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Abstract 
Practical experiences, case studies, and an extensive literature search, showed that there is 
only limited guidance available on Human Factors design of Closed Circuit Television 
systems. The available guidelines address old analogue technology in application areas such 
as security, surveillance and traffic. Nowadays we see at least two different classes of 
applications: (1) the traditional surveillance and security, where operators are looking for 
specific events, and (2) remote control and supervision of objects, and processes, where 
operators are being triggered by an external signal to start a CCTV supported control activity. 
HF Guidelines for one class might not be valid for the other class.  
The goal of the research reported here has been to develop Human Factors guidelines for 
digital CCTV system design. The research dealt with: (1) operator task characteristics, (2) 
different parameters of perceived image quality, and (3) operator workload parameters. The 
traditional operator workload parameter is the number of images per operator. An alternative 
workload indicator has been developed and tested: number of scenes an operator can 
handle. A scene is defined as a logical and meaningful set of visual information, to be 
monitored by an operator with a specific aim. An overview of the 2015-revised HF Guidelines 
completes this article. 
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1. Introduction  
 
A CCTV-system (Closed Circuit Television) is a human-machine system, consisting of an observed 
reality, cameras, transmission, displays, image presentation, workplace(s), and operator tasks 
including cognitive information processing. CCTV is used for traffic supervision, tunnel safety, object 
control (such as the opening of a bridge), surveillance, security, remote process control, in health 
care, and so on. Nowadays, HF are a major issue in control center design. As HF Professionals the 
authors frequently come across CCTV systems in control centers, where the lack of HF Guidance in 
the design is apparent. The authors evaluated existing CCTV systems to be of a moderate or low 
ergonomic quality in terms of un-sharp and distorted images, large viewing distances, and 
uncertainty on CCTV operator task requirements (what do you need to see?). 

Only a few HF standards on CCTV systems could be found (notably: EN 50132-7, 2012; FHWA, 
1999). The multipart ISO-11064 Ergonomic Design of Control Centers offers a useful tool and often 
is a mandatory standard for control center design. However, CCTV is hardly addressed. In addition, 
the use in other applications, such as remote control and process supervision is increasing rapidly. 
Based on these observations, a research project was initiated in 2012 to determine the state-of-the-
art on HF guidelines for CCTV systems, and to develop new guidelines. Due to budget constraints, 
the project scope was limited to digital CCTV-systems and life image streaming. The leading 
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research question: What should an operator be able to see, detect, or read reliably on CCTV 
images? And therefore, what HF requirements should be met by the CCTV system?  

 
The research project consisted of the following phases:  
1. Orientation and review of published guidelines and literature (2012). 
2. Eight CCTV Case studies, in order to gain insight in relevant CCTV tasks (2012). 
3. Pilot experiments on ways to determine image quality (2012). 
4. Development of Draft Guidelines (2013). 
5. Laboratory and practice simulated experiments on perceived image quality (2014). 
6. Development of a theoretic basis for the concept of scenes, as a workload indicator (2014). 
7. Revision of Guidelines (2015). 
 
During the project, feedback was organized in a workshop format, with active contributions of 

thirteen funding stakeholders from industry, rail, engineering, and public organizations. A first draft of 
HF guidelines for the design of CCTV control rooms was developed and tested by the researchers 
and stakeholders. A number of grey areas appeared, in particular regarding the level of (scientific) 
evidence of existing standards and guidelines. A part of these grey areas could be investigated in 
the 2014/2015 follow-up studies.  
 

 

2. Literature 

 
Approximately 40 publications on HF of CCTV systems were reviewed (Schreibers et.al, 2012; 
2014), not counting a large number of papers on privacy aspects, legal matters, or how the public 
responds to CCTV. Few references were found on remote control tasks, such as lock and bridge 
control, or remote process supervision of unmanned plants. In general, published design guidelines 
consisted of lists of “things you should think of”. Some highlights: 
 According to ISO-11064, large screen display technology should primarily be used for shared 

information. In practice, CCTV control rooms also have “individual” video-walls. There were no 
manufacturer independent HF recommendations to be found on the use of video walls.  

