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1. Introduction 

One of the goals of the CONOPS Project is to contribute to the early detection of any 

entry of Invasive Mosquito Species (IMS) into a new country or territory, and study 

the possible establishment and spread of them. For this purpose, a Prototype IMS 

Monitoring Device/System will be developed combining the advantages of the most 

effective mosquito attracting and entrapment methods. 

This IMS Monitoring Device will be of reasonable cost, self-sufficient and energy-

autonomous. Limited supervision of the IMS Monitoring Devices and their operation 

will be required. The IMS Monitoring Devices will be physically hardened and 

housed inside a special casing. Each IMS Monitoring Device will also incorporate an 

embedded processing unit for automated monitoring and management of its operation. 

Remote monitoring and management via mobile telephony network(s) will be 

provided through its incorporated wireless communications subsystem. 

Another goal of the project is to minimize and/or eliminate the disease risk to human 

or animal health related to IMS due to the early detection of the pathogens of 

important diseases. For that reason the IMS Monitoring Device will include a special 

preservation subsystem so that to preserve the entrapped mosquito specimens for later 

analysis in the laboratory. 

Furthermore the Prototype IMS Monitoring Device will be able to collect all required 

climatic data and other environmental factors considered to be necessary to map the 

risk of entry and establishment of IMS to an area and define the high-risk sites at 

points of entry. 

The functional specifications of the Prototype IMS Monitoring Device that will be 

developed in terms of the CONOPS Project are described in this Report. 
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2. Description of the IMS Monitoring Device subsystems and operations 

Specifically, the Prototype IMS Monitoring Device will include multiple types of 

mosquitos’ capturing devices (traps) utilizing different attractants (CO2, other 

chemicals, etc) for the entrapment of various categories of invasive mosquitoes. As a 

result, the prototype will incorporate two different collection methods and relative 

subsystems (for eggs and adults). Therefore: 

 The first type of collection subsystem that will be incorporated will include the 

basic characteristics of the oviposition traps (gravid, sticky and ovitraps). 

 The operation of the second type of collection subsystem that will be incorporated 

will be based on the release of CO2 and BG-Sentinel attractants.  

These two collection subsystems are sufficient when the “host-seeking” type of 

attractiveness is applied. There will be the capacity to use different substances (alone 

or in combination e.g. CO2, ammonia, lactic acid etc). 

The IMS Monitoring Device will incorporate two (2) tanks containing CO2 and other 

attractant chemicals that will feed the device through the appropriate controls in an 

automated manner and at certain pre-defined or not time intervals and/or instances. 

The incorporated tanks will be of high capacity so that to allow for continuous 

operation of the relative collection subsystem for one (1) month without the need for 

replacement. 

Both types of collection subsystems will be connected with a special preservation 

subsystem (for the first type of collection subsystem this function will be applied 

when adults are collected). This system will be integrated and utilised to preserve the 

entrapped mosquito specimens for later analysis in the laboratory (both identification 

or/and virus surveillance). Note that each type of attractiveness will be applied 

independently, so that to avoid antagonistic effects. 

Note that the IMS Monitoring Device will be able to separate the collected mosquito 

specimens based on day and/or time via the relative incorporated mechanisms. This 

functionality will help the relative CONOPS Project team to monitor the population 

abundance of a certain IMS. Furthermore, certain collections will be used for virus 

surveillance in terms of specific pre-defined time intervals (e.g. the last 72 hours). 
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Besides, the user will be able to choose the appropriate/required function (type of 

attractiveness, applied period, reservation system, the “release” of different substances 

etc) from distance, through the wireless communications subsystem of the Prototype 

IMS Monitoring Device. 

The IMS Monitoring Device will also incorporate an embedded processing unit 

(controller) and relative software for its monitoring and management. In addition, the 

Prototype Device will include a wireless communications subsystem, involving 

GSM/GPRS/3G technologies, so that to enable remote monitoring and management 

via existing mobile operator network(s).  

