
In the realm of wireless connectivity within 

manufacturing and warehouse environments, unique 

obstacles arise due to the intricate interplay of physical 

infrastructure and operational dynamics. These spaces 

are often characterized by a maze of heavy machinery, 

metal structures, and concrete barriers, all of which 

can impede and weaken wireless signals. Moreover, the 

presence of electromagnetic interference sources such 

as motors, electrical equipment, and assorted wireless 

devices further complicates matters by disrupting signal 

transmission. The demand for real-time communication 

coupled with a dense array of devices exacerbates the 

strain on the wireless network.

Addressing these challenges is paramount to ensuring 

consistent and reliable network performance. 

Consequently, the deployment of a dependable 

and resilient wireless solution in manufacturing or 

warehousing facilities necessitates the integration of 

cutting-edge technology like RUCKUS®, alongside the 

application of sound design principles. To achieve a 

high-performing and reliable network, it is imperative to 

adhere to industry best practices and carefully consider 

key factors when implementing a RUCKUS wireless 

network.

Using propagation design tools 
In the dynamic environment of manufacturing operations, 
where real-time data and seamless communication are the 
backbones of driving more efficiency into the business, 3D 
modeling tools as well as wireless propagation prediction tools 
are indispensable for several reasons:

1.	Accurate coverage estimation: Wireless prediction and 
building modeling tools allow for precise estimation of Wi-
Fi® coverage before physical installation. This ensures that 
all areas within the facility receive adequate signal strength—
minimizing dead zones and ensuring consistent connectivity.

2.	Optimized network design: These tools help in visualizing 
the wireless network layout, identifying potential capacity 
bottlenecks, and optimizing the placement of access points 
(APs). This leads to a more efficient network design that can 
handle high-density environments and diverse use cases, 
crucial for manufacturing wireless LAN (MWL) facilities.

3.	Cost-effective deployment: By accurately predicting the 
network performance and identifying the optimal locations 
for APs, businesses can avoid unnecessary hardware 
purchases and reduce installation costs—resulting in a more 
cost-effective deployment without compromising on network 
performance.

4.	Proactive problem solving: Wireless prediction and 
building modeling tools enable network administrators to 
foresee and address potential issues before they become 
problematic. This proactive approach helps in maintaining 
a high-performing network, reducing downtime, and 
enhancing the overall user experience.

Designing for challenging  
MWL environments 
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In essence, 3D modeling and prediction tools are not just recommended; they are a cornerstone in designing networks that are 
resilient, reliable, and capable of supporting critical manufacturing operations with minimal interruption. The tools can account 
for variable ceiling heights, metal structures and machinery, expansive layouts, and constantly changing conditions. These 
conditions present unique challenges that require precise planning and execution, so here are details behind them and their 
importance. 

Variable ceiling heights: MWL facilities exhibit varying ceiling heights, impacting signal propagation and coverage. While some 
facilities boast towering structures reaching over 100 feet (≈30 m), others maintain more modest heights in the range of 30 feet 
(≈9 m). These variations necessitate tailored approaches to ensure consistent coverage across the facility.

The conventional design approach for earlier-generation Wi-Fi networks was to install the APs on the ceilings, regardless of the 
height—often using omnidirectional APs. Today, with the higher demand for performance and capacity, these new MWL networks 
need to utilize design approaches like those employed in high-density environments where there can be thousands of devices all 
demanding peak performance at the same time. To meet this demand, the AP count must increase, which can cause issues with 
CCI (co-channel interference) and decreased aggregate capacity. To mitigate these issues, the network must be designed with 
the APs closer to the users/devices and using techniques to isolate the RF energy propagation. Common ways to achieve these 
objectives are to use APs with directional antennas, to leverage the surrounding structures and clutter as an advantage, and to 
limit the AP’s cell size.

3D model (digital twin) of the facility with the AP positions shown (green and red icons)
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Metal structures, machinery, and equipment: Metal 
structures prevalent in MWL facilities, such as steel beams 
and walls, exacerbate RF challenges. Metals reflect and absorb 
RF signals, resulting in signal attenuation and distortion. 
Also, the extensive array of machinery and equipment within 
MWL facilities pose a significant challenge to RF design. 
Electromagnetic interference (EMI) generated by these devices 
can disrupt wireless communication systems, leading to 
signal degradation and connectivity issues. Overcoming these 
obstacles requires strategic AP placement and signal boosting 
technologies.

Using directional APs in the proximity of other EMI 
sources—including other radios or even APs from the same 
network—will limit the “view” of the AP and its susceptibility to 
interference. This technique also helps client devices connect 
to the AP best servicing their work area by reducing the 
number of other contending APs heard in the same area. 

Large layouts: In manufacturing, warehousing and logistics 
facilities, the sheer scale of the layouts poses a significant 
hurdle for signal propagation over vast distances. This 
challenge becomes even more pronounced when considering 
the intricate network of machinery, storage systems, 
and structural elements that populate these sprawling 
environments. To address this, meticulous planning and 
strategic deployment of network infrastructure are paramount.

Here’s where the synergy between 3D modeling and network 
design truly shines. Through sophisticated 3D modeling tools, 

engineers and planners can accurately map out the entirety 
of the facility, taking into account its intricate layout, various 
obstructions, and structural complexities. By creating a digital 
twin of the facility, they gain a comprehensive understanding of 
the spatial dynamics—allowing them to identify potential  
signal dead zones, interference sources, and areas with 
suboptimal coverage.

This detailed 3D model serves as the foundation for network 
design, enabling engineers to strategically place APs, antennas, 
and other network components to ensure seamless coverage 
and optimal signal propagation throughout the facility. By 
simulating different network configurations within the 3D 
model, they can assess various scenarios and fine-tune the 
network design to achieve the desired coverage, capacity,  
and reliability.

Furthermore, 3D modeling facilitates the integration of 
predictive analytics and simulation techniques into the network 
design process. Engineers can simulate signal propagation 
in different environments, anticipate potential bottlenecks or 
areas of signal degradation, and preemptively address these 
issues before they impact operational efficiency.

In essence, the combination of 3D modeling and network 
design empowers engineers to overcome the challenges 
posed by the large layouts of MWL facilities. It allows them to 
design robust, high-performance networks that can meet the 
demands of real-time data transmission, communication, and 
critical operations within these dynamic environments.

AP mounted under work platform Directional AP focused on the shop floor



3     SOLUTION BRIEF  |  Designing for Challenging MWL Environments

The sprawling layouts characteristic of MWL facilities present 
challenges in signal propagation over long distances. Ensuring 
adequate coverage and capacity across expansive floor areas 
and multiple levels demands meticulous planning.

Dynamic environments 

As highlighted earlier, a key strategy for optimizing network 
performance in dynamic MWL settings involves strategically 
positioning APs closer to the workforce and networking 
devices. This necessitates a departure from conventional 
practices of mounting APs high on ceilings, which may no 
longer suffice to meet the increasingly demanding key 
performance indicators (KPIs) for wireless connectivity. Instead, 
APs must be strategically located under gantries, within work 
platforms, or even integrated within the workspace itself—
ensuring optimal coverage and signal strength precisely where 
it’s needed most.

By deploying APs in closer proximity to the operational areas 
and mobile assets within the facility, network engineers can 
mitigate the impact of dynamic environmental factors on signal 
propagation and reception. This approach not only enhances 
the reliability and performance of the wireless network but 
also facilitates seamless connectivity for mobile devices, 
machinery, and internet-of-things sensors essential for real-
time monitoring and data collection.

In essence, by embracing adaptive network designs and 
strategically positioning APs in closer proximity to operational 
areas, MWL facilities can overcome the challenges posed by 
dynamic environments and ensure robust, high-performance 
wireless connectivity essential for operational efficiency  
and productivity.

