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Abstract Gazebo,as a general robot simulation platform,can simulate robot behavior accurately in the complex environment of
indoor or outdoorsand support multi-robot collaborative simulation on single computer node. But when the simulation task con-
tains hundreds of robots.it is usually found that the RTF (Gazebo simulation real-time performance) will reduce two orders of
magnitude,some errors even appear in the simulation. The simulation performance will become the critical limiting factor. In order
to realize high-performance simulation, the across node simulation platform based on MPI and ROS+ Gazebo is explored. The core
process is to divide the simulation tasks in parallel, which can be divided by number or region. The divided sub tasks are deployed
to the Gazebo of each computing node for simulation. Finally, the MPI process communication between the Gazebo ensures the
synchronization and consistency of the simulation, so as to realize the collaborative simulation of robots distributed on different
computing nodes. At the same time,two types of cases including homogeneity and heterogeneity about fixed wing and quadrotor
are writed, which are realized by reading the world configuration file and roslaunch file through the script program. The user-
friendly starting mode similar to ROS was designed,and the single-node and cross-node performance tests are carried out to verify
the advantage of distributed parallelism simulation.
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Table 1  Gazebo simulation module running schedule
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E KR 30 % 60 % 100 %
L AR &t L A it B R e ikt
AR AL TR A 1.099 0.575 1.911 2.873 1.450 1.981 5.333 2.679 1. 990
Al 4 A A e 0.025 0.022 1.136 0.067 0.059 1.136 0.125 0. 095 1.316
VESE 3-8 0.044 0. 036 1.222 0.116 0.088 1.318 0.217 0.185 1.173
MPI i f5 # e 0 0.102 — 0 0.152 — 0 0.202 —
Hl A B 0.070 0.048 1.458 0.176 0.112 1.571 0.293 0. 208 1.410
AR E H 1.238 0.783 1.581 3.232 1.861 1.737 5.968 3.369 1.771
¥ RTF 0. 807 1.275 — 0.310 0.538 — 0.168 0.298 —
2 DURER TC AL CREERAL M55
Table 2 Quadrotor(unmounted camera) test results
E KR 30 % 60 % 100 %
AR WA i AR WA i t B WA i
WM M 0.930 0.502 1.853 2.151 1.113 1.933 4. 405 2.271 1. 940
A AR T HE B 0.019 0.016 1.188 0.051 0.046 1.109 0.100 0.090 1.111
VEESE 3 £ 0.034 0. 029 1.172 0.088 0.077 1.143 0.171 0. 145 1.179
MPI # 15 # 5 0 0.110 — 0 0.143 — 0 0.259 —
B 0.056 0.041 1.366 0.138 0.11 1.255 0.261 0.205 1.273
Bk E B 1.038 0.697 1.489 2.428 1.487 1.633 4. 936 2.967 1.664
¥ RTF 0.963 1.476 — 0.412 0.673 — 0.203 0. 349 —
3 [ E I AN CHEE AL ML 25 R
Table 3 Fixed wing rosplane(mounted camera) test results
E KR 30 % 60 % 100 %
L AR i L LR it B WA ikt
AR A T A B 0.222 0.124 1.790 0. 699 0.324 2.157 2.509 1.167 2.150
A 4 A A S 0.016 0.014 1.143 0. 045 0.031 1.452 0.164 0. 099 1.657
VESE 323 0.070 0.044 1.591 0.182 0.089 2.045 0.623 0.284 2.194
MPI & {5 # $ 0 0.150 — 0 0.194 — 0 0.330 —
Hl A B 0.137 0.082 1.671 0.358 0.210 1.705 1.125 0.658 1.710
R E H 0. 444 0.412 1.078 1.284 0.848 1.514 4.412 2.538 1.738
¥ RTF 2. 250 2.428 — 0.779 1.190 — 0.204 0.358 —
4 [EEF AN CRE AL WL 55
Table 4 Fixed wing rosplane(unmounted camera) test results
E37E 3 30 % 60 % 100 %
L AR o 3t L - 3t B WA o 3 b
A A B 0.179 0.094 1. 904 0.485 0. 250 1. 940 0.947 0.483 1.961
A A A S 0.015 0.013 1.154 0. 040 0.028 1.429 0.079 0.052 1.519
LB RS X ES 0.071 0. 040 1.775 0.184 0.102 1. 804 0.337 0.173 1.948
MPI & f= # $ 0 0.135 — 0 0.190 — 0 0.310 —
H A B 0.085 0. 050 1.700 0.242 0.173 1.399 0.426 0.302 1.411
ek F 0. 350 0.332 1.054 0.951 0.743 1.280 1.789 1.320 1.355
F# RTF 2.857 3.028 — 1.051 1.356 — 0.559 0. 760 —

(F#% 692 T
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Table 5 Heterogeneous UAV test results
ESUE R X & 4 g R 4
HEH 4 R B A OWEA mEWR BV E OHVFE mEk
AL AL TE A e 4,097 2,133 1.921  4.097 2.120 1.933
Al AR M B 0.137 0.113  1.212  0.137 0.114 1.202
4 32 M B 0.339  0.275 1.233  0.339 0.240 1.413
MPI # 1= # 3 0 0.091 — 0 0.180 -
S A B 0.483  0.317 1.524 0.483  0.430 1.123
EHREH 5.056  2.929 1.726 5.056 3.084  1.639
F# RTF 0.200  0.348 — 0.200  0.320 -
HRE AN T F YL NE R B AE Gazebo F &

b A AE P Al R 5] B 5@ MIPT #E AR {F 1Y 77 A1 18 Gazebo
T B W m a3 A 2005 2 R HEAT T B ORI T AR P A
TRORF L B T B s A A 2T R PR Re AL . B2 B AT
T BLIY 5715 5 Gazebo WMUAS B 8K il D T 2 3k 2 W3 [R] 475 2L 1Y [m)
R AR H T AR O BUE M R Ll R e K AL A
AR SR A7 78 B KM B, G o] 52 o= 38 15 1 8 4K K J2 i 755 A 2 119
[, 534k BT & JE HE T ROSH Gazebo fif 5. XF T 5
M Gazebo i B0 75 i 3 55 4 — 2238 5 I Aol o8 — 2
RO B B, B RTIF & 094 A 2 Gazebo 7R S R 455 Al
Bl 3 N AN Y A Bl A R R R D) BE L O T A B SRR BT
FIRFETEIF KB ThfE. NG £ /0 JF & ol 4k 5L 58 3%
S ORNJE ZSE AR E R AL T AR AR K MY 5 Y 45 Gazebo
Ui 5.
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