 The number of live streams an operator can handle depends on task complexity. Some sources 
mention a maximum of 12-16 images at a low task complexity. The problem here, is that the 
reports did not provide clear definitions on task complexity. 

 Usually, operator workload is specified as a camera/monitor-ratio or the number of CCTV 
screens per operator. These ratios may not be task related and depend on display technology. 
The studies did not reveal the number of images on one screen. 

 Experimental evidence usually is rather thin. On the positive side, several field studies have 
been published in the UK (Wood, 2007, 2014) concerning traffic control, rail safety (level 
crossings, platform safety), and incident detection in shopping areas. Also worth mentioning is 
a recent practical Rail Industry Standard, which is an example of a detailed CCTV system 
specification for on train camera and monitor systems for platform supervision (RIS, 2014). 

 A number of studies discuss image complexity. We noticed that a clear distinction between the 
complexity of the image itself and the complexity of the operator tasks, usually is missing. An 
example of an image complexity factor is the layout of the images (within the visual field of the 
operator) compared to the real world. An example of a task related factor is the level of failure 
allowed to the operator. Other, not really surprising experimental problems, concern the 
differences between students/novices as subjects, and experienced CCTV operators 
(DeBruijn, 2015). 

 Literature provides several test charts and test methods for CCTV systems (see EN50132-70, 
2012; Damjanovski 2005). In 2012 EN 55132-7 was revised. What actually happened in this 
revision, was the replacement of the so called Rotakin test procedure (Aldridge & Gilbert, 
1996), by another test. Our experiments and some field feedback, also showed that the 
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validity of a part of the Rotakin test has probably been unacceptable low (Bennis, et.al., 2014). 
 The FHWA-US department of transportation (1999) CCTV guidelines specifically recommend to 

use any other information source if available, instead of CCTV images. For example a "low 
speed" text message, upon which (of course) the operator can switch on a CCTV image of this 
Highway to see what the problem might be.  

 
 

3. Case studies 
 

After the literature survey, eight case studies were executed (see Schreibers et.al., 2014). The cases 
concerned a traffic supervision center, two surveillance centers, two security centers for controlled 
entrance, remote barge jetty supervision, a ship's bridge, and lock control. The purpose of the case 
studies was to gain insight in CCTV operator tasks and current CCTV instrumentation.  

Each situation has been analyzed systematically by experienced HF Professionals using the 
same task analysis protocol for each case. The analysis protocol consisted of two visits to establish 
the situation (drawings, technical data, photographs), observe operator task performance, and to 
have semi-structured interviews with operators. Relations were then sought between the task and 
the CCTV instrumentation, for instance patterns in number of screens installed, image quality 
provided and proportion of CCTV tasks in the function. 

 
 

3.1    Some case study results  

The case studies showed two major differences between surveillance, security, and traffic 
supervision on one hand, and on the other hand remote control and process supervision. The 
number of CCTV cameras/images of the first group of applications requires to transmit large 
amounts of data from cameras to a central location. Therefore, research (literature) focusses on 
image reduction and so-called lossy signal encoding and decoding (as opposed to lossless 
transmission). For remote control and process supervision, image reduction and thus quality 
degradation due to image reduction usually is not an issue. Here, lossless transmission is possible, 
and usually applied. These case study results led us to defining two types of operator tasks. 
 
 Type 1. No trigger 

If there is no attention signal or notification, the predominant task is monitoring images for 
unusual or pre-specified events. The operator scans images until such an event takes place and 
is spotted (detected). Next, he analyses the situation at hand, which may be followed by a non-
CCTV follow-up task. This is a typical pattern for surveillance tasks, as indicated in the process  
“observe – detect  – recognize  – identify”, commonly used in CCTV literature. 
The cases also showed, that job descriptions may not be very specific. For example, the 
operator may not know whether he missed an event. Also, specific events he should be looking 
for, are not always specified accurately. 
 