Safety considerations 

Safety considerations are paramount in manufacturing 
environments, particularly those involving hazardous materials 
or conditions. For instance, facilities dealing with chemicals, 
flammable substances, or volatile gases must adhere to 
stringent safety protocols to mitigate risks and safeguard 
personnel and assets.

In such environments, the use of certain classes of  
RF-emitting devices may be restricted due to the potential for 
ignition or interference with sensitive equipment. To address 
this challenge, specialized RF shielding or gas-proof  
enclosures are often employed to contain electromagnetic 
emissions and prevent them from igniting or interfering with 
critical operations.

For example, in a chemical processing plant where flammable 
gases are present, RF shielding may be integrated into 
equipment enclosures to prevent sparks or electromagnetic 
radiation from igniting the surrounding atmosphere. Similarly, 
in environments where sensitive electronic equipment is 
utilized, such as semiconductor manufacturing facilities, 
specialized enclosures may be employed to shield against 
electromagnetic interference (EMI), ensuring the integrity of 
delicate processes.

Moreover, regulatory compliance is crucial in ensuring the 
safety and legality of operations in these environments. 
Facilities must adhere to myriad safety standards and 
regulations imposed by local authorities and industry bodies. 
This includes obtaining intrinsically safe certifications for 
equipment and ensuring compliance with standards such as 
ATEX (Atmosphères Explosibles) in Europe or NEC (National 
Electrical Code) in the United States.

Obtaining intrinsically safe certifications often requires 
collaboration with third-party vendors specializing in modifying 
or applying secondary enclosures to meet the stringent 
safety requirements. These vendors possess the expertise 
and resources to design and certify enclosures that comply 
with safety standards, ensuring that RF-emitting devices 
can be safely utilized in hazardous environments without 
compromising operational continuity or jeopardizing  
personnel safety.

In summary, safety considerations in manufacturing 
environments necessitate the implementation of specialized 
measures such as RF shielding, gas-proof enclosures, 
and compliance with safety regulations. By leveraging the 
expertise of third-party vendors and adhering to stringent 
safety standards, manufacturers can mitigate risks, ensure 
operational continuity, and uphold the highest standards of 
safety in hazardous  
working conditions.

Designing a successful wireless Wi-Fi network in manufacturing 
and warehouse environments requires addressing unique 
challenges posed by the physical infrastructure and operational 
dynamics. These spaces are often filled with heavy machinery, 
metal structures, and concrete barriers that can impede 
and weaken wireless signals. Additionally, electromagnetic 
interference from motors, electrical equipment, and other 
wireless devices can disrupt signal transmission. The need 
for real-time communication and the presence of numerous 
devices further strain the network. Therefore, deploying a 
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reliable and resilient wireless solution in such facilities necessitates the integration of cutting-edge technology like RUCKUS and 
adherence to sound design principles.

Using propagation design tools, such as 3D modeling and wireless prediction tools, is crucial for several reasons. These tools 
allow for accurate coverage estimation—ensuring all facility areas receive adequate signal strength and minimizing dead zones. 
They also help optimize network design by visualizing the wireless network layout, identifying potential capacity bottlenecks, and 
optimizing AP placement. This leads to a more efficient network capable of handling high-density environments and diverse use 
cases. Additionally, these tools enable cost-effective deployment by predicting network performance and identifying optimal AP 
locations—reducing unnecessary hardware purchases and installation costs. Proactively addressing potential issues before they 
become problematic helps maintain a high-performing network, reducing downtime and enhancing the overall user experience.

In essence, 3D modeling and prediction tools are indispensable in designing networks that are resilient, reliable, and capable 
of supporting critical manufacturing operations with minimal interruption. They account for variable ceiling heights, metal 
structures, machinery, expansive layouts, and constantly changing conditions, ensuring precise planning and execution. Safety 
considerations are also paramount, particularly in environments involving hazardous materials or conditions, where the use of 
certain RF-emitting devices may be restricted. By integrating these tools and adhering to best practices, businesses can achieve a 
high-performing and reliable wireless network essential for their operations.




