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Abstract: This paper mainly discusses the transmission stability of intelligent 

temperature monitoring system node in liquor solid state cellar based on wireless 

sensor network technology, Firstly, the network structure of the system is designed, 

Wireless acquisition node and sink node adopt 433MHZ wireless communication 

frequency band, The sink node can upload data to PC in the form of 485 bus; Secondly, 

the Node433M wireless sensor network (WSN) communication protocol stack is 

designed; Then discuss the networking mode of the network and the data transmission 

process of the nodes; Finally, set the backoff function of the node network based on 

the node address to avoid the problem of signal crosstalk. 

 

Keywords: Wireless Sensor Network, liquor solid pit, transmission reliability, backoff 

algorithm. 

 

1. Introduction 

In the long process of wine-making culture and technology development, making wine 

from solid liquor qu is a major invention in Chinese wine-making technology, which is 

still widely used in today's wine-making industry. However, the fermentation process of 

Jiuqu winemaking needs to be carried out in a closed cellar, both the fermentation time 

and the temperature in the cellar have certain requirements, In the past, people mostly 

relied on experience to judge the fermentation progress in the cellar, If some 

unforeseen circumstances occur, the fermentation environment will change, and it is 

difficult to find and eliminate anomalies in a closed fermentation environment in time, 

which will eventually lead to a lot of manpower and material consumption and waste of 

resources. 
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With the development of Internet of Things technology, the intelligent liquor solid state 

fermentation cellar temperature monitoring system based on wireless sensor network 

technology has been realized [1-2]. Wireless sensor network technology can realize the 

automatic collection of the parameters of each cellar in the workshop, and on the basis 

of real-time monitoring, the monitoring data is analyzed, processed, diagnosed, safe, 

and the multi-terminal panoramic display of the fermentation process by the cloud 

expert system, And the workshop temperature control system linkage to form a closed 

loop control of the workshop environment, improve the production efficiency of the 

cellar [3-6]. 

In this paper, the transmission stability of intelligent liquor solid fermentation cellar 

temperature monitoring system nodes will be analyzed and studied mainly from the 

aspects of network structure, communication protocol stack, networking 

communication and retreat algorithm. 

 
2. Network Structure Design 

The network structure of the intelligent cellar temperature monitoring system designed 

in this paper is shown in Figure 1. The data acquisition end of the system USES WSN 

technology to network, and the entire WSN network is composed of several terminal 

collectors and an aggregation collector. The terminal collector of WSN is usually called 

the acquisition node and the collector is called the aggregation node. The collection 

node is responsible for data collection and transmission, and sets the corresponding 

working mode according to the control commands of the aggregation node；The 

aggregation node is the center of the network, acting as a coordinator and gateway 

node. The aggregation node is responsible for the maintenance and data collection of 

the entire regional network, and then uploads the data to the superior data center or 

transfer station through the Internet. The biggest feature of the system is to collect 

information based on WSN technology, use WSN nodes to connect with various sensors, 

and automatically collect real-time data of various fermentation parameters in the 

cellar pool through wireless self-organizing network, so that the plant monitoring 

center can monitor the fermentation status of the cellar pool at any time. In order to 

achieve the purpose of improving management level, improving utilization efficiency 

and saving cost. 

Combined with the traditional winery production plant and cellar pool environment, the 

design needs to achieve wireless data transmission requirements, In this paper, the 

wireless acquisition node and the aggregation node use the 433MHZ wireless 

communication frequency band. Because the 433MHZ frequency is less than 2.4G, the 

wavelength is longer, and the obstacle penetration ability is strong, it is suitable for 

applications in complex terrain environments and can meet the communication 
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distance required by the plant. In addition, the aggregation node can use the bus to 

upload data to the PC, which can ensure the smooth transmission of data at key nodes 

and avoid the danger of a large number of wiring in the plant. 
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Fig.1 WSN network structure 
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Fig.2 Protocol stack structure 

 
3. System Communication Protocol Stack 

This paper draws on the IEEE802.15.4 protocol standard to design the Node433M 

wireless sensor network (WSN) communication protocol stack [7], using structured 

software design ideas, the communication protocol stack architecture is shown in 
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Figure 2. 

The structure of the protocol stack media access control sublayer (MAC) and physical 

layer (PHY) is shown in Figure 3. 
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Fig.3 Stack structure of MAC & PHY 

MCPS-SAP interface is used for data packet interaction between upper layer and MAC 

layer； 

MLME-SAP interface is used for message interaction between upper layer and MAC 

layer and upper layer access to MAC PIB； 

PD-SAP is used for data packet interaction between MAC layer and PHY layer； 

PLME-SAP is used for MAC layer and PHY layer management message interaction and 

upper layer access to PHY PIB. 

Node433TM protocol stack divides network equipment into node and sink. On the one 

hand, node is a common sensor communication node that uses the POLL data request 

sleep mechanism, when the sink as a network coordinator does not use the time 

synchronization mechanism, its radio frequency module is normally open, Node data is 

stored and forwarded through sink. Two devices form a star network topology, as 

shown in Figure 4(a). On the other hand, the nodes can communicate in real time. At 

this time, the network does not need sink coordination, and several nodes themselves 

form a mesh network, as shown in Figure 4(b). 
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Fig.4 Network topology 
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4. Networking & Communication 

The designed system network structure shown in Figure 1 is suitable for various types 

of building workshop environments. For small and medium-sized buildings (mainly 

aimed at under 10 floors or within 3 hops of the communication structure), the RS485 

bus is not necessary, and the monitoring platform directly issues control commands 

through the base station；for l factory buildings, due to the high multi-hop packet loss 

rate, a combination of wired and wireless can be used, that is, the background through 

the RS485 bus, and then the Sink node broadcasts background control commands. 