The IMS Monitoring Device will also include an environmental monitoring 

subsystem, containing temperature and humidity sensors, for local weather conditions 

monitoring, so that to eliminate the requirement for the acquisition of external 

meteorological data from other sources. The acquired meteorological data will 

essentially support automated IMS Monitoring Device operation (e.g. automatic start 

and stop of the device operation when the temperature or humidity exceeds certain 

levels). 

The operation of the IMS Monitoring Device will be automated and its basic 

operations will be controlled by the embedded controller based on pre-defined 

scheduled actions. Besides, remote status and health monitoring, management and re-

scheduling of tasks will be supported via the incorporated wireless connectivity 

subsystems and the appropriate relative physical & logical interfaces. 

The provided wireless communications capability among others will allow: 

 Remote check of system status. 

 Remote check of the attractant chemicals tanks status. 

 Receiving alarms, even in the form of texts or emails, when an event occurs, such 

as when the tank chemical level is low or the system battery is low. 

 Setting of the attractant release scheduling. 

 Checking outside temperature and humidity. 

 Managing operation faults. 

A special power supply system will be also incorporated in order to provide the 

required electrical power for the operation of the IMS Monitoring Device. In fact, the 
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power supply system of the IMS Monitoring Device will consist of a small-form 

factor solar panels unit and a backup batteries unit so that to ensure that the device is 

power autonomous.  

The Prototype IMS Monitoring Device will be physically hardened and housed inside 

a special industry standards-based casing, which will be of special form and size, 

surface relief and color. 
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3. Detailed IMS Monitoring Device Functional Specifications 

The analytic Prototype IMS Monitoring Device functional specifications as per its 

subsystems are found at the following Sections. 

3.1 Power Supply Subsystem 

The Power Supply Subsystem (PSS) of the Prototype IMS Monitoring Device will 

consist of a solar panels unit and a backup batteries unit. In fact, 12V/15W solar 

panels, all interconnected in order to form the complete solar panels unit, will be used. 

Also, 7.2 Ah batteries will be utilised, which will be bundled with the solar panels 

unit. Anti-lighting and over-voltage protection will be provided by special 

overvoltage protection circuitry that will be also incorporated into PSS. The output 

voltages provided by PSS, so that to supply the subsystems of the IMS Monitoring 

Device, will be 12V and 24V. 

3.2 Collection Subsystems 

The chemical (CO2, other chemicals, etc) attractant collection subsystem of the 

Prototype IMS Monitoring Device will consist of various sections. The basic 

specifications of the chemical attractant collection subsystem are analysed next. 

The top section of the subsystem will be an almost four (4) liters plastic, non-rusting 

container. The wall and lid of it will be insulated with high-density foam and there 

will be holes in the bottom of it to allow gas to escape.  

The middle section of the subsystem will contain the collection subsystem’s 

mechanical and electrical components, including a 12V DC motor. Mosquitos 

attracted to the CO2 or other chemical utilised, will enter through an opening at the 

top of this section. They will drawn in and downward by airflow created by a plastic 

propeller attached to the DC motor of the subsystem. An incandescent light bulb 

visible from the top opening of this section will act as a secondary attractant. Two (2) 

CO2 or other gas tanks will be also incorporated so that to supply the collection 

subsystem with the required attractant. The output of each gas bottle will be adjusted 

by the embedded programmable controller (see Section 3.3).   

The bottom section of the subsystem will consist of a catch bag made of netting and a 

plastic spreader to keep the bag open during use. It will have an elastic band with 

extension for tying the bag at the top and bulldog clip at the bottom. In fact, this fine 
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mesh collecting bag with ripstop nylon skirt will be supported by a large rubber O-

ring, fitted into a groove at the bottom of the acrylic tube. A draw string will allow 

specimens to be contained in the bag safely. The collection cup will be a 

polypropelene jar with mesh screen vented bottom and modified lid. An extra plain lid 

will be provided to seal the jar. 

The chemical attractant collection subsystem will be fabricated from acrylic tubing 

and will feature stainless steel supports and screen. The unique design of the 

subsystem will include a self-closing clear film air gate. The air gate will prevent 

escape of collected specimens in the event of power loss. It will also allow the use of 

a timing device in collecting samples without being on site so that to start or stop the 

operation of the subsystem.  

Since insect species fly at different times of night, influenced by time of year, 

temperature and other factors, the chemical attractant collection subsystem will 

incorporate a special mechanism for separating specimens to identify patterns of flight 

and behavior. This mechanical device, essentially being a sophisticated collection 

entities rotator, will allow segregating the catch of the main collection subsystem into 

a number of bottles over periods of time determined by the embedded programmable 

controller (see Section 3.3). 

Specifically, the main chemical attractant collection subsystem will be placed on the 

rotator with the collecting bag placed on the plate of the platen. The incorporated 

controller (see Section 3.3) will energise a DC gear-motor which in turn will rotate a 

new bottle under the main collection subsystem at certain time intervals.   

The design of the mechanical device will permit complete flexibility in the collection 

schedule which may range in length from a few hours to weeks. The collection 

entities rotator will require a 12V DC power provided by the PSS (see Section 3.1) in 

a timer-switched manner. 

Also an ovitrap-based collection subsystem will be included into the Prototype IMS 

Monitoring Device as already noted. This subsystem will also include a sophisticated 

collection entities rotator, allowing the segregation of the catch of the main collection 

subsystem into a number of bottles over periods of time determined by the embedded 

programmable controller (see Section 3.3), as it is the case for the chemical attractant 
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collection subsystem described above. The exact functionality of the collection 

entities rotator to be used was described before.  

3.3 Embedded Controller 

The operations of the Prototype IMS Monitoring Device will be managed by the 

embedded controller of the system. The controller will be essentially connected with 

all subsystems of the IMS Monitoring Device so that to enable the management of 

their operations. The controller will be programmable so that to easily and effortlessly 

accommodate the required customisations of the individual subsystems and therefore 

to ensure the smooth operation of the IMS Monitoring Device. The incorporated 

remote management capabilities of the controller will enable the provision of the 

required modifications to the configuration and/or operation of the subsystems of the 

IMS Monitoring Device from distance, without requiring physical presence. The 

required specifications of the embedded controller are shown below.  

 Networking characteristics: 

o Ethernet: at least one (1) 10/100 Mbps port, RJ45 

o Protection: at least 1.5 KV magnetic isolation 

o Supported protocols: Modbus/TCP, TCP/IP, UDP, DHCP, Bootp, SNMP, 

HTTP, CGI, SNTP, SMTP 

 Serial Communication: 

o Interface: RS-485-2w (Data+, Data-, GND) 

o Serial Line Protection: at least 15 KV ESD for all signals 

 Serial Communication Parameters: 

o Parity: None 

o Data Bits: 8 

o Stop Bits: 1 

o Flow Control: None 

o Baud rate: 1200 to 115,200 bps 

o Protocol: Modbus/RTU 

 Inputs and Outputs: 

o Analog Inputs: at least 8 channels 

o Analog Outputs: at least 2 channels 

 Analog Inputs characteristics: 

o Type: Differential input 
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o Resolution: at least 16 bits 

o I/O Mode: Voltage / Current 

o Input Range: ±150 mV, ±500 mV, ±5 V, ±10 V, 0 to 20 mA, 4 to 20 mA 

o Accuracy:   

 ± 0.1% FSR at 25°C 

 ± 0.3% FSR at -10°C and 60°C 

o Sampling Rate:   

 All Channels: 

 at least 10 samples/sec for voltage 

 at least 6 samples/sec for current 

 Per Channel: 

 at least 1.25 samples/sec for voltage 

 at least 0.75 samples/sec for current 

 Singe Channel: 

 at least 1.25 samples/sec for voltage 

 at least 0.75 samples/sec for current 

o Input Impedance: 900K ohms (min.) 

