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I. INTRODUCTION 
 
In multi-interaction cellular neural network, adjacent 
cells interact directly with each other, while non-
adjacent cells called neighbors are affected by the 
propagation effect of CNNs. The location of the 
network is essentially a CNNs network mapping, so 
that they can be integrated into the microprocessor 
circuit [1] [2] [5]. To further extend the authors have 
studied and applied cellular neural networks in 
intelligent systems, the authors use the pluripotent of 
STM ARM Cortex MCUs [3] [4] with model of 
closed cages, ponds, gardens step by step the multi-
interactive neural network has been applied in 
practice. 
 
II. CELLULAR NEURAL NETWORK 
 
2.1. The structure of the neural elements of the 
standard cells 
 
In the cellular neural network (CNN) [1][6][7] each 
cell Cij with i is the number of rows, j is the number 
of columns links with neighboring cells Ckl in 
neighboring Nr (i, j) of radius r (r is a positive 
integer). Each cell is an input processor vuij, state 
vxij(t), the output vyij(t). Dynamical equations describe 
the structure of a cell neural as follows: 
 





),(),(

)(),;,()(1)(

jiNrlkC
tyklvlkjiAtxijv

xRdt

txijdv
C  





),(),(

),;,(
jiNrlkC

IuklvlkjiB               (*) 

NjMi  1;1  
 
Output function (*):  
 

 1)(1)(
2
1)(  tvtvtv xijxijyij                          

Input signal: ijuij Ev   

The conditions 1)0( xijv ; 1uijv                                  

Other theories A(i, j; k, l)=A(k, l; i, j) and C>0; Rx>0  
With Nlj,1M;ki,1                                                                                                        
Where M, N is the size of the network [1] 
 
2.2 Stability of cellular neural network  
Leon O. Chua have proposed Lyapunov function: 
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Conditions and demonstration of the network stability 
have been referred in [1] 
 
III. MULTI-INTERACTION CNN IN SMART 
FARMS SYSTEMS 
 
3.1. Multi-Interaction Cellular neural network 
The structure of multi-interactive cellular neural 
network 
Multi-interactive cellular neural network is associated 
with the sum of the controlling links and basic 
feedback to the sum of the input controlling signal 
accumulations and the output sum of the feedback 
signal accumulations at any point (k,l) and  (m,n) in 
the vicinity of the point (i,j).  

 
Figure 1. Network block diagram 
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Figure 2. Cellular Neural Network 3x3 

 

 
Figure 3. Connections of each neural in the CNN 

 
Multi-interactive cellular neural network is associated 
with the sum of the controlling links and basic 
feedback to the sum of the input controlling signal 
accumulations and the output sum of the feedback 
signal accumulations at any point (k,l) and  (m,n) in 
the vicinity of the point (i,j). Dynamical equation for 
multi-interactive cellular neural network as follows: 
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Where: 
A (i,j, k,l, m,n) and B (i,j, k,l, m,n) is the ratio of the 
accumulation of the two feedback signals from the 
output and controls at point respectively (k,l) and 
(m,n) at point (i,j). The input signals, assumptions 
and similar binding conditions (*). 
 
Stability of output state 
The problem in multi-interactive cellular neural 
network is that the network state must be stable to be 
able to put in the application? 
Consider the largest state: 
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It is necessary to prove limited state (stability of 
output state). Conditions and demonstration of the 
stability of the network have been referred in [1]. 
 
3.2. Multi-Interaction Cellular neural network in 
Smart Farms systems  
Based on the multi-dimensional interaction, we 
attempted to adopt a multi-interactive cellular neural 
network in the development of intelligent farming 
systems based on the acquisition of visual 
information, sound, noise, humidity, oxygen density, 
solids, weights, water levels, etc. 
Based on the multi-dimensional interaction and the 
relationship between the garden, ponds, and cages to 
build a system diagram.  

 
Figure 4. Relationship to smart farming system 

 
As shown in Figure 4, we have the following 
information: 
(A) Food in granular, powder, liquid, synthetic, soft, 
solid, dry, wet, water, etc. 
(B) Barn  Clean, dirty, dry, wet; animals. 
(C) Waste treatment  waste from cages, sorting, 
storage and discharge of fish, residue toxicity, etc. 
(D) Ponds, aquariums  water, fish, mixed solvents 
from animal dung, fish and nature, etc. 
(E) Output, pump volume, pumping time, commune 
type at output, distance, pressure, time, etc. 
(F) How to plant vegetables, moisture, water levels, 
nutrients in water, etc. 
(G) Filter, cleanliness of water, etc. 

