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1. INTRODUCTION

The collective behavior of agents has been a long and lasting spot-
light in systems and control field. The underpinning knowledge 
was introduced by Olfati and Murray [1], which including graph 
theory, adjacent matrix as well as consensus concepts, made clear 
intuitively. Leader follower agent systems, which have been a focus 
by many experts, were still being improved up to now. The networks 
of networks scheme of leader follower systems was made possible 
by Song et al. [2], which demonstrating interdependence of agents, 
turned into reality via socialized status of the agents. For the engi-
neering complexity, the agents should be different, and only by this 
difference, the engineering systems can function well, and in this 
kind of sense, hybrid agents, especially hybrid agents with heterog-
enous dynamics, were explored in detail. Hybrid agents with both 
first and second order dynamics, under auspices of augmented 
matrix operation [3], could be assumed unified.

In spite of collective behavior of hybrid agents has been explored so 
deeply, there are still some rooms to be filled in. Among those, the ulti-
mate goal of collective behavior will stand out, for its essential value in 
the planning of agent goal. Generally speaking, all the members of the 
agents should contribute and could play their roles, however, counter 
intuitively, in this paper, in directed networks of hybrid agents, only the 
root block member agents can dominate the final equilibrium of the 
flock, this is inevitably innovative for agents flocking. And this finding 
seems promising in today’s real world, for the authorized agents, their 
number should be made as less as possible in case of security.

To be distinguished from the already existed results, our points here 
have at least three standing out viewpoints. At first, block guiding 

which extends the concept of leader guiding in flocking control has 
been reported so less often. And secondly, that ultimate goal posi-
tion is invariant from the leaf block points will be awarded these 
days for security of the networks. And the third, network of hybrid 
agents are borrowed to verify the suggested scheme, is much more 
promising, for the first order agents can be anchor points some-
times and the second order agents can be the mobile agents, which 
will be guided by the anchor agents.

The structure of this paper is arranged as follows. At first, problem 
formulation, together with the main results as well as some com-
ments on the main results will be presented in the second part of 
this paper. Then followed that will be some conclusions, which will 
be the final part to end up this paper.

2. FLOCK GUIDING OF HYBRID AGENTS

This part will start with the flock guiding of hybrid agents, which 
will be covered by Subsection 2.1, the theorem will be demonstrated 
at first, and then some notes about it. Then the main results will be 
followed at Subsection 2.2, both the topology of the agent networks 
and the simulation results will be provided, and after that some com-
ments will be made ready to clarify the idea further in Subsection 2.3.

2.1. Problem Formulation

For the directed networks, which is composed of root block nodes 
and leaf block nodes, will be touched upon here. For the root block 
nodes, as a whole, they only have output degrees to connect with 
the other blocks. Intuitively, the nodes of leaf block, as a whole they 
only have input degrees to connect with the other blocks.
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Theorem 1. Suppose that the coupling matrix A can be turned into 
the following form:

A =
A 0
B D

1





, and the row summation of A1 be zero, D is non- 

singular. And we also assumed the left Eigen vector corresponding to  
Eigen value zero of A be w = [w1  w2]

T, then w2 will be vector 0. And 
going into further, if sub matrix A1 is symmetrical, then, we can get  
w = [w1  w2]

T = [1,   1,   …,   1,   0,   …,   0]T

Proof: Since w is the left Eigen vector corresponding to Eigen value 
zero of matrix A, then we can get ATw = 0, and this can be translated 
into the following Equation (1)
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To be concrete, we can have [Equation (2)]

 A + B = 0
D = 0
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For D is invertible, w2 must be zero vector. And in this sense, we 
can get A = 01

T
1w , in case of symmetry of A1, we have A1w1 = 0. 

Referring that row summation of A1 is zero, so there must exist 
vector w1=[ ]1 1 1, , ,� T , that makes Equation (3).

 A 01 1w =  (3) 

Notes: Theorem 1 points out that if sub-matrix A1 has no input 
degrees and is symmetric, then its corresponding nodes can be 
named as root nodes and the ultimate state of the networks can be 
determined by those sub block nodes; if sub matrix D is invertible, 
and it does not have output degrees connected with the other sub 
blocks, the nodes corresponding to D can be named as leaf nodes, 
leaf nodes cannot affect the ultimate state of the networks. So, the 
definition of root nodes together with leaf nodes is the first requi-
site for system analysis.

2.2. Main Results

Consider the network, which consists of 5 agents, among which 
nodes 1 and 2 are root block nodes, while nodes 3–5, are leaf block 
nodes, this can be referred to Figure 1.

To be further, the nodes 1 and 2 are assigned as the first order 
agents, while nodes 3–5 are assigned as the second order agents, 
respectively.

The coupling matrix of Figure 1 is easily to be gotten as

 A =
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The left eigen vector to the zero Eigen value of A is 
1 2 1 2 0 0 0/ / 

T
, and the dynamics of the system can be 

described as Equation (4)
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which can be ensemble as compact as
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To be concise, the control action can be expressed as
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The introduced control action for agents 1 and 2 are easily to be 
understood, for agents 1 and 2, they make up of the undirected 
sub network of root block, and they tend to be convergent to each 
other, and this convergent and ultimate value will be assigned to the 
whole agents system further. Control action added for agents 3–5 
can make a little nervous at first glimpse, but they still can be made 
tractable in this way, first we decomposed the added control func-
tion into two different parts, and the first part is used to realize the 
consensus among themselves and their neighbours, and these con-
sensus actions are scaled by proportional factor a, and the second 
term is velocity damping part, which is also scaled by proportional 
factor, and the scaled value can be varied from a, and in this case 
we named the factor as b. The consensus term plus the damping  
term collaboratively turn the flock guiding of hybrid agents  
possible. Among which, we assigned a = 1 and b = 2, respectively.  
The simulation results can be seen in Figure 2.Figure 1 |  Network consists of five nodes.
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3. CONCLUSION

In conclusion, to realize the security of the flock guiding, the ulti-
mate goal of the flock, should be exposed to only several key agents, 
and they can be assigned as the root node agents, as to the leaf 
agents, for their popularity is so massive, they should be kept from 
the secrets of the ultimate goal. Flock with secrets keeping is made 
possible here with root node and leaf node decomposition.

System complexity, which is so elusive, could not be easily explained 
if we are unwillingly exposed to the concrete systems. The road to 
clarify the complexity can be made tractable through the following 
exemplified engineering systems as well as the theoretical explo-
ration. Instance like high performance vehicle driving, which was 
spearheaded in Jia [4] and thereafter individualized designed in Jia 
[5], can be the justified pilot scale systems. As to the large quantities 
complex systems, not only the object itself, but also the endured hos-
tile environment, will be an impediment for the successful manip-
ulation of them. Time varying delays, uncertain and unreliable  
information, annoying disturbances, and multi-inputs multi-outputs,  
can also be the adversary factors. Adaptive scheme was born to fix 
them, and this can be referred to Jia [6]. Reductionism should not 
be the only way to deal with the complex system, but it should be 
kept in mind at first, for the first step we should know the system 
locally in detail to grasp the whole system globally, and in this way, 
refined analysis and control of the complex systems are necessary. 
Refined control of leader follower system according their roles of 
the leader agent, follower agents that have connected path with the 
leaders, the follower agents that are failed with the connection of 
the other agents, and the targeting agent which represent the ulti-
mate goal position are recommended also [7]. So, flock guiding of 
hybrid agents via root block, which make the ultimate goal position 
invariant even with some adversary leaf agents, will be much more 
capable candidate for the robust flocking control of agents system.

ACKNOWLEDGMENTS

This work is partially supported by NSFC Grant (61340041 and 
61374079) and the Project-sponsored by SRF for ROCS, SEM to 
Yunzhong Song as well as Natural Science Fund of Henan Province 
(182300410112). The root block and leaf block flock guiding idea is 
benefited from the monograph, written by Lu, et al. [8].

REFERENCES 

 [1] R. Olfati-Saber, R.M. Murray, Consensus problems in networks of 
agents with switching topology and time-delays, IEEE Transactions 
on Automatic Control, IEEE, America, 2004, pp. 1520–1533.

 [2] Y. Song, Z. Fu, F. Wang, Socialized multi-agent system rendezvous via 
networks of networks, J. Robot. Netw. Artif. Life 3 (2016), 136–139.

 [3] Y. Song, Consensus of agents with mixed linear discrete dynamics,  
Int. J. Control Autom. Syst. 14 (2016), 1139–1143. 

 [4] Y. Jia, Robust control with decoupling performance for steer-
ing and traction of 4WS vehicles under velocity-varying motion, 
IEEE Transactions on Control Systems Technology, IEEE, 
America, 2000, pp. 554–569.

 [5] Y. Jia, Alternative proofs for improved LMI representations for 
the analysis and the design of continuous-time systems with  

During simulation, the initial values of the agents were listed as 
follows

 x
x

0

0

=
=

[ ]
[ ]
x x x x x x x x T

10 20 310 320 410 420 510 520

3 1 1 2 3 2 2 4− − − T  

From Figure 2, the ultimate flock guiding position is 2, it is the 
average of the initial values of agents 1 and 2. So, in this respect, 
only the root block agents have their role being played in the ulti-
mate goal of flock guiding. It is much more interesting about the 
second sub variables of agents 3–5, all of them were rendered to 
zero because of the damped factor of theirs. It seems frustrated 
that, the velocity signals of the agents at leaf block are not avail-
able sometimes. However, all of the second sub system states can 
be observed, it is a standard way to design observers for them. And 
in this point, this should not be an excuse to devalue our contri-
bution here. And this is customary, because for the fixed ultimate 
goal position, the velocity sub variable must be ceased. Of course, 
the ultimate goal can be adjusted if we like, we can regulate the 
ultimate goal position by manipulation the coupling coefficients of 
root block nodes.

2.3. Some Comments

Flock guiding of hybrid agents via root block has its potential 
contributions at the following respects: First of all, in the easy 
to get and easy to use style of the contemporary network world, 
privacy protection problems are becoming more and more press-
ing, in helps of our idea here, the key information are strongly 
suggested to be kept in root block agents. Secondly, infrastruc-
ture cyber physical system like smart grid networks, transporta-
tion networks, can be kept immune from the injected attacks if 
only the small number of the key root block nodes are kept shield 
from the hackers. And the third, root block agents and leaf block 
agents have different dynamics, can conveniently be specified, 
paired connections of root block nodes and leaf block nodes can 
be tagged into block chain, which then strengthened the safety 
further. Pros of our suggested scheme are so obvious, and with-
out doubt, we should continue our pursuing to this amazing topic. 
And some cons should be overcome in the near future, such as the 
injected invaders in the leaf nodes could not change the ultimate 
goal position indeed, but they could make the process to the ulti-
mate goal position so difficult, via disturbing the topology of the 
leaf block agents connected graph. Problems like this one would 
be kept as our focus.

Figure 2 | Flock guiding of five hybrid agents.

https://doi.org/10.1109/tac.2004.834113
https://doi.org/10.1109/tac.2004.834113
https://doi.org/10.1109/tac.2004.834113
https://doi.org/10.2991/jrnal.2016.3.2.15
https://doi.org/10.2991/jrnal.2016.3.2.15
https://doi.org/10.1007/s12555-015-0062-7
https://doi.org/10.1007/s12555-015-0062-7
https://doi.org/10.1109/87.845885
https://doi.org/10.1109/87.845885
https://doi.org/10.1109/87.845885
https://doi.org/10.1109/87.845885


248 Y. Song et al. / Journal of Robotics, Networking and Artificial Life 5(4) 245–248

polytopic type uncertainty: a predictive approach, IEEE Transac-
tions on Automatic Control, IEEE, America, 2003, pp. 1413–1416. 

 [6] Y. Jia, General solution to diagonal model matching control of 
multi-output-delay systems and its applications in adaptive 
scheme, Prog. Nat. Sci. 19 (2009), 79–90. 

 [7] Y. Song, W. Zhao, Multi-agent system rendezvous via refined 
social system and individual roles, WSEAS Trans. Syst. Control, 9 
(2014), 526–532. 

 [8] J. Lu, H. Liu, J. Chen, Synchronization in complex dynamical  
networks, Higher Education Press, Beijing, in Chinese, 2016. 

Authors Introduction 

Dr. Yunzhong Song 

He received his PhD from Zhejiang 
University, China in 2006. He is a 
Professor in the School of Electrical 
Engineering and Automation, Henan 
Polytechnic University, China. His 
main research interests are Multi-
agent Systems and Complex Networks. 

Dr. Fuzhong Wang 

He is a Professor and also the Executive 
Dean of the School of Electrical 
Engineering and Automation, Henan 
Polytechnic University, China. His 
main research interests are power 
system transmission and control, 
process control especially fault detec-
tion and diagnosis.

Mr. Ziyi Fu 

He is a Professor in the School 
of Electrical Engineering and 
Automation, Henan Polytechnic 
University, China. His main research 
interests are electrical drive system 
and system integration, especially 
fault detection and diagnosis. 

https://doi.org/10.1016/j.pnsc.2008.05.019%0D
https://doi.org/10.1016/j.pnsc.2008.05.019%0D
https://doi.org/10.1016/j.pnsc.2008.05.019%0D