 Type 2. Trigger 
The operator starts a CCTV task upon receiving a trigger. There is no monitoring task. The 
CCTV task starts either at detect, recognize or identify, depending upon the information 
contained in the trigger signal. This is a typical pattern for a control task. Some examples of 
trigger signals are: a phone call from an employee in the field, who notices an incident; a ship to 
be locked through a sluice that radios the lock master about his arrival; an alarm message for a 
process operator ("pressure is dropping"). 
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3.2    Comparison of two types of large screen displays 

One of the case studies concerned highway traffic supervision. Shortly after the case studies, we 
were offered an opportunity to compare two types of video-walls (Schreibers & Bouchier, 2014). The 
original large screen display was replaced by another. The operator tasks remained exactly the 
same. Display size was enlarged, and brightness doubled. Display resolution was reduced (less 
pixels/m²), and viewing distance enlarged. Looking at the objective data, overall image quality 
became poorer (less detail visible at the work desk). However, the users valued the new situation as 
a substantial improvement, because they could display more images on the large screen display. 
This indicated to the researchers the need to better understand perceived image quality.  

 

 
 

Figure 1. Impressions of the old workstation (left) and the new videowall (right). 
 
 

3.3    Wide angle camera lens distortions  

One of the case studies about lockmaster tasks led to additional research into a simple question: can 
we use wide angle lenses to monitor a lock? The main issue concerns distortions that occur at wide 
angle lens images (barrel distortion; figure 2). A normal lens is specified by a horizontal angle of view 
between 40º and 60º. Wide angle lenses have larger angles of view.  

Operators at two different locks were interviewed and observed. At one lock the users didn’t 
mind the wide angle lens distortions. At het other complex, operators either worked with normal  
cameras or an experimental wide angle camera set-up. Operators disliked the wide angle set-up for 
various reasons. Large distortions and in particular objects moving through an area (such as the 
ship, right image in figure 1) results in a continuously changing shape and size of the object. Also, 
wide angle lenses hamper estimating distances (see image in middle of figure 1, where location 4 
seems to be very far away).  
 

 
 
Figure 2. Wide angle lens distortions (barrel distortion). 
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The following guideline on lenses could be developed for inclusion in the Guidelines (see section 6).  
 Use normal lenses, unless there are strong reasons to apply wide angle lenses. 
 Do not apply a wide angle lens for objects at a short distance.  
 A wide angle lens may be used for large distance applications. In order to minimize barrel 

distortion, the vanishing point of the camera should be aimed at the horizon. The important 
objects should be in the center of the image (distortions are largest at the edges of the image). 

 A wide angle lens may reduce the number of cameras. However, this comes at the cost of a 
reduced image resolution and image distortions.  

 Advanced image processing software enables correcting image distortions, or stitching of 

adjacent normal (lens) images into one wide image. However, this also comes at a cost. The 

calculations take some time (delay), which may not be allowed for by the task. Also note that a 

reduced resolution, in particular near the edges of the original images, cannot be removed. 

 

 

4. The concept of scenes 
 
To address CCTV task complexity, the concept of scenes was introduced. A scene is defined as a 
logical and meaningful set of visual information, to be monitored with a specific aim. The operator 
task determines the composition of a scene. For example: for tunnel safety monitoring a series of 
images representing one traffic lane could be defined as one scene. For a monitoring task, the 
operator could handle four tunnel tubes, i.e. four scenes. If an incident occurs, the scene changes. 
Then, the operator task requires more detailed images of the incident area. For serious incidents, 
workload may become high and a colleague might be asked to monitor the remaining tubes. 