 
 

Figure 5. Multi-dimensional interaction between the 
corresponding elements from MiCNN for the system in Figure 

4 
From data information we build corresponding multi-
dimensional clusters. 



International Journal Of Electrical, Electronics And Data Communication, ISSN: 2320-2084  Volume-5, Issue-7, Jul.-2017 

On an Application of Multi-Interaction Cellular Neural Network in Smart Farms Systems 
 
3 

For example: ponds, lakes (D)  high amount of 
food  treatment of herbs (C) do not flush food for 
fish  food, water (A) Adjust the amount of food, 
etc. Figure 3 shows the relationship from the 
corresponding elements standing adjacent and 
neighboring to create multi-dimensional interaction. 
The rate of influence of adjacent and contiguous 
elements is calculated by the equation presented in 
Section 3.1 [1]. 

 
3.3 MiCNN in Smart farms systems using 
pluripotent of STM ARM Cortex MCUs 
Flowchart 
Step 1. Start (Start the program) 
Step 2. Identify the functional block 
Step 3. Confirm status 

If false, error alert 
If true, the warning stops 
If wrong, move to step 4 

If true, then move to step 4 
Step 4. Block A works 
If false, error alert 
If true, the warning stops 
If wrong, move step 5 
If true, then move to step 5 
Step 5. Block B works 
If false, error alert 
If true, the warning stops 
If wrong, move to step 6 
If true, then move to step 6 
     ……. 
     Similarly we have 
Step 10. Block G works 
If false, error alert 
If true, the warning stops 
If wrong, move to step 11 
If true, then move to step 11 
Step 11. Check the data after processing 
If true, it ends 
If false, error alert 

If wrong, then move to step 10 
If true, it ends 

 
Circuit diagram Smart farms systems using 
pluripotent of STM ARM Cortex MCUs 

 
Figure 6. Circuit diagram Smart farms systems using 

pluripotent of STM32 
 
In Figure 6 there are four coupling blocks that form 
an intelligent farming system: 

- Power supply: Use of mains and power adapter from 
220v AC to the corresponding DC power, supplying 
for sensor blocks, handling and coupling block, 
execution system. 

- Data acquisition sensor block: This block includes the 
sensor module (depending on the specific need to 
select the appropriate module). 

- Handling Unit: Use STM32 ARM Cortex MCUs to 
monitor, collect and process data on a multi-
interactive cellular neural network to provide control 
signals to the coupling unit and execution system. 

- The execution system implements the requests sent 
from the processing block and the interactive 
feedback signal. 
 
CONCLUSIONS 
 
This paper presents an overview of cell neural 
networks and the application of closed intelligent 
(garden - pond - pens) farming systems to the 
hypothesis of input data information corresponding to 
data information corresponding to the current farming 
system. From the intelligent farming system of 
garden-ponds and pens, the team has developed an 
intelligent farming system that uses multi-
interactiveneural network with STM32 platform ... to 
act as a monitoring and processing center and control 
the executive system. The system is applied for small 
scale farms in Thanh Hoa and Hoa Binh, Vietnam to 
make the system become a perfect IoT system for 
smart farming, which can be applied in urban areas. 
 
REFERENCES 

 
[1] Nguyen Tai Tuyen, Develop structure cellular neural 

network multi-interactions, 31-2015-HV-TTM-CNTT, Post 
and Telecommunications Institute of Technology, Hanoi, 
Vietnam 2015. 

[2] Vu Duc Thai, Pham Thuong Cat, Bui Van Tung, Cau hinh 
mang noron te bao CNN giai phuong trinh Navier-Stock tren 
nen tang chip FPGA, Tuyen tap cong trinh HNKH toan quoc 
lan thu 3 ve đieu khien & Tu dong hoa VCCA, Vietnam - 
2015 

[3] Nguyen Tai Tuyen, Smart Sensors in Automatic Power On 
Off for Projector Based on User Monitoring Signals, 
International Journal of Research in Engineering and Science, 
Volume 4 Issue 10 ǁ October. 2016 ǁ PP.51-55 

[4] STMicroelectronics. STM32 embedded graphic objects/ 
touchscreen library, 2011.  

[5] Posts and Telecommunications Institute of Technology, 
http://ptit.edu.vn 

[6] Albo-Canals, J., cellular Nonlinear Networks: optimized 
implementation on FPGA and applications to robotics, Ph.D. 
dissertation, La Salle Ramon Llull University, 2012. 

[7] L.O. Chua et al., Cellular neural networks: theory, IEEE 
Trans. Circuits and Syst., vol. 35, pp. 1257-1272, Oct. 1988. 

 
 
 

 
 