The system connects sensor data such as temperature, humidity and CO2 

concentration to the on-site Node node (wireless sensing node). The Node node is 

installed in some important positions in the plant and cellar pool to establish a 

self-organizing monitoring network. Collect relevant data through wireless nodes, 

forward through wireless repeaters, and finally summarize the data to the background 

control system in real time to form a wireless fermentation parameter data collection 

platform. The data transmission process is shown in Figure 5. 
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Fig.5 Data transmission flow chart 

 

When the sink node is in the communication state, it sends time-marked frames every 

once in a while. The collection node in the communication range of the sink node 

listens to the time-scale frame sent by the sink node in the listening state, and 

determines that the sink node is the target parent node. And in the following access 

state to send an access request to the target parent node to form a WSN network. The 

nodes that have access to the network show their existence to the surrounding nodes 

by forwarding time-scale frames. Other nodes that have not access to the network find 

the nodes that have access to the network and act as their own target parent nodes in 

the listening state, and then join the network as relays through these nodes that first 

join the network in the access state. In turn, several acquisition nodes and one sink 

node constitute the WSN network. 

In order to prolong the network life time and reduce the power consumption of nodes, 

all nodes will enter the sleep phase regularly, turn off the RF transceiver, keep the 
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ultra-low power consumption working, and save the node energy to the maximum 

extent. After the timer expires, the nodes are awakened to return to the normal 

working state and turn on the RF transceiver. All nodes in WSN work alternately in 

communication phase and sleep phase to ensure the network lifetime and 

communication requirements. Each WSN network data is then pushed through the 

wireless network to the data center for analysis and processing. 

Since wireless sensor network is a distributed wireless multi hop network composed of 

a group of nodes with routing function, it does not rely on any preset network 

infrastructure. Because the range of nodes in wireless sensor network is limited, the 

source node usually needs the assistance of other nodes when sending data to the 

destination node, so routing protocol is an indispensable part of wireless sensor 

network. This article uses wireless distributed routing, its structure is shown in Figure 

6. 
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Fig. 6 Route structure 

a) It is assumed that BS is equipped with enough hardware and software resources. 

b) The cluster heads are responsible for collecting the data from its members and 

sending it to the nearest cluster head or BS. 

c) The common nodes are responsible for collecting the surrounding environment data 

and sending the data to their cluster head.  

working principle: Base station broadcasts background networking commands. After 

receiving the networking command, the cluster head analyzes the received data. If it is 

the networking request of the base station, on the one hand, it sets its cluster head 

number to 1, on the other hand, it forwards the networking request and carries its 

cluster head number. After receiving the information, the cluster head still analyzes the 

data packet first. If it is the networking request from the cluster head, it sets its cluster 
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head number Set to the received cluster number plus 1, that is, the cluster head 

sending the request is the parent node, and forward the networking request with its 

own cluster number at the same time. After receiving the networking request, the node 

will send the networking response to the parent node, which is the cluster head of its 

networking request. After the networking is successful, the network remembers its 

route and uploads the data according to this route. Nodes - > cluster heads - > parent 

cluster heads - > base stations. 

 
5. Backoff Algorithm 

In system networking or communication, if there are too many detection nodes, there 

will be signal crosstalk problem. The common practice is to use competition mechanism 

to enter the wireless communication channel during data transmission. If there is no 

backoff mechanism, all nodes send data at the same time, which will cause collision 

and data loss. Therefore, a good backoff strategy is designed to ensure reliable data 

transmission It's of great significance [8-9]. 

In view of the small scope of winery workshop and the number of acquisition nodes is 

within hundreds, the backoff algorithm designed in this paper does not use the 

mechanism of monitoring channel, and generates different random numbers with the 

address number of each node as the seed. Each node will backoff for different times 

according to its own random number when networking communication. This algorithm 

is low in complexity and does not need channel monitoring, so it is suitable for a 

relatively large network Small solid cellar temperature monitoring system. 

The pseudo program of the algorithm is as follows: 

                                                                                             
uint8_t GetRandomNum()  // the function of obtaining the backoff random number 

 uint8_t seed = 0xFF, seed1; 

 uint8_t i, tmp1, tmp2, tmp3;  // setting intermediate variables 

 for(i = 1;i<128;i++)    // the number of nodes in the cluster does not exceed 

128 (node MCU is 8-bit chip) 

 {     tmp1=seed >> 3; 

       tmp2=seed ^ tmp1; 

      tmp2=tmp2 << 7; 

      tmp3=seed >> 1;  

      seed=tmp2 | tmp3; // obtaining random number seed based on logical 

operation 

      if(i==(uint8_t) LOCAL_ADDRESS) // If the node number is equal to the current 

number of cycles 

       { seed &= 0xFF; seed1=seed; }// Node gets its own backoff random 

value 



Volume 7 Issue 5 2020 

   22 

 } 

 return (uint8_t) seed1; 

} 

                                                                                                     
6. Conclusion 

Based on the development of Internet of things technology, this paper discusses the 

transmission stability of WSN solid liquor cellar intelligent temperature monitoring 

system node, studies WSN communication protocol stack suitable for liquor cellar 

application environment, studies low complexity backoff algorithm, and realizes 

reliable data transmission under the conditions of multiple cellars and nodes in liquor 

factory, communication channel occupation or serious interference And receive; study 

the distributed ad hoc network method, realize in the cellar environment with 

changeable environment state, through the collaborative processing of local nodes, 

effectively deal with the environment change by itself. 
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