

Analysis of Supplementary Wireless Communication Modules
Advanced, high traffic volume mesh networks exist already in the wireless networks of many telecommunication carriers. The current Community Enabling Mesh Network (CEMN) design is intended for a lower volume, regionalized micro mesh networks that would provide more cost effective, text messaging communications infrastructure for a village and the surround area in a under developed region or country. Looking at the design of some advanced and established proprietary and open source mesh network designs, many designs use separate receiving and transmitting transceiver systems in order to not reduce the through put of each node by requiring the system to multiplex between transmitting and receiving functions by the transceiver in the node. 
While a separate receiver and transmitter circuit would be more cost effective, many modular wireless modules (WiFi, Bluetooth and HAM radio) are designed to be transceivers (i.e.… a receiver and a transmitter build into the same module or chip).  In addition many of these modules are pre-certified for the wireless regulations in many regions in the world and therefore do not require a costly certification process. As an example the United States Federal Communication Code of Federal Regulations Title 47, Part 15 C is typical $20,000 for a specific product design that is an intentional radiator of electromagnetic signals.
The CEMN design has to take into consider reliability and ease of service if something does go wrong with the node. While a single board custom design would be more reliable it is more difficult to service as the operator of the local network operator (nominally a village municipality) would have to go back the vendor for new boards if repair issues did arise. This is especially problematic of the boards are multi-layered and high dense design which might not be able to be fabricated locally even if the designs were open source and freely available.

For this design we will be considering pre-certified modules. Some of these modules are designed to be soldering into a daughter board or backplane of the design or they are be interfaced through a USB port and a device driver for systems that use formalized and well documented operating system (whether proprietary or open source).

Some of the available choices for embedded wireless modules are: 
	Company
	Part Number #
	Price (single unit)
	Comments



	Microchip
	MRF24WN0MB

	$16.97 USD
	Can work with a list of external antennae
Works with PIC32 micro-controllers and Harmony Framework.


	
	MRF24WN0MA

	$16.97 USD
	On works with internal antennae.
Works with PIC32 micro-controllers and Harmony Framework.



	
	ATWINC1500

	$11.82 to $12.87 depending of features and package style

	SPI interface.
External antennae connection.

	
	ATSAMW25

	$18.04
	UART and SPI interface.
Internal antennae only.



	Texas Instruments

	WL1835MOD

	$12.45 per 1000 lot units
	Dual Antennae WiFi , Bluetooth and Bluetooth LE support
Internal and external antennae.

4-Bit SDIO Host Interface Support.



	
	WL1805MOD
	$10.99 per 1000 lot units
	WiFi only with dual antennae.
4-Bit SDIO Host Interface Support

	
	
	
	

	Nordic Semiconductor
	nRF24L01+
	$2.77
	SPI interface
No external antennae

Has early Audrino prototype RF24Mesh library. 

https://github.com/nRF24/RF24Mesh
multiple variants available
QFN package style only.



	
	Bluetooth 5 offerings:
nRF52840 
Multi-protocol Bluetooth 5/Bluetooth low energy/ANT/802.15.4/2.4GHz RF SoC

nRF52832 
Multi-protocol Bluetooth 5/Bluetooth low energy/ANT/2.4GHz SoC

nRF52810 
Multi-protocol Bluetooth 5/Bluetooth low energy/ANT/2.4GHz SoC


	
	

	
	
	
	

	Broadcom
	ISM43362-M3G-L44-E/U Serial-to-WiFi Module
	
	Have internal or external antennae option.
Host interface:  UART, SPI up to 25 MHz

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Microchip modules are popular as Microchip allows developers to buying single quantity united with a minimal price differential between low and high volume orders. Many companies require orders of quantities of 10,000 units or more to get appropriate price discounts that would make this type of application cost effective. In addition most of these modules are surface mount package style so a daughter board would have to be fabricated to interface these modules to popular micro-controller offering like the Audrino or Raspberry PI.
In addition there are a number of USB dongles that are designed to provide either Bluetooth or WiFi capabilities to devices. Some of these dongles have small built in antennae that limit the range of the dongles while others have connections for external antennae. Prices for these dongles can be as little as $15.00 but they do require drivers to make the dongles work. Driver libraries are available on operating system based micro-controllers like the Audrino and Raspberry PI. From embedded system with the same level of support as the Audrino and Raspberry PI custom drivers will have to be written.
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Typical Ranges for Bluetooth and WiFi Ranges

	Device Class
	Transmit Power
	Intended Range

	Class 3
	1 mW
	less than 10 meters

	Class 2
	2.5 mW
	10 meters, 33 feet

	Class 1
	100 mW
	100 meters, 328 feet


Figure 1. Bluetooth device transmitter classes 

“The Wi-Fi signal range depends on the frequency band, radio power output, antenna gain and antenna type as well as the modulation technique. Line-of-sight is the thumbnail guide but reflection and refraction can have a significant impact.

An access point compliant with either 802.11b or 802.11g, using the stock antenna might have a range of 100 m (0.062 mi). The same radio with an external semi parabolic antenna (15 dB gain) might have a range over 20 miles.” 

In addition

“The WiFi signal range of any given access point also varies significantly from device to devices. Factors that determine the range of one access point include:

· the specific 802.11 protocol it runs

· the strength of its device transmitter

· the nature of physical obstructions and/or radio interference in the surrounding area

A general rule of thumb in home networking says that WiFi routers operating on the traditional 2.4 GHz band reach up to 150 feet (46 m) indoors and 300 feet (92 m) outdoors. Older 802.11a routers that ran on 5 GHz bands reached approximately one-third of these distances. Newer 802.11n and 802.11ac routers that operate on both 2.4 GHz and 5 GHz bands vary in the reach similarly.” 

The range of these dongles can be increased by adding an external antenna. 

.  

Some testing will have to be done with these modules and dongles to determine their effective range with external antennae. The dongles offer the advantage of being module and easy to replace from third party suppliers at a low cost.  This may be a critical important factor when considering the ability to easily maintain the system. 

�	Bluetooth class ranges, � HYPERLINK "http://www.tomshardware.com/forum/32906-39-bluetooth-class-ratings"��http://www.tomshardware.com/forum/32906-39-bluetooth-class-ratings� 


� � HYPERLINK "https://en.wikipedia.org/wiki/Wi-Fi" ��https://en.wikipedia.org/wiki/Wi-Fi� 


� � HYPERLINK "https://www.lifewire.com/range-of-typical-wifi-network-816564" ��https://www.lifewire.com/range-of-typical-wifi-network-816564� 





