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SECTION 1 

SUMMARY AND CONCLUSIONS 

Pier lighting may be justified only as a part of a security, operational, or 
safety upgrade program and then only up to an apparent maximum of 2 footcandles 
illuminance. 

1.1 PROGRAM SUMMARY 

The Navy Pier Lighting Requirements Test Program was initiated in San 
Diego on April 11, 1988 as Task ZZ19 of Contract NOO123-86-0299 with Mission Re¬ 
search Corporation performing as a Subcontractor to Tecolote Research. This con¬ 
tractor team was directed by the Navy Civil Engineering Laboratory. The sponsorship 
of the program was provided by NAVFAC. 

The program began in July 1986 as an outgrowth of Navy studies of pier 
modernization, including wider and multidecked piers. Increased terrorist attacks 
around the globe in the same time frame gave impetus to including security design 
criteria to the obvious operational and safety criteria. The lighting system to be tested 
was designed in March 1987 and contracted in September 1987. The initial test plan 
and plan of action were developed in 1987. 

The program goals are to determine if existing Navy pier lighting guidelines 
are adequate and to discover if variations from such lighting guidelines will significantly 
improve or degrade productivity, safety, or security. The end product of this program 
is a quantitatively defensible and inter disc ip linarily coordinated Navy pier lighting 
specification. 

This program was divided into seven tasks as follows: 

Task 1 Provide Revised Test Plan 

Task 2 NAVSTA San Diego Logistical Coordination 

Task 3 Passively Record Pier Operations 

Task 4 Active Security Test 

Task 5 Test Data Reduction 

1-1 



Task 6 Delphi Panel Data Interpretation 

Task 7 Report and Lighting Specification 

Original schedules anticipated completion of all these tasks by January 1, 
1989, however construction delays caused a six month delay in most aspects of the 
program. 

The emphasis of this program was to use a prototype lighting system in¬ 
stalled on an operational Navy pier at NAVSTA San Diego to study the relationship 
between lighting and security, operations and safety. A large contingent of NAVSTA 
personnel were used as intruders and observers to provide nearly 8000 records of in¬ 
trusion visibility on the pier surface as well as on the water surface surrounding the 
pier. An extensive CCTV instrumentation system was installed by the Naval Elec¬ 
tronic System Engineering Activity (NESEA) to allow comparison of direct human 
observation with video monitoring, comparison of pier surface observation aspects 
with those at significant heights aloft, and measurement of operational timelines for 
ship mooring without contaminating the results by our presence. A panel of experts 
in operations, security, human factors, and safety was assembled to interpret the data. 
This group operated as a Delphi Panel, responding to a series of formal polls. Retired 
Rear Admiral Donald Iselin was also retained as a consultant to help interface with 
Naval personnel and organize the test program and Delphi survey. 

1.2 PEER LIGHTING TEST CONCLUSIONS 

1.2.1 Pier Security Conclusions 

The test indicate that pier security is very dependent upon relocation of the 
security personnel from the pierhead. The pierhead location is only useful for entry 
control badge inspection. Any attempt to secure the pier surface from this location 
will prove unsatisfactory due to the daytime traffic obscuration and long distance to 
the end of the pier. 

During the day, traffic on the pier, both vehicular and pedestrian, limit 
security observation of any intruder from the pierhead to around 45 percent maximum 
effectiveness. Also, even during daytime, the ability to observe the far end of the pier 
is reduced to less than 50 percent just due to the long distance of 1200 feet. 

Day and night security is dependent upon multiple additional observer lo¬ 
cations at higher points above the pier surface or at several points along their pier 
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surface or at several points along the pier surface. Use of CCTV near the top of the 
100 foot lighting masts, observers as high as practical on the moored ships, or several 
spots on their pier surface is crucial to achieving observation probabilities above 85 
percent. The only way to see what is happening on the pier surface, is to look down on 
it or across it for limited distances. The current roving patrol has little or no bearing 
on the detection of intrusions due to his low altitude and his facing one way at any 
given moment. No amount of pier surface lighting can be justified for security until a 
commitment is made to relocate observers to new vantage points. 

Even in the darkness, with lighting of 0.005 to 0.2 footcandles, detection 
reliability of rolling intruders is high if the observation distance is 600 feet or less. 
Detection at extreme distances of 1200 feet is unreliable no matter how much light is 
provided, even in daylight. In the intermediate distances where visibility is becoming 
marginal at around 900 feet, lighting appears to help detection reliability. There is 
no evidence that lighting levels over 2 footcandles are particularly beneficial. Lighting 
to 2 footcandles illuminance is probably the maximum which can be justified for pier 
security, and even then it is only beneficial if observation distances approach the limit 
of reliable human eyesight - around 900 feet in Navy pier situations. 

The tested lighting system exhibited many of the features desirable in an 
operational system. While it is probably true that a single lighting mast in the middle 
of the pier is sufficient to support lighting, two or three masts are desirable to provide 
proper observer viewing in traffic and glare environments. As little as 38 percent of 
the tested luminaires are required to provide a very uniform 2 footcandles illuminance 
on the pier surface, if a low angle of incidence “glare lighting” approach is utilized. 

The human factors aspects of the pier lighting test program were as impor¬ 
tant as expected. Security guards exhibited a wide range of performance reliability 
as anticipated. In daylight, detection scores for the same situation ranged from 100 
percent to 0 percent. Physiology and psychology combine through eyesight and atten¬ 
tiveness variances to produce extreme differences in observation performance. In other 
words, we note that test results are dependent upon whether participants were alert 
and dedicated or asleep or in between. All security operational results will be similarly 
influenced by observer commitment, which will in turn be the result of training and 
rewards. 

Data shows that CCTV generally requires higher levels of lighting than 
direct human observation. 

The surface of Navy piers can be secured and lighting can play a role in 
achieving such a goal. One way to achieve a high level of pier security is for each 
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moored ahip to position a highly trained and motivated observer at the highest prac¬ 
tical point on the ship’s superstructure around the clock. This approach probably 
does not benefit greatly from lighting because such an observer is within 600 feet of 
all points of interest on the pier. Another way to achieve a high level of security is to 
place three masts evenly along the pier with lighting on the middle one providing 2 
foot candles illuminance and CCTV on the two end masts to provide opposing views 
of the pier in traffic or glare situations. The difficulty with the latter concept will 
be reliably viewing the CCTV monitors. Computer processing the CCTV image for 
intrusion activity is unfortunately not a solution for Navy piers due to the high level 
of pier activity, particularly during the day. Other observer/lighting concepts deserve 
attention as well. 

1.2.2 Water Security Conclusions 

Water surface security is quite a different problem since it requires surveilling 
a luge surface area instead of the long narrow zone so typical of most security situa¬ 
tions. Nevertheless, the results of the water security test performed are quite similar 
to those for the pier surface. 

The most important security feature in achieving high reliabilities of detec¬ 
tion of swimmers on the water is proximity of the observer. Within 600 feet, the 
detection can be made equally reliably in the dark or during daylight. At the dis¬ 
tances where visibility is marginal, around 900 feet, improved lighting appears to 
increase security detection reliability. Tested water surface lighting levels of 0.1 to 0.3 
footcandles appear insufficient at observers locations around 900 ft. The appropriate 
levels are not known and more testing is required before a conclusive and cost-effective 
recommendation is possible, although 2 foot candles represents a likely upper bound. 

As in the case of the pier surface, options appear to exist for placing ob¬ 
servers high on the outer superstructure of moored ships. This places an observer 
within 700 feet of all water between the piers and may not even require lighting for 
achievement of high security observation reliability. Alternatively, one may structure 
a surveillance system around the same three pier masts supporting lighting and CCTV 
as outlined for the pier surface. 

If lighting is used in this manner, a system very similar to that tested, with 
60 percent of the luminaires directed toward the water will likely provide 2 footcandles 
on the water surface, and provide 85 percent visibility of swimmers at 900 feet. 
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1.2.3 Pier Operations Conclusions 

Unfortunately, the plan to acquire quantitative data on the influence of 
lighting level on pier operational timelines was thwarted by various factors. In spite 
of videotaping Pier 5 continuously for almost two months, no night moorings were 
ever recorded. 

In this regard no specific requests for night arrivals or departures were made 
by the project team. The concern was for tainting the human factors aspects of a 
“programmed” trial, if too many of the concerned personnel were aware of the purpose 
of such a trial. 

The informal consensus of the shipboard and pierside operational personnel 
talked to during the tests did suggest, though, that lighting helps operations. “Com¬ 
fort" levels were up when the pier was lit at night. Common sense also says lighting 
is more natural. The commercial sector is uniform in its application of lighting to 
similar situations. 

While solid quantitative data stemming from the video recording is lacking 
on the relationship of pier lighting to pier operations, we do have some information. 

One night mooring in the dark was witnessed by the test team during a site 
inspection well before any instrumentation was operational. This mooring is recalled 
as having been performed (lines within around 10 minutes, brow within 20 minutes, 
and electrical utilities within 40 minutes) roughly equal to daylight measurements by 
others. Another night mooring occurred on December 1 as security intrusions were 
being conducted under the glare lighting scheme of around 2 foot candles. Notes taken 
by the test team show lines within around 10 minutes and brow with 17 to 20 minutes. 

Quantitative arguments supporting pier operational lighting are still lacking 
and qualitative arguments are inconclusive. For example, the above information shows 
very similar timelines in performing tasks in the dark without lighting compared to 
daylight timelines (as published in “Port systems Project Pier Utilization Study”) - 
i.e., about 15 minutes to tie up. While visibility difficulties slowed electrical utility 
hookup somewhat, even these timelines were of the same order to those published 
for daytime. The likely truth is that the Naval personnel are so well trained at their 
duties and practiced at performing them in the dark that lighting does not materially 
help timelines. 

It is also important to note the lack of demand for night operations. Over 
a period of more than 4 months, no significant level of night operational activity was 
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observed on pier 5. Reports of periods of “high tempo” activity just were not seen. 
Another possibly important factor related to the ability of justifying pier lighting to 
support crane operations is the low predictability of the precise arrival and departure 
time of ships. This results in a crane waiting for 15 minutes to an hour in order 
to spend around 15 minutes setting brows and connecting electrical cables. This 
inefficiency dominates any possible efficiency resulting from improved lighting. 

It is quite possible that pier lighting can be justified for the infrequent 
periods of intense activity or even wartime preparations with greater ease than it can 
for normal day-to-day activity. It is also possible that techniques other than lighting 
can independently or in conjunction with lighting result in operational improvements. 
An example of such a technique is the striping of utility cables and hoses with yellow 
reflecting tape or paint to aid in their night visibility. 

1*2.4 Pier Safety Conclusions 

As in the case of operations, no safety related incidents occurred during the 
test period and consequently no related quantitative data was obtained. This may 
be related to the fact (as suggested by available historical data) that although many 
potential dangerous situations exist, piers have proven to be relatively safe even in 
the dark due to the alertness and training of Naval personnel or because nighttime 
activities are limited . Also relevant is the fact that our presence was for only a 
relatively short period of four months. 

These appears to be general and informal agreement by those talked to that 
no safety crisis or problem of major proportions exists on Naval piers, even in the 
dark. Central records of pier accidents provided us reveal some injuries and even 
deaths on Naval piers at night, but other dominant causes were common, including 
open manholes and drunkenness. One reasonable question is whether the pier is safer 
at night or during the day. On site experience leads test team members to suspect 
that daytime intermingling of heavy vehicular and pedestrian traffic is the highest 
risk environment. Separation of vehicular and pedestrian traffic could be readily 
accomplished by use of yellow painted walkways (that have currently been handled 
by a stripe that has faded) and by cones and plastic traffic tape. If such a daytime 
approach were adopted and lights were applied at night, visibility would be even more 
enhanced as compared to the current oil soaked pier surface. 

Many unsafe practices are common; such as leaving black utility cables 
around on the pier, tying bicycles up on the pier, walking around in the midst of 
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crane operations without any temporary barriers being used, and typically walking 
down the middle of the vehicular roadway. At night light clothes or reflective bands 
are not required on pedestrian traffic. Safety records speak well of the alertness and 
training level of Naval personnel, in relation to these practices. Lighting is likely to 
help and will never hurt safety statistics, but lighting should not be expected to solve 
a safety problem to the exclusion of these other safety practices. 