The concept of scenes can be rationalized by assuming that images that share a common 
subtask or geographical area, can be viewed with less effort or workload than unrelated images. 
Workload was operationalized as viewing time in seconds. The concept was studied in three cases: 
a traffic center, a lock, and a railway station surveillance center. In the traffic center and the ships 
lock we found sets of images that were used as a single point of attention focus during the 
monitoring tasks. In the surveillance center, scenes consisted mostly of just one image. An 
interesting finding was that viewing time per scene was 2-3 seconds in all three cases, even for very 
complex images.  

The complexity was rated with a list of complexity factors. The factors were derived from 
literature. In practice, the operators were hardly affected by these factors. Due to their experience, 
even complex targets are recognized quickly and with little effort (e.g. recognizing a person in a 
crowd by the way they walk, even when only the outline of the person is visible yet, among many 
other persons). In order to understand this discrepancy between literature and practice, it was 
noticed that for instance research into suspicious behavior or the influence of screen layout was 
done with students or university staff as participants. Other research on threat-related intentional 
actions, a complicated topic, was done with naïve, paid, subjects. Indeed, an operator in the traffic 
center confirmed that novice operators did not even approach skilled operators in speed and 
accuracy. The complexity factors may however play a role in the learning time required for the job. 
Another interesting finding is that follow-up tasks, such as controlling a lock door or a traffic sign, 
had a much larger impact on workload (measured in time spent on the task) than the actual viewing 
tasks.  
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5. Experiments - perceived image quality  
 
Research published on image quality reduction is scarce. From several features, such as encoding, 
transmission, decoding, and scaling of images it is not clear what the impact on image quality is. For 
example, a reduced sharpness, due to scaling of the native camera image can be seen. Developing 
HF guidelines for CCTV, without a link with image quality is senseless. 

The quality of new delivered CCTV systems may be tested with test charts and procedures, 
such as Rotakin (Aldridge & Gilbert, 1996), and Vidilabs (Damjanovski, 2005). Testing the quality of 
CCTV systems is mostly done either (a) in a laboratory with emphasis on technological features such 
as resolution, pixel size, sharpness, etc. or (b) in practice by asking the users if certain details are 
visible or to recognize and identify faces. Both approaches tell different things about image quality. 
Moreover, it is clear that the test procedures mentioned ad (b) involve subjective aspects such as the 
visual qualities and the expectations of the observer. Nevertheless, we strived to develop a standard 
test set up for measuring the perceived image quality of systems, which is applicable in practice. Of 
course the subjective aspects as mentioned above have to be avoided as much as possible. In fact 
the basic research question was: to what extent do cognitive features of human perception influence 
the judgment of image quality.  

The research aimed for relating the experimental tasks to operator tasks in practice: monitoring, 
detecting, recognizing, and identifying. The research started with a set of experiments in which 
CCTV mediated vision was compared with direct (non-mediated) vision. As test systems the Rotakin 
manikin and the Vidilabs test chart where used. In addition, the Landolt C visual acuity test chart 
which is used by opticians to measure visual acuity, was applied. Subjects were tested in various 
conditions, mediated vision and non-mediated vision with variance in viewing distance, image scaling 
and ambient lighting. The results of the experiments are published in Bennis, et. al (2014). In 
summary the most important results were the following.  
 The Rotakin test clearly did not provide sufficient unique distinctive characteristics to be 

deployed as a valid test system.  
 The results from the Vidilabs test chart were difficult to interpret. As a chart to test images and 

patterns to validate different parts of a technical CCTV system, it seems to be useful for  
investigating factors such as focus, and color. However, the test is difficult to apply in practice 
because of the complexity and the sensitivity for disturbing factors. 

 The Landolt C provided clear outcomes. It is a useful method for measuring the visibility of 
critical detail (related to viewing distance). Moreover, some important other factors involved in 
perceiving image quality, such as luminance/contrast and the influence of resolution, are 
measurable with a variant of the Landolt C test, which was derived from the Freiburg Acuity 
Test (Bach, 1996). 

 
Several follow up experiments with the Landolt C test system were executed. One of the 

experiments was aimed at the development of a specific test configuration, usable for predicting the 
perceived quality of an image. It concerned an existing test for reviewing visual display units during 
commissioning. The test includes detection of specific objects on a traffic lane, by subjective 
judgements by operators. The question was raised, to develop a more objective test which, could 
also be used before commissioning, or for specifying quality features in tenders for potential 
suppliers of visual display units e.g. a video wall. We used a combination of the existing object 
detection test and the experimental Landolt C text. The factors luminance/contrast and ambient light 
as well as the viewing tasks and the visual acuity of the observers were accounted for. A full report 
on this experiment will be published in the near future. A next step is to make the test configuration 
more generic in order to incorporate it in the next revision of the CCTV Design Guidelines (see next 
section). 
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6. Guidelines  

 
It was decided to adopt the same approach as can be found in the ISO-standard Ergonomic Design 
of Control (ISO 11064) for the development of HF Guidelines for CCTV systems. This standard 
about the design of control centers provides an excellent structure for CCTV design guidelines. For 
topics such as workstation measurements, work environment, or legibility of text, the ISO 11064 
requirements also apply for CCTV control centers. For task related topics and image display, the HF 
Guidelines for CCTV system design, includes new material. A total of 63 guidelines can be found in 
the Guideline document (Pikaar, et.al., 2015), divided over the following chapters:  
1. Project Ergonomics – the engineering process for integrating HF in the design of CCTV-related 

control centers. 
2. CCTV System Description – describing the elements of the CCTV system and how to achieve a 

complete functional description including a detailed task- and information analyses. 
3. Field equipment – Cameras, camera positions, image pre-processing. 
4. Control room layout and workplace design – Requirements for control room layout, workstation 

design and visual anthropometry for situations with a large number of information displays (i.e. 
hardware issues).  

5. Image presentation and interaction design – for CCTV systems, the majority of information 
concerns images. This chapter includes guidelines on image display, image quality, navigation, 
and picture design including hybrid graphics (images and other types of information). 

 
 

7. Discussion  
 

Technology for control center instrumentation and for CCTV systems is rapidly changing. New 
applications are emerging. HF research tends to be late, because laboratory experiments, field 
experiments and theory development take considerable time. Therefore, it was decided to publish in 
2013 Draft HF Guidelines for CCTV systems (Pikaar, 2013), being fully aware that the guide would 
not be complete, and scientific evidence might be lacking. At the time of writing this article, a revised 
Guide has been published (Pikaar, 2015). The concept of scenes has been introduced in the revised 
guidelines, again being aware that the concept shall be researched further. The same considera-
tions apply to test procedures for perceived image quality. 

There are a few lessons to be learned. We encountered large differences in terminology as well 
as in engineering practices, over a variety of application areas. For example: security as in building 
entrance control, has a different meaning from safety, security & reliability, as in a chemical process 
control unit. Until now, it has been our aim to develop one set of guidelines that can be used in all 
types of applications. However, it is yet unclear whether this would be a sensible thing to do. For 
example, Johnsen and Stene (2014) indicated the importance of CCTV for remote support of oil and 
gas platforms. This led to the question: should there be a separate set of guidelines, rules or best 
practices to support the implementation and use of CCTV in Oil & Gas? Bennis and Lenior (2014) 
introduced a combination of CCTV and other ICT support (sensors) as well as an application area 
not being addressed elsewhere in CCTV literature: healthcare. Research outcomes thus far indicate, 
other design solutions than practiced for the applications discussed in this article.  

Some topics not being part of the research scope until now, are expected to contribute 
considerably to CCTV control center design, such as automated video content analytics (VCA), post-
event analysis of CCTV footage, and special types of cameras (infra- red, high resolution). 

The authors suggest to continue working on the Guidelines on the basis of an input by 
interested stakeholders. Gradually, the material will become more complete, and evidence level may 
rise. Also, it is suggested to start a new ISO standardization item on HF of CCTV systems, in 
connection with ISO 11064. First steps have been undertaken. Finally, the authors welcome 
feedback on this work in progress. 
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