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Background and Wireless Network Components
The individual pieces of a wireless mesh network enable wireless connectivity within the network. They connect an 
application platform, which consists of the WT-BAC-IP Gateway and the building automation system (BAS), with 
one or more end nodes, which consist of the WT-4000 Series Thermostats. The application platform and one or 
more end nodes exchange analog or digital information wirelessly.

The following figure shows a wireless data path between the gateway (AP) and the end node module (S). This type 
of data path is a single-hop network link. 

You can add a wireless mesh node module (a router node) between a gateway and an end node to extend the 
network range or circumvent an obstacle. See the following figure. This example represents a multi-hop data path, 
in which data packets travel through the modules to their final destination. The data packets travel from the 
gateway to the mesh node to the end node, or in the reverse order. 

Gateway (WT-BAC-IP)
The gateway is the interface between the BAS and the wireless nodes on the network. The gateway aggregates all 
information from the various network nodes and forwards it to the BAS. When the application program issues a 
command to a network node, the gateway relays the information to the network.

Mesh Node Module (WT-ROUTER)
Mesh node modules (routers) are full-function devices (FFD). They extend the network coverage area, circumvent 
obstacles, and provide backup routes in the event of network congestion or device failure.

Figure 1: Basic Wireless Network Components

Figure 2: Adding a Mesh Node Module
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End Node Module (WT-4000 Series Thermostats)
End nodes (endpoints) are reduced-function devices (RFD). They detect and report the physical quantities to the 
gateway. End nodes typically have one or more Input/Output (I/O) connections for connecting to and 
communicating with analog and digital sensors. They are typically battery powered.

General Installation Guidelines (Layout Phase)
1. All WT Series wireless devices contain a radio that uses wireless radio frequencies to communicate. Be aware 

of all environmental factors that might impact radio communications, such as electrical wires, metal objects, 
heavy concrete walls or floors, and the direction of installed devices.

2. Radio signal strength between devices is imperative to ensure data reliability. The following factors affect 
signal strength:

a. distance between devices

b. environment and location of device installation

c. orientation of devices

d. building materials, obstacles, and barriers

e. other wireless devices working on the same frequencies

f. surrounding objects

3. If you need to extend the wireless mesh network between two or more buildings, always place at least one 
WT-ROUTER on the inside walls of both buildings to create the shortest path between the two. For buildings 
with concrete or brick walls or buildings spaced far apart, you can add multiple WT-ROUTERs to create 
multiple signal paths.

Figure 3: Wireless Mesh Network between Buildings
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4. All routers should be positioned at least 7.5 feet above the floor and 2 feet below the structural ceiling to avoid 
radio-frequency (RF) interference from occupants. Routers can also be placed in a suspended ceiling if the 
building has one, although the strength of the connection between nodes might decrease if the ceiling frame is 
metal. Ideally, all WT-ROUTERs should be placed below a suspended ceiling.

5. Inside a building, radio waves reflect off walls and other objects, which creates interference. The radio signal 
between two nodes installed indoors has an estimated maximum range of 200 feet, line of sight.

6. The orientation of the WT-ROUTERs relative to other devices on the network also impacts radio signal 
strength. The radio signal is strongest when all devices are positioned horizontally, as shown in the following 
figure.

The radio signal is good when one device is positioned horizontally and the other vertically, as shown in the 
following figure.

Figure 4: Router Position between the Floor and Ceiling

Figure 5: Radio Signal for Both Devices Positioned Horizontally

Figure 6: Radio Signal for One Device Positioned Horizontally and One Positioned Vertically
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The radio signal is weakest when all devices are positioned vertically, as shown in the following figure.

Decreased radio signal strength between horizontally and vertically positioned devices is about 40%. Therefore, 
the maximum acceptable distance between two vertically positioned nodes is about 120 ft (36.6 m) inside, clear 
line of sight.

7. Barriers and objects in the line of sight between two devices affect communication in different ways. Radio 
signals weaken near large metal objects, electrical wires, electrical conductors, lights, and any other equipment 
that generates electrical noise. Place devices as far from these objects as possible. If you must install devices 
near these objects, consider adding more routers to strengthen the signal.

8. The construction materials of the building directly affect the radio signal. The radio signal strength decreases 
when crossing walls or floors made of different materials.

a. Glass, drywall, and wood impact the radio signal the least. The maximum acceptable distance between 
two devices crossing this type of barrier is about 150 ft (45.7 m). The actual distance depends on the 
number and thickness of barriers.

b. Concrete and brick walls greatly impact the radio signal. The maximum acceptable distance between two 
devices crossing this type of barrier is about 75 ft (22.9 m). The actual distance depends on the particular 
type and thickness of the barrier.

c. Take note of the building materials when planning to install a wireless network between multiple floors. 
Floors are often difficult to cross because of their materials. When planning such a network, consider 
placing routers in stairways and other open spaces between floors.

d. Solid metal is impossible for the radio signal to cross. Radio communications through metal is possible 
only if the metal has holes or cracks.

e. Most buildings have various construction materials that affect radio signals between devices in different 
ways. Consider all relevant materials in order to estimate the total number of routers necessary for a stable 
network.