o Built-in Resistor for Current Input: at least 120 ohms 

o Isolation: 3K VDC or 2K Vrms 

 Analog Outputs characteristics: 

o Resolution: at least 12 bits 

o Output Range: 0 to 10 V, 4 to 20 mA 

o Drive Voltage: up to 15 VDC for current output 

o Accuracy:   

 ±0.1% FSR at 25°C, 

 ±0.3% FSR at -10°C and 60°C 

o Load Resistor: Less than 250 ohms 

 Power Requirements: 

o Power Input: 24 VDC nominal, 12 to 36 VDC 

o Power Consumption: less than 200 mA at 24 VDC 

 Physical Characteristics: 

o Wiring  I/O cable: max. 14 AWG 

o Weight: under 250 gr 

o Mounting: DIN-rail or wall 
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 Environmental Limits: 

o Operating Temperature: - 10°C to 60°C 

o Storage Temperature: - 40°C to 85°C 

o Ambient Relative Humidity: 5 to 95% (non-condensing) 

o Altitude: Up to 2000 m and higher altitude on demand 

 Mean Time Between Failures (MTBF): at least 150,000 hours 

 

3.4 Communications Subsystem 

The Prototype IMS Monitoring Device will also include a communications subsystem 

so that to enable the remote monitoring and management of it. The incorporated 

communications subsystem will be physically connected with the embedded 

controller of the Device (see Section 3.3). Specifically the communications subsystem 

of the IMS Monitoring Device will consist of a special 3G router for enabling the 

remote monitoring and management of the device via mobile telephony network(s). A 

3G router with high speed wireless and Ethernet connections will be utilised 

containing an internal HSPA+ modem. The router will also act as a local Wi-Fi access 

point thus supporting the latest IEEE 802.11n as well as IEEE 802.11b/g standards. 

External antenna connectors will make it possible to attach the desired antennas of the 

router to the exterior surface(s) of each IMS Monitoring Device and to easily find the 

best signal location. The router will also incorporate network security capabilities thus 

acting as firewall and secure access server (Virtual Private Network – VPN server).  

The required key features of the router will be as follows. 

 Downlink: up to 21 Mbps  

 Uplink: up to 5.76 Mbps 

 Support of the IEEE 802.11n, IEEE 802.11g, IEEE 802.11b wireless standards 

 Support of the IEEE 802.3 and IEEE 802.3u standards  

 Up to four (4) Ethernet ports  

 Durable aluminum housing  

 External antennas 

 Integrated OpenVPN, IPSec support 

 Dynamic DNS support 

 3G backup WAN function  
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 SMS Reboot and Status by SMS functions  

 Send/read SMS by HTTP POST/GET methods  

 Remote status (including 3G information) monitoring by SNMP  

 DIN rail mounting  

 Two (2) pin terminal block power connector 

 Wide input voltage range 

 Power over Ethernet (LAN and WAN) ports 

 UMTS: 

o 850/900/AWS1700/1900/2100 MHz 

o HSDPA mode: up to 21 Mbps (Cat 14) downlink speed 

o HSUPA mode: up to 5.76 Mbps (Cat 6) uplink speed 

o UMTS mode: up to 384 kbps DL / 384 kbps UL 

o 3 dBi GSM/UMTS antenna 

o Rx diversity antenna connector 

 GSM/GPRS/EDGE: 

o Operation at: 850/900/1800/1900 MHz 

o Power Class 4 (2 W, 33 dBm) GSM/GPRS 850/900 MHz support 

o Power Class 1 (1 W, 30 dBm) GSM/GPRS 1800/1900 MHz support 

o Power Class E2 (0.5 W, 27 dBm) for EDGE 850/900 MHz support 

o Power Class E2 (0.4 W, 26 dBm) for EDGE 1800/1900 MHz support 

o GSM: 14.4 kbps DL / 14.4 kbps UL 

o GPRS: 107 kbps DL / 85.6 kbps UL (class 33) 

o EDGE: 296 kbps DL / 236.8 kbps UL (class 33) 

