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1.Review of marine weather monitoring systems
It is probably one of the most important areas in ecology, as changes in this environment directly impact the biodiversity and atmospheric conditions, as well as any fishing-related activities [7–9]. Moreover, it is also one of the harshest settings to monitor for any type of deployment, as it requires waterproof robust technology to endure the high levels of humidity and salinity, wave collisions, and extreme weather conditions [10]. The way in which marine environments have been monitored has changed little in the past few decades, with the majority of implementations being based on satellite imagery, underwater devices with various sensors, and buoy developments. The latter are by far the most commonly used, being mostly applied to ambient variable measurement, either as stationary or drifting devices, each with its own specific purpose. These devices can measure several variables simultaneously and monitor areas for long periods of time.
[bookmark: _Hlk91517298]1.1 A Low-Cost Sensor Buoy System for Monitoring Shallow Marine Environments[1]
The system design is based on a number of fundamental requirements that set it apart from other recent proposals: low cost of implementation, the possibility of application in coastal shallow-water marine environments, suitable dimensions for deployment and stability of the sensor system in a shifting environment like the sea bed, and total autonomy of power supply and data recording. The buoy system has successfully performed remote monitoring of temperature and marine pressure (SBE 39 sensor), temperature (MCP9700 sensor) and atmospheric pressure (YOUNG 61302L sensor). The above requirements have been satisfactorily validated by operational trials in a marine environment. The proposed buoy sensor system thus seems to offer a broad range of applications.
Figure 1  Buoy components
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(a) bottom devices
1.2 Design and development of IOT Based Maritime Monitoring Scheme for fishermen in India[2]
In this system Wi-Fi IoT Sensor was embedded with a GPS device that is used to give alert through the alarm when the boat is near to the margin of other country and additional to this it also sends the message to coastal guards about the location of the boat. Humidity and Temperature sensor are also used in this system which sense, measure and reports weather information like moisture, air temperature, and rainfall which helps fishermen to come out from dangerous situations. The research helps the fishermen to navigate and identify our country coastal boundary in the sea.
[image: ]
Figure 2 Working Principle of the Proposed system


1.3 Acquisition and Relaying of Data from a Floating Wireless Sensor Node using an Unmanned Aerial Vehicle.[1]
The system designed by Remus Barbatei, Amund Skavhaug, and Tor A. Johansen is to work without constant coordination from a master device, they are modular, low-power and capable of housing various small-sized sensors including: GPS positioning capability, wireless communication and a non-volatile storage medium. The current prototype weight is a bit over 400 grams the height is approximately 27cm and the cross section is 5.5cm. Most of its case is submerged in water but the top (which contains the antennas) is above the water level. Each section has a specific functionality. Such sections can be added or removed from the sensor node, depending on the desired application in which the sensor will be used. Fig. 1 shows the built prototype and its custom hardware. It is composed of 3 sections and an antenna.
[image: ]
Figure 1 Sensor node prototype and attached components
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Figure 2 Overall Hardware Block Diagram Architecture and Interconnects


The following table summarizes and compares several marine weather monitoring systems mentioned above.