1.2.5 Summary of Test Conclusions 

Figure 1.1 summarizes the data obtained from this test program in the 
form of recommended pier surface and water surface illuminance versus observation 
distance. This graph is based upon a 90 percent likelihood of observing rolling and 
swimming intruders on the appropriate surface. As observation distance approaches 
1200 feet, observation success cannot be assured with any lighting. 

Given Figure 1.1, it is recommended that in situations where a single person 
must be applied to securing a pier, two to three 100 foot poles should be used to 
provide up to 2 foot can dies illuminance on the pier surface and the water surface. 
These poles must serve as standards for the luminaires and CCTV cameras. Another 
lighting system for situations with constrained manpower is the placement of lights 
on the ship superstructure and use of CCTV cameras high on any docked ships to 
look fore and aft along the pier and out to the water surface. 

Finally, in situations where Naval manpower is in plentiful supply, for ex¬ 
ample when 2 to 4 personnel per ship or 4 to 8 personnel per pier are available for pier 
surface security, reliance upon already available ambient lighting is possible. In such 
situations, one can place two personnel high on the superstructure of any ship located 
at the pier facing fore and aft to secure the pier. Two additional personnel can be 
placed outboard near the bow and the stern to secure the water surface again using 
ambient lighting. Existing techniques for lighting pier operations work effectively, al¬ 
though painting surfaces or use of reflective tape is recommended to highlight various 
pierside utilities. 

1.3 PIER LIGHTING DELPHI SURVEY CONCLUSIONS 

As part of this study a Delphi Survey of a panel of Navy experts was con¬ 
ducted. The Delphi Survey is a formal technique for eliciting and refining group judg¬ 
ments. The objective of applying this Survey Technique to the Pier Lighting Project 

1-7 



R
E

C
O

M
M

E
N

D
E

D
 H

O
R

IZ
O

N
T

A
L
 (

SU
R

FA
C

E
) 

IL
L

U
M

IN
A

N
C

E
 (

F-
C

) 

103 

90% 

103 — 

10 — 

1 

io-1 — 

lO"3 - 
0 

Figure 1.1. 

300 600 900 

OBSERVATION DISTANCE (FEET) 

Recommended Lighting Illuminance. 

1200 

1-8 



waa to identify important considerations related to lighting specifications for Navy 
piers considering pier security, operations and safety. The panel of experts assembled 
for this purpose represented a broad spectrum of related knowledge and experience 
and are identified in Section 5. 

In general a Delphi Survey is most appropriate in situations where because 
of the inherent nature of the problem and/or because of limited resources, it is not 
possible to quantitatively establish objective and measurable relationships between 
the various factors effecting a problem area. In such situations one must rely on 
the judgement of experts who are familiar with and who have dealt with the various 
aspects of the problem. The distinguishing features of the Delphi Survey described in 
Section 5 are: 

1. Anonymous response of a Panel of experts to a formal questionnaire. 

2. Iterations and controlled feed back. 

3. Statistical presentation of the results. 

The Delphi survey conducted as part of this study resulted in the following 
general conclusions: 

Security Threat. The most critical pierside threat is considered the walking 
threat, followed by running or crawling. The more critical water threat is considered 
the swimmer followed by a boat. 

Security Guard Observer Location. For lights located on the pier, a roving 
guard on the pier is preferred. For lights on the ship, a guard on the bridge of the 
ship; and for lights located underwater, a guard on the fantail/forecastle of the ship 
is preferred. 

Safety/Operational Activities Improved By Lighting. Pedestrian traffic fol¬ 
lowed by crane operations are the pierside activities considered to be most improved 
by lighting. 

Fixture Location. The pier surface is preferred when considering both secu¬ 
rity as well as safety and operations. Security considerations also give preference to a 
location underwater next to the pier for water threats. 

Fixture Height. For lights on the pier there is a preference for 100 ft above 
the pier surface. This is the case considering both security as well as safety and 
operations. 
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factors. 
Pole Spacing. 630 ft is preferred considering security, operations and safety 

Amount of Lighted Area, For lights shining on the pier, all of the pier sur¬ 
face is preferred when considering security, safety and operational factors. For lights 
shinning on the water, the full surface of the water between the piers is preferred. 

Light Intensity. 2 ft-candles is preferred as a balance between security, safety 
and operational factors. 

Time Lights Are On. 100% is preferred for security. Up to 10% is indicated 
for most operational activities with the exception of vehicle transport and pedestrian 
traffic where 50% of the time is indicated. 

Spectrum Options. High pressure sodium is preferred under all conditions. 

Pier Surface Reflectivity. Intermittent beaded stripes of retro- reflectors across 
the pier (i.e., like highway lane dividers) is the first choice for security, with gray as a 
second choice. Gray is preferred for safety and operations. 

1.4 RECOMMENDED PIER LIGHTING CRITERIA 

Table 1.1 provides a recommended lighting specification for Navy piers based 
upon this program. The maximum specifications are for operation, safety and/or 
security with observers over 600 feet away. The minimum specification is for security 
only with observers at or under 600 feet away.se 
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Table 1.1. Navy Pier Lighting Criteria. 

FACTOR 

FOR SECURITY 
ONLY WITH 
OBSERVERS 
AT OR UNDER 
600 FEET 

FOR OPERATIONS, 
SAFETY AND/OR 
SECURITY WITH 
OBSERVERS OVER 
600 FT. AWAY 

VARIANCE 

ILLUMINATION LEVEL 

• PIER SURFACE 

• WATER SURFACE 

• VERTICAL SURFACE 

SPECTRUM 

0.02 FC 

0.005 FC 

0.02 FC 

HPS 

2.0 FC 

2.0 FC 

2.0 FC 

HPS 

± 50% 

± 50% 

± 50% 

NA 

NA = Not Applicable 
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SECTION 3 

BACKGROUND LIGHTING PRINCIPLES 

This section will provide the background for understanding the test plan. It 
provides, as a point of comparison, lighting standards for piers and other analogous 
working environments. It discusses the role of lighting in security. It discusses visibility 
theory as it relates lighting to human vision. This section also provides background 
on lamps and luminaires, as well as video surveillance. 

3.1 IES STANDARDS 

The Illumination Engineers Society (IES) lighting handbook provides quan¬ 
titative standards for lighting based upon qualitative judgments. Categories of interest : 
here include: 

cargo handling and port shipping 

security 

outdoor 

underwater 

aviation 

3.1.1 Operations 

The IES Lighting Handbook 1981 Application Volume, pages 2-15, recom¬ 
mends pier illuminance values of: 

freight piers: 
Passenger piers: 
Active shipping surrounds area: 

200 lux (20 foot candles) 
200 lux (20 foot candles) 

50 lux ( 5 foot candles) 

The same reference discusses Cargo Handling and Port Shipping facilities on pages 
9-24 and recommends illuminance values of between 20 lux (2 foot candles) for crane 
operations to 5 lux (0.5 foot candles) for most pier and warehouse operations. 
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Airports use high mast floodlighting to provide illumination of aircraft stand/ 
apron/ramp areas. The recommended levels, from pages 15-15 of the same reference 
are 20 lux {2 foot candles). 

2.1.2 Safety 

The same IES reference provides safety standards on page 2-45. These are: 

High Hazard/High Activity 
High Hazard/Low Activity 
Low Hazard/High Activity 
Low Hazard/Low Activity 

54 lux (5 footcandles) 
22 lux (2 footcandles) 
11 lux (1 footcandle) 

5.4 lux (0.5 footcandles) 

2.1.3 Security 

The IES reference discussed security surveillance lighting of large open areas 
and recommends: 

Average illuminance 2 lux (0.2 footcandles) 
Minimum illuminance 0.5 lux (0.05 footcandles) 

During the Lighting and Artificial Surface Technology program sponsored by the U.S. 
Army MERADCOM, illuminances tested in a perimeter fence zone involved 2 to 0.2 
footcandles for broadside floodlighting of natural grass surfaces under HPS luminaires. 

2.2 SECURITY PRINCIPLES 

2.2.1 Threats 

There are many ways of dissecting the threat spectrum. It may be divided 
into levels of severity, ranging from civil disobedience to paramilitary attack. A list 
of threats that represent increasing levels of severity might look like: 

civil disobedience 

criminal 
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terrorist 

enemy distant attack 

An important difference between the first two and the last two such categories is the 
difficulty or impossibility of deterring the last two. The last two typically attack with 
full recognition of life risk. The lower on the list, the greater the degree of dedication, 
weapon firepower, and strategy planning generally exhibited. 

Threats, particularly severe ones, will choose logically between overt and 
covert tactics. Diversionary attacks, use of military uniforms, use of Coast Guard 
look alike boats and similar tactics will be considered by severe threats. Observation 
of target operations and weakness has been known to occupy terrorist organizations 
for over 6 months. Severe threats generally attack with superior firepower, using truck 
bombs, mortars, light anti-tank weapons (LAWs), etc. and exhibiting a willingness 
to kill defenders at the initiation of attack. While slow meticulous threats might offer 
a chance of avoiding detection by defenders, fast surprise strikes offer the chance of 
catching defenders off guard and unprepared for rapid reaction. Divers and swimmers 
might be representative of the former threat tactics, while hang gliders, helicopters 
and fast boats might be representative of the later threat tactics. 

Some threats therefore stress the detection of attack while others stress the 
intensity and quickness of response. Lighting can play a role in deterring lesser threats, 
aiding detection and facilitating response. 

2.2.2 Deterrence 

The central principles of civil security are ones of deterrence and loss limit¬ 
ing. This recognizes that one need only raise the apparent risk to the threat beyond 
that at alternative target and that security above a certain level is not economically 
justified relative to the losses expected. These principles lead to urban street lighting, 
police patrol cars, night guards and receptionists, bens on windows and alarm systems 
on doors and windows. 

As we focus upon lighting for deterrence, we are led to consider the psycho¬ 
logical effect on threat tactics. Floodlighting is argued to be of deterrent value in civil 
and commercial areas for criminal threats. There has been no quantitative research in 
these areas of dynamic lighting. Dynamic lighting embraces lights that are turned on 
and off either randomly or under control of a sensor after detection. Whether using 
floodlights or spotlights, dynamic lighting would appear to a threat as representing a 
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degree of preparedness and attentiveness that static lighting would not. Even random 
dynamic lighting could be used to help direct an observer guard’s attention to various 
zones, avoiding inadvertent over attention to one zone. 

While dynamic lighting techniques might be superior to static floodlighting 
for deterrence, terrorist and sabotage threats are unlikely to be deterrable under any 
circumstances. In practice it is not obvious whether a serious attack would be more 
likely during daylight, static night flood lighting, dynamic night lighting, or in darkness 
with observation by infrared imaging. 

2.2.3 Role of Intrusion Detection Systems (IDS) 

Intrusion Detection must be related to barriers and response. The central 
issue in enforceable security is the comparison of the threat and defense timeline. From 
the time of a response force alarm receipt to engagement of the threat before successful 
attack of the target is the response timeline. It must be shorter than the threat 
timeline from the same alarm point to the mission completion. Often this requires 
not only a dependable Intrusion Detection System (IDS), but also the detection of the 
threat at a distant perimeter and use of delaying barriers after detection. 

Usually, we also distinguish between detection and assessment of the threat. 
Detection is the first indicator that something might be happening. This is often 
performed by an electromagnetic sensor and is used to “wake up* a guard or turn on 
another sensor to determine if it is a nuisance alarm or an actual attack warranting 
response alarm. The subsequent assessment is frequently performed by a roving patrol 
or fixed observer and sometimes assisted by aids such as CCTV. 

Our testing does not attempt to measure detection since that process is 
dominated by human behavioral issues of attentiveness, motivation, fatigue and others. 
The test plan focuses upon assessment, which is a more mechanical capability. 

