determined whether the
number of descriptors indicating the number of map
points created by the the one key frame is smaller than
that of corresponding map points. If any key frames,
which do not satisfy the above two conditions, are found,
an exception is declared. Likewise, when the key frame
corresponding to the map points is deleted or does not
exist, it is also treated as an exception. The map created
in this way is sent to the client, and then the client can
use ORB-SLAM.

(a) Detected feature points in an image frame.

IV. EXPERIMENTS
We illustrate the results of simulation and experiments
in real environment. For the simulation experiment, we
use a recorded sequence in Rosbag format for use in
ROS environment. We implemented our two systems on
Ubuntu 16.04 and ROS Kinetic version on client and
server computer. The client computer uses an Intel core
i7-8700k CPU @ 3.70GHz × 2 and GeForce GTX 1080
GPU. And also implemented the server environment
using Intel core i7-2640k CPU @ 2.80GHz × 4 and Intel
Sandybridge Mobile graphic card. We recorded frames
using an Xtion Pro camera with RGB-D capabilities.
A. Simulation experiment
We recorded our video sequence in the Robot Intelligence Technology (RIT) Lab, Information & Electronics
Building, KAIST. We recorded a large portion of the lab
with a Xtion Pro camera and made our SLAM system
map of the entire lab.
Fig. 4 shows the client and server maps displaying the
scene of the recording in the RIT lab and making maps
with ORB-SLAM2. The upper picture shows the ORBSLAM2 extracting feature points in the image. These
feature points are applied directly to the client’s map
points. The lower left picture shows the client’s map, and
the lower right picture shows the sparse map created by
the server. Both maps have the same key frames and map
points because the client immediately sends them to the
server. The locations of the points are different because
they change with the movement of the camera in case
of the client. In other words, since the view of the map
on the server does not change, it can be seen that the
map is being created in real time out of the viewpoint
of the camera. On the other hand, the map of the server
is the same as that of the client, but since the sight of
the server is fixed, the same scene is displayed regardless
of the movement of the camera. This makes it easy to
see where other parts of the map are updated, regardless
of the location of the client’s camera. It means we can
change the perspective of the sparse map on the server

(b) Client map.

(c) Server map.

Fig. 4: Process of mapping the RIT lab using ORBSLAM2.

side and watch the image of the map being generated by
the client in real time.
If the map of the client is transmitted well, the map
of the server will match that of the client. Fig. 5 shows
the sparse map generated by recorded Rosbag file in the
RIT lab. We adjusted the scale and direction of the two
maps so that they faced the same direction at the same
position. The relationship between the position of the
key frame and the covisibility graph shows that the two
maps are almost identical. In the case of map points,
some parts are lost or the client’s map is a bit different
from server’s map, but the approximate outline of the
objects on the camera image is similar. Due to the nature
of the sparse map, the shape of the object cannot be
accurately represented, but the shape is less distorted.
In this wired communication environment, the developed
client-server system operated reasonably reliably and had
less information loss.
Next, we experimented with a TUM dataset [10].
Their datasets provide RGB-D data taken in a variety of environments, this provides an opportunity to
observe the robustness of our system. Table I is the
result of running our system on the TUM datasets in
the simulation environment. Each column shows the
minimum, maximum, and average delay times in seconds
when the dataset was executed, and the success rate
indicates the rate at which client-generated key frames
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TABLE I: Experimental results on TUM datasets
Dataset
fr2/360_hemisphere
fr2/360_kidnap
fr2/pioneer_slam3
fr3/long_office_household
Average

Min
0.5012
0.5410
0.4145
1.6417
0.7746

Max
9.2969
8.9730
5.5751
7.6942
7.8848

Avg
1.6477
2.9789
2.4357
2.3751
2.3594

Success rate
1.0000
0.7183
0.8038
1.0000
0.8806

enough. However, in the latter case, it can be confirmed
that several key frames were generated in a short time
and the server could not receive the key frames in a
timely manner.
B. Experiments in real environment

(a) Physical environment.