	Number
	Platform
	Sensors
	Memory

	1
	Buoy
	atmospheric pressure，temperature，marine pressure
	Embedded
Memory

	2
	Buoy
	Temperature，humidity，GPS
	Flash

	3
	Buoy+UAV
	I2C sensors
	SD card












2.Sensors
2.1 Temperature sensor
There are many temperature sensors on the market to choose from, which can be divided into two categories, one is an analog temperature sensor, and the other is a digital temperature sensor. When selecting a temperature sensor, factors such as operating temperature range, accuracy, power consumption, packaging form, and price need to be considered. Here, I chose TI’s TMP235 x Low-Power, High-Accuracy Analog Output Temperature Sensor to apply to the marine weather monitoring system.
The TMP23x devices are a family of precision CMOS integrated-circuit linear analog temperature sensors with an output voltage proportional to temperature engineers can use in multiple analog temperaturesensing applications. These temperature sensors are more accurate than similar pin-compatible devices on the market, featuring typical accuracy from 0°C to +70°C of ±0.5°C. The TMP235 device provides a positive slope output of 10 mV/°C over the full –40°C to +150°C temperature range and a supply range from 2.3 V to 5.5 V. So it is very convenient to apply on our circuit board. This chip is packaged in SOT-23, with only three pins, which is very friendly for us to draw the circuit board and wiring later.
[image: ][image: ]
It can be seen from the datasheet that the power consumption of this chip is very low, even if the temperature reaches 100 degrees Celsius, the current will not exceed 12uA.
[image: ]
The following figure is a typical application circuit of TMP235.
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2.2 Humidity
[image: ]The HDC2010 is an integrated humidity and temperature sensor that provides high accuracy measurements with very low power consumption, in an ultra-compact WLCSP (Wafer Level Chip Scale Package). The sensing element of the HDC2010 is placed on the bottom part of the device, which makes the HDC2010 more robust against dirt, dust, and other environmental contaminants. The capacitivebased sensor includes new integrated digital features and a heating element to dissipate condensation and moisture. The HDC2010 digital features include programmable interrupt thresholds to provide alerts/ system wake-ups without requiring a microcontroller to be continuously monitoring the system. This, combined with programmable sampling intervals, low inherent power consumption, and support for 1.8-V supply voltage, make the HDC2010 well suited for battery-operated systems. 

[image: ]
veim[image: ]
The power consumption of this chip is very impressive. As can be seen from the table below, if the heating function is not turned on, the current consumption is only less than 1uA when the reading is performed every second. In addition, this chip also has the function of measuring temperature, ranging from 5 to 60 degrees Celsius, which can basically meet our needs. But I did not delete the above TM235 sensor from my design. Mainly because of the following considerations.
(1) The lowest temperature that HDC2010 can measure is 5 degrees Celsius. For some sea areas in high latitudes, the sea temperature in winter may be lower than this temperature.
(2) The use of two different temperature sensors improves the reliability of the system. When one of the temperature sensors is damaged, the system can still work, and the two can be verified with each other to improve the reliability of the data.
(3) The size of the two chips, the power consumption are very small, there will be no additional burden on the design of the system, and the price of the chip is within an acceptable range.[image: ]
























2.3 Wave height
The measurement of wave height is actually the measurement of measuring distance. Here we can only consider non-contact measurement methods. The most commonly used non-contact measurement method is the time-of-flight measurement. For measuring the height of the liquid level, I think ultrasound is more suitable than light. So I chose CH201 range sensor from TDK to measure wave height.
CH201 is a miniature, ultra-low power, long-range ultrasonic Time-of-Flight (ToF) range sensor. Based on Chirp’s patented MEMS technology, the CH201 is a system-in-package that integrates a PMUT (Piezoelectric Micromachined Ultrasonic Transducer) together with an ultra-low power SoC (System on Chip) in a miniature, reflowable package. The SoC runs Chirp’s advanced ultrasonic DSP algorithms and includes an integrated microcontroller that provides digital range readings over I2 C. Complementing Chirp’s CH101 ultrasonic ToF sensor product, CH201 provides accurate range measurements to targets at distances up to 5m. Based on ultrasonic pulse-echo measurements, the sensor works in any lighting condition, including full sunlight, and provides millimeter-accurate range measurements independent of the target’s color and optical transparency. The sensor’s Field-Of-View (FOV) can be customized and enables simultaneous range measurements to multiple objects in the FOV. Many algorithms can further process the range information for a variety of usage cases in a wide range of applications
[image: ]
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2.4 Wind speed
For the measurement of wind speed and wind direction, I found a KM53B98 sensor from KLHA company, which integrates the functions of wind speed and wind direction measurement, and uses the 485 bus for communication, which is very convenient to use. However, it needs more than 1A of current and the working voltage is greater than 6V. Therefore, I have to abandon this sensor and measure the wind speed and direction separately to reduce the system power consumption as much as possible.

[image: ]

[image: ]
The wind speed sensor I chose is VMS-3000-FSJT05-V from VEMSEE. This is an analog output wind speed sensor, it can work under 5V voltage, the maximum power consumption is only 0.12w. This sensor has a total of 4 wires, as shown in the table below. When in use, we generally connect the negative signal to the ground, and then connect the positive signal to the ADC input of the microcontroller. After the ADC converts the input analog quantity into the corresponding digital quantity, we need to calculate the current wind speed. Take the 0-5V output as an example. When the output signal is 2V, calculate the current wind speed. The span of the wind speed range is 30m/s, and the 5V voltage signal is used to express 30m/s/5V=6m/s/V, that is, every voltage change of 1V corresponds to a wind speed change of 6m/s. The measured value is 2V-0V=2V. 2V*6/m/s/V=12m/s. The current wind speed is 12m/s
	
	Color
	Discription

	Source
	Brown
	+

	
	Black
	-

	Output
	Blue
	Windspeed output+

	
	Green
	Windspeed output-






































2.5 Wind direction
The wind direction sensor I chose is also from VemSEE, and the model is VMS-3000-FXJT05-V. Its shape is small and light, easy to carry and assemble. The brand-new design concept allows it to effectively obtain wind direction information. The shell is made of polycarbonate composite material, which has good anti-corrosion and anti-corrosion characteristics, and is resistant to sun exposure and high impact resistance. At the same time, with the internal smooth bearing system, the accuracy of information collection is ensured, and data output is performed with voltage signals (0-5V, 0-3V, 0-2.5V, 1-5V). Its maximum power consumption is 0.12w, and it can measure the wind direction of 360 degrees.
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[bookmark: _Hlk91524266]2.6 Sunlight brightness
The intensity of sunlight can be achieved by a photosensitive resistor. Photoresistors are special resistors made of semiconductor materials such as cadmium sulfide or cadmium selenide, and their working principle is based on the internal photoelectric effect. The stronger the light, the lower the resistance value. As the light intensity increases, the resistance value decreases rapidly, and the light resistance value can be as small as 1KΩ or less. The photoresistor is very sensitive to light. When there is no light, it is in a high-resistance state, and the dark resistance is generally up to 1.5MΩ.
Here, I chose Senba Optical's GL5516 photoresistor to build the solar light detection circuit. His working parameters are shown in the table below.
[image: ] [image: ]






	Type
	GL5516

	Maximum Voltage/V
	150

	Maximum power consumption/mW
	90

	Ambient temperature/℃
	-30~+70

	Spectral Peak/nm
	540

	Bright resistance/kΩ
	5-10

	Dark resistance/kΩ
	0.5M









2.7 GPS position
GP-20U7 is a GPS receiver build-in high performances -165dBm GPS chipset. GP-20U7 provides customer high position, velocity and time accuracy performances as well as high sensitivity and tracking capabilities. Thanks to the low power consumption technology (Max 40mA@3.3V), the GPS receiver is ideal for many portable applications. This module uses a full-duplex serial port for communication, It‘s output signal level is TTL: 9600bps (default),8 bit data, 1 stop bit and no parity. It supports the following NMEA-0183 Messages: GGA, GLL, GSA, GSV, RMC and VTG.
Table NMEA-0183 Output Messages
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3.Microcontroller selecting
3.1 IO resources& communication interface
Before selecting the microcontroller, we must first estimate the IO resources, communication interface, and memory size required by the system. There are many types of microcontrollers and powerful performance, but considering the cost factor, it makes sense to choose a microcontroller with appropriate performance. In addition, since our system is battery powered, power consumption is also a very important parameter when choosing microcontroller. Through the selection of sensors above, we can get the approximate resources needed by the microcontroller of our choice.
We have a total of four analog sensors, so we need at least 4 ADC input channels. The GPS module communicates with the microcontroller through the serial port, so the serial port is indispensable. In addition, the humidity sensor and wave height sensor work with the IIC interface. Communication, so we need two IIC interfaces (or IIC can be simulated by ordinary IO port software).
The current microcontrollers mainly have 8-bit, 16-bit and 32-bit types. The more digits, the stronger the computing power, and the higher the price is generally. In our design, the main task of the microcontroller is to collect the sensor data and then perform simple processing, and then store it in the memory, which does not require very high performance, so when we choose the microcontroller, the 8-bit types are first considered.

	IO resources& communication interface
	Number

	ADC
	4

	IIC
	2

	UART
	1

	USB
	1

	TIMER
	1



3.2Memory
For all data, we use floating-point numbers for storage. It is worth noting that in the collection of GPS location information, because the RMC format is usually used, a large amount of data can be obtained at one time, not just longitude and latitude data.
After collecting the data of each sensor each time, the microcontroller needs to store them in the non-volatile memory, and the collection time is as long as seven days. Here we assume that the amount of data collected at one time is 40 bytes, and the data acquisition system collects once every minute, then the total amount of data obtained in seven days is
40*60*24*7=403KB
 However, the largest flash capacity in PIC 8-bit microcontrollers does not exceed 100kb, so it is unrealistic to store all the data in Flash. We can solve this problem by adding an external memory on the circuit board. This capacity of memory will not add too much cost to the design. Here I chose ST's M24512 EEPROM. Finally, I chose my microcontroller PIC16F1459.
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[bookmark: _Hlk91524410]4.Battery requirement
	Items
	Current consumption/mA

	MCU
	<40

	TM235
	<0.012

	HDC2010
	<0.004

	CH201
	<0.2

	GL5516
	<3

	VMS-3000-FXJT05-V
	<60

	VMS-3000-FSJT05-V
	<60

	Passive components
	<2

	GPS module
	<5mA

	Total current consumption
	<150


The total amount of electricity consumed in seven days is 150*24*7= 25200mA*h. This is acceptable for many batteries on the market, and does not require a large volume. The power bank in my hand has a power of 2000mah, which means that the battery of this system is not much larger than our usual power bank.



























[bookmark: _Hlk91524471]5.Circuit design and PCB (EASY-PC) design
[image: ]
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[bookmark: _Hlk91524443]6. Package design
The working environment of this system is at sea, so we have to deal with the wet environment at sea. Considering the need to measure the wave height, this device is likely to be installed on the outside of the hull, so that the light direction of the TOF module is perpendicular to the water surface, just like R As Atwater did [4], in this case, there is a possibility of being attacked by sea waves. Therefore, tightness must be considered. The packaging material cannot use metal, one is because it is too heavy and not portable, and the other is because the metal casing will affect the communication of the GPS module.
7.Prototype software
The working process of this system can be divided into two stages. The first is the initialization of the system, including the initialization of various sensors and communication interfaces. After initialization, it enters the working stage. Considering that marine weather monitoring systems are usually carried out at regular intervals. For a measurement, the timer of the microcontroller is used to generate an interrupt with an interval of one minute, and a measurement is performed when an interrupt is detected. The USB request will also generate an interrupt. At this time, it is necessary to respond to the USB communication to complete the required operation.
[image: ]
8.Prototype build costs
	Items
	cost/￡

	MCU
	2

	TM235
	1

	HDC2010
	1

	CH201
	3

	GL5516
	1

	VMS-3000-FXJT05-V
	10

	VMS-3000-FSJT05-V
	10

	Passive components
	2

	GPS module
	40

	PCB/2 layers FR4
	10

	Total cost
	82



9.Improvements
Although this system can achieve all the functions, there are still areas that can be improved. Mainly in the following aspects.
(1) The data stored in the memory needs to be read and cleared manually every seven days. If IOT technology is used, it is possible to avoid such a tedious operation: use wireless transmission to transmit the data to the shore data station for analysis in real time.
(2) The power consumption of the system can be further reduced. This can be achieved by using ultra-low-power controllers. As far as I know, ST and TI have done very well in the field of ultra-low-power microcontrollers. When the microcontroller is waiting During the interruption, you can enter the dormant state, so that the current will be reduced to a very low level. In terms of sensors, many digital sensors now have a sleep mode to choose from.
(3) By optimizing the layout and routing, the volume and weight can be further reduced. A smaller PCB area means lower cost and better portability.
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