Many, if not most military security arrangements utilize a perimeter detec¬ 
tion principle in an attempt to help the timeline. These deployments use perimeter 
fencing, illuminated at night and augmented with electromagnetic sensors. The sen¬ 
sors alarm with relatively high frequency due to environmental difficulties such as 
wind, rain, animals and so on. As the sensors alarm, a guard usually high in a tower 
is alerted to examine the perimeter zone in question for activity. If activity were 
noted, a response team would be called to intercept the threat. An analogous system 
at NAVSTA San Diego would probably use a light beam across the water between 
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the ends of the piers to turn on spotlights and be examined by a pierside guard or by 
CCTV. 

Prom purely a security point of view there are several, if not many lighting 
concepts using perimeter spotlighting, underwater and under-pier lighting, infrared 
or low light level vision devices, as well as floodlighting that warrant comparison. 
However, the floodlighting concept is one offering unique side effects for enhancing 
pier operations and safety. 

3.3 VISIBILITY 

This section will discuss how the human eye and mind use light to observe 
events. It will introduce lighting theory and principles and introduce the lighting 
concepts to be examined in this test program. This section is completely extracted 
from the previous report, “Lighting and Artificial Ground Cover*. 

3.3.1 Photometries 

Figure 2.1 indicates the relationship between various photometric units. 

Luminous flux is the total light from a source measured in lumens with a 
sensor spectrally matched to the average human eye. The candle in Figure 2.1 emits 
4x lumens. 

Intensity is the luminous flux through a unit of solid angle and is usually 
measured in candelas (lumens/steradian). 

Intensity (I) 1 lumen/steradian — 1 candle = 1 candle power — 
1.03 candelas 

Illuminance is the amount of luminous flux received by a unit of surface area 
and is usually measured in footcandles (lumens/ft1). Illuminance values for normal 
outdoor light levels are shown in Figure 2.2. 

Illuminance (E) lumens/cm1 
1 lumen/m* = 1 meter candle = 1 lux 
1 lumen/ft1 = 1 ft-candle (ft-c) 
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Figure 2.1. Intensity and Illuminance Units. 
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Luminance ia the amount of light emitted or scattered by a surface and ia 
usually measured in foot-lamberta. One footcandle falling upon a perfectly diffuaing 
white surface with no loss would produce one foot-lambert. 

Luminance (B) lumena/steradian/m* (or cmJ) 
lamberta (L) = millilamberta (mL) x I03 = 
micro lamberta (/*L) x 10® 
For a perfectly diffusing surface, 1 lambert = 
1/a- candles/cm1 foot-lambert (ft-L) = 1.076 mL 

Many other strange units exist, but are seldom used (thank goodness). 
These include brils, brills, nox, stilbs, blondels, glims, apoetilbs, Hefnerkerze, phots! 
scots, skots, helioe, lumergs, pharos and Talbots. 

Table 2.1 allows conversion of luminance units (and some illuminance units 
to illuminance assuming a l&mbertian surface). 

2.3.2 Vision 

The innermost lining of the eye is the retina. The retina, which in its 
construction is an extension of the brain, contains a very large number of very small 
light receptors called, because of their shapes, the rods and the cones as shown in 
Figure 2.3. There are some seven million cones contained almost entirely within the 
central portion of the retina, called the fovea as shown in Figure 2.4. The cones 
perform the function of precise sight at normal brightness levels. The cones are also 
color sensitive so that color vision is most acute on the central line of sight. 

The other approximately 130 million rods are distributed more widely about 
the periphery of the eye; they are not color sensitive but have an extremely high 
sensitivity to light, so that their function is to permit seeing at very low levels of light. 
The relative sensitivity of rod vision is shown in Figure 2.5. The rods are far less 
closely packed than the cones; as a result the resolution of detail by rod vision is much 
less precise than with cone vision. In other words, the eye sees best centrally in bright 
light, its resolution is very high and it sees color. In the near-dark, resolution is poor, 
little or no color is seen, and vision is best in the periphery of the eye or when one 
looks slightly to the side of an object. 

The cones are connected to the visual centers of the brain by a direct one- 
to-one link. The rods are linked in groups to a single nerve path. As a consequence, 
peripheral vision is less acute (less able to discriminate fine detail), because not only 
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RQOS DISTRIBUTED AROUND THE PERIPHERY 

OF THE RETINA 

FEU CONES 

Figure 2.4. 

L 
LLi 

CONES INDIVIDUALLY LINKED TO THE BRAIN 

RODS SHARING ONE NEURAL PATHWAY 

Schematic diagram of the cross-section of the retina. 
(Lighting and Seeing). 

2-11 



(sxa3awvi iood) aowNiwiri 

A1IAUISH3S 

2-12 

F
ig

u
re

 2
.5

. 
S

p
ec

tr
al
 S

en
si

ti
v

it
y

. 



are there fewer retinal receptors (rods) per unit area, but those that are there are not 
connected singly to the brain. 

As indicated in Figure 2.5, the cones are most sensitive in the yellow (600 
nm) portion of the spectrum (resulting in the attractiveness of sodium lamps). The 
sensitivity results from the fact that there are 20 and 40 green and red cones for every 
blue cone in the normal population. The rods are most sensitive to the blue-green 
color (which is why we use red lamps to protect night vision). The eye adjusts slowly 
to large changes in light intensities. This aspect is called adaptation time and is 
illustrated in Figure 2.6. Car headlights or cigarette lighters can cause temporary 
“blindness” in security guards at night. As eyes age, the lens transmissivity decreases 
as a result of prolonged exposure to ultraviolet sunlight. Figures 2.7 and 2.8 show 
this effect, which is most pronounced in the blue end of the spectrum (under 500 nm). 
Nicotine affects the eye pupil and other drugs affect vision significantly. Smoking 
by participants must be controlled, and antihistamines and other drugs prohibited if 
results are to be believed. 

2.3.3 Contrast 

The visibility of a target against a background is dependent upon the target 
size and speed, and the target contrast ratio. In the absence of color differences, 
contrast is defined as the luminance (brightness) difference between a target and its 
background divided by the luminance of the background. That is, 

C — [Lt — Lb)/Lb (2.1) 

where 

C — target contrast 
Lt = target luminance 
Lb — background luminance 

From the definition of contrast, we see contrast can either be positive (a bright target) 
or negative (a dark target). 

A second term, visibility, is defined as V = CfC, where C is the target 
contrast given in 2.1, and <? is a threshold contrast labeled VLl in Figure 2.9. 0 is 
determined experimentally by reducing the difference between target and background 
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luminances until the target is barely visible (nominally, detectable 50 percent of the 
time). Contrast as defined, is independent of illuminance when illuminated by a single 
source and could be written 

C = (Rt/Rb)-\ ^2.2) 

where the Rs are reflectances in the direction of the observer (again assuming that 
the target and background have the same wavelength dependence). 

There, curve VLl in Figure 2.9 is used as a standard in the lighting industry. 
It is the visibility level at which an average young adult has a 50:50 chance of detecting 
a moving disk subtending 4 minutes of arc at the observer’s eye when the disk is 
exposed for one-fifth of a second at a known location in a large field under fully 
diffused light. The data are taken in the absence of veiling glare or luminance. 

Curves parallel to VLl represent suprathreshold visibility. The VL number 
for any curve is the contrast multiplier used to obtain the curve from the VLl curve. 
Contrast multipliers are choeen to represent the difficulty and requirements of defined 
visual tasks. 

The VL8 curve is the 99 percent confidence of seeing a similar static target 
at an unannounced location in the scene. It has been shown that a contrast multiplier 
of 2.78 compensates for the differences between static and dynamic presentations of 
the same task. A factor of 1.5 compensates for the difference between not knowing 
and knowing where and when a task will appear. A factor of 1.9 converts to 99of these 
factors converts VLl curve to a VL8 curve. 

Figure 2.10 shows the effect of target size on required contrast ratio. A one 
foot diameter target at 800 foot range is around 4 minutes of arc. Thus, a swimmer’s 
head is around 5 minutes of arc at the opposite pier and about 2 minutes of arc as 
viewed from the quay wall to a point 350 feet outside the pier end. 

The data from which Figure 2.9 was derived were based on a specific task; 
detection of a disk of specified size against a uniform background when exposed for a 
short period of tune. This task is not a very good analogy of the surveillance task. 
However, the curves present data on the maimer in which visibility varies with contrast 
and background brightness, thus providing a basis for estimating changes of visibility. 

Under normal circumstances, higher contrast ratios are obtainable for pos¬ 
itive than negative contrast. Unless an intruder takes special precautions, his albedo 
(the ratio of scattered light to incident light) will be of the order of 0.2 with highlights 
up to 0.5 or greater. Thus, as seen against a black surface, such as asphalt (albedo 
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0.05), the contrast ratio is 3 or greater. Against a good white surface (albedo 0.8), 
the contrast ratio is only 0.75. 

The contrast ratio at the target (intruder) depends not only upon the albe¬ 
dos of the target and background but also upon the orientation of surfaces relative 
to the incident light. For instance, if the illumination is from a low angle (such as 
30 degrees), the incident irradiance on a vertical surface may exceed twice that on a 
horizontal surface. Thus, even if all albedos are the same, the luminance of a portion 
of an intruder which is a vertical surface will be twice that of the horizontal ground 
surface and there will be a contrast ratio of 2. 

Contrast, as seen by an observer, is determined by the contrast at the target, 
possibly modified along the sight path. Haze, rain, or other objects can remove light 
from the observed scene (which does not alter contrast) and add scattered or reflected 
light (glare) in the foreground. The latter always reduces contrast. Causes of contrast 
reduction can be scattering of the site lighting by haze, rain, snow, smoke, windows, 
guard glasses, etc. These latter causes, called veiling luminance, are particularly 
important if the luminaries result in glare toward the observer. 

2.3.4 Positive Contrast 

When contrast is positive the luminance of the target is greater than that 
of the background. Positive contrast is the objective of current lighting systems. 
Since the albedo (reflectance) of the target in the direction of the observer cannot be 
controlled by design of the surveillance system, the albedo of the background must 
be reduced to increase contrast. In the limit of very small background luminance, 
visibility is directly proportional to contrast. 

There are several advantages to positive contrast. It is apparent that there is 
no upper limit to the value for C. Should the intruder be so cooperative or inept as to 
provide a highly reflective target, the contrast, and consequently the visibility, of the 
target would be very high. Even without high levels of luminance, experiments have 
shown that a light target on a dark background is more visible than a dark target on a 
light background. Lastly, the level of illuminance used for positive contrast detection 
makes it possible to distinguish between portions of the target. When contrast is 
positive, it is more likely that irregularities of the target can be seen, thereby providing 
information for assessment than when contrast is negative. 

Illuminance, light energy per unit surface area, is proportional to the cosine 
of the angle between the normal to the surface and the direction of arrival of the 
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light energy. Lights mounted near the ground serve to enhance positive contrast. 
Illuminance on vertical surfaces will then be much greater than that on horizontal 
surfaces. For example, the illuminance falling on a vertical surface from a light source 
one meter above the ground and 100 meters distant will be 100 times the illuminance 
on the ground below the target. The ratio decreases at greater distances. 

The background can be darkened by reducing the surface albedo (black 
asphalt, black concrete, neoprene reservoir cloth, black polyethylene, etc.) or reducing 
the grazing angle of illumination. If the luminaires are placed low as illustrated in 
Figure 2.11, the illumination of the surface is proportional to sin 9. With 100 foot 

Figure 2.11. Illumination geometry . 

poles, 9 is of the order of 16° point halfway between poles or between piers. If the 
luminaires were lowered to half height the surface brightness would drop to about half 
the current value while the illumination of any vertical surfaces of an intruder would 
increase slightly. The incidence angle could be reduced even further by the use of a 
spotlight co-located with the observer. 

Assessment data about the target shape is maximized by the broadside 
lighting. If the albedo of the target is relatively uniform, the angle between a surface 
on the target and the illumination can be estimated by the relative luminance. The 
surface toward the lights is bright, the surface facing away is in the shadow and dark, 
and intermediate regions are dim. For a three-dimensional, curved target,there is an 
inherent contrast across the target itself, and an observer can get an impression of the 
three-dimensional nature of the target. 
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To penetrate such a system the intruder should reduce his albedo to reduce 
contrast. If the intruder is good at this, the defense cannot ensure obtaining positive 
contrast. Thus, this concept is not defense enforceable. 

Unfortunately, positive contrast concepts lead to a requirement for increased 
lighting illuminance. The standard visibility curve can be approximated, as shown 
in Figure 2.9, by a constant contrast line at high levels of background illumination 
(a region not pertinent to the positive contrast concepts) and by a constant target 
luminance at small background luminance. This latter line is the sloping line for 
which the product of the contrast ratio and the background is constant. For the VL 
curve, the target must have at least 0.4 foot Lamberts {fL, and for the VL curve, 
0.05 fL luminance. The curves Me based upon a 4 minute diameter target. This 
corresponds to a one foot diameter target at 800 feet. A prone intruder will represent 
a target of this size or perhaps a factor of two greater. Thus, for intruder detection, a 
luminance ranging from 0.2 to 0.4 fL is necessary for a high probability of detection of 
a stationary, light colored target and a factor of 8 less for a lower detection probability 
of a moving target. 

If positive contrast concept is implemented the smart intruders would wear 
black. If we assume a reasonable value of 0.05 for the intruder albedo, the illuminance 
of the intruder would have to be 4 to 8 footcandles (fc) to assure a high detection 
probability. The current IES specification of 0.2 fc on a horizontal surface implies an 
illuminance of about 0.4 fc on a nearly vertical surface. 

2.3.5 Negative Contrast 

Negative contrast lighting concepts are defense enforceable. That is, at¬ 
tempts to counter the systems may counter part of the potential gain but cannot 
negate it. And, in the limit of elements with optical gain {to be treated in the next 
section), optimum intruder tactics cannot counter system gain. The concept is to 
have a background with an albedo of one (or greater) and, if possible, to raise the 
angle of incidence of illumination. For the intruder to try to match the background 
requires him to dress in white. Thus, for a given illuminance, the background and 
target luminance are large so that task achievement is enhanced. 

The lighting system can be configured to produce a dark shadow on the 
surface. To be useful, this must point in a direction generally toward the observer. If 
it is not toward the observer it will appear as a very narrow dark line. A shadow, 0.6 
m wide on the surface, going across the observer’s field of view, 250 m from a guard 
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will have the same angular subtense as a one-inch vertical surface. Thus, at 800 feet 
it will have an angular subtense of 10~4 radians, less than the resolution of the eye at 
the light levels of concern. 

Maximum target shape data will be provided if broadside illumination is 
used because target shape will provide highlights, shadows and a range of shading, 
and because the target must be light colored to match the background, the range of 
luminance will be maximized. 

What is the optimum penetration tactic? It probably depends upon the 
width of the treated ground cover, the characteristics of the untreated ground, and 
the alertness of the observer. One tactic (referred to as dash and wait) would be to 
dash across the bright background, hoping that the observer would not see or assess 
the cause of the dark spot and then stay motionless for a time trying to match the 
characteristics of a less bright region. The intruder would hope the guard would soon 
lose interest if he could no longer see anything. To counter this tactic may require the 
inclusion of some delay barrier in the bright field. 

The alternate penetration tactic would be to try to match the background 
and minimize target contours. An example would be to use a white poncho to produce 
a low, shallow, sloping tent like structure over the intruder. The intruder would look 
something like a kite fiat on the ground. 

2.3.0 Negative Contrast with Optical Gain 

Concepts using optical gain use a ground cover that scatters more light 
toward the observer than a white Lambertian surface. To try to blend into this back¬ 
ground would be very difficult because the intruder cover would have to be matched 
to the background and some angular orientation may have to be maintained. Such 
concepts have the great advantage that the background luminance in a particular di¬ 
rection can be increased without increasing the illuminance and lamp power consump¬ 
tion. Thus, they should result in improved detection and discrimination, increased 
task achievement, without attendant increased power cost. 

Examples of lighting concepts using optical gain are: 

1. Silhouette lighting that uses nearly equal angles of incidence and reflection on 
a “glossy* surface (such as exists now off the water surface). 

• 2. A co-loeated luminaire and observer with retro-reflecting beaded or corner re¬ 
flector surface. 
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3. Broadside UV illumination with a fluorescent surface. 

4. A co-located UV spotlight and a groundcover field of retroconverter UV-fluorescing 
devices. 

One of the advantages of some of these concepts is that they use well devel¬ 
oped technology from other fields such as highway and automobile lighting-beading of 
painted surfaces, discrete high gain corner reflector tape, automobile headlamps, etc. 
Another advantage is a reduced offsite visible signature. The gain makes the back¬ 
ground bright only in directions toward the observers; to see this requires observation 
from behind the observer (i.e., airborne). 

An array of small mirrors could provide high gain in a bistatic mode using 
broadside lighting but special alignment of individual elements would be needed to 
direct the reflected light toward the observer. Thus setup would be time consuming 
and the system could be degraded in time by the reflectors being knocked out of 
alignment. 

These concepts will provide little three-dimensional assessment data con¬ 
cerning the target. While the target is silhouetted against the bright background, the 
contrast ratio of all parts of the target (high-lighted or shadowed) will be nearly unity. 
If there is adequate illumination in regions near the enhanced reflectance ground cover, 
added diagnostic features may be visible when the target reaches the untreated region 
following an assured detection in the bright zone. 

For our special case of water surface between piers, we may presently observe 
the high optical gain negative contrast ambient conditions resulting from many small 
lights specularly reflecting off small wavelets if the observer is in the bay. The target 
will be silhouetted against the glint. Additionally, the surface will exhibit a residual 
signature caused by motion. This “wake” will be a significant assistance in detection. 

3.4 LIGHTING SYSTEMS 

This section discusses aspects of the lighting systems important to under¬ 
standing it in relationship toa ssigment. This section is also extracted directly from 
Reference 1. 
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2.4.1 Wavelength 

The color of light projected upon the surface of the water or pier is im¬ 
portant. Figure 2.12 shows the relative output radiance of High Pressure Sodium 
(HPS) lamps and tungsten-iodide (headlight) incandescent lamps. Comparison with 
Figure 2.13 shows that HPS is matched to the human eye (both photopic and sco- 
topic) vision quite well, while poorly matched to the Silicon Vidicon CCTV spectrum. 
The CCTV spectrum is much more closely matched to the tungsten-iodide headlight 
spectrum which is roughly a 3200° blackbody radiator. 

Table 2.2 provides general comparison of the characteristics of lamps for 
steady operation visible light output. Lamps of the general types given are manufac¬ 
tured with a much wider range of each of the characteristics listed; however, lights 
for security surveillance systems will probably fall in the ranges given. Most stan¬ 
dard perimeter lighting systems use lamps in the 150 W to 400 W range except for 
incandescent backup systems that typically use 1000 to 1500 W. 

The efficacy of the various visible light sources given in Table 2.3 is a mea- - 
sure of the relative response of the eye to a watt of lamp power when the eye is' 
adapted to relatively high illumination levels (photopic adaptation). In other words, 
for a constant effective illumination under these conditions the lamp power must be 
inversely proportional to the efficacy. 

An examination of the data in the table shows that the incandescent lamp is 
inefficient for photopic excitation (it radiates energy over too wide a wavelength band) 
and the low pressure sodium is most effective (it radiates most of its power in two 
lines near the peak of the photopic curve). For a night adapted eye (scotopic vision), 
the effectiveness of the low pressure sodium drops radically and the effectiveness of 
the non-sodium lamps increases relative to HPS primarily because the HPS, being 
deficient in blues and greens, is less effective for stimulating photopic response. Thus, 
if the average scene brightness is low enough that eyes become well dark adapted, 
the effectiveness advantage of the sodium lamps disappears. If the lighting is to be 
used primarily for use with silicon vidicons, the effectiveness of incandescent lighting 
is comparable to that of the sodium vapor lamps and the effectiveness of mercury arcs 
is low. 
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Table 2.2. Characteristics of typical lights for security surveillance. 

Lamp Type 
Input 
Power 
(watts) 

Life 
(hours) 

Efficacy 
(Lumens/w 
lamp only) 

Color1 
Rendition 

High Pressure 
Sodium 

100-1000 10,000-20,000 100-140 F 

Mercury, 
Clear 

100-1000 16,000-24,000 40-60 VP-P 

Mercury, 
Deluxe White 

100-1000 16,000-24,000 45-63 P-F 

Meal Halide 400-1000 10,000-15,000 80-100 G-VG 

Low Pressure 
Sodium 

90-180 18,000 150-180 P 

Florescent 40-220 9000-30,000 55-88 G-E 

Incandescent 
(Tungsten Iodide) 

35-1500 250-2000 15-25 VG-E 

1 E - Excellent, VQ - Very good, 0 * Good, 
F - Fair, P - Poor, VP - Very Poor 
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Table 2.3. Relative effectivenesg of various light sources. 

Task 
Electrical 
Efficiency 

Eye 
PHotopic 

Eye 
Scotopic 

SI 
Vidicon 

High Pressure 
Sodium 

Mercury Clear 

Mercury 
Deluxe White 

Metal Halide 

Low Pressure 
Sodium 

Fluorescent 
(Cool White ) 

Incandescent 

0.84 

0.91 

0.91 

0.87 

0.83 

0.9 

1.0 

1.00 

.46 

.48 

.70 

1.40 

.64 

.19 

1.00 

.90 

.73 

.64 

.48 

1.35 

.44 

1.00 

.28 

.42 

1.39 

1.06 

.56 

.91 

2.4.2 Luminaires 

Luminaires as used here are the fixtures for holding the actual lamps. In 
general these luminaires have a reflective surface behind the lamp to redirect light 
shining in the wrong direction and they may have a refractive element in front for 
additional control of the light distribution in the beam. The exact illumination pattern 
produced depends upon the luminaire construction, the lamp type and the placement 
of the bulb in the luminaire. 

The collimating element in spotlights is usually a reflector if a high efficiency 
is needed. (Efficiency meaning the fraction of the emitted light that is in the beam.) 
This is also referred to as optical control. A high degree of optical control requires a 
small mission source size. Thus, in the order of desirability for spotlight applications 
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are tungsten halide incandescent, multivapor HID, and mercury HID lamps. Tungsten 
Halide spotlights are readily available using bulbs developed for automobile trade. 
These are typically 35 to 55 watt, 12 VDC bulbs. The beam pattern (isocandela 
curves) of the General Electric PAR 36 37.5 W Spotlight are shown in Figure 2.14. 

Spotlights are also made for HID lamps. These are categorized as NEMA-1 
if they have beam spreads of 10° to 18° . Beam spread is defined as the full width 
of the beam to the point the luminous intensity is 10 percent of the maximum. The 
angular patterns and for a LucaJox lamp are shown in Figure 2.15. The metal halide 
provides a greater on-axis light concentration because its emitting volume is smaller. 
One would expect the pattern using a mercury lamp would be intermediate (if the 
socket is adjusted to place the light center length of the lamp at the spotlight focal 
point). If the light were radiated isotopically, the intensity would be about 80 cp per 
1000 lumens. Thus, the spotlight increases the intensity by factors of 300 to 400, and 
the illumination at 300 would be the same as the lamp without a luminaire would 
produce at 15 to 30m. Table 2.4 provides the beam widths of spotlight luminaires. 

Table 2.4. Spotlight beam characteristics.. 

Nema 

Beamwidth 
50% Max. 

25% Max. 

10% Max. 

Specific Beam 
Intensity 

cp/w 

Super Oscar 

1.0 x 2.1 

2.7 x3.1 

4.1 X4.7 

GE-PAR36 

2.0 x 4.9 

3.0 x6.3 

4.2 X7.5 

2000 

Metal Halide 
400 W 

4.3 x 4.6 

7.5 x8.0 

13 xl4 

2700 

xl 

Lucalox 
400 W 

4.0 x 3.7 

6.5 x6.5 

12.5 X12 

3250 
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photometrk: data 
PER 1000 LAMP LUMENS 

Figure 2.15. Photometric data for a high pressure sodium lamp in a 
Power-Spot reflector. 
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2.4.3 Restrike Delays 

The arc discharge lamps require the lamp to heat the discharge material 
to vaporize before the full brightness is achieved. This results in a warmup delay. 
Moreover, if the power is interrupted momentarily so that the vapor deionizes, the 
lamp impedance becomes so great that the arc will not restrike. The amount of 
cooling and hence pressure reduction needed before restrike depends upon the normal 
operating pressure and the no load voltage produced by the lamp ballast. Thus, 
the low pressure sodium lamps require little or no cooling and the high pressure 
sodium lamps quickly restrike because the ballast produces a high voltage starting 
pulse. Warm up and restarting delays are given in Table 2.5. Mercury arc and 
fluorescent light ultraviolet sources experience the same delays as do their visible light 
counterparts. 

Table 2.5. Warm up and restart delays. 

Warm Up Time1 
(minutes) 

Restart Delay 

High Pressure Sodium 

Mercury 

Metal Halide 

Low Pressure Sodium 

Fluorescent 

Incandescent 

Xenon Flash 

1____ 

3 to 4 

5 to 7 

3 to 5 

7 to 15 

seconds 

0 

0 

05. to 1.5 

3 to 6 

10 to 15 

0 to 0.5 

0 

0 

0 

1Time to reach 80 percent of ultimate output. 

Restrike delays would figure most heavily in selecting lamps for dynamic 
deterrent lighting systems or if glare caused turning lights off during docking. 
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2.5 CCTV 

This section provides a tutorial on CCTV suitable for understanding how 
such systems may aid security. This is extracted directly from “Intrusion Dection 
Systems Handbook," Vol II, by Sandia National Laboratories. 

2.5.1 Cameras and Displays 

Closed circuit television (CCTV) is slowly augmenting and supplanting di¬ 
rect visual detection and assessment. Currently, it is used to acquire and display visual 
data to be evaluated by security personnel. Current implementation is limited to black 
and white representations using a silicon diode array vidkon. The silicon vidicon is 
used because of reliability, sensitivity, lack of image burn-in and good antiblocking 
characteristics. The spectral response of such a camera tube compared with a low 
light level tube in Figure 2.16. 

01 i I ill ' 

400 S00 600 700 800 900 1000 1100 

WAVELENGTH (nm) 

Figure 2.16. Spectral response curves. 
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Note that the lowlight level CCTV (LLLCCTV) is better matched in spec¬ 
tral sensitivity to the HPS lamps and the human eye. 

Standard American television specifications are 262-1/2 lines per field (525 
per frame). The balance of this subsection is taken from Reference 8, “The Intrusion 
Detection Systems Handbook." 

Because the electron beam must be disabled (blanked) during the retrace 
interval from the right to the left side of the target (after each field), about 8% of 525 
lines in each frame are loet, leaving approximately 485 lines in each frame that are 
actively used to convert the optical image on the photoconductive layer into a video 
signal. 

The above discussion describes scanning functions in terms of the U. S. 
standard. Since commercial U. S. power is furnished at a 60 Hi rate, 60 Hi became 
the field rate for video systems in the U. S. In the C.C.LR. (West-European) system, 
a 50 Hi power frequency and a 625 line/frame scan rate are used. (With the field rate 
choeen to coincide with the power frequency, any small amount of hum (ripple) due to 
imperfect power supply filtering would remain stationary on the viewing screen, thus 
minimizing any obtrusive distractions.) Many manufacturers supply both the U. S. 
(60 Hz, 525 line) and C.C.LR. (50 Hz, 625 line) systems as options. 

The amount of light energy necessary to produce a usable video output 
signal from a given camera is a function of (a) the type and brightness of the source, 
(b) the amount of source light energy actually falling upon (illuminating) the scene 
to be televised, (c) the percentage of this light energy which is reflected from the 
scene, (d) the fraction of this energy which passes through the lens and subsequently 
illuminates the image tube target (faceplate illumination), as well as (e) the relative 
sensitivity of the particular image tube in use. 

Cameras may be subdivided into several classes, determined by their relative 
sensitivities and spectral response as illustrated in Table 2.6. Several of the more 
common classes are discussed below. 

The basic function of the lens in a video camera system is to focus the light 
energy reflected off the object (entering the lens) onto the image tube target where it is 
then converted into an electronic video signal. Aperture, focal length, and associated 
field-of-view are important lens parameters. 

The relative aperture, f/number (f/no.), or speed of a lens system is a mea¬ 
sure of its light gathering ability and indirectly expresses the maximum diameter of 
the lens system. The f/number of a lens is simply the ratio of the focal length (f) to 
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Table 2.6. Video Camera Light Range Comparisons. 

Video Cueca Light Range Coapecisone 

(Another half-order-of-eagnitude of sensitivity may be obtainable 
in each category, but with decreasing performance.) 

Faceplate 
Illumina¬ 
tion , 
(Im/ur ' 

“I-1-^-1-1-1-1-1-1-1- 
104 104 10* I03 10 1 10-1 lO"* 10“* 10-4 

J—I—I_I_I_I I I I I 

Standard 

Vidlcon 

Antimony Triaulflde Target 

■4 

Vidlcon 

t 
Mewvlcon 

Silicon Target 

Single 

Stage 

Inten- 

aifier 

Vidlcon 

^ntlmonj^rlsulT^^^arg^^ 

Silicon Target (SIT) 

Two Stage 
Inten- 

sifler 
Vidlcon 

Antimony Trlaulflda Target 

,Silicon Target (ISIT) 

Bright 

Sunlight 

Overcaat 

Sky 
Twilight Moonlight Starlight 

the clear aperture. As an example, an f/2 lens has an aperture diameter of one-half 
its focal length, so that an f/2 lens with a focal length of 100 mm (4”)wouId have an 
associated aperture diameter of 50 mm (2”). Note that the clear aperture of the lens 
is not simply the physical outer lens diameter but the diameter of the iris image as 
seen when looking into the front of the lens {the iris, controls the physical diameter 
of the clear aperture). (It should be noted that although verbal pronunciation is ”f- 
number,” this still refers to the ratio of focal length to clear aperture and is written 
f/number.) 
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The f/number of a lens is of great importance in determining the amount of 
image tube faceplate illumination attainable with a given scene brightness. Faceplate 
illumination is directly proportional to the clear aperture area, which in turn varies 
with the square of the aperture diameter. That is, 

h m (//no),l» 

A f fn°)\, 

This means that halving the lens f/number (for example, from f/4 to f/2) 
will quadruple the faceplate illumination for the same scene brightness. For this 
reason, standardized f/numbers vary in multiples of y/2 (such as f/1, f/1.4, f/2, f/2.8 
f/4, etc.) so that the resultant illumination level either doubles or is halved between 
adjacent-stops. 

The focal length of a lens (f) describes its relative magnification (the ratio of 
image size to object size at a given object distance), as well as determining the image 
location. The magnification of a given lens may be expressed relative to a reference 25 
mm(l") focal length lens. A 100 mm (4") lens would have four times the magnification 
of a 25 mm lens, or 4:1. Similarly, a 12.5 mm (1/2") lens would have a magnification 
of 0.5:1, half that of a 25 mm lens. 

The distance between the nearest and most distant objects (along the optical 
axis) which are in acceptable focus is the lens depth of field. Depth of field increases 
with decreasing aperture (larger/ number) and for any given aperture is largely de¬ 
pendent on the design quality of the lens, the hyper focal distance is the distance 
at which the lens must be focused such that the depth of field extends to infinity. 
Hyperfocal distance increases with aperture and focus quality. 

2.5.3 Planning CCTV Applications 

The object size which can be imaged in a video scene is determined by the 
lens field-of-view (FOV). This is a function of lens focal length (f) and image size 
(camera image tube target of width WT and height Hr. The resulting field-of-view 
will have a particular width and height (H>) at a specific field dUtance {D,) as follows: 

Horizontal FOV = W? = W? 

Vertical FOV = HF = HT ^ 
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If it ia assumed that Dr is much larger than f, the field-of-view can be expressed as a 
solid angle with horizontal component 9B and vertical component Oy as follows: 

9B =2 ton-1 —£ 
2/ 

9y — 2 tan-1 —£ 
2/ 

The usable image size (Wr and Hp) is determined by the size of the camera 
tube target. Table 2.7 below lists the dimensions for the standard 1* and 2/3" (16 
and 11 mm diagonal) “C" mount formats. Note that 16 mm or 11 mm (diagonal) 

Table 2.7. Image Tube Format. 

FORMAT 
Target Width 
(Wr) in (nun) 

Target Height 
(Hr) in (nun) 

1 in (16nun) 1/2 (12.7) ”3/8 (9.525) 
2/3 (11 nun) 1/3 (8.47) 1/4 (6.35) 

does not convert directly to the 1 inch or 2/3 inch formats listed. Only a portion 
of total faceplate area on a 1 inch format image tube is used for scanning purposes. 
This area, referred to as the image tube target is typically 1/2 inchwide {WT) by 3/8 
inch high (Sp) on a 1 inch format image tube. The imaginary circle containing this 
1/2 x 3/8 inch rectangle is [(1/2)1 + (S/S)1]1^ = 0.63 inch or approximately 16 mm 
in diameter. The same idea applies to a 2/3 inch format. 

Using the value for a 1-inch format lens, angular field-of-view, horizontal 
FOV, and vertical FOV can be calculated for various standard lenses as illustrated in 
Table 2.8, Figure 2.17, and Tfcble 2.9. 

Practical FOV Considerations - In many cases, the camera will be mounted on a pole 
or tower some distance above the ground (at height 3C) and tilted down (at angle 
9t) towards the scene to be televised. 

in this case the tilted field-of-view is given as: 

= T.1 -7Z~—TT = tfe ft 
tan [9j> + tan \ 9j + 
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Table 2.8. Angular Field-of-Vlew. 

Angualr Field-of-View 

(Mamnea 1-inch format lens) 

f (mm) #V (degrees) (degrees) 

12.5 

25 

50 

75 

100 

150 

300 

41.71 

21.57 

10.88 

7.27 

5.45 

3.64 

1.82 

53.86 

28.50 

14.48 

9.68 

7.27 

4.85 

2.43 

of Ox > 

and the blind zone between the base of the camera tower and the nearest visible point 
in the televised scene is: 

D,-7~~—rjY = BcK, 
tan (h + *) 

As illustrated in Figure 2.18, Table 2.10 lists specific values for coefficients 
(Ki,Kj) which allows direct computation of Hr and Db for common values of / and 
0 (1 inch format). 

If the maximum field width for adequate resolution (W*) is known and a 
choice of lens and camera mounting height {Hc) has been made, the field distance 

can be calculated as: 
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Table 2.9. Field-of-Vlew Dimensions. 

(asauass 1-lnch Coraut Ians) 

Dark Lino through 

tabic indicate* 0.751 

resolution threshold 

D,<») s 0 5 u 50 T* 100 iso 300 

1 
0 Hr W, H, W, H, W, H, w. H, W, H, w. Hr w. Hr Wr Hr w. 

1.(1 s.o* TM 10.1 11.4 11.1 10.0 M.4 10.1 10.1 17.1 70.1 76.1 101. 114. 151. 1». 104. 

1 
1.0 2.5 1.0 5.1 1.7 7.0 0.1 11.7 10.1 11.4 29.0 10.1 30.1 ttJ 57.1 76.1 114. in. 

— 1.0 i.i 1.0 1.1 1.0 1.1 4.9 0.4 0.1 11.7 14.3 10.1 19.1 214 11.6 Ml 57.1 704 

T— o.< 0.1 1.1 17 1.9 1.1 1.1 4.1 0.4 1.1 0.1 11.7 11.7 16.9 10.1 15.4 Ml 504 

9.1 0.6 li) 1.5 1.4 1.9 3.4 1.1 44 9.4 7.1 9.1 9.1 11.T 14.3 19.1 16.6 Ml 

»— 0.1 0.4 o.« 0.1 1.0 LI 1.0 1.1 i.i 4.1 49 0.4 0.4 •4 9.1 11.7 10.1 10.4 

01 0.1 0.1 0.4 ... o.e 0.0 1.0 1.1 1.1 1.4 1.1 1.1 44 4.0 6.1 04 1*7 

D =-J^_ 
R 2 tan*-f 

(Note that DR is the field distance D? where W? is equal to WR). 

It is normally desired to (at least) provide a complete image of am erect 
human form at a distance DR from the camera (Figure 2.18), so for a camera mounting 
height of Hc and an intruder height of Hly the required tilt angle is: 

»T = «<,„-■ Hc-B, Or 
Dr 2 

2.5.3 Video Processing 

Video recording and processing is beginning to have its affect on security. 
Recording is very functional since it can generate an “instant replay” capability. Video 
processing is very useful when used to produce an alarm and highlight the image 
changes that caused the alarm. 
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Table 2.10. Calculation Factors for Blind Distance and Vertical Field-of- 
View. 

(Assumes 1" format lens) 

» Blind distance (Dg) coefficient 

Kj • Vertical Field-of-view <VF0V) coefficient 

DB * «cKl ^c' dB 9a,D* dimensions) 
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Hc - Camera Height (any dimensions) 



VideoTek and Quantex, among others, produce videoprocessors with appli¬ 
cation to Naval Security. 

In general, detection of motion within the field of view (FOV) is based 
on detection of changes of brightness or video signal level. This is accomplished by 
comparing scenes at different times by subtraction. Video signals from the two scenes 
are examined in discrete areas, or resolution cells, to increase sensitivity and to provide 
data concerning the location of moving object. 

The digital motion detector whose characteristics are described here is man¬ 
ufactured by VideoTek. Detector/processors capable of operating with 4, 8, 12 or 16 
camera inputs are available. For descriptive purposes a single camera channel will be 
described first. 

The motion detection unit (MDU) accepts video in the standard 2:1 inter¬ 
lace, 525 line format. The video level from a horizontal scan line is sampled at 128 
points. Every other horizontal line is scanned, providing 128 lines by 128 sample points 
per frame, providing a total of 16,384 sample points per FOV. The video level at each 
point is quantized in a 4-bit word, dividing the available gray scale into 16 levels. 
This array of 65,536 bits is stored in a static hdOS memory and used as a reference 
frame. Corresponding fields of subsequent frames are compared with the reference 
frame, point by point, to detect changes of scene brightness in each resolution cell. 

Nominally, a motion alarm is declared when the video level in a resolution 
cell changes two levels of the quantized samples (12.5 percent). Alarm data is stored 
in a separate storage register, storing the X and Y coordinates of the cell and a one-bit 
alarm flag. The flag is used to produce a flashing brightened cell on the video display 
to locate the alarm point. The flashing rate is 6 Hz with a duty cycle short enough 
that the scene is supposed to be visible through the flasher. However, the flasher has 
to obliterate the cell in every second or third frame. VideoTek says that it would 
be a simple modification to turn off the flasher manually to facilitate examination 
of the scene. This seems important for assessment purposes. As the moving object 
progresses through the FOV a series of flashing cells provides a track. 

VideoTek’s “Systems Theory of Operation" reports that “...independent test 
shows that when the motion detector is operating with a 95 percent probability of 
detection, the probability of detection for a human operator is less than 5 percent." 
This independent evaluation was performed at the Air National Guard site in Boise, 
Idaho. 
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The simplest multi-channel MDU (MDU-2) has options fop mu-rim* 0f 4, 
8, 12, and 16 camera inputs. The camera channels are scanned sequentially, using a 
single 16,384 point memory. 

The MDU has a front panel selectable, six step refresh rate. The refresh 
rate is the rate at which the reference frame is replaced. Refresh intervals of 1, 2, 4, 8, 
16 or 32 fifteenths of a second are available. Since the memory is dedicated to a single 
camera at a given time, a new reference frame must be established each time a camera 
is selected. The dwell time per camera is the selected refresh interval. A long refresh 
interval is desirable to enhance probability of detection of slow-moving targets. For 
a single camera the rate should be only fast enough to accommodate changing light 
levels, such as those due to cloud shadows. However, for multiple cameras the refresh 
rate should be short enough to minimize the probability that an intruder can move 
through the FOV while the camera is idle. Time intervals are given in Figure 2.19. For 
example, if four cameras were time-sharing an MDU-2 with a refresh interval of 32/15 
seconds, the table in Figure 2.19 shows each camera would be *on* for 2.1 seconds, 
then off for 6.3 seconds while the other three cameras are on. 

The times shown in Figure 2.19 are extended if there is a detection in any 
zone. When the basic MDU detects an intrusion,the detector stops sequencing through 
the cameras for a predetermined length of time while the alarm map is added to the 
image (Spoofing presents a problem.) 

A dual scan memory option is provided to avoid the difficulty described 
above. In this system two memories are used; one with a fixed 1/15 second, refresh 
interval and the second with a selectable interval from the set already presented. The 
cameras are switched each 1/15 second and the fast memory refreshed at each change 
as discussed above. The slower memory refreshes at intervals that are related to the 
number of cameras. That is, the reference frame must be held at least (N+l)/15 
seconds, where N is the number of cameras, so that it can be compared with the 
next scene from the same camera. It appears that the processor must keep track 
of the channel number associated with the slow memory. While this scheme solves 
the problem of detecting fast moving targets, the slow memory is time-shared among 
cameras and if the number of cameras is large and the refresh rate low, a slow target 
may go undetected. VideoTek recommends a refresh rate of 8/15 second for the slow 
memory. 

Still another option provides storage for an independent alarm map for each 
channel. As discussed below under controls, the operator can bring up the video on 
any channel. Having individual alarm maps, he can monitor the scene and the alarm 
map as he chooses. 
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Refresh Interval (sec) 
1/15 
2/15 
8/15 

16/15 
32/15 

Camera on Hme (s»c) 

0.067 
0.133 
0.533 
1.067 
2.133 

Figure 3.19. Detecting slow moving targets. 
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A second detector/processor, Model MDU-3, avoids the time-shared mem¬ 
ory problem for a price. MDU-3 processors can handle up to four or eight input chan¬ 
nels. Scene, reference frame and alarm map storage are provided for each channel so 
that all camera outputs are processed in parallel rather than in series. Resolution and 
refresh rates are the same as those for the MDU-2. The result is the same as having 
N MDU-2 processors, each using a single channel. The MDU-3 uses RAM memories, 
rather than the MOS shift-register logic used in the MDU-2. 

Model MDU-4 motion detector is designed for indoor, relatively short range, 
applications. Versions are available for 8, 16, 24 or 32 input channels. MDU-4 also 
uses a RAM storage and processes all camera outputs in parallel. However, the scene 
contains 1024 resolution cells instead of 16,384. The area of the MDU-4 resolution 
cell is 16 times that of the MDU-2 or MDU-3. 
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Digital Video Processor DS-50 

You should consider real time 
digital image processing whenever 
you need to: 
G improve the quality ot a video 

image without delaying an im¬ 
portant decision 

□ Process an imago that la 
changing 

□ Ellminata tho delay caused by 
ort-llno computer Imago pro¬ 
cessing or film developing 

□ Automate your imaging process 
□ Pre-process digitized video 

through hard-wirad computer 

X-ray image before processing. 

X-ray image affer processing. 

Figure 2.20. Quantex MDU Product Information 
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COMPARE TWO IMAGES OR 
SUBTRACT BACKGROUND — 
DIFFERENCE 

TTib Quanta* DS-50 car calculato tna 
digital diftannca between ttia con- 
tants of memory and the next incoming 
video frame and store the difference 
In memory—where it can be displayed 
on a monitor or transmitted to an ex¬ 
ternal computer. A useful application 
of this feature is that the DS-50 can 
act as a real time preprocessor that 
eliminates the stationary background 
before transmitting an image to your 
computer. This could greatly reduce 
the image processing time required 
by the existing image processing soft¬ 
ware in your computer. This function ■ 
may also be used to compare an image 
with a stored reference image. 

The OS-50 can also continuously 
display the difference between the 
contents of memory and the incoming 
frames when you select OIFF in the 
OUTPUT subpanei. This feature can 
allow you to precisely position an 
object by comparing its current posi¬ 
tion to a correctly positioned part, or 
datect movement |e.g„ in surveillance). 
At any time the difference can be 
digitized and stored In memory by 
pressing the STORE OUTPUT key. 

OffTwence 

orrfewtc* after wnpMode •fndawtnp 

SPECIFICATIONS 

VIDEO INPUTfOUTPUT 
The DS-50 may be ordered to accept 
and play out video signals in either of 
two formats; 

FORMAT 
EIA Standard RS-170 512x5t2 
525 lines (512*490 visible* 
COIR Standard 512x512 
625 iinee vertically centered 

SYNC 
Sync is extracted from the composite 
video input 

MEMORY SIZE (Spatial Resolution* 

512x512 pixels 

AID CONVERTER RESOLUTION 
(AMPLITUDE RESOLUTION* 
S bits (256 levels) standard 

MEMORY WORD DEPTH 
12 bits standard 

RANDOM ACCESS CYCLE TIME 
1.6 microseconds par pixel 

POWER 
115-730 VAC, 50*0 Hz. 430 watts 

DIMENSIONS 
r high, 17' wide, 21* deep 

WEIGHT 
44 lbs. 

cpt;cns 
IEEE STANDARD 4M INPUT/OUTPUT 
INTERFACE (Option 01) 
This option intartacss ihe memory 
and the microprocessor to the IEEE 

488-1975 Interface Sus. It allows 
transfer of digital image data to and 
from memory with random access. It 
also allows control of the Quantex 
processor from an external computer. 
Maximum data transfer rate is 1.6 
microseconds per pixel. 

RACK MOUNT KIT (Option 02) 
Includes rackmounting slides. (Ears 
are included at no cost) 

REAL TIME VIDEO DATA INPUT AND 
OUTPUT (Option 03) 

Real time digital video data may be 
provided at the rear panel in the form 
of eight bit digital words. Additional 
cost option. Input data is in piacs 
of AID data. Output data is from 
OfA input. 

Figure 2.20. Quantex MDU Product Information (Con’t). 
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CAPTURE TRANSIENTS— 
STORE INPUT 

The Quanta* DS-SO wilt store th* 
next Incoming TV frame In its 
memory when triggered by th# 
STORE INPUT pushbutton on the 
CENTRAL CONTROL subpanel or 
by an external electrical command. 
Events as short as 50 picoseconds 
In duration can be captured by syn¬ 
chronizing the grab command with 
a strobed image or a gated camera. 

drsPbetf refeWston image of eprajr 
pattern from noaJt « it Intersects 
a laser eeem 

INCREASE CONTRAST AND 
REDUCE NOISE OF WEAK 
IMAGES—SUM 
Summing (digital integration) is anal¬ 
ogous to a time exposure with Him. 
Since information in the video signal 
sums linearly while noise sums quad- 
ratlcally, summing improves signal- 
to-no!*e ratio by /n where N Is the 
number ol frames summed. With the 
Quanta* OS-SO, the number of frames 
to be summed is selected by front 
panel switches. Quants* Appli¬ 
cation Not* 13 describes summing 
in more detail. 

Note; This scene was taken at night ualng 
a low llgnt level camera. Secause at the 
low signal laval Input to the image pr» 
cessot 84 trsmee could be aummed 
without changing tha sum align. By shin¬ 
ing the sum align 2 places O.e., setting 
it 5 Instead ot 7) 256 fnmaa could Iwe 
bean summed It required. 

Single Frame fdried camera output 

We tips after 14-freme sum Same rinege after mmml/tg 139 
frames snowing 2-4T 

Figure 2.20. Quantex MDU Product Information (Con’t). 
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6t>:3„:TUDE "YSIKDOWING" 

; ~ -!h. :.i’Svmz 

Averaging reduces noise because 
random fluctuations around tbe mean 
value cancel each other out as the 
frames are averaged together. The 
Quanta* DS-50 performs an exponen¬ 
tially weighted sliding average with 
an averaging lime constant of N/30 
seconds. Averaging improves signal 
to noise ratio by V 2N-1. N may be set 
10 2. 4, 8, 16. 32. 64. or 126. When 
N = 128 noise is reduced to IMSth 
of its unprocessed level. 

Averaging introduces a lag which 
causes smearing if the image has 
features that move. By viewing the 
processed image while averaging, you 
can select N so as to optimize the 
tradeoff between noise reduction and 
lag. Fora more detailed discussion of 
the averaging (unction, rater to Quan- 
tex Application Nolo 12. 

UnprocMSad Image. 

Santa fmag* attar Avarag/ng; N • ML 

EDGE ENHANCEMENT 

Edges can be enhanced by selecting 
EDGE ENH on the OUTPUT subpanel. 
The DS-50 performs this enhance¬ 
ment by taking the difference be¬ 
tween the image and itself shifted 
one pixel In the X and Y directions. 

OFFSET In the Video OUTPUT sub¬ 
panel will shift all (up to 12 bits) of 
the memory gray scale levels below 
the selected level to black. GAIN can 
then be set to expand the contrast of 
the video display or a section of the 
gray scale above the level selected 
by offset. Gray scale levels above the 
range of GAIN will be forced to white. 
Thus the DS-50 can expand any sec¬ 
tion of the gray scale to full black/ 
white contrast. 

Unprocnttd rtdloprmpn of a 
pnclMlon aluminum catting. 

Radiograph attar Windowing with 
GAIN at II, OFFSET ol 32. 

AMPLITUDE CDrTDUP.ING 
By selecting CTOUR on the VIDEO 
OUTPUT subpanel and adjusting the 
OFFSET control, a selected range of 
memory gray scale levels may be 
displayed as amplified gray scale 
while all other gray scale levels are 
displayed as black. The result Is the 
same as in amplitude windowing 
except that gray scale levels greater 
than the range of GAIN are set to 
black Instead of white. 

Radiograph attar Contouring wits 
QAINot Ml OFFSET of 2Z. 

Radiograph attar Edgo EnhancamanL 

Figure 2.20. Quantex MDU Product Information (Con’t). 

2-51 



3.6 HUMAN FACTORS 

The test program is designed to develop lighting standards for piers and 
not to study the role of human behavior in pier security, operations and safety. A 
discussion of human behavioral issues is pertinent. 

3.6.1 Security 

The common human role in physical security, as in this application, is the 
surveillance of an area to detect and assess threats. In the read world, there are 
essentially never threats so the job is unique in the lack of job performance feedback. 
There is typically no means of rewarding attentiveness and no means of punishing lack 
of attentiveness. There is no motivation, but there is plenty of boredom. Security 
guards think, read and stargaze. Discerning a threat in the midst of other activities 
is very difficult, but discerning a threat in a tranquil scene is still a rarity due to the - 
lack of attentiveness. Security guards typically have shifts approaching 8 hours, while 
radar and sonar operators have shifts of 20 minutes to avoid such problems. 

It is possible to test the lighting influence upon visibility (assessment), but 
to strive for a test of detection would cost enormously more due to the complexity of 
the human factors issues. 

3.6.3 Operations and Safety 

Conventional time-motion studies yield efficiency data helpful in redesign¬ 
ing work objectives, flows and supporting machinery. Lighting levels influence task 
performance speed, but so do fatigue, motivation, repetition, fear, and other human 
factors. Pier operations and safety are undoubtedly intertwined. Personnel will not 
attempt to perform a task faster than believed safe. Lighting will therefore probably 
speed up activity because it is safe to speed up. 

Conducting controlled experiments of task performance rates is not recom¬ 
mended. This is due to the expectation of large variances between individuals, and 
the expected large variance between the normal team performance rates on macro 
tasks (such as reported in Reference 2) that depend upon fatigue, motivation and 
training. It is entirely plausible to anticipate that human factors variances are greater 
than lighting level influences upon the task performance. 
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SECTION 3 

PIER LIGHTING TEST PROGRAM 

This section introduces the extent of the pier lighting test program, designed 
to provide a quantitative basis for Navy Pier Lighting Specifications. The test program 
began in April 1988 and is completed with this report. Originally, scheduled for field 
test operations to be performed as early as June 1, construction delays allowed actual 
field testing to be performed between November 28 and December 8. 

3.1 PURPOSE 

Tests will determine if the Pier Lighting Thresholds established in the TEMP* 
and summarized in Table 3.1 tire adequate and if variations from these levels will 

Table 3.1. Navy pier lighting operational characteristics1 

FACTOR 

1. ILLUMINATION LEVEL 
a. work area 

b. nonwork area 
c. general safety 

2. GLARE 
a. vehicle traffic 
b. ship traffic 

3. ENERGY CONSERVATION 
power consumption per 

_square yard per hour 

TENTATIVE OPERATIONAL LEVELS 
GOAL 

3-b fc 
(4.5 fc average) 

2 fc average 
1 fc average 

none 
none 

THRESHOLD 

2-5 fc 
(3.5 fc average) 
1 fc minimum 

0.5 fc minimum 

none 
none 

0.9 watts/yd/hr_1.5 watts/yd/hr 

‘Teat and Evaluation Master Plan (TEMP) for Eatablishing Pier Lighting Criteria, Naval Civil 
Engineering Laboratory 
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significantly improve or decrease: 

productivity, 

safety, or 

security. 

The end products of this research are recommended lighting levels for pier 
nighttime operations, safety and security. 

3.2 TESTED LIGHTING SYSTEM 

The system used was selected because it can be adapted to simulate a wide 
range of test conditions. It can provide a range of illumination levels; the light fixtures 
can be lowered to evaluate the effects of glare; and it offers minimal interference with 
pier activities, since only three standards are employed. Figure 3.1 provides a typical 
pole detail planned for use. 

Specific lighting assemblies include: 

1. Poles 1 and 3. Six 400 watt NEMA type 2x2 and two 400 watt NEMA type 
4x4 power spot, HPS floodlight fixtures mounted on lowerable ring. 

2. Pole 2. Twelve 400 watt NEMA type 2 x2 and four 400 watt NEMA type 4 x4 
power spot, HPS floodlight fixtures mounted on lowerable ring. 

The system consists of clusters of power spot floodlights mounted on three 
100-foot, galvanized steel poles positioned as shown in Figure 3.2. 

Lowerable hoist rings will be used in conjunction with 100-foot poles in order 
to permit the lighting assemblies to be lowered for varying lighting levels during the 
tests. 

The design of the pier high mast, perimeter lighting system will include: 

Photocell Switches, either series circuit or individual lamp type. The unit 
will turn on below three footcandles and off at three to ten footcandles. A time delay 
will be included to prevent accidental switching from transient light sources. 
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Lock Ring 
Assembly 

Suspension Cable 
(3 Locations) 

Luminaire Stub 

TYPICAL HOIST ASSEMBLY DETAH. 

TYPICAL POLE ELEVATION TYPICAL LIGHTING FIXTURE PLAN 

Figure 3.1. Typical high mast light pole with floodlight fixtures and 
lowerable hoist ring. 
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1400 Ft 
700 Fl 

70 Fi 

n 
Pol* 3 

Pol* 3 -fe£> 

POLE LIGHTING ASSEMBLIES : 

Potaf IBS; Sia 400 Witt NEMA Typi 2 X 3 Md Two 400 Watt NEMA Tyo* 4 X 4 HPS 
Fiitmt on too - Foot Potat. 

Twrin 400 Will NEMA Tym 2 X 2 md Four 400 Watt NEMA Typo 4 X 4 HF1 
Fiitufii on 100 ■ Foot PoN. 

PoN 2 

Figure 3.2. Lighting system using three high mast poles and floodlight 
fixtures. 

Luminaires. 400 watt HPS, with noncorrosive hardware and independent 
aiming devices. 

Figures 3.3 and 3.4 show the performance of a typical (GE Lucalux) High 
Pressure Sodium NEMA type 1 luminaire. 

3.3 TEST SITE 

The tests were performed on and around Pier 5 at the Naval Station at San 

Diego, California. This pier, shown in Figure 3.5, is 1261 feet long, 60 feet wide and 

700 feet from either neighboring pier. While subject to rain and fog conditions, this 
site is not subject to snow. 

A site survey was performed on April 9 and 10, 1987 by personnel from MRC 

and the Task Leader from NCEL, Mr. Gerald Milmont. Day and night activities 

at Pier 5 and other piers were witnessed and interviews of Physical Security Chief 

Raymond Moody, Assistant Staff Civil Engineer, Mr. George Winnett, and Port 
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PHOTOMETRIC DATA 
PER 1000 LAMP LUMENS 

Figure 3.4. Photometric data for a high pressure sodium lamp in a power- 
spot reflector. 
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Figure 3.5. Test pier site plan . 

Operations officer, Mr. Warner. This site survey was crucial to understanding of the 
issues and helped greatly providing a focus for test planning purposes. 

The site visit revealed that pier security currently consists of two pierhead 

access control guards and a single roving guard, all supplied from the moored ships’ 

crew. Each ship also has a quarterdeck ship access control guard. All lighting is 

supplied by the ships except for 60 watt bulbs along the edge of the pier. At noon 

on a clear day, it is almost beyond the realm of human eye resolution to discern a 

stationary standing human from one end of the pier to the other. There is a continuous 
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stream of personnel on foot along the pier. There is little more than access control 

security on the pier surface, and that is not really limited by lighting intensity. 

The NAVSTA San Diego security department has ordered two patrol boats 

and is intending to operate one of the two on continuous patrol, viewing the water 

area between piers from the San Diego Bay 24 hours per day. The patrol distance 

between Piers 1 and 13 is approximately 1 1/2 nautical miles. A spotlight mounted on 

the patrol boat is felt to be undesirable since it would make the patrol boat too good 

of a target. The NAVSTA authority ends at a line drawn between the ends of piers. 

The U.S. Coast Guard exercises authority over San Diego Bay. When this patrol 

boat concept is implemented, the crew will be in a position to view the water surface 

between piers roughly twice per hour for around 2 minutes. There is no current or 

planned watch on the outboard side of each ship, either day or night. Only sidearms 

are immediately available from shore and pier guards. The patrol boat and ships 

magazines can provide slight increases in firepower within 5 minutes. 

We observed that a large number of ambient night lights (including ships 
lights, parking lighting, building lights, etc.) created specular reflections on each water 

ripple or wavelet when viewed from the water. Thus a bright/dark streaked pattern 

was quite noticeable. It becomes an immediate point of debate whether this ambient 

lighting (certainly less than 0.05 foot candles) would provide a high probability of 

detection without additional lighting. It was further observed that AD class ships 

typically have 4 EPS lights high on each mast. This caused water illumination in the 
range of 0.05 to 0.5 foot candles and was noticeable. 

Walking on the pier with lighting levels varying from 2 to 0.02 footcandles 

we did not feel threatened in any way from a safety point of view. There was a 3/4 

moon during the visit. Attempts to interview the Safety officer were unsuccessful due 

to schedule conflicts, but other NAVSTA personnel knew of no crisis in pier safety. 

Operations were observed both day and night. Dockings, loadings, mobile 

crane operations including brow placement were viewed. Our visit was obviously not 

during a period of peak operational activity. Nighttime operations were performed 

in roughly the same time line as in daytime. Crane operators were observed rubbing 

their faces to stay awake during night operations. Mr. Warner indicated that day 
shift personnel were “on-call” for night duty. 

The interview also revealed that every few months when major fleet move¬ 

ments overlap, night operations increase dramatically for several days duration. There 

is the opinion that during such periods, night lighting of piers would offer productivity 
increases. 
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3.4 TEST INSTRUMENTATION AND PLANNING 

3.4.1 Concept 

The security test concept was based upon that used for the 1981 lighting 

test performed for the US Army MERADCOM by Mission Research Corporation en¬ 

titled, “Lighting and Artificial Ground Cover.” It uses personnel to observe controlled 

intrusion activities performed at several locations at programmed times on the pier 

surface and the water surface. These observer personnel are placed at various locations 

expected to be of interest in order to determine the sensitivity of observation success 

rate to observer location as well as lighting intensity. CCTV cameras are placed at 

some difficult to reach (high) locations as well as next to some observers, in order to 

reserve advantages of observer locations and compare effectiveness of CCTV aids with 
direct human observation. 

Since many trials of active security testing can be programed into a relatively 

short period compared to that required for repeated pier operations activities or even 

accidents, the same CCTV cameras are designed to passively observe the pier over a 
long period to obtain relatively covert operational and safety data. 

After reduction of the test data, a team of experts in security, operations, 
human factors, and safety will interpret the results. 

Passive Recording 

The CCTV system is designed to record on a multiplexed video recording 

system 24 hours per day for a three month period in order to quantify the time 

required to accomplish various pier operations without affecting the performance of 

the participants. The CCTV cameras are visible but barely so, and its presence over 

an extended time is planned to allow Navy personnel acclimate to it, performing their 

tasks normally. In differing lighting conditions it was hoped that the timelines of the 
jobs would change in a manner relatable to the illumination. 

It is important to note that night mooring and departure of ships is discour¬ 

aged at the NAVSTA for purposes of workload and of seamanship. It was therefore 

particularly important not to “stage” night operations, since the resulting timelines 

would likely be the result of a high degree of motivation, being perceived as a timed 

drill. The video recording capability was fielded with a time lapse capability allowing 

for time compression and for a two day period per tape to conserve test manpower. 

It also allowed for imprinting the time and date on the scene. This CCTV system 
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therefore allowed for obtaining all the needed data without significant contamination 
by the presence of test personnel. It also minimized the cost of labor in recording and 
reducing the resulting data. 

This system was provided and installed under the direction of the Navy 
Electronic System Engineering Activity (NESEA). 

Threats 

The vision test needs to relate to the Blackwell tests and is easily done 

by varying the size, speed, and tactic of the intrusion actor. This is accomplished 

by conducting tests at different distances along the pier, performing several different 

motions, and rehearsing the speed of movements to be predictably slow or fast. 

Pier security tests were planned to involve three separate intrusion ranges 

on the outer half of the pier. This allows for a difference in angular subtense (size) of 

the threat object to the viewer as well as a way of testing the observer honesty and 
confidence. The actual test arrangement is depicted on Figure 3.6, with intrusion 

Range A nominally 600 feet from the head of the pier, Range B nominally 900 feet 

from the head of the pier, and Range C nearly 1200 feet from the head of the pier. 

Precise distances corresponding to the above were 646 feet, 889 feet, and 1132 feet. A 

blind was fabricated or already existed at these locations to prevent an observer from 

seeing an intruder before the intrusion began. Cameras and observers were located 

relative to these ranges to view at distances of roughly, 300, 600, 900, and 1200 feet. 

The pier intrusions consisted of either a 15 feet per second “run,” a “crawl” 

or “roll” at 1.5 feet per second, a motionless “stand,” or a no action “false alarm.” 

The pier is 60 feet wide, has 15 feet between each side and a red “fire” stripe, and 

has 4 feet between each red stripe and a yellow “road” stripe to define a walkway. 

The intrusion is nominally between the red stripes. Intrusions were performed at one 
minute intervals. 

Water intrusions were also conducted on the portion of the water shown in 

Figure 3.7 as being closest to Pier 4 and opposite the ranges A to C. Early planning 

had favored the fourth of the water nearest the outer half of Pier 5. On site inspection 

changed that when it became obvious that large moored ships at Pier 5 caused much of 

that area to be shadowed from the 100 foot lighting. Evidently, in order to illuminate 

the water surface, one must count on the lights from neighboring piers to operate in 

a “buddy system” in securing the water. Water intrusions consisted of two ranges: 

one parallel to the pier and another perpendicular to it. Two teams of SEAL trainees 

in inflatable “zodiacs” conducted intrusions consisting of either; a “slow boat” at 1 
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knot, a “fast boat” at 5 knots, a “swim” at 1 knot, a motionless “stop boat,” or a no 
action “false alarm.” Intrusions were performed at 6 minute intervals. 

Viewing Aspect 

The test plan regarded the viewing aspect as potentially equally significant 

to the lighting intensity. Normal pier security uses a pierhead guard for access control 

by badge inspection. He is aided by a single roving patrol that walks the length of the 

pier at intervals. One major question was whether the pierhead location would suffice 

for securing the entire pier. Another question was where were the best combination 
of locations for securing the pier and water. 

In order to answer this question relative to the pier surface, CCTV cameras 

were placed near the top of the 100 foot light poles, to look down on the pier surface. 
These are described in some detail in Section 3.4.3 below. 

The water security test used these same cameras, but skewed them to view 

the water area. Also, a camera and a person were added to the bridge of a ship moored 

on pier 5 across from the test zone as shown in Figure 3.7. Finally, an observer was 

placed upon the police boat moored around 300 feet out in the channel between the 

piers. This was done in order to provide data regarding the future effectiveness of 
planned patrols using the patrol boat in the channel. 

Lighting 

The lighting system was to be tested in high power and low power modes. It 

was also to be tested for effectiveness at 100 foot and 50 foot heights. The luminaire 

aiming was generally left as delivered-aimed down to limit glare. Eventually, at the 

end of the pier surface tests and as the luminaires were re-aimed out toward the water 

test area, a “glare lighting” aiming concept was introduced to provide very uniform 

pier surface illuminances at the expense of introducing high glare characteristics. 

Scripts 

Early in the planning phase it was recognized that many intrusion trials 

would be necessary in order to derive statistically significant results. With around 20 

personnel involved in each trial, scripts were preferred over radio communication and 

individual direction. Scripts were generated to the second, involving 428 intrusions 

per night. Three different scripts were randomized in order to prevent predictability 

by the observers. The scripts directed which intrusion range was to be active, which 

tactic was to be executed, and how many seconds of delay was to be introduced after 
the observer started looking. 
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3.4.2 Schedule 

The revised test schedule as of August 1988 is shown in Figure 3.8. It 

shows the planned period of passive recording before the active security tests and an 

October completion of active testing. The schedule was still dependent upon limiting 
the lighting construction delay to under 3 months. 

The lighting construction and acceptance and instrumentation installation 
was completed in September. The week of September 19 to 23 saw the CCTV instal¬ 

lation essentially complete. October 26 to 30 the test team briefed the Navy enlisted 

personnel, made final adjustments to the instrumentation, and conducted a day and 

night dry run for checkout and training purposes. During this time, further difficulties 

with the lights were encountered, interfering with the raising, lowering and camera 

performance. The entire Navy and civilian test team was called off the scheduled 
October 2 test start in order to affect repairs to the lighting. 

On November 28 the team was recalled to begin tests. One camera was 
still inoperative at the 1300 hours start of testing. At 1506 the contractor arrived to 

repair the pole and camera power, turning off all power and causing the cancellation of- 

ongoing tests. At 1800, November 28, 1988 all lighting and instrumentation systems 
were operational and tests underway. 

3.4.3 Instrumentation 

The test site was instrumented with CCTV in order to obtain security data 
on the benefits of various observation vantage points and to inobtrusively record pier 
operations in alternate lighting configurations. 

CCTV Cameras 

A total of six CCTV cameras were deployed during the test program. Three 

of these were attached to the light rings that could be raised to a height of almost 100 

feet. One was afixed to the tower at the end of the Pier 5, around 75 feet high. Two 

others were used alongside human observers to provide a direct comparison of CCTV 

and eyesight from the pierhead surface and from the area of the bridge of moored 

ships. The following Table 3.2 lists the camera designations along with their general 

specifications and locations. Figure 3.9 shows the locations pictorially. 
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QUAYWALL 
MAST CAMERA 1 

MIDPIER 
MAST 

CAMERA 1 

PIEREND -CAMERA 5 
MASTj^rT^ PIEREND 

TOWER 

CAMERA 1 

CAMERA 5 

CAMERA 6 CAMERA 5 

(c) WATER SECURITY TESTS 

Figure 3.9. CCTV camera deployments. 
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Video Display Van 

Four video monitors were located in a van near the head of Pier 5. Fig¬ 
ure 3.10 indicates the design and layout of this van. Important features are video 
switching to allow any camera to be displayed an any monitor, curtains to visually iso¬ 
late observers from one another, and headset radios to acoustically isolate observers 
from one another. A video recorder multiplexed signals from all six cameras and 
recorded time lapse imagery with time of day displayed. Figure 3.11 shows the one 
line diagram for the video recording equipment. 

Table 3.2. Camera Deployments and Specifications. 

CAMERA FOCAL LENGTH(mm) HEIGHT (feet) LOCATION VIEW 
1 

2 

3 
4 
5 
6 

50 
75 
50 
50 
50 
50 

90 
6 

90 
90 
75 
30 

Pole 1 (Pierhead) 
Pierhead 
Pole 2 (Mid Pier) 
Pole 2 (Mid Pier) 
Tower (Pier End) 
Ships Bridge 

Out 
Out 
Out 
In 
In 

Water 

3.4.4 Subjects 

A large number of Navy personnel were provided to support this test pro¬ 
gram. One group was provided by various NAVSTA San Diego organizations to sup¬ 
port pier security tests. Another was provided by the NAVSPECWARCEN seal train¬ 
ing organization to support water intrusions. In all, some 36 personnel were directly 
involved in the intrusions and observations. 

Physiology 

All NAVSTA personnel (22) were examined by the base medical clinic op¬ 
tometrist for visual capabilities on September 15, 1988. Standard visual acuity tests 
were performed on each and those with less than 20/20 vision were fitted with cor¬ 
rective glasses. Additionally, all were tested for contrast sensitivity (described in Fig¬ 
ure 3.12. Personnel with significant visual difficulties were assigned to the intrusion 
team, except for a controlled few with marginal contrast difficulties worth comparing 
with others. 
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Figure 3.10. Video Recording Van Layout. 
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Figure 3.11. Video recording one line diagram. 



VCTS 
Contrast Sensitivity Testing 

VISION CONTRAST TEST SYSTEM 

Vistech Consultants, Inc. 

Vision Contrast Test System 
• Early Detection of Pathology 

• Easily Administered by a Technician 

• Functional Assessment and Documentation of Cataracts 

• Objective Fit and Evaluation of Contact Lenses 
• Quick, Precise Refraction 

Figure 3.12. Contrast Sensitivity Testing. 
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Contnat atrMMty msting la most compmtw*- 
si* wwy to m—sun functional vision. Standard 
aa*y chart* tMt only ft* p*H^ AWW to m* 
small high cortraat (Uack amwtuta) btfaci*. Our 
•wryaay wold, howoac, ImttVIawadbrtAcIc and 

,wtvta. lb aaa a child cmtaatgjha n^itAisk or 
track a god ban acmaa thaHtjt^namuatbaabi* to 
raaolva dWwant siza octets tatdar towarlaw^ of 
cortraat (ahadaa ol gray). A atnpto. adaftfflcaity- 
pmvan mathod for maaauring contraat aanadMyi tha 
Vtalon Contra* fast Syatam (VCTS^ waa da- 
valopad by Dr. Arthur Qinabuig. 

Tha VCTS* naar and dtatanca chart* conaiat ot flva 
row* of akia-wava grabnga, which appav aa fuzzy 
gray ban. Each rmr taat* * a spaafle apatt* fra- 
(AJancyt raaaaurtng tha obaarvarti sanaftMty to a 
spacMIc obfact siza. Tha low fraquanoaa. * tha top 
of tha rttart, taat sanaMvtty to vary larga obfacta, 

at ft* bottom of tha chart tha high fiwquandaa 
la* aaraNvIty to vary imal objacta. Each taat f>«- 
cfu*ocy bagfna with a high laval of contra* which 
bimlniaha* prograaalvaly with aach succaadng 
paaeft-Hn Mt to right Tha gratings vary in tttair 
oriantatot within tha patch, and may ba varBcal, or 
tfltad right or laft. Sina-wava gratings an usad ba- 
causa sdantific rasaarefi has shown than to ba 
mon sansitiva than any othar last pstiam. 

ExianaBa adanffb raaaare*i docunanta tW valdRy 

of tha >C7B« In numaroua araaa of aya haaWt car*. 
"Hta chart* at* highly cafcratad and.atandantzad. 
•R) aatabiah prepar Wunlnaiion. a light malar la 
mcfcjdadarth aach ayatam. &wid*nfizadon Ja asaarK 
daf tor conaistant last naauts in any location, anaun- 
mg accsnta wnkntion ot patiant viaion tor cMag- 

nt"*’ partard Jadwiabt^aacond opiilnