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Foreword 

For decades, the NFPA and ICC model codes have required an occupancy, having two or more required exits 
or exit accesses, to be provided with illuminated signs that readily identify the location of and indicate the 
path of travel to the exits. The UL 924 Standard specifies how static exit signs are to be designed and 
manufactured. The model codes and product standards require that the signs must be illuminated with 
letters reading “Exit.”  

The static Exit sign messaging has served the general public well, in the past, for fire emergencies and for 
buildings with simple egress layouts. However, in buildings with more complicated egress layouts, typical 
signage may not be enough. Additionally, in recent years there are other  emergencies for the public to deal 
with such as active shooter events that require people to move rapidly to areas other than the typical exit. 
This is particularly true for buildings with more complicated egress layouts.    

Technological advances in sensors, controls, and artificial intelligence algorithms are being designed into 
emergency lighting systems to allow them to adjust to changing building circumstances. Dynamic directional 
signage that can change the displayed information based on real-time conditions presents a series of 
tradeoffs. The potential benefit of a changing message sign would be to deter occupants from a direction of 
travel that may be blocked or otherwise unavailable due to adverse conditions such as fire, structural 
collapse, active shooter or other unsafe conditions that may warrant avoidance. This study reviews the 
landscape of dynamic directional exit signage technology, relevant regulations, its use and impact on 
evacuation, while also identifying the code, technology and knowledge gaps for dynamic directional exit 
signage.   
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Abstract 
Over the last half-century, static exit signs have been widely introduced to premises 
and public infrastructure to serve as key parts of fire protection systems by 
demonstrating clear egress routes in emergencies. Driven by the rapid development 
of high-rise buildings and the booming global population, layouts in modern premises 
are becoming more complex, and their evacuation scale increases every decade. 
Thus, residents and occupants of buildings may face greater fire evacuation risks than 
ever before.  
 
Recently, dynamic exit signs have been introduced to support fire evacuation by 
adapting to changing environments. However, the concept of the dynamic exit sign is 
still poorly defined, and there is limited academic research, codes and regulations, and 
applications in existing buildings. Today, the sophisticated implementation of dynamic 
exit signs still has a long way to go, especially as it faces pushback from the 
conservative construction industry, which has a lack of confidence and motivation for 
using new systems.  
 
This report aims to improve social awareness of dynamic exit signs and promote the 
related research and code development. It first introduces the concept of the dynamic 
exit sign and systems of different intelligent levels. Then, current exit sign regulations 
and codes are reviewed, and the impact of dynamic exit signs are evaluated with 
present literature and case studies. Finally, the gaps in code development, technology, 
and scientific research that must be addressed before the widespread deployment of 
dynamic exit signs is discussed. 
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Abbreviations 

AI Artificial Intelligence 

AR Augmented Reality 

BMS Building Management System 

BS British Standards  

BSI British Standards Institution 

CCTV Closed-Circuit Television 

CEN European Committee for Standardization 

CENELEC European Committee for Electrotechnical Standardization 

EN European Standards 

ETSI European Telecommunications Standards Institute 

HVAC Heating, Ventilation, and Air Conditioning 

IEC International Electrotechnical Commission  

IoT Internet of Things 

ISO International Organization for Standardization 

LED Light Emitting Diode 

SFPE Society of Fire Protection Engineers 

UAV Unmanned Aerial Vehicle 

NFPA National Fire Protection Association 

UL Underwriters Laboratories 
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1. Introduction 
A fire breaking out in a confined building is one of the deadliest hazards in the modern 
world. Many people are injured and killed in fires every day. For the past several 
decades, engineers and scientists have developed different active fire service systems, 
such as sprinkler systems and automatic fire alarm systems [1], that can minimize fire 
damage to buildings and reduce the number of occupant casualties by giving them 
more time to safely evacuate.  

Most fire deaths are not caused by burns, but by smoke inhalation. Often, smoke will 
incapacitate and overcome occupants so quickly that they cannot make it to an 
otherwise accessible exit [2]. Therefore, to facilitate emergency evacuation, exit signs 
are now required in almost every building to help people quickly locate exit routes and 
doors.  

Ideally, an exit sign system will guide occupants to staircases they can use to reach a 
refuge floor as soon as possible. However, many studies have shown that 
conventional exit signs may not be clear enough to draw occupants’ attention in an 
emergency [3,4], so their true effectiveness in fire evacuation is questionable [5]. 
Moreover, despite the rapid innovation of architectural design and growing complexity 
of the built environment, the design of conventional exit signs has remained 
unchanged for decades.  

Most conventional exit signs have a static light source supplied by the building’s 
electrical system, i.e., a static exit sign. The purpose of illumination is to help 
occupants locate exits in an emergency (not limited to fire emergency); this is known 
as persuasive design [10]. To provide continuous illumination during a power shortage, 
most exit signs have an emergency battery inside.  

A conventional static exit sign is not controllable and its illumination method is 
unchangeable, as its appearance and illumination are fixed no matter the situation 
(Figure 1). The design requirements of conventional exit signs are generally fixed, 
although they can vary different around the world depending on local codes and 
regulations (see Section 2.1). There are also restrictions on the appearance, materials, 
and illumination methods used on static exit signs; for instance, the font types and 
sizes, shapes of pictograms and styles, and the illuminance and colors of the light can 
vary.  
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Figure 1. Typical appearance of conventional static exit signs: (a) pictogram-based 
bidirectional [6], (b) pictogram-based unidirectional [7], (c) text-based [8], (d) text-based 
bidirectional [8], (e) weatherproof text-based bidirectional [9], and (f) photoluminescent text-
based bidirectional1 [8].  

1.1. What is a dynamic exit sign? 
To improve the effectiveness of exit signs, a new type of sign—the dynamic exit 
sign—has been proposed and considered by different communities since the 2000s 
[11]. Unlike the static nature of conventional exit signs, a dynamic exit sign is more 
conspicuous and adaptive to rapidly changing fire scenes inside complex built 
environments. The concept of dynamic exit signs is still new, so its place in the world 
of technical standards, codes, and regulations is still poorly defined compared to 
conventional static exit signs and will require further discussion. 

For example, a dynamic exit sign should have some dynamic lighting features while 
also satisfying the requirements for conventional static exit signs. The dynamic feature 

 
 
1 Case studies or example of dynamic exit signs from commercial entities, equipment, or materials may 
be identified in this document in order to describe an experimental procedure or concept adequately. 
Such identification is not intended to imply recommendation or endorsement by the Fire Protection 
Research Foundation or the National Fire Protection Association, nor is it intended to imply that the 
entities, materials, or equipment are necessarily the best available for the purpose. 
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can be a light source with both static and flashing functions or additional light sources 
that highlight parts of the sign, such as the arrows with flashing green dots shown in 
Figure 2. Depending on the manufacturer, those flashing lights might have different 
designs (e.g., green flashing dots, white flashing arrows, or red text warnings). While 
some designs perform iso-phase flashing as a group, others can provide directional 
flashing with patterns. Studies have shown that the flashing feature of dynamic exit 
signs provides greater conspicuousness to occupants in fire emergencies and 
facilitates the evacuation process [12,13]. Apart from the flashing lights that get 
occupants’ attention, a centralized system (of a certain intelligence level) is required 
to control dynamic exit signs and indicate escape routes in a real-time building 
environment.  
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Figure 2. Typical appearance of fixed dynamic exit signs: (a) white light flashing [14], (b) 
dotted green arrows on unidirectional [15], (c) dotted green chevron [16], and (d) dotted green 
arrows on bidirectional [6].  

In general, there are two types of dynamic exit signs—fixed dynamic exit signs and 
adaptive dynamic exit signs. A fixed dynamic exit sign has a basic design and emits a 
dynamic flashing pattern regardless of the environment (Figure 2). Compared to a 
static exit sign, the flashing lights on a fixed dynamic exit sign further emphasize the 
location of exits. When there is a fire alarm, the fire control panel transmits signals to 
fixed dynamic exit signs to trigger the flashing lights. The primary purpose of using 
fixed dynamic exit signs over conventional static ones is to increase their 
conspicuousness, as flashing lights draw more attention more quickly. In short, a fixed 
dynamic exit sign emphasizes information rather than providing more information. 
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Figure 3. Typical appearance of an adaptive dynamic sign: (a) red text warnings [17], (b) red 
cross [18], (c) dotted red cross on unidirectional [14], and (d) changeable green arrow 
directions with red cross1 [15]. 

An adaptive (or smart) dynamic exit sign is more advanced and intelligent than a fixed 
dynamic exit sign, as it can utilize persuasive and dissuasive signals (Figure 3) in 
response to a centralized system. The persuasive design of an adaptive dynamic sign 
can be identical to the design of fixed dynamic exit signs, but it can also deliver 
warnings (e.g., displaying cross-shaped red lights and warning voices) to indicate 
potential dangers or detours ahead. 

In addition, flashing and moving arrows on adaptive dynamic exit signs can guide 
evacuees in a specific direction. Extra warning texts, such as “TURN BACK,” “TURN 
RIGHT,” “DO NOT ENTER,” and “DANGER” can also be displayed on the exit sign or 
an extra screen to provide more specific information. Additional speakers can further 
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provide audible warnings. Depending on the nature of a facility, more complicated 
messages may require display or expression in multiple languages to communicate 
with the full range of building occupants. 

These flashing light, text, and audio patterns can change in real-time, adapting to the 
fast evolution of a fire scene. Each adaptive dynamic exit sign can have an individual 
response and display different light patterns. However, multiple signs, used as a 
system, can show the real-time optimal exit route in different fire scenarios.  

The features of various types of exit signs are compared in Table 1.  

Table 1. Comparison of features in different exit signs. 

Features Static exit sign Fixed dynamic 
exit sign 

Adaptive dynamic exit 
sign 

Flashing lights X ✓ ✓ 

Indication of danger  X X ✓ 

Coordination with sensors X X Required 

Control panel X Required Required (smart control) 

 

The claimed advantages of using adaptive dynamic exit signs include the following:  

1) It prevents occupants from walking into danger by indicating dangerous routes 
when some exits are comprised. For example, when smoke enters a staircase, 
an adaptive dynamic exit sign can warn people away from that staircase. 

2) It can show an optimal route for people to evacuate to a safe place faster. For 
example, some routes may be congested during an emergency evacuation. 
Dynamic exit signs can guide people to different routes to achieve faster 
evacuation.  

With the aid of persuasive and dissuasive signs, people not only gain more awareness 
of the presence of flashing lights, but they also receive more information to assist in 
their decision-making during an evacuation.  

Unlike conventional static exit signs, a centralized system is required to control 
adaptive dynamic exit signs based on the hazard situation inside the building, such as 
the safe/unsafe regions, hazard levels, congestion conditions, and evacuation time for 
different routes. Such critical information can be acquired by processing CCTV camera 
footage and real-time data from fire and smoke sensors. Some intelligent algorithms 
are needed to process the information and then adjust the display of all the dynamic 
exit signs. In case of an emergency, it would be impossible for people to process that 
much data and control all of the signs in real-time.  
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Therefore, the fire panel in the control room must be smart enough to receive data 
instantly, process it, transfer signals to all the adaptive dynamic exit signs, and instruct 
them to display persuasive and dissuasive signs (e.g., red crosses and green arrows). 
Ideally, occupants would be able to rely on the instructions of the dynamic exit signs 
and evacuate safely in a short period of time.  

However, so far, there is no such intelligent system that has been demonstrated at the 
research level or in real life that can automatically control adaptive dynamic exit sign 
systems in real-time. This is partly because the required control system, as mentioned 
above, would need to be part of a smart firefighting system that has not yet been 
developed. In fact, there is no established method for determining the array of sensors 
necessary to gather the required building status information. Moreover, the required 
standards and codes for dynamic exit signs, especially the adaptive and smart 
systems, are not yet available (this is further discussed in Section 2.1).  

Similar to the current status of autonomous driving, developing and applying a 
dynamic exit sign system continues to face many technical, legal, and moral 
challenges. For example, if people get injured or killed in fires by following the 
guidance of a dynamic exit sign system, who will be responsible for those casualties? 

1.2. Levels of a dynamic exit sign system 
It is worth noting that, unlike conventional static exit signs, dynamic exit signs are not 
just stand-alone devices but are part of an intelligent system. Such a system requires 
a control system of a certain intelligence, sensors, and data communication and 
processing.  

Taking exit signs from being stand-alone devices to being part of an intelligent system 
can be challenging. First, the data of existing sensors (e.g., smoke and heat detectors) 
must be open to the exit sign system. These data include the location of sensors and 
the time evolution of smoke density and temperature. Then, a centralized data 
processing system has to be established to gather and process information from the 
existing and new networks of sensors. In addition, algorithms must be created to 
display different light patterns on dynamic exit signs in hundreds of time-varying fire 
scenarios. Then, these algorithms must be implemented into the processing and 
control system to realize the real-time control of the dynamic exit signs.  

Such an intelligent system of dynamic exit signs cannot be developed in just a few 
years, as it relies on the progress of other technologies, such as new sensors, the 
Internet of Things (IoT), computer vision, cloud computing, artificial intelligence (AI), 
and smart firefighting systems [19, 20]. Decades of continuous research and 
development will be required to advance the dynamic exit sign system. Installing any 
new fire detection sensors or even upgrading old sensors is usually subject to a long-
lasting, comprehensive vetting process by approving agencies, and some changes 
can lead to modifications of existing codes. Note that the required changes may not 
be limited to codes for exit signs (see Section 2.1), but can also include other codes 
related to fire detection/alarm devices, like NFPA 72® [21]. 
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Herein, we proposed a hierarchy for dynamic exit sign systems of different intelligence 
levels and at varying technology milestones (Figure 4). 

 
Figure 4. Hierarchy and intelligence levels of dynamic exit sign systems. 

Level 1 Flashing lights on exit sign. A level 1 sign is the most basic fixed dynamic 
exit sign, as it emits only a flashing light. Each exit sign either has stand-alone 
hardware that can be triggered by nearby sensors or is part of an exit sign system 
triggered by the central control panel. The latter requires all the signs to be connected 
to the fire panel, which includes the heat and smoke detectors. Once triggered by an 
emergency signal, the lights on these signs start to flash to draw occupants’ attention 
[22]. The flashing lights can be installed inside the exit sign or on the surface. 
Alternatively, external flashing lights can face the sign so people can see that the exit 
sign is flashing in the reflection. Level 1 is the latest dynamic exit sign technology on 
the market and can be found in shopping malls in a number of cities (e.g., [23]). 

Level 2 Persuasive and dissuasive design. Level 2 signs offer more directional 
information with dynamic arrows and crosses, different emergency voices, or a display 
of extra text information. These dynamic signs show persuasive and dissuasive 
signals in response to a fire detected by existing fire or smoke sensors inside the 
building. Thus, a level 2 dynamic exit sign system requires a certain level of 
intelligence to evaluate the fire scene, based on the location and time at which each 
sensor goes off, as well as closed-circuit television (CCTV) camera footage. Most 
modern fire panels can provide such information, so the level 2 dynamic system should 
be connected to the existing fire panel to access the raw sensor data and alarm 
information. Then, the signs can show dissuasive signals (usually red crosses) to 
prevent evacuees from getting closer to the fire sources.  
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This level requires an algorithm to rank the fire hazards in different fire and smoke 
zones and calculate the evacuation time for all possible routes so it can guide 
occupants to evacuate in the safest way. In addition, level 2 systems do not require 
the installation of new sensors and fire panels, so they can be deployed in existing 
buildings at a relatively low cost. At this level, the sign system may face moral and 
potential legal challenges as it attempts to influence people’s evacuation decisions. 

Level 3 Intelligent digital twin integration. Level 3 systems include digital twins to 
guide occupants to evacuate via the shortest routes. A level 3 system is not stand-
alone; it must be a sub-system in the digital twin of the whole smart building. By 
collecting IoT sensor data (e.g., temperature and smoke visibility), a digital twin can 
predict and render a dynamic fire scene using an artificial intelligence engine. By 
recreating the real-time fire scene and forecasting fire evolution, level 3 systems can 
compute real-time optimal exit paths and utilize dynamic signs to indicate them. Inside 
the building’s 2D or 3D digital model, users like building managers and the fire 
department can see the rendered fire scenarios in every room, as well as the status 
and flashing pattern of each dynamic exit sign. In case of system misfunction, the 
system also allows remote supervisors or firefighters on-site to manually set the status 
and flashing pattern of each exit sign.  

This level requires access to all the raw sensor data in the fire control panel. A 
database of possible fire scenarios and evacuation strategies (usually in the form of 
numerical data) should be pre-established to train the artificial intelligence algorithm 
so real-time identification or forecasts of fire scenes and optimal evacuation paths can 
be displayed in the building’s digital twin. In other words, this level offers a higher 
intelligence product that not only warns occupants against entering dangerous areas 
but also guides them to evacuate quicker and safer. However, many challenges 
relating to system reliability, liability, and operator skill level, as well as those 
challenges mentioned in level 2, may arise.  

Level 4 Advanced human-computer interaction. At this level, many of the required 
technologies are not yet mature enough. These technologies are developing fast, but 
it is challenging to predict the final form of level 4 systems. On top of forecasting the 
fire scene based on fire IoT sensors, the required smart firefighting system will also 
visualize the position and motion of all the occupants in the building’s digital twin based 
on camera footage. Based on human behavior models, the system will also forecast 
the bulk motion of the evacuation flow, potential congestion, and the evacuation time 
of each person. The dynamic exit sign system will further guide the evacuation process 
based on the real-time flow of the fire and people.  

If the exit sign system is damaged by fire, the information about dangerous areas and 
optimal evacuation paths can still be transferred to evacuees’ mobile devices or 
augmented reality (AR) glasses. Moreover, unmanned aerial vehicles (UAVs) and 
robots can enter the fire scene with dynamic exit signs to guide the evacuation process. 
This level requires the highest intelligence level and will provide the fastest and safest 
fire evacuation process. On the other hand, this type of system will face additional 
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requirements related to data and cyber security. When lots of personal data will be 
given to a control center in return for fire and life safety, any data leak or system hack 
will threaten occupants’ privacy and safety [24]. 

For clarity, we indicated the features of each level in Table 2. 

Table 2. Comparing dynamic exit signs of different intelligence levels. 

Features Fixed Dynamic 

Exit Sign 

Adaptive or Smart Dynamic  

Exit Sign 

Intelligence level Level 1 Level 2 Level 3 Level 4 

High conspicuousness ✓ ✓ ✓ ✓ 

Indication of danger X ✓ ✓ ✓ 

Coordination with sensors X ✓ ✓ ✓ 

Smart control X ✓ ✓ ✓ 

3D digital twin  X X ✓ ✓ 

Artificial Intelligence  X X ✓ ✓ 

Human-computer interaction X X X ✓ 

 

In short, the ultimate dynamic exit sign system will not be stand-alone; it will be an 
essential component of future smart buildings and cities. Compared to other building 
service systems like heating, ventilation, and air conditioning (HVAC) and lighting, 
most modern fire systems already have a network of smoke and heat detectors and 
fire alarms (see Figure 5) that are connected to an addressable (or intelligent) fire 
panel. Such an existing system is already a prototype of the Internet of Things (IoT); 
that is, a digital network that gathers physical parameters using the cloud and big data 
for data analysis [25]. As the foundation of smart buildings and digital twins, IoT can 
also act as a virtual realm that allows for data recording, monitoring, and interaction 
between the physical components [26].  
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Figure 5. Typical sensors in fire protection systems: (a) wired smoke detector [27] and (b) 
wired heat detector [28].  

Today, IoT has been applied in many industries, including construction, health care, 
education, farming, and retail. For instance, IoT and sensor fusion are already being 
used in cashierless (partially automated) stores all around the world. Moreover, IoT 
has been integrated into livestock management on modern farms [29]. In these cases, 
sensor nodes are installed on the collars of free-grazing animals, such as sheep, 
enabling farmers to visualize the actual status of each animal and the entire flock 
based on historical IoT data. This geographical and historical data can also be 
upgraded to predict the percentage of fat in a sheep’s milk to aid the farm’s milking 
system.  

In addition to IoT applications in retail and farming, AI methods have been applied in 
fire safety to detect fire and smoke more accurately [30–32] and forecast fire 
development and critical events [33–35]. The concept of using digital twins in buildings 
for fire safety has also been proposed for smart firefighting applications [20, 36, 37]. 
We expect these new technologies will facilitate the development of dynamic exit sign 
systems with higher levels of intelligence and wider real-world applications [38].  

Given the great potential of smart firefighting technologies and dynamic exit sign 
systems, this report aims to identify examples of state-of-the-art usage of dynamic exit 
signs, as well as their associated systems and related fire regulations. The gaps in 
codes, technology, and knowledge are also discussed.  
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2. Literature Review 
2.1. Review of Current Relevant Standards and Regulations 
Today, the dynamic exit sign is a relatively new invention, so no specific standards are 
available to regulate its design and use. However, the baseline is to ensure the 
proposed dynamic signs perform all the functions of conventional static signs and 
satisfy all the existing prescriptive codes and standards related to exit signs. In addition, 
instead of creating new codes for dynamic exit signs, it might be more suitable to 
upgrade existing codes to accommodate both existing signs and future dynamic signs.  

Table 3. The codes and regulations related to exit signs. 

Code Title Published by 

BS 5266-1 [39] 
 

Emergency lighting — Part 1: Code of practice for the 
emergency lighting of premises 

BSI 

BS 5266-8 or BS 
EN 50172 [40] 

Emergency escape lighting systems BSI, CEN, 
CENELEC, ETSI 

BS 5499-3 [41] 
 

Fire safety signs, notices and graphic symbols — Part 
3: Specification for internally-illuminated fire safety 
signs 

BSI 

BS 5499-4 [42] 
 

Safety signs — Part 4: Code of practice for escape 
route signing 

BSI 

BS EN 1838 [43] 
 

Lighting applications — Emergency lighting BSI, CEN, 
CENELEC, ETSI 

BS EN ISO 7010 
[44] 

Graphical symbols — Safety colours and safety signs 
— Registered safety signs 

BS, CEN, CENELEC, 
ETSI, ISO 

BS EN 60598-2-22 
[45] 

Luminaires — Part 2-22: Particular requirements — 
Luminaires for emergency lighting 

BSI, CEN, 
CENELEC, ETSI 

BS 4533-102 [46] 
 

Luminaires — Part 102: Particular requirements — 
Luminaires for emergency lighting 

BSI 

ISO 3864-1 [47] 
 

Graphical symbols, Safety colours and safety signs, 
Part 1: Design principles for safety signs and safety 
markings 

ISO 

ISO 3864-4 [48] 
 

Graphical symbols, Safety colours and safety signs, 
Part 4: Colorimetric and photometric properties of 
safety sign materials 

ISO 

NFPA 1 [49] Fire Code  NFPA 

NFPA 101® [50] Life Safety Code® NFPA 

NFPA 170 [51] Standard for Fire Safety and Emergency Symbols NFPA 

UL 924 [52] Standard for Emergency Lighting and Power Equipment UL 

 

All the existing fire safety standards and codes apply based on local regulations. For 
instance, National Fire Protection Association (NFPA) codes are commonly adopted 
in the United States and BSI standards are widely used in the United Kingdom. Table 
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3 shows the most widely used codes and standards for exit signs. NFPA codes are 
among the most widely adopted regulations and are reviewed here in detail. Other 
standards and regulations will also be reviewed and compared. 