9. The WT Series Wireless Network consists of three types of wireless devices: the gateway, the mesh node, and 
the end node. In each WT Series wireless network, a single gateway manages the entire network and 
communicates with customer applications. Mesh nodes relay signals for other wireless nodes; they coordinate 
with each other and form the wireless mesh infrastructure. A mesh node is often called a router or a signal 
repeater. An end node is a sensor or controller (typically battery powered) that transmits data periodically. It is 
often in a power-saving mode, during which it does not respond to radio communication.

10. WT Series wireless devices share radio space with many other wireless networks, such as Wi-Fi. Use the 
following guidelines to choose the best communication channel for the WT devices to avoid interferences:

a. Try to use the default channel 11.

b. If the Wi-Fi is using channels 1, 6, or 11, use channel 15, 20, or 25.

c. If the Wi-Fi is using more than channels 1, 6, and 11, use channel 26 (North America only).

Figure 7: Radio Signal for Both Devices Positioned Vertically
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11. To maintain a robust mesh, each wireless device should be able to communicate with at least two mesh nodes 
or one mesh node and one gateway. The network strength primarily depends on the network topology (the 
location of the gateway and wireless devices in the building). The more connections that devices have with 
other nodes, the more robust and reliable the network is.

a. The ideal wireless network topology is star-mesh, where all nodes are evenly distributed from the gateway 
and have multiple communication links, as shown in the following figure. All devices communicate with 
multiple nodes. Data packets are routed through other nodes without disruption if one mesh node fails or if 
a radio link experiences interference. 

Note: This figure shows end nodes (E), mesh nodes (M), and the gateway (G).

Figure 8: Star-Mesh Topology
WT-4000 Wireless System Best Practices

7



b. The least favorable network topology is data bottleneck, where wireless devices are installed in such a way 
that they can communicate with only one neighboring device. Traffic bottlenecks leave the network 
susceptible to interference or noise and result in delays or losses of data. The following figure shows an 
example. Always try to avoid this topology. 

Note: This figure shows end nodes (E), mesh nodes (M), and the gateway (G).

c. A true star-mesh topology is not possible in most cases because the locations of the wireless devices and 
the wireless gateway depend on the building. You can avoid potential bottlenecks by adding more routers, 
which provide more communication links to the gateway. Identify the marks of the Device IDs of all installed 
devices on a floor plan to help with maintenance and troubleshooting in the future. Mark locations of the 
devices that are not visible (installed in the ceiling or behind air ducts, for instance) with colored stickers.

Physical Installation
After careful planning and consideration of the environment, begin installing the devices. The preferred order of 
installation is WT-BAC-IP gateway first, WT-4000 Series Thermostats next, and WT-ROUTERs last.

1. Install the WT-BAC-IP gateway. If you must install other devices before installing the WT-BAC-IP gateway, note 
that all WT-4000 Series devices begin functioning and searching for a network when they are installed. They 
run on preprogrammed default schedules until the WT-BAC-IP gateway is installed and the network is 
stabilized. Refer to the WT-BAC-IP Gateway Installation Instructions (Part No. 24-10732-21) for specific device 
defaults.

2. Install the WT-4000 Series thermostats and place the batteries in them. The thermostats then join the network.

3. After all WT-4000 Series thermostats are installed and powered, check for offline thermostats as indicated by 
the wireless connection status on each thermostat’s LCD display. See the following figure. If a device is offline, 
install a WT-ROUTER between the thermostat and the WT-BAC-IP gateway or another WT-ROUTER that is 
connected to the WT-BAC-IP gateway.

Note: A sufficient number of WT-ROUTERs must be installed to handle traffic flow. Locations for 
WT-ROUTERs typically depend on the distribution of thermostats. In dense areas, there should be at 
least one WT-ROUTER for every ten WT-4000 Series thermostats.

4. Continue the preceding steps until all thermostats are online.

Figure 9: Data Bottleneck Topology
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5. Ensure that all WT-4000 Series Thermostats have multiple paths back to the WT-BAC-IP gateway in a star-
mesh topology, as previously described. The LCD displays of the WT-4000 Series thermostats should show 
that the number of routes back to the WT-BAC-IP gateway is at least two.

6. Like the thermostats, the WT-ROUTERs need multiple paths back to the WT-BAC-IP in order to form a stable 
mesh. Verify that the WT-ROUTERs have multiple paths by checking that the STS light on each router is solid 
green. The following table describes the indicator lights on the WT-ROUTER.

7. Ensure that the WT-4000 Series thermostats have a strong signal to the WT-BAC-IP gateway or WT-ROUTER. 
The signal strength value is shown in the bottom left-hand corner of the thermostat’s LCD display. The network 
is stable if the value is above -40dB.

Table 1: Indicator LED Lights on WT-ROUTER
LED Description LED State Status

PWR Power Solid Green Power On

Off No Power

ACT RF Activity Flashing The device detects valid packets (destined for the device), invalid packets 
(destined for other devices), or environmental noise. The device 
processes only valid packets.

Off No RF activity detected.

STS Network Status Solid Green The device established two or more connections with other devices. The 
device is properly installed and ready for operation.

Blinking The device is connected only to its neighboring device.
Cycle the power on the device. If the light continues blinking, additional 
WT-ROUTERs might be necessary for the device to have more 
connections to the network.

Off The device is not connected to the wireless network. WT-ROUTERs are 
necessary for the device to connect to the network.

Figure 10: WT-4000 Series Thermostat LCD Display
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