 Support of the 64/128-bit WEP, WPA, WPA2, WPA & WPA2 encryption 

methods 

 Support of the 2.401 – 2.495 GHz Wi-Fi frequency range 

 Up to 20dBm Wi-Fi TX Power 

 Required Wi-Fi receiver sensitivity: 

o 802.11b: up to – 86 dBm at 1Mbps; up to – 82 dBm at 11 Mbps 

o 802.11g: up to – 84 dBm at 6Mbps; up to – 68 dBm at 54 Mbps 

o 802.11n: up to – 83 dBm at MCS0 and 20 MHz BW 

o 802.11n: up to – 80 dBm at MCS2 and 20 MHz BW 

o 802.11n: up to – 75 dBm at MCS4 and 20 MHz BW 
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o 802.11n: up to – 68 dBm at MCS7 and 20 MHz BW 

 Up to three (3) Local Area Network (LAN) 10/100 Mbps Ethernet ports 

 At least one (1) Wide Area Network (WAN) 10/100 Mbps Ethernet port 

 Support of Auto MDI/MDIX 

 Provision of remote & local web management 

 At least one (1) wireless antenna with gain up to 5 dBi 

 Support of SSID stealth mode and access control based over MAC address 

 System log to record the status of the Router 

 Support of the auto negotiation/manual mode for IEEE 802.11b/g/n 

 Support of LAN access control over Internet connection 

 Support of PPPoE 

 Electrical, mechanical and environmental characteristics: 

o Weight: lower than 300 gr 

o Power supply:  100 – 240 VAC or 9 VDC 

o Input voltage range: 7 – 30 VDC 

o Power consumption: < 7 W 

o Antenna connectors: at least one (1) x SMA for GSM, and one (1) RP-SMA 

for Wi-Fi 

o Operating temperature: 0°C to 50ºC 

o Storage temperature: - 20°C to 70ºC 

o Operating humidity: 10% to 90% (non-condensing) 

o Storage humidity: 5% to 95% (non-condensing) 
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3.5 Environmental Monitoring Subsystem 

The Prototype IMS Monitoring Device will incorporate an environmental monitoring 

subsystem that is a meteorological sensors unit, so that to collect the required 

environmental data for the purposes of the Project. Specifically, an integrated 

Temperature and Humidity sensor will be utilised. This sensor will be able to measure 

the most important atmospheric parameters while placed in the mechanical house of 

the Device. It will contain a temperature sensor together with a humidity sensor with 

very tight thermal relation. The anti-radiation shield (shelter) of the sensor device will 

be made from UV-resistant polycarbonate for high-endurance through years. The 

thermal drifts of the moisture sensor will be uniquely calibrated and stored by the 

internal microcontroller of the sensor as a calibration table. The internal 

microcontroller of the sensor will make automatic software thermal compensation of 

the natural measured moisture and pressure values, so that the output of the device to 

be temperature-independent compensated, in an accurate value.  

The required key features of the meteorological sensors unit will be as follows. 

 Temperature: 

o Measuring Range: -50°C to +70 °C 

o Resolution: at least 0.1°C 

o Accuracy: at least 0.2 °C FSR 

 Humidity: 

o Measuring Range: 0 - 100% 

o Resolution: at least 0.1% 

o Accuracy: at least 2% FSR 

 Setup Time: at least 10 sec 

 Output: RS-485 System-6 or Modbus protocol 

 Power Supply: 12 V / 2mA avg. / 10 mA max. 
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3.6 Preservation Subsystem 

The Prototype IMS Monitoring Device will also incorporate a special preservation 

subsystem so that to preserve the entrapped mosquito specimens (bodies) for later 

analysis in the laboratory. 

The preservation subsystem will be capable of preserving the bottles from the 

collection subsystems of the Device (see Section 3.2) that contain the bodies of the 

entrapped mosquitoes, at around 0°C. The aforementioned temperature is sufficient in 

order to preserve the bodies of the mosquitoes intact so that to be able to remove them 

at a later stage and transfer them to a competent laboratory for DNA analysis. 

 

 