In this section we demonstrate the result of our
system in real environment. To do this, we used the
two computers mentioned above as a client and server
in a wireless communication system.

(b) Client map.

Fig. 6: Overall experimental environment.

(c) Server map.

Fig. 5: Sparse map of the RIT lab.

were successfully transmitted to the server.
In this table, the success rate for the first and fourth
rows is close to 1, but not for the second and third row.
In the former case, the server could easily receive the key
frame because the key frame generation time was long

For the experiments, we used IPTime’s A6004NS-M
router to connect the server and the client. Fig. 6 shows
the overall experimental environment we have applied
in a real setting. Although we could not transfer all
objects on the map perfectly in a wireless communication
environment without data loss, we aimed to share the
map data at a faster rate. However, considering the
client’s movement from the router to the remote place,
the router operates at a frequency of 2.4 GHz in which it
can communicate with the router stably even in a remote
place.
Fig. 7 shows a scene in the actual experiment. We
looked at the time when the key frames of the two
computers were created based on the time they first ran
the program to measure the delay in real-time map and
screen sharing time between the server and the client. As
soon as both the server and the client start working, the
client computer begins to generate a sparse map while
looking around the environment with the camera. Loss of
tracks is avoided as much as possible by creating a map of
the surrounding environment and sending it to the server
via the router. In the process of looking around the inside
of the room, we kept moving away from the router and
approached it again for loop closing. We inspected the
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within the 42 seconds to 60 seconds time frame.
Although the generation time of the key frame is kept
constant, the server has a considerable gap. This causes
significant delays in the process of the client searching
for the surrounding environment at a distance from the
router. With the exception of these special cases, it can
be seen that the latency of map generation for client
and server is about 3 to 5 seconds. If the experiment is
performed in a faster communication environment, the
delay time can be further reduced. Although the start
times of the two computers are initially the same, the
actual delay of the two computers is expected to be
longer considering the transmission time in the actual
communication environment.
Fig. 7: Client and server computers sharing maps in real
time.

inside of the lab to induce loop closure and checked the
transmission speed when a significant change was taking
place in the client’s map.

Fig. 8: Key frame generation cumulative time graph of
the server-client system.
Fig. 8 shows the result of our real environment
experiment. The graph shows the time when the key
frame was generated based on the time when the server
or the client started, except the missing key frame
in the process of being transmitted to the server by
the asynchronous communication. In the beginning, key
frames were generated when almost the same time
elapsed, but as the key frames were generated in the
process of moving around the room, the time for the key
frames to be transmitted from the server started to be
delayed. When the key frames are created incorrectly, the
time gaps between the client and the server are reduced,
but they do not seem to be as good as when they run
together on a single computer. In the graph of the server,
it can be seen that a new key frame is not generated

V. CONCLUSION
We developed a robust client-server architecture to
share sparse maps created by visual SLAM systems based
on feature extraction with a server computer in real time.
When two computers are doing SLAM in real time, the
unit of data transmitted between client and the server
must be minimized so that when the map information of
the client is updated, it is reflected to the server in real
time. Using data which the key frame and map point
are separated rather than the data which the key frame
and the map point are combined can reduce the time
delay in applying the client’s map information in real
time. This delay can be further reduced if the system is
equipped with a high-speed communication environment.
In addition, our system has been designed to re-use maps
sent from the server to the client, enabling SLAM to
proceed from the receiving computer.
However, if client maps are lost in the process of
being sent to a server, it is difficult to find a map that
is perfectly consistent with the client. Communication
synchronization with each key frame and map point can
prevent loss of map information, but the time delay
increases, which adversely affects real-time performance.
As a future task, We plan to find system failures, such
as losing data when a client map is sent to a server.
This is expected to enable us to create a highly accurate
distributed SLAM system with real-time performance.
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