2.1.1. NFPA standards and codes 

NFPA 1, Fire Code, and NFPA 101®, Life Safety Code®, are the consensus codes 
for safety in the United States. NFPA 1 includes fire regulations and hazard 
management requirements, as well as extracts and references to other NFPA codes, 
including NFPA 101. Therefore, the scope of NFPA 1 is wider in terms of fire protection 
than NFPA 101. NFPA 1 covers occupant safety, emergency responder safety, and 
property protection, while NFPA 101 applies primarily to occupant life safety.  

NFPA 101 covers means of egress (MOE) in Chapter 7. The MOE requirements 
ensure that premises include the tools necessary for evacuees to escape buildings in 
case of an emergency without being overwhelmed by the effects of fire or other 
hazards. The core value of MOE is to minimize the danger to life from the effects of 
fire, including smoke, heat, and toxic gases. Thus, exit signs serve as a tool for means 
of egress and must play their role accordingly; for example, NFPA 101 states that 
emergency exit signs with luminescent backgrounds must be installed on all doors 
serving an exit enclosure.  

As for certification and testing, some of the hardware and mechanical requirements in 
NFPA 101 refer to UL 924. UL is an independent safety organization that determines 
if an exit sign is up to muster or not by carrying out safety testing and certification of 
products.  

General exit sign requirements: The general requirements for emergency exit signs 
in NFPA 101 include the following: 

1) All exits other than the main exterior exits doors shall be marked by an approved 
sign that is readily visible from any direction of exit access. 

2) Exit signs must be located so that no point in an exit access corridor is over the 
sign’s rated viewing distance or 100 feet (30.5 m) from the nearest sign.  

3) Exit signs with directional indicators must be placed in every location where the 
direction of travel to reach the nearest exit is not apparent. These are called 
directional exit signs.  

4) The objective of using directional exit signs is to show the optimal direction of 
travel for egress.  

5) Signs shall not be obscured by any decorations, furnishings, or equipment.  

6) Brightly illuminated signs other than exit signs in or near the line of vision of 
required exit signs are not permitted.  

Installation position: The requirements for sign installation position are also provided 
in NFPA 101 and include the following: 



Page 18 
 

1) Exit signs installed above exit doors must be normal, text-based signs that are 
at least 4 in. (100 mm) for existing signs and 6 in. (150 mm) for new signs. They 
shall be installed horizontally at the center of the exit doors. 

2) The bottom edge of an exit sign must be installed not more than 6 ft 8 in. (2030 
mm) from the top edge of the egress opening. Additionally, exit signs must be 
located at a horizontal distance of not more than the required width of an egress 
opening from the edge of the opening. 

3) Floor proximity exit signs are directional or normal exit signs that are installed 
close to the floor and shall be used in addition to those signs required above 
doors and in corridors. The bottom of floor proximity exit signs shall be between 
6–18 in. (150–45 mm) above the floor.  

Illumination method: There are two illumination styles for exit signs: internally 
illuminated and externally illuminated. With internally illuminated exit signs, there is a 
sub-type called photoluminescent. In the event of a normal lighting failure, the 
minimum duration required for the emergency illumination of exit signs is 90 minutes. 
The internally and externally illuminated signs must be legible in normal and 
emergency lighting modes.  
Internally illuminated signs must fulfill the requirements of UL 924. Specifically, for 
photoluminescent signs, the face of the sign must be continually illuminated while the 
building is occupied. According to NFPA 170, the term photoluminescent refers to a 
material that emits light for some time after visible or invisible light is available. A self-
luminous exit sign refers to a sign that is powered continuously by a self-contained 
energy source other than a battery. The operation of a self-luminous exit sign is 
independent of external power supplies, making it a reliable light source (depending 
on the authority having jurisdiction).  

All exit signs shall be subject to the tests in UL 924, including the observation visibility 
test and luminance measurement test. Other tests, such as the temperature test and 
impact test, may also be required. Externally illuminated signs need not undergo any 
tests, but new and existing signs must meet the specific criteria outlined in NFPA 101. 

UL 924 also includes regulations for flashing features on signs, which can be used to 
flash in response to a fire alarm activation signal. The flashing rate of such lights 
should be between 12 and 120 cycles per minute, and the off time between flashes 
shall not exceed 0.25 seconds per cycle. However, there are requirements that limit 
whether such flashing lights can be added to directional indicators after installation, as 
the authority having jurisdiction must approve any changes.  

The flashing feature is also mentioned in NFPA 101, which states that flashing signs 
can be activated with the fire alarm with a repetition rate of approximately one cycle 
per second and an off time duration of no more than 0.25 seconds per cycle. 

Dimension and designs: NFPA 101 outlines two types of exit signs: text-based exit 
signs and pictogram-based exit signs. In general, NFPA 101 requires text-based signs, 
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with pictogram-based signs allowed if permitted by the authority having jurisdiction. 
Both types of exit signs can become directional exit signs with the addition of 
directional indicators. Directional indicators for text-based exit signs must be of a 
chevron type (Figure 6) [50]. For pictogram-based exit signs, arrows can be used 
instead of chevrons.  

There are two different types of text-based signs outlined in NFPA 101. The first type 
is the internally illuminated exit sign, which must comply with UL 924. The second type 
is the externally illuminated exit sign, which must comply with 7.10.6 of NFPA 101. 
Both types of signs have their own requirements. For example, text-based exit signs 
must be visible within 100 feet (30.5 m) or less, the letters must be at least 6 in. (150 
mm) tall, and the overall height-to-width ratio of the legend letters must be a maximum 
of 3:1. The dimensions required for illuminated letters are laid out in Table 4, and the 
minimum design dimensions of the directional indicators are shown in Figures 6 and 
7. 

Table 4. Illuminated legend minimum dimensions. [52] 

 
Letter height 

in. (mm) 

Stroke width, 

in. (mm) 

Letter widtha 

in. (mm) 

Spacing 
between letters 

in. (mm) 

Full-size 
illuminated legendb 

6 (152.4) ¾ (19.1) 2 (50.8) 3/8 (9.5) 

Reduced-size 
illuminated legendc 

5 ½–6  

(139.7–152.4) 

¼–¾ 

(6.4–19.1) 

1 ½–2  

(38.1–50.8) 

3/8  

(9.5) 

NOTE – Illuminated borders of the letters are to be included. 
a Except for the letter “I.” 
b If the letter height is greater than 6 in. (152.4 mm), then the other dimensions shall increase 
proportionally in accordance with Table 41.1 (of NFPA 101). 
c Letters of the minimum dimensions specified for a full-size legend shall be present on the face of 
the sign upon which reduced size illuminated letters are to be centered.  

 
Figure 6. The minimum distance between directional indicator and legend [52]. 
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Minimum dimensions 

A — in. (mm) 

1.25 (31.8) 

B — in. (mm) 

0.42 (10.6) 

C — in. (mm) 

1.04 (26.5) 

A larger directional indicator shall retain the following proportions: 

Height: width follows 1.2:1 maximum. 

Height: horizontal stroke width follows 3:1 maximum. 

NOTE: Illuminated borders are to be included. 

Figure 7. Minimum dimension of a directional indicator (chevron type) [52]. 
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Figure 8. (a) Running man symbol and arrow, (b) minimum dimensions for specific elements 
of the running man, and (c) minimum dimensions for specific elements of the arrow [52]. 
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Pictogram-based exit signs must include the running man symbol and arrows. Other 
requirements for these signs include the following: 

1) The arrow shall be located on the side of the sign toward which the running 
man is facing.  

2) The arrow shall be oriented vertically, horizontally, or 45 degrees from the 
horizontal.  

3) Apart from the vertical orientation, the arrows of other orientation types shall be 
pointing away from the running man.  

4) Additional texts or symbols that provide supplemental evacuation information, 
such as for occupants in wheelchairs, are permitted. The requirements for the 
minimum dimensions of the running man and arrow are provided in Figure 8. 

The detailed requirements for fire safety and emergency symbols can also be found 
in NFPA 170, which portrays pictogram-based exit signs with various forms and 
combinations of the running man and arrows. Per NFPA 170, exit signs can be green 
or white and black, depending on the combination. The running man pictogram with 
arrows can signal evacuees to egress in a specific direction both horizontally and 
vertically through doors, staircases, etc. Different combinations of these signs are 
demonstrated in Table 5.  

Table 5. NFPA 170 symbols for general use [44]. 
Symbol Characteristics Application Example 
Emergency Exit 

 

Square field 
Background green 
Door opening white 
Image green 

The identification and 
location of an emergency 
exit 

The location of an 
exit for use in a fire 
emergency  

Emergency Exit Use 
of Arrows — 
Rectangular Field  

 

Painted version: 
Background color white 
Arrows red or black 
Backlit version: 
Doorway, arrows, and 
lettering in green or red 

The identification and 
location of a route to an 
emergency exit 

Progress to the 
right 

 

Painted version: 
Background color white 
Arrows red or black 
Backlit version: 
Doorway, arrows, and 
lettering in green or red 

The identification and 
location of a route to an 
emergency exit 

Progress up and to 
the right 

 

Painted version: 
Background color white 
Arrows red or black 
Backlit version: 
Doorway, arrows, and 
lettering in green or red 

The identification and 
location of a route to an 
emergency exit 

Progress down and 
to the right 

 

Painted version: 
Background color white 
Arrows red or black 
Backlit version: 

The identification and 
location of a route to an 
emergency exit 

Progress forward 
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Doorway, arrows, and 
lettering in green or red 

 

Painted version: 
Background color white 
Arrows red or black 
Backlit version: 
Doorway, arrows, and 
lettering in green or red 

The identification and 
location of a route to an 
emergency exit 

Progress down 

 

Painted version: 
Background color white 
Arrows red or black 
Backlit version: 
Doorway, arrows, and 
lettering in green or red 

The identification and 
location of a route to an 
emergency exit 

Progress to the left 

 

Painted version: 
Background color white, 
Arrows red/black 
Backlit version: Doorway, 
arrows, and lettering in 
green or red 

The identification and 
location of a route to an 
emergency exit 

Progress up and to 
the left 

 

Painted version: 
Background color white 
Arrows red or black 
Backlit version: 
Doorway, arrows, and 
lettering in green or red 

The identification and 
location of a route to an 
emergency exit 

Progress down and 
to the left 

Emergency Exit 
Route (Combination 
of Two Symbols) 

 

Square field: Background 
green, door opening white, 
image in green 
 
For arrows: Square field, 
green arrow on white 
background or white arrow 
on green background 

The identification and 
location of a route to be 
used in an emergency 

The direction to a 
fire exit 

Accessible 
Emergency Exit 
(Combination of Two 
Symbols) 

 

Square field: Background 
green, door opening white, 
image in green 
 
International symbol of 
accessibility per ICC/ANSI 
A117.1, Accessible and 
Usable Buildings and 
Facilities 

The identification of a route 
that leads to an emergency 
exit that is accessible to 
disabled users, as specified 
by ICC/ANSI A117.1, 
Accessible and Usable 
Buildings and Facilities 

The location of a 
route toward a fire 
exit that is 
accessible to 
disabled users 

Accessible 
Emergency Exit 
(Combination of 
Three Symbols) 

 

Square field: Background 
green, door opening white, 
image in green 
 
International symbol of 
accessibility per ICC/ANSI 
A117.1, Accessible and 
Usable Buildings and 
Facilities 
 

The identification of a route 
that leads to an emergency 
exit that is accessible to 
disabled users 

The location of a 
route toward a fire 
exit that is 
accessible to 
disabled users 
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For arrows: Square field, 
green arrow on white, 
background or white arrow 
on green background 

Diagonal Directional 
Arrow 

 

Square field: Background 
green to correspond to 
accompanying sign 
 
White symbol 

Direction to the location of 
firefighting equipment or 
utility; always used in 
conjunction with, and 
adjacent to, another symbol 
indicating the particular 
equipment or utility 

 

Directional Arrow 

 

Square field, background 
green to correspond to 
accompanying sign 
 
White symbol 

Direction to the location of 
firefighting equipment or 
utility; always used in 
conjunction with, and 
adjacent to, another symbol 
indicating the particular 
equipment or utility 

 

 

The most common colors for exit signs in the United States are red and green. 
According to NFPA 1, red is the traditional color for exit signs and is required by law 
in many places in the United States. However, at the early stages of NFPA 101 
development, green was the suggested color, as it follows the concept of traffic lights 
[49]. During the period when green signs were specified by NFPA 101, many such 
signs were installed, but the conventional red signs remained as well [49]. The latest 
version of NFPA 101 avoids any specific color requirement for exit signs based on 
the assumption that either red or green will be used in most cases [50]. However, 
there could be some situations in which a color other than red or green would 
provide better visibility [50].  

2.1.2. Other standards and codes  

Some other standards, like those in Britain and Europe, use metric units, and many of 
their definitions and requirements are similar. For example, BS EN ISO 7010 
represents three separate qualifying organizations. ISO denotes the worldwide 
standards issued by the International Organization for Standardization. EN denotes 
standards adopted by the European Committee, which is governed by the European 
Committee for Standardization, or CEN (French: Comité Européen de Normalisation). 
Once an international standard has been adopted as a European Standard, an “EN” 
will be added to its prefix. “BS” denotes British Standards, an organization governed 
by the British Standards Institution (BSI). Once an EN standard has also been adopted 
as a British Standard, a “BS” will be added to its prefix, as well, making the full standard 
designation BS EN ISO.  

In these standard titles, the number after the standard number is the number of parts 
a document has, which is followed by a colon. The number after the colon is the year 
the document was published or revised. For instance, the document number BS 4533-
102:1990 designates part 102 of BS 4533 published in 1990.  
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Two of these standards, BS 5266-8 and BS EN 50172, are similar, and both provide 
the requirements for emergency exit lighting systems. These standards require that 
exit or directional signs be installed along escape routes. In addition, a directional sign 
must be provided where it is impossible to set a clear exit sign or where the location 
of an exit is uncertain.  

To ensure the consistency of the overall exit sign system, all exit signs shall be uniform 
in color and format, and their luminance shall comply with BS EN 1838. When there is 
a main power failure, all exit signs must be operational. In large areas, two or more 
luminaires must be installed in the open space to prevent total darkness; these lights 
can also help people find nearby exits. Luminaires in exit signs must be designed and 
constructed according to EN 60598-2-22, and the exit sign design must comply with 
BS EN ISO 7010. 

General exit sign requirement 
BS 5499-4 focuses on the exit signs necessary for escape routes. One of the critical 
components of such escape routes is means of escape. Means of escape is similar to 
the concept of means of egress in NFPA 101, and it provides methods for occupants 
to escape without assistance.  

 

Use of escape route signs  

1. Progress to the left from here as viewed from in front of the sign (on corridor wall). 

2. Progress to the right from here as viewed from in front of the sign (on corridor wall). 

3. Progress forward and through from here as viewed from in front of the sign (positioned 
above door). 

Figure 9. Typical T junction corridor offering alternate equidistant routes demonstrating the 
correct use of escape route signs. [42] 



Page 26 
 

To improve the means of escape in a building, exit signs should be provided to avoid 
any potential confusion. The location of stairs and changes in level or direction should 
also be evaluated in the planning stage of an escape route sign system, as well as the 
relative visibility of escape routes, positions of doors, and the level of light under 
normal and power failure conditions. One primary criterion for locating exit signs is 
indicating the shortest travel distance to an exit. If two escape routes share equal or 
similar travel distances, both should be indicated on the evacuation route, as shown 
in Figure 9.  

Three types of emergency lighting: Per BS 5266-1, emergency lighting can be 
broken down into three categories: emergency escape lighting, emergency safety 
lighting, and standby lighting.  
Emergency escape lighting refers to the luminaires that provide light on escape routes, 
signs, and points. Its main emphasis is to assist in the evacuation of occupants. 
Emergency safety lighting refers to the luminaires that light up the environment for the 
safe movement of evacuees. Emergency escape lighting can also assist evacuees by 
helping them locate and identify exit signs on doors and escape route direction signs 
on the walls. This lighting ensures occupants notice the escape routes and follow them. 
Standby lighting refers to the luminaires with alternative power supplies that can offer 
sufficient lighting in the case of total power failure.  

For example, existing exit signs must guide and assist evacuees during emergencies 
and are equipped with internal emergency batteries. Thus, they fall under the category 
of emergency escape and standby lighting.  

Illumination method: Per BS 5499-4, the illumination of exit signs must make them 
identifiable and conspicuous, and they must be illuminated under both normal and 
power failure conditions. In addition, the colors and material properties of exit signs 
must conform with BS ISO 3864-4.  

As mentioned in Section 2.1.1 of NFPA 101, there are two types of exit signs: 
1) Internally illuminated (photoluminescent included)  

2) Externally illuminated 
 
However, in British Standards, photoluminescent lights are called phosphorescent, 
and they are considered a separate type of exit sign. As a result, the types of exit signs 
in British Standards are: 

1) Internally illuminated  

2) Externally illuminated 

3) Phosphorescent  

For internally illuminated signs, per BS 5499-3, the level and uniformity of the 
luminance of exit signs must not exceed 80 cd/m2. The minimum illuminance of any 
test patch must be less than that 2 cd/m2. BS 5499-3 also mentions that the most 
suitable luminance level is generally between 17 cd/m2 and 34 cd/m2. For externally 
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illuminated signs and phosphorescent signs, the vertical illumination should be no less 
than 100 lux in normal lighting conditions and no less than 5 lux during power failure.  

Per BS EN 1838, the luminance of any area of the safety color of a sign shall be at 
least 2 cd/m2. The minimum duration of illumination must be at least 60 minutes. At 
least half of the required illuminance for an exit sign must be available within 5 seconds 
and full illuminance should be achieved within 60 seconds. In contrast, the ratio of the 
maximum to the minimum brightness of either white or the safety color shall not be 
greater than 10:1, and the ratio of the luminance of the contrast color to the safety 
color shall be between 5:1 to 15:1.  

Installation position: Signs must meet multiple requirements when being placed 
throughout buildings. First, at least one escape route must be visible from any location 
in any room. If there are doors that may confuse occupants, the designated escape 
route should be marked clearly. Most importantly, escape route signs should take 
precedence over all other signs. Exit signs should also be evenly spaced and 
consistently located throughout escape routes so evacuees can effectively predict the 
next sign's location during their evacuation.  

It is also recommended that a maximum viewing distance be taken into account; that 
is, if the sight line to the next sign exceeds a specific distance, additional signs should 
be provided. According to BS EN ISO 7010, the viewing distance to exit signs can be 
affected by the vertical illumination of the sign or its luminance if it is an internally 
illuminated sign. Generally, the lower the vertical illuminance, the larger the sign 
should be. This formula is provided here as Eq. 1.  

l = z0 × h                                                               Eq. (1) 

Where l is the maximum normal viewing distance to the sign, h is the sign height and 
z0 is the distance factor. Figure 10 illustrates the parameters with pictures, and values 
of z0 are shown in Table 6 and Table 7.  
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Figure 10. (a) Sign size and viewing distance [44], (b) viewing distance [43], (c) supplementary 
direction arrows [44].  

Every designated escape route should lead evacuees to a safe place. In addition, exit 
signs should not be fixed to doors, as they could be blocked from view when the doors 
are open. Per several standards, signs above doors should be mounted between 2.0 
m and 2.5 m from the floor. Signs installed on the wall should be mounted between 
1.7 m and 2.0 m from the floor. In large open spaces, a mounting height greater than 
2.5 m can be used, but the signs should be conspicuous and identifiable to evacuees. 
To ensure uniformity, all signs should be located at the same height throughout the 
escape route, so far as is reasonably practicable.  

Table 6. Distance factor z0 for (a) externally illuminated escape route signs based on ordinary 
or phosphorescent materials, and (b) internally illuminated escape route signs [42]. 

Externally illuminated escape route 
signs based on ordinary or 
phosphorescent materials 

Internally illuminated escape route signs 

Vertical illuminance 
at sign (lux) 

Distance factor, z0, 
to the sign 

Mean luminance of 
white contrast color 
(cd/m2) 

Distance factor, z0, 
to the sign 

≥5 

≥100 

≥200 

≥400 

95 

170 

185 

200 

≥10 

≥30 

≥100 

≥200 

≥500 

150 

175 

200 

215 

230 
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NOTE 1: BS 5266-1 requires z0 = 100 in the 
mains-failure condition. 

NOTE 2: Over the illuminance range up to 
about 200 lux, z0 varies approximately 
linearly with the logarithm of illuminance.  

NOTE 1: BS 5266-1 requires z0 = 200 in the 
mains-failure condition. 

NOTE 2: Over the illuminance range up to 
about 50 cd/m2, z0 varies approximately 
linearly with the logarithm of illuminance 

Table 7. Example of maximum viewing distances for externally illuminated escape route signs 
and supplementary directional arrow signs of different sign heights and supplementary text 
subject to a vertical illuminance of 100 lux [42]. 

Sign height 
(mm) 

Lower case 
letter heightA 
(mm) 

Identification distance of 
escape route sign and 
directional arrowB (m) 

Legibility distance of 
sign and 
supplementary textC 
(m) 

75 

100 

110 

120 

130 

150 

180 

15 

20 

22 

24 

26 

30 

36 

12.7 

17.0 

18.7 

20.4 

22.1 

25.5 

30.6 

3.3 

4.5 

4.9 

5.4 

5.8 

6.7 

8.1 

A: The height of the lowercase letters is 20 percent of the sign height. 

B: The appropriate z0 value selected from Table 2 is 170. 

C: The appropriate z0 value for lowercase letters is 225. 

 

Dimension and design: BS EN ISO 7010 states that the font on exit signs should be 
a sans serif typeface, such as Helvetica Bold or Helvetica medium. Other typefaces 
are also acceptable as long as they satisfy several characteristics. First, the stroke 
widths throughout the letter should be constant within 10 percent. Second, the widths 
of strokes should be at least 1/6 of the letter height. Third, for the word “Exit,” the width 
of the lowercase letter “x” should not be less than 70 percent of the letter height. Forth, 
the typeface used should not be condensed, expanded, italic, script, outlined, or 
shaded. Fifth, the letters on the sign should be individually formed and not joined 
together. Finally, any supplementary text used on the exit sign must not overpower the 
graphical symbol.  

The height of the lower-case letters of “Exit” or “Fire” should be at least 1/5 the height 
of the signs. Arrows should not be used independently on exit signs; they should be 
correctly oriented and indicate each change of direction or level. The use of arrows is 
demonstrated in Figure 11. As for pictogram signs, a running man can be used to help 
occupants notice an escape route that could lead them to a safe place. The running 
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man pictogram could also contribute to efficient movement to the egress when 
occupants cannot locate an escape route during their evacuation.  

Escape route sign Meaning  Location 

 

1. Progress down to the right 
(indicating change of level), 
see Figure A.3. 

1. On wall or suspended at 
head of stairs or ramp. 

2. On half landing wall or 
stairs. 

3. Suspended at change of 
level. 

 

1. Progress up to the right 
(indicating change of level). 

2. Progress forward and 
across to the right from here 
when suspended within an 
open area. 

1. On wall or suspended at 
foot of stairs or ramp. 

2. On half landing wall or 
stairs. 

3. Suspended at change of 
level. 

4. Suspended in open areas. 

 

1. Progress down to the left 
(indicating change of level). 

1. On wall or suspended at 
head of stairs or ramp. 

2. On half landing wall or 
stairs. 

3. Suspended at change of 
level. 

 

1. Progress up to the left 
(indicating change of level). 

2. Progress forward and 
across to the left from here 
when suspended within an 
open area. 

1. On wall or suspended at 
foot of stairs or ramp. 

2. On half landing wall or 
stairs. 

3. Suspended at change of 
level. 

4. Suspended in open areas. 

 

1. Progress forward from 
here (indicating direction of 
level). 

2. Progress forward and 
through from here when sign 
is sited above a door 
(indicating direction of travel). 

3. Progress forward and up 
from here (indicating change 
of level). 

1. Suspended in corridor 
leading to door. 

2. Suspended in open area. 

3. Suspended in front of door. 

4. Positioned above door. 

5. Suspended at foot of stairs 
or ramp. 

 

1. Progress to the right from 
here (indicating direction of 
travel). 

 

1. On corridor walls. 

2. Suspended adjacent and 
left of the exit. 
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3. Suspended at change of 
direction. 

 

1. Progress to the left from 
here (indicating direction of 
travel). 

 

1. On corridor walls. 

2. Suspended adjacent and 
left of the exit. 

3. Suspended at change of 
direction. 

 

1. Progress down from here 
(indicating direction of level). 

 

1. Suspended at head of 
stairs or ramp. 

2. Suspended at change of 
level. 

Figure 11. Escape route signs. [44] 

In terms of color, BS ISO 3864-1 includes a number of requirements. A warning sign 
that implies a safe condition should be green, as should its background color, while 
the graphical symbol should be white. As the safety color, green shall cover at least 
half of the sign's area. Red represents fire equipment; on these signs, the background 
shall be red with a red graphical symbol, while the safety color red shall also cover at 
least half of the area of the sign. BS ISO 3864-4 provides more information on the 
colorimetric and photometric properties required for exit signs.  

2.1.3. Code comparisons 

NFPA codes and standards and other regulations are compared in Table 8. 

NFPA and other code regulation authorities have multiple requirements for exit signs; 
for instance, their installation height, viewing distance, and illumination. However, not 
all regulators use the same rules.  

In terms of installation height, both NFPA and BS set the permissible range of exit 
signs above the door for easier recognition in an emergency.However, while providing 
emergency power to ensure the illumination of exit signs is mandatory in all codes, the 
minimum illumination durations differ. Emergency power must be provided by an 
integral battery or through a connection to the facility's emergency power source for 
90 minutes per NFPA or 60 minutes per BS. 

There are many more differences in the details of the codes, such as the following: 

1) BS offers greater flexibility with viewing distance than NFPA, as its maximum 
viewing distance is calculated based on formulas depending on the vertical 
illuminance at each exit sign. NFPA has a general prescriptive standard on 
viewing distance.  

2) NFPA requires 54 lux for externally illuminated exit signs, while BS requires 100 
lux in normal conditions and 5 lux in power failure conditions. BS also has other 
brightness and color ratio limitations.  
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3) The required exit sign arrows in NFPA documents don’t match those in other 
codes. UL introduced the chevron arrow and the shape of the arrow in BS 
documents is different. The latter also listed more detailed requirements for exit 
signs, such as the letter height and type of font.  

4) Exit sign colors are different in each code. UL has no specific color usage 
guideline, while only green and white can be adopted in BS.  

 

Note that in UL 924, flashing is permitted on exit signs so long as they have a 
flashing rate of 12-120 cycles per minute and an off time that does not exceed 250 
milliseconds per cycle. In addition, in NFPA 101, flashing signs can be activated with 
the fire alarm with a repetition rate of approximately one cycle per second and an off 
time that does not exceed ¼ second per cycle. However, other than the flashing rate, 
there are no extensive restrictions on the pattern, uniformity, or area of a flashing 
light. These factors will come into play as part of dynamic exit signs (Figure 2), which 
are still in development.  
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Table 8. Comparison of the codes and regulations of emergency exit signs. 
Categories NFPA and 

UL 
Description Other Codes Description 

Installation height NFPA 101 Above-door type: < 6 ft 8 in. (2030 mm) above the floor 
Floor proximity type: 6–18 in. (150–45 mm) above the floor 

BS 5499-4 Above-door type: 2.0–2.5 m from the floor 
Wall-mounted type: 1.7–2.0 m from the floor 

Viewing distance NFPA 101 Normal exit signs: < in excess of the rated distance or 100 
ft (30 m), whichever is less  
Directional exit sign identifiable distance: 40 ft (12 m) 

BS EN ISO 7010 Calculated with the formula:  
I = z0*h 

Illumination NFPA 101 
and 
UL 924 

Internal illumination type: According to UL 924 
Externally illumination type: 54 lux (5 foot-candles) 
 
When flashing is adopted:  
NFPA 101: Flashing rate ~1 cycle per second, off time < 
0.25 seconds per cycle 
UL 924: Flashing rate 12–120 cycles per minute, off time < 
0.25 seconds per cycle  
 

BS ISO 3864-4 • Externally illuminated and phosphorescent 
type: > 100 lux in normal condition; > 5 lux 
under power failure condition 

• Most suitable luminance level: 17–34 cd/m2 
• Ratio of max. to min. brightness with white or 

the safety color < 10:1 
• Ratio of luminance of contrast color to safety 

color from 5:1 to 15:1  

Minimum 
illumination 
duration 

NFPA 101 90 minutes 
 

BS EN 1838 • 60 minutes 
• Half of the required luminance within 5 

seconds  
• Achieve full illuminance within 60 seconds 

Design of exit sign 
symbol 

NFPA 170 Internally illumination type: See UL 924 
Externally illumination type: See NFPA 101 
 

BS EN ISO 7010 See BS EN ISO 7010 

Dimension of exit 
sign  

UL 924 New exit signs: 
Text-based: Chevron  
 Letter height > 6 in. (150 mm) [Existing exit signs > 4 

in. (100 mm)] 
 Height-to-width ratio of letters a maximum of 3:1 

 
Pictogram-based: Arrow 
 Pictogram height > 6 in. (150 mm) 

 
 

BS EN ISO 7010 • Sans serif typeface font 
• Should not be condensed, expanded, italic, 

script, outlined, or shaded 
• Widths of stroke > 1/6 of the letter height 
• Lowercase x width > 70 percent of letter 

height 
• No joined letter 
• Height of lowercase letters of “Exit” > 1/5 of 

the sign height 
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Color requirement NFPA 101, 
NFPA 170, 
and 
UL 924 

NFPA 101:  
No specific color requirement 
Assume that either red or green will be used in most cases 
Colors other than red or green could actually provide better 
visibility 
 
NFPA 170:  
Green, white, black, and green, depending on the 
combination 
 
UL 924:  
No specific color usage guideline 

BS ISO 3864-1 • Green background and white graphical 
symbol, the safety color green shall cover > 50 
percent of the sign’s area 

• Green and white are interchangeable  
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2.2. Impact of Dynamic Exit Signs on Evacuation 
2.2.1. Design of dynamic exit signs  

The primary purpose of using exit signs in buildings is to ensure occupants are aware 
of where the exits are and how to get to them. In many locations (such as in airports 
or hotels), the exits should be clear to occupants regardless of their language and 
cultural background. For instance, people from Europe should easily recognize and 
understand the exit signs in Asia. Per this principle, the general appearance of exit 
signs is very similar across the globe, and the design criteria of dynamic signs should 
be the same or very similar to static exit signs (e.g., same shape, size, and color) in 
non-operational status while adding extra dynamic features while in operation. 
Different designs and unique features of dynamic directional exit signs will manifest 
when they operate in an emergency.  

Dissuasive type 
Currently, limited studies are available to help understand occupants’ experience with 
adaptive dynamic exit signs. Olander, et al. [53], conducted a questionnaire to 
investigate the performance of different dissuasive emergency sign designs. They 
believed the presence of red flashing lights, the background color, and the applied 
picogram or text on a sign could impact the exit sign’s success. 

 
In their experiments, green arrows were static on the exit sign plate, while two extra 
red flashing lights were installed next to the exit sign to provide a flashing feature (see 
Figure 12). This created dynamic illumination and made the sign more eye-catching 
to the occupants. As for the background color of the sign plate, green and red were 
compared. Generally, in public perception, green represents safety and red is 
associated with danger [54]. Pictograms and text were also compared: a running man 
and “EXIT” in English (the universal language) were chosen as the experimental setup, 
which allowed people from different countries to participate in the survey.  

In the study, Olander, et al. [53], performed paired comparisons and applied the 
Theory of Affordance (ToA) [55]. The ToA describes how people perceive things when 
they sense them; sensory affordance, cognitive affordance, and functional affordance 
were widely analyzed in the evacuation research of Olander’s team. Sensory 
affordance refers to a person’s sensitivity to a thing; cognitive affordance evaluates to 
what extent a person understands that thing, and functional affordance means to what 
extent the intended goal can be achieved. 

In total, 46 participants from ages 19 to 40 were asked five basic questions to calculate 
the score of affordances, followed by one additional question for the ranking of layouts. 
Table 9 shows the significant relationship between the installation setups of dissuasive 
exit signs and the reactions of occupants.  

Table 9. The selection of setups (ISs) based on a qualitative analysis of affordances [53]. 
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The green background with a big red cross (Green + X-mark) ranked the highest 
among all the participants, with higher sensory affordance and cognitive affordance 
(IS1–IS4). This result implied that people are more sensitive to this setup than one in 
which only plain red exit signs are used during evacuation. The high sensory 
affordance also reflected that the Green + X-mark design is more conspicuous to 
people, thus making it easier to draw people’s attention to the location of exits. In 
addition, this design has a higher cognitive affordance than the plain red background. 
Most importantly, the Green + X-mark designs all had positive functional affordance 
regardless of the presence of red flashing lights and pictograms or texts. The 
participants found it easier to understand the message of “not this way” when the signs 
had a green background with a red cross [53].  

 
Figure 12. The selected installation setups [53]. 

The presence of red flashing lights significantly increased sensory affordance. Among 
all the setups, the level of affordance was enhanced with the addition of red flashing 
lights next to the signs. For the Green + X-mark design, the sensory affordance 
increased from medium to very high and the cognitive affordance rose from high to 
very high. The results illustrated that red flashing lights can increase visibility and 
deliver a dissuasive message to occupants during an emergency. Therefore, 
according to Olander's study, the best dissuasive sign is suggested to be a Green + 
X-mark design with red flashing lights. 

Persuasive type 
Persuasive dynamic exit signs were also investigated in several studies. Nilsson, et al. 
[54], conducted a real-life experiment (drill) to examine the effectiveness of fixed 
dynamic exit signs over conventional static exit signs. They suggested that the 
persuasiveness of dynamic exit signs would increase significantly with the addition of 
a strobe or flashing green light. Strobe lights and flashing lights are similar but have a 
few key differences. Specifically, a strobe light repeatedly operates a single type of 
illumination (e.g., on, off, on, off, on). A flashing light is a fixed lighting pattern created 
by at least two lighting components (e.g., left, right, left, right, left).  
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Nilsson’s team designed an experiment to see how fixed dynamic exit signs influence 
the decision-making of occupants. Participants were assigned to a starting position 
with an exit door visible at the end of the corridor. An alternative exit was located in 
the middle of the passage but only became noticeable to occupants right when they 
walked by it (see Figure 13). Two scenarios were used in the experiment to investigate 
the performance of the dynamic exit sign installed at the exit at the end of the corridor.  

 
Figure 13. Experiment layout [54]. 

In Scenario 1: Both the alternative exit and the exit at the end of the corridor had 
standard, static backlit exit signs.  

In Scenario 2: The alternative exit had a dynamic exit sign with green strobe lights.  

Two specific elements of the experimental setup were key in the results of the study. 
First was the visibility of the alternative exit. As the participants could only see the 
alternative exit right at the moment they walked by it, their egress decision took place 
precisely at the alternative exit. The presence of green strobe lights was the only factor 
to draw participants’ attention to the alternative exit before they walked by it. Another 
critical factor was movement tendency. Generally, the participants tended to move 
toward the exit at the end of the corridor, as that was the only exit they could see. 
However, this tendency of movement could be broken when they reached the 
alternative exit based on their reaction to its presence. This tendency of movement 
represents the familiarity of occupants with infrastructure. In most evacuations, people 
tend to escape via familiar exits [56].  

The experiment results of Scenarios 1 and 2 were significantly different (see Table 10). 
In Scenario 1, only about half of the participants decided to escape via the alternative 
exit. In contrast, in Scenario 2, up to 90 percent of the participants chose the alternative 
door rather than the exit at the end of the corridor. This demonstrated that the dynamic 
green strobe lights mechanism could attract people to suggested exits and break the 
tendency of movement toward familiar exits. Nilsson, et al.’s, work proved that the 
dynamic features of exit signs can help evacuees notice emergency exit signs more 
efficiently and direct people to the desired exits instead of the familiar ones.  

Table 10. The participant’s choice of exit. [54] 
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2.2.2. Performance of dynamic exit signs 

Back in 1985, Sime, et al. [56], showed that dynamic exit signs could increase 
conspicuousness and break the tendency of human movement toward familiar exits. 
However, it is hard to convince the public to use an invention if they’ve never seen it 
out in the world. Therefore, proof of the effectiveness of dynamic exit signs was 
required before actual implementation could begin. To assess the performance of 
dynamic exit signs, some studies and modeling analyses were performed [13, 57, 58].  

Real-life studies 
Galea, et al. [57], performed a large-scale experiment to investigate the performance 
of dynamic exit signs in 2013. The system was called the Active Dynamic Sign System 
(ADSS) and it included green flashing lights on the sign’s arrows. The appearance of 
the dynamic exit signs was similar to the standard emergency exit signs. When the fire 
alarm was triggered on the premises, the green lights on the dynamic exit signs started 
to flash to direct people to safety. The system trials were performed in Sant Cugat 
station, a rail station in Barcelona, Spain, to document and compare people’s reactions 
to conventional escape route signs and ADSS signs (See Figure 14). Seven hundred 
participants who were unfamiliar with or had limited knowledge of the station took part 
in the trial.  

 
Figure 14. The layout of the rail station. [57] 

Two trials were carried out to record the egress choices of the participants. The first 
trial was performed using the traditional exit sign system, while the second utilized the 
ADSS.  

The ADSS signs contained a green running man and green flashing lights on arrows 
that displayed directional patterns (see Figure 15). The design of the dynamic exit 
signs was in compliance with the existing codes and regulations for signs in the 
industry to ensure that the experiment was equitable. The study also utilized 
dissuasive exit signs (with red crosses) to deliver negative information (see Figure 16).  



Page 39 
 

 
Figure 15. The repeating flashing pattern of persuasive signs from (a) to (d) [57]. 

 
Figure 16. The repeating flashing pattern of dissuasive signs from (a) to (d) [57]. 

Surprisingly, the results differed from the laboratory studies [3, 59]. Only 65.6 percent 
of the participants noticed at least one of the ADSS signs and agreed that the flashing 
feature assisted them in determining where to go. Specifically, 61.5 percent said the 
flashing lights helped them make a quick decision, while 51 percent said that the red 
crosses clearly indicated which exits not to use [57].  

Based on these results, the study concluded that dissuasive signs should not be used 
independently without persuasive signs, as the negative information alone was 
insufficient to lead evacuees to safety without some level of confusion. When 
implementing a dynamic exit sign system, the study found the best setup is to provide 
evacuees with both persuasive and dissuasive information to facilitate evacuation. On 
the other hand, in situations with only persuasive signs, the arrows with flashing green 
lights worked to reinforce the message to evacuees to use specific exits without the 
need for dissuasive signs.  

Galea, et al. [57], also found that one of the most important factors when using 
dynamic exit signs is to ensure the signs are placed so that occupants can 
simultaneously see at least two signs. In addition, dissuasive signs should be installed 
with persuasive signs to reduce confusion among evacuees.  

Modeling analysis 
Computational modeling is another mainstream method for testing egress 
effectiveness and it can provide valuable data on the evacuation tendencies of crowds 
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in large built environments. However, modeling outweighs traditional evacuation 
testing in terms of cost and operational difficulties. In 2021, Filippidis, et al. [58], 
simulated an evacuation in its EXODUS system to examine the evacuation 
effectiveness of different sign systems. The evacuation simulation was run on a 
modeled supermarket with a dimension of approximately 80 m x 50 m (263 ft x 164 ft) 
(see Figure 17). Eight scenarios were simulated with 100 randomly simulated 
occupants. Each scenario used different sign combinations, different quantities of 
signs, and different sign installation positions. All the evacuees were set to be 
unfamiliar with the environment, with no knowledge of the location of the exits. 

The simulation results showed a significant improvement in evacuation performance 
when a dynamic exit sign system was used instead of a conventional system. 
Compared with the traditional method, the dynamic exit sign system reduced total 
egress time by 18 percent, congestion by 36 percent, and travel distance of evacuees 
by 12 percent [58].  

The simulation also showed that not only was the number of signs important to improve 
evacuation performance, but the positioning of the signs was important as well. 
Compared to a simulation scenario with no signs, installing conventional and dynamic 
exit signs above the exit doors reduced evacuation time by 5 percent and 11 percent, 
respectively. This proved that if the number of signs in a building is not sufficient, there 
is no significant difference between the effectiveness of conventional and dynamic exit 
signs. Strategic positioning of dynamic exit signs is required to achieve the desired 
evacuation performance in a building with a complex internal layout [58].  

The 2013 experiment of Xie, et al. [59], further proved the importance of positioning 
with an ADSS. They suggested that evacuees should always be able to see at least 
two signs at a time so they can utilize both positive and negative information. 

 
Figure 17. The modeled supermarket layout. [58] 

Some of the findings from the simulation of Filippidis, et al., were similar to those of 
Xie, et al. [59], and Sime, et al. [56]. It found that evacuees tend to head toward familiar 
exits, such as the main exit, and there was minimal evidence of evacuees heading 
toward exits further away from their initial locations.  
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Modified real-life studies 
Although dynamic exit sign systems showed primarily positive results, some 
disadvantages were found, as well. After the preliminary work on the effectiveness of 
the ADSS in 2013, the setup was further modified in 2014 [13]. In the modified setup, 
all the sign locations had at least two dynamic exit signs placed side by side (see 
Figure 18). This setup enabled evacuees to utilize both persuasive and dissuasive 
information from the signs. Experimental trials of this modified setup were performed 
at the Sant Cugat station in Barcelona to compare the results to the previous 
experiment’s results.  

 
Figure 18. The modified setup of the dynamic exit sign installation. [13] 

The results of the experiment with the modified setup showed that 66.7 percent of the 
participants utilized the guidance of the ADSS, while 81 percent of the participants 
said that the ADSS signs clearly indicated which exits to use and not use effectively. 
Although the overall performance of the modified setup was positive, the participants’ 
experience was not good.  

In the most straightforward setup with a single flashing green arrow, 94 percent of the 
participants understood the positive information. However, only 70 percent of the 
participants understood the directional message of the most complex setup, which had 
two flashing red crosses and one flashing green arrow. Apart from that, 22 percent of 
the participants said they were confused by signs conveying multiple pieces of 
information. Therefore, a redesign of the dynamic exit sign system should be 
considered if it is required to convey various details about escape routes. When 
multiple evacuation routes are available, minimizing the amount of information and 
simplifying the presentation of dynamic exit signs could improve evacuation 
performance.  
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Figure 19. The development of dynamic exit signs.  

The development of the dynamic exit signs is shown in Figure 19. Back in the 2000s, 
several studies were conducted to test the effectiveness of dynamic signs. The studies 
suggested that conventional static exit signs were not as effective as dynamic signs in 
drawing people’s attention. They also hypothesized that dynamic signs could improve 
conspicuousness and even break the movement tendencies of the evacuees.  

These hypotheses were not supported by real-life experiments until 2013, when a 
study was conducted with the ADSS at a rail station. In the ADSS trial, the dynamic 
exit signs performed effectively during an evacuation, reducing evacuation time and 
guiding people to the intended exits successfully. The ADSS trial was undeniably a 
milestone in dynamic exit sign development, and it also inspired Olander, et al., to try 
to find the best dissuasive design in their 2017 study. A new study was carried out in 
2022 [58] using an evacuation model that utilized a simulation to analyze the 
performance of the dynamic exit sign system with human behavior.  

Computer technology is only getting better, with 3D modeling, AR, VR, and AI 
gradually being adopted across industries. Thus, we firmly believe further research in 
this field will lead to new and better technology.  

2.3. Current Application of Dynamic Exit Signs  
This section covers the current applications of dynamic exit signs. Note that such 
discussion is not intended to imply recommendation or endorsement by the Fire 
Protection Research Foundation or the National Fire Protection Association, nor is it 
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intended to imply that the entities, materials, or equipment are necessarily the best 
available for this purpose. 

2.3.1. Examples of dynamic exit signs in the UK 

One manufacturer (referred here as Manufacturer A) from Camberley, UK, has 
developed a dynamic exit sign, leveraging recent advancement of Light Emitting Diode 
(LED) lights and fire panel technology. Their signs simply replicate the passive static 
emergency signs used today, with the signs only becoming dynamic following an 
emergency alarm. During an emergency, the signs receive signals from the fire panel 
and attract the evacuee’s attention by providing a dynamic pulsing array of green lights 
within arrows on the sign. When a specific exit is no longer safe or is unavailable, a 
signal from the fire panel is transmitted to the dynamic exit sign and a red cross is 
added to warn occupants against using that exit or evacuation route.  

The signs connect to the fire panel via an appropriate relay (input/output) device on 
an addressable fire panel loop. The fire panel must come from a leading manufacturer 
and utilize cause-and-effect programming. This manufacturer provides both fixed 
dynamic exit signs and adaptive dynamic exit signs, which are all directional 
pictogram-based signs. On fixed dynamic exit signs, a single arrow points in one 
direction and green LEDs within the arrow flash in a four-step rotation, as shown in 
Figure 20 (a). An adaptive dynamic exit sign also uses a single arrow, but it has red 
LEDs that flash over the entire sign in an X shape in a two-step rotation (the pattern 
changes at the corners), as shown in Figure 20 (b).  

 
Figure 20. Two types of dynamic exit signs from Manufacturer A: (a) the dissuasive design 
and (b) the adaptive design.  

http://www.evaclite.com/
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The entire adaptive dynamic exit sign system involves data collection and zoning. First, 
sensors within the infrastructure, such as smoke and heat detectors, signal which 
zones of the building are potentially hazardous to life, which activates a red cross on 
the applicable signs. At the same time, safe routes are designated with a dynamic 
green arrow array.  

This manufacturers sign was selected as part of the award-winning European Union 
funded GETAWAY trials, which were conducted in 2012 [57] and were an important 
milestone in dynamic exit sign history, as they served as references for the 
development of the next generation of dynamic and adaptive exit signs. The company 
claims that their dynamic exit signs increased the detection rate by more than 60 
percent, facilitated a 50 percent quicker evacuation, and improved evacuee decision-
making by 44 percent. Although no published case study was available on the official 
manufacturer’s website, the company mentioned that at least 20 buildings use their 
dynamic exit signs as of 2021 [60]. As of the date of this report, there have been no 
reported occurrences in which the dynamic system has been triggered to test actual 
occupants’ responses. 

2.3.2. Examples of dynamic exit signs in Australia 

was Another manufacturer (referred here as Manufacturer B), founded in 1981 in 
Scoresby, Australia [61], which focuses on emergency lighting began producing 
dynamic exit signs . This dynamic exit sign system aims to increase the visibility of exit 
signs and provide audible cues and dissuasive messages to evacuees in an 
emergency. In terms of research and development, their products have been 
collaboratively tested and developed with the Fire Safety Engineering Group (FSEG) 
at the University of Greenwich. Moreover, the University of Leeds and FSEG have 
performed research and experimental trials on dynamic exit signs, which provided the 
foundation for the dynamic exit sign system. 

 
Figure 21. The products of Manufacturer B: (a) Dynamic GREEN, (b) Dynamic RED X, (c) 
SoundEscapeTM.  

There are three types of dynamic exit signs produced by Manufacturer B: Dynamic 
GREEN, Dynamic RED X, and SoundEscapeTM (see Figure 21). FSEG’s research 
found that people often neglect static exit signs, but signage like Figure 21 (a) catches 
people’s attention with the green flashing lights. The ynamic REDX sign, as shown in 
Figure 21 (b), displays a red cross with flashing corners (four red dots at the corners 
that flash while the red cross is static), alerting evacuees to seek an alternative safe 
exit. The Dynamic RED X sign also includes a built-in Dynamic GREEN mode to 

http://www.clevertronics.co.uk/
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accommodate various fire and evacuation scenarios. Thus, the application of Dynamic 
RED X must be tested and documented by registered fire safety engineers. Signage 
like Figure 21 (c) has a unique feature that takes audible, locatable sound technology 
and embeds it into the Dynamic GREEN or Dynamic RED X signs. In terms of 
hardware, the fire detection system can trigger Dynamic GREEN or Dynamic RED X 
mode with a 24 V DC or voltage-free open/close signal when there is an emergency. 
Dynamic GREEN mode can also be activated upon losing main power.  

This manufacturer offers a few case studies on their website. The first case study took 
place in a house in Lilyfield, NSW, in March 2021 with five dynamic exit signs. The 
study was coordinated with GHD, the fire safety engineering firm on the project. In the 
case study, an edge-case scenario was used with a set of external stairs that might 
be unsafe during particular fire scenarios due to site constraints. This dynamic exit 
sign system was applied to direct building occupants to an alternative exit. In the 
scenario, when a fire outbreak occurred near the stairwell, the system used both 
positive and negative reinforcement to successfully guide staff and residents away 
from the affected stairwell. 

The second case study took place in Palace Cinema Como in South Yarra, Melbourne, 
with 14 dynamic exit signs. The study was coordinated with fire safety engineers from 
Scientific Fire Services. The cinema was under refurbishment, and Scientific Fire 
Services developed an evacuation plan to improve the overall egress system. The 
evacuation plan utilized conventional and dynamic exit signs throughout the cinema. 
Five fire scenarios were successfully run to verify the system’s reliability.  

The third case study took place on the basement level of a three-level car park in North 
Sydney, NSW. This study was coordinated with AECOM, the fire safety engineer on 
the project. In this case, researchers wanted to ensure that occupants would not use 
staircases affected by fire, and dynamic exit signs were successfully used to lead 
evacuees through the three car park basement levels to safety. All three types of 
dynamic exit signs from this manufacturer were implemented in this case study. 
Audible features were added to the door at the alternate exit stair to emphasize that it 
was the safest exit.  

2.3.3. Examples of dynamic exit signs in Asia 

Another manufacturer in Taiwan founded in 2013, referred to here as Manufacturer C, 
applies technologies such as IoT and big data in the fire services industry [62]. It is 
one of the few companies in the world to launch a dynamic evacuation system (DES) 
with the authorization of the Society of Fire Protection Engineers (SFPE). Moreover, 
eight invention patents have been approved concerning its core technology in four 
regions—Taiwan, Japan, the United States, and mainland China. This company 
developed a dynamic evacuation system, which can automatically analyze the hazard 
potential of an area and lead evacuees to a safe and optimal egress path.  

The appearance of this dynamic exit sign is different from the products of 
Manufacturer’s A and B, as its flashing LEDs are installed outside of the sign. In the 
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signs of Manufacturers A and B, the flashing green LEDs are installed within the 
arrows, while the flashing red LEDs are located over the entire sign plate. However, 
the dynamic components of Manufacturer C’s signs are positioned in the metal case 
of the sign, while the arrows and pictograms on the signs remain static. 

There are two versions of this sign: sign—the case display and the LED display. The 
case display type can be further subdivided into directional and non-directional types. 
The directional type has only green LEDs that repeatedly flash within the case in a 
four-step progression, as shown in Figure 22. The non-directional type includes green 
and red LEDs and can be found at exits or doorways (see Figure 23).  

 
Figure 22. Manufacturer C dynamic directional exit sign.  

 
Figure 23. Manufacturer C dynamic non-directional exit sign.  

 

If the exit or doorway is safe to use, green LEDs repeatedly flash in the metal case in 
a two-step pattern, (a) and (b), as shown in Figure 23. If the exit or doorway is not safe, 
red LEDs repeatedly flash in the metal case in a two-step pattern (c) and (d).  

The second version of this sign is the LED display dynamic exit sign (see Figure 24). 
In this version, a light panel is added at the bottom of the sign that displays various 
patterns and animations with arrows and crosses. The LED display design offers 
greater flexibility by allowing the dynamic patterns to change during an emergency. 
This sign can provide directional and non-directional exit signals and can be 
customized easily.  

Figure 24 shows the LED display design where the arrows are displayed in a three-
step pattern from (a) to (c) repeatedly and the red cross is shown on a dynamic non-
directional exit sign (d). This manufacturer’s products use Long Range Radio (LoRA) 
to activate the dynamic flashing feature. LoRA is the latest technology for long-
distance wireless transmission with low power consumption and no interference. This 
technology is less expensive in terms of deployment and planning costs than a wired 
connection for dynamic exit signs.  

http://www.hexsave.com/
http://www.hexsave.com/
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Figure 24. HEX LED display dynamic exit signs. (http://www.hexsave.com) 

There are at least ten case studies on these products on Manufacturer C’s website. 
Table 11 shows a list of the case studies. Taipei Main Station was the largest study, 
and it was performed in 2018 with more than 1500 dynamic exit signs. The Taipei City 
Government, Transportation and Communications Bureau, and other parties were 
involved in the project in which this system was adopted at the underground Taipei 
Station to promote the Taipei intelligent train system.  

Table 11. The list of Manufacturer C’s case studies.  

Types of 
infrastructure 

Location  No. of HEX dynamic 
exit signs installed 

Public transport Taipei Main Station 1500 

Exhibition area The Cultural and Creative Industries Park in Taichung 200 

Shopping mall A four-story building 210 

Office A 15-story building (including a two-story parking lot) 400 

Parking lot Two underground stories (with 400 parking spaces) 130 

Smart building The Aegean Sea Third Generation Smart Building — Hui 
Tai Construction Service 

24 

Care center A seven-story care center 18 

Factory A one-story factory (with a main aisle) 18 

Fitness center A fitness center 6 

Educational 
institution 

A six-story building at the National Taipei University of 
Technology 

18 

 

Around 4500 Bluetooth transceivers were installed in the 3 km2I, seven-story station 
building. The project aimed to offer five innovative services: an indoor guidance app, 
a pedestrian guidance system, tourist traffic information, car park intelligence, and fire 
safety monitoring. This system was added to the project to improve the chaotic 
situation at the station and create a future smart station where the dynamic evacuation 
system can be used to strengthen safety and deliver disaster prevention warnings. 
This system offers the ability to transmit real-time fire alarm information via 
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smartphone to help passengers plan a safe escape route to evacuate quickly and 
reduce the number of casualties in a fire.  
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3. Gap Analysis 
3.1. Code Gap 
The code gap refers to the lack of established codes on the topic of dynamic exit signs, 
which may hinder their legitimate global application. However, while most of the 
existing safety codes do not mention dynamic exit signs, this offers some flexibility in 
using them (especially the fixed type), as they can be used as long as their designs 
do not violate the existing codes.  

• In general, the code requirements applicable to dynamic exit signs are 
installation position appearance, display pattern. 

 

Installation position: In most countries, fire safety design is considered a critical part 
of building and infrastructure design, and any new exit sign design must be approved 
by the authority having jurisdiction (AHJ). Revisions to codes and standards to more 
explicitly permit dynamic exit signs could promote their usage. However, without 
regulations for the design and requirements of dynamic exit signs, manufacturers and 
installers will face uncertainty as to whether the AHJ will approve them. As reviewed 
in Section 2, the application of dynamic exit signs is still in the early stages in Europe, 
North America, Asia, and Australia, and there is no specific regulation regarding their 
use. It is not clear at this time which types of dynamic exit signs, if any, will be accepted 
as part of the codes and standards revision process, but several aspects are worth 
discussing. 

In general, there is no guidance on dynamic exit signs’ installation position. Although 
there are codes regarding the installation position of traditional exit signs—for instance, 
NFPA 101 and BS EN ISO 7010—it is hard to apply those requirements to dynamic 
exit signs considering their different focus. For traditional exit signs, the required 
installation positions ensure that evacuees can see them clearly, with luminescence 
and viewing distance regulated. However, for dynamic exit signs, the focus is choosing 
which egress routes to use. Evacuees may receive different messages from dynamic 
exit signs when they are at different locations. Thus, the codes would need to consider 
not only the abovementioned factors but also how the position of dynamic exit signs 
will affect the evacuees’ decision-making. As a result, the installation position of 
dynamic exit signs must be regulated differently.  

Appearance: The appearance of dynamic exit signs is different depending on the 
information they are trying to convey. There are multiple popular designs for 
persuasive signs that can be used with conventional static signs. For instance, 
additional green flashing lights could be installed within the arrows of conventional 
signs (e.g., examples shown in Figure 20 and Figure 21), and flashing LEDs could 
also be added outside a conventional sign plate (e.g., as shown in Figure 22).  

However, dissuasive signs change the appearance of the sign. The design could be a 
big red dynamic cross that covers the entire sign plate or a small red dynamic cross 
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that covers only the arrow [e.g., as shown in Figure 3(d)]. Given that there are multiple 
designs in the market, a code must be created to define which specific dynamic exit 
sign dissuasive designs are allowed. This will set a framework for manufacturers and 
prevent future dynamic exit signs from being too complicated. 

Display pattern of dynamic exit signs: There is no code or regulation related to the 
flashing patterns on dynamic exit signs that might restrict complicated patterns. For 
some dissuasive exit signs, dynamic red flashing lights are only located at the corners 
of red crosses (e.g., as shown in Figure 20), while some have red crosses that flash 
to cover the sign entirely (e.g., as shown in Figure 3c), and some have red crosses 
that display statically (e.g., as shown in Figure 3b).  

3.2. Technology Gap 
The technology gap has two sides to it. On the one hand, current technologies related 
to dynamic exit signs are underdeveloped. On the other hand, existing technologies 
have yet to be considered. There are four major factors preventing the further 
development of dynamic exit sign systems: 

1) Lack of sensors 

2) Low public acceptance of existing technologies 

3) Tentative adoption of the system’s networks and algorithms 

4) Unauthenticated objectives 

 
Lack of sensors: Although dynamic exit signs rely largely on sensors in 
infrastructures, the minimum number required and positioning of sensors has yet to 
be determined. A sensor network is essential for any adoptive (or intelligent) dynamic 
exit sign system. To control and set messages for dynamic exit signs, environmental 
parameters, such as the temperature and carbon monoxide (CO) concentration in an 
area, are necessary to estimate and predict the location of a fire. Without the ability to 
locate a fire or other hazard, a dynamic exit sign system cannot perform accordingly. 
Moreover, sensors are essential for system operation in a changing fire environment. 
Dynamic exit sign systems must be designed to adapt to fire growth, spread, and 
smoke propagation. However, there is a lack of sensors in buildings today. In addition, 
it is unclear how many sensors and sensor locations would be necessary to support 
dynamic exit sign systems.  

Low public acceptance of existing technologies: The compatibility of dynamic exit 
signs and fire panels in buildings is a prerequisite for launching a dynamic exit sign 
system. All dynamic exit signs must be compatible with fire panels with each having 
its own independent control module that can be manipulated by the central system. 
Moreover, the transmission signal for dynamic exit signs must match the building 
management system’s signal (BMS) for escape route coordination in an emergency. 
Currently, the compatibility, credibility, and liability of dynamic exit systems are all 
significant concerns, and the systems have not yet been fully accepted by the public. 



Page 51 
 

Another difficulty is the operation time of the system. Dynamic exit sign systems 
usually perform well at the initial stage of an emergency. However, smoke obscuration 
and human factors can cause trouble as the fire develops. When many of the escape 
routes are filled with dense toxic smoke, the number of dissuasive dynamic exit signs 
must increase. There is also no perfectly safe route in an evacuation. Occupants may 
have to rely on themselves, and it is still unknown if dynamic signs with dissuasive 
information will cause extra problems for occupants. 

A dynamic exit sign system could also guide people during other emergencies, such 
as earthquakes or active shooter incidents, when occupants need to evacuate via 
specific paths. However, systems for such incidents would require different types of 
sensors, algorithms, and control systems. The technology for these applications is still 
underdeveloped. 

Tentative adoption of the system’s networks and algorithm: There is no 
consensus regarding the Internet of Things (IoT) network necessary to adopt a 
dynamic exit sign system. Kim, et al. [63], carried out a study on the use of a central 
server network and a sensor network for dynamic exit sign systems. A central server 
network is a network in which each sensor is directly connected to a central server. 
The central server is physical hardware placed in a control room, and it collects the 
data from each sensor.  

In comparison, a sensor network has no central server and the data is transmitted 
through each sensor (or node). Each sensor node forms a network, and the dynamic 
exit signs are controlled in accordance with each sensor’s detection status. This allows 
for communication between exit sign nodes using a wireless sensor network. The 
comparison of both networks is shown in Table 12. 

Table 12. The comparison of a central server network and a sensor network. 

Specifications 
Central Server Network 

(server-dependent) 

Sensor Network 

(server-independent) 

Connection method Wired/wireless Wireless 

Server reliance  High Low 

Installation cost High Low 

Required installation  High Low 

Vulnerability  High Low 

Compared to a central server network, a sensor network offers the advantage of lower 
server reliance. As a central server network is server-dependent, if the central server 
breaks down, the entire system fails. A sensor network is more robust because the 
exit sign nodes can still communicate when one of them is damaged.  
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However, sensor networks have not been widely adopted due to a lack of research 
and case studies on their use. In addition, extreme elements, such as smoke 
accumulation and high heat, could destroy a sensor network’s operation. Further, 
according to Kim’s research team [63], the data transfer rate of a wireless network 
could be degraded by fog and water particles, as they could absorb the energy of the 
electromagnetic waves. The sensor network technology will require further 
development before it can be used.  

Unauthenticated objectives: In addition to the hardware concerns, the consolidation 
of a system’s algorithm is critical, as it represents the operational feasibility of a 
dynamic exit sign system. Table 13 compares different algorithms and systems for 
dynamic exit signs. Specifically, it compares the automated direction setting algorithm 
(ADSA) [64], automated determination exit sign direction (ADESD) [65], and server-
independent smart exit sign system (SISES) [63].  

ADSA translates spaces and elements in real buildings into nodes and lines. It 
reconfigures exit and exit sign networks utilizing Dijkstra’s algorithm and the Floyd-
Warshall algorithm to recalculate the shortest safe path when a fire is detected. 
ADESD is a system design that requires building information modeling (BIM) with the 
locations and types of exits and exit signs. ADESD also utilizes Dijkstra’s algorithm to 
generate a navigation graph network of a building and integrate exit signs into the 
network to calculate optimal routes. SISES proposes an algorithm comprised of 
decision nodes and mobile communication nodes. Mobile communication nodes are 
mobile devices carried by individual evacuees. Decision nodes are the sensors 
installed in the building to collect data and compute the shortest and safest escape 
path for evacuation.  

Table 13. Different proposed dynamic exit sign systems. 

Specifications ADSA [64] ADESD [65] SISES [63] 

System design using 2D nodes and lines 3D BIM model Decision nodes and 
mobile communication 
nodes 

Algorithm applied Dijkstra’s algorithm 
and Floyd-Warshall 
algorithm  

Dijkstra’s 
algorithm 

SISES algorithm 

System’s objective To calculate the 
shortest safe path 

To calculate 
optimal routes 

To compute the 
fastest and safest 
escape path 

 

These system designs have a similar objective—computing the shortest path for 
egress. However, if some egress routes suggested by the system computations 
overlap, issues could occur, as evacuees may be conflicted when choosing an 



Page 53 
 

evacuation path. A dynamic exit sign system could unify these fundamental 
considerations and find all the loopholes in the system.  

3.3. Knowledge Gap 
The knowledge gap refers to the insufficient understanding of dynamic exit sign 
systems. Multiple factors of dynamic exit sign systems remain unknown or unclear, 
including the following: 

1) Appearance and display patterns  

2) Maximum allowable complexity 

3) Actual performance under smoke obscuration 

4) Human behavior with dynamic exit sign assistance  

Appearance and display pattern: Before regulating the appearance and display 
patterns of dynamic exit signs, users have to understand how they work, including how 
they deliver messages and draw attention with different designs. It is essential to 
regulate the design of dynamic exit signs to ensure evacuees notice and interpret them 
without confusion. However, there are currently some significant differences between 
display patterns. For instance, some dissuasive signs (e.g., see Figure 20 and in 
Figure 21) utilize red flashing lights at the corners of red crosses, while others have 
static LED red crosses.  

However, some dissuasive signs utilize flashing red crosses across the entire sign 
(e.g., see Figure 3c). Since the ultimate goal of using dynamic exit signs is to guide 
evacuees, the preferable design must shorten the time necessary for evacuees to 
decipher the signs. If evacuees perceive dissimilar or conflicting messages, it may 
lead to a longer reaction time and make decision-making harder in an emergency. 
Unfortunately, there is no detailed research on these topics, nor is any standard design 
currently accepted. Thus, more research on the appearance and flashing patterns of 
signs is required before an optimal design can be chosen. 

Maximum allowable complexity: It is still unclear how dynamic exit sign messages 
affect human behavior during an evacuation. Past experiments [13] have shown that 
participants may get confused by dynamic exit signs in complex situations. When three 
directional dynamic exit signs (one persuasive and two dissuasive) were placed 
together, about 30 percent of the participants were confused by the message. 
Participants may be conflicted when choosing an exit in an emergency, especially if 
there is more than one exit available, which can slow down evacuation. Placing 
multiple dynamic exit signs in one place can lead to further confusion. More research 
is required on this topic before codes and standards can be made to regulate them.  

Actual performance under smoke obscuration: Smoke may also impact the 
performance of dynamic exit signs, but more research on this topic is required. 
Previous research on dynamic exit signs was performed in areas without smoke [13, 
57]. However, in a real-life situation, smoke can generate at the early stage of a fire 
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outbreak and gradually turn dense and black with the fire development. While light can 
more easily penetrate white smoke than dense black smoke [66], researchers are still 
working on LEDs for dynamic exit signs that can help evacuees find exit signs in smoky 
environments. More research is required on this topic before dynamic exit signs can 
be used in infrastructures.  

Human behavior with dynamic exit sign assistance: Human behavior in 
emergencies is difficult to predict. Although an egress drill can simulate an emergency 
scenario, it is hard to perceive how evacuees will act in hot and smoky environments. 
Because participants in drills know there is no emergency, there are no instances of 
extreme human behavior, such as screaming and running. Human behavior is a critical 
factor for dynamic exit sign system performance.  

While it is impossible to observe human behavior in real-life experiments due to the 
risks and ethical considerations, conducting experiments using augmented reality (AR) 
and virtual reality (VR) technologies to simulate a true-to-life emergency is an option 
[11]. There have been several studies done in VR environments, but more AR studies 
must be performed. AR immerses users in real environments, making the scenario 
feel more real than one in a VR model. 

For instance, Duarte, et al. [12], conducted an experiment using an immersive virtual 
environment (IVE) to investigate how the dynamic feature in exit signs affected 
behavioral compliance in an emergency. The research focused on whether VR can 
adequately measure behavioral compliance to warnings. In the study, participants 
were seated at a desk with headphones, a head-mounted display, and a joystick to 
control their virtual movement. The IVE experiment instructed the participants to find 
a way out of three locations, one with no exit signs, one with static exit signs, and one 
with dynamic exit signs. 

The results showed that, in the location with dynamic exit signs, participants had a 
higher rate of compliance, shorter egress time, shorter covered distance, and fewer 
pauses during evacuation (Figure 25). In addition, this experiment showed that using 
VR technology to examine human behavior and the effect of smoke was a decent 
method for dynamic exit sign research. The experimental setup allowed participants 
to have a true-to-life experience via audible and visual impact. Therefore, the 
interaction between individuals and their behavior could be examined.  
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Figure 25. Means  of egress time, distance, and pauses by experimental condition [12]. 

In short, more studies with VR and AR are needed to better understand human 
evacuation behavior and build more reliable computational models for fire evacuation. 
This knowledge can further support the development of intelligent dynamic exit sign 
systems.  

Together with Digital Twin technology (Levels 3 and 4 in Figure 4) which is still in the 
early stage of development, the whole evacuation process can be monitored in fire 
incidents or other emergencies. Eventually, each person can get his/her fastest and 
safest routes, as well as personalized instructions from the dynamic exit sign system 
during evacuation. 
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4. Conclusions and Perspectives 
The dynamic exit sign system is still a new concept both in the industry and academia. 
Its development is still in the early stages, and it is far from intelligent. To develop a 
better system, researchers and professionals must continue to investigate human 
behavior, implement more real-life experiments, and introduce emerging technologies. 
Here, we offer some suggestions and insights for improved system development.  

First, the code gap is one of the most significant obstacles. Setting up guidelines and 
regulations is demanding work in the strict fire protection industry, and it requires the 
participation of authorities and professionals. Before officially launching a new fire 
protection product or technology, multiple procedures, such as licensing and testing, 
must be completed. For instance, material testing, including but not limited to 
combustibility and flammability testing, has to be carried out and approved by local fire 
officials, experts, and authorities.  

Getting a single product endorsed can take around one year, and the complicated 
dynamic exit sign system could take much longer, considering many of the necessary 
technologies are still in development. Therefore, there is a lot to be done before these 
systems can be implemented in communities, including choosing algorithms for the 
signs, certifying the hardware, and authenticating the systems. It could take over a 
decade before dynamic exit sign systems are accepted and applied globally, if ever.  

From the researchers’ view, there is no concrete or perfect solution for the legislation 
of such a system. Still, more research must be conducted to better understand human 
behavior with dynamic sign systems and fill the technology and knowledge gaps.  

Regarding the technology gap, sensors for operating dynamic exit sign systems must 
be considered, as they can contribute to other research, such as algorithm 
development. In addition, a universal algorithm will need to be developed that is 
compatible with more than one layout of future infrastructure. This will hopefully lead  
to an acceptable layout for sensor networks and dynamic exit sign systems.  

Regarding the knowledge gap, human behavior with a dynamic exit sign system is the 
most common concern for the public. Due to ethical considerations, a real-life fire 
evacuation experiment to investigate human behavior cannot be performed. In a virtual 
human behavior experiment performed using VR technology, participants can emerge 
into a virtual, true-to-life fire emergency with audio and visual engagement and 
researchers can capture their natural responses. Former research has proven that VR 
is useful for studying human behavior in fire evacuation, and more VR research is 
being done every day. Hopefully, this will lead to a more thorough understanding of 
human behavior with dynamic sign systems.  

This review of dynamic exit sign systems is presented to attract more research 
attention to the topic due to its potential advantage in guiding occupants in an 
evacuation and to raise social awareness of dynamic exit signs. Before dynamic exit 
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sign systems can be used, much more research is necessary to enhance code 
development, technology application, and knowledge exploration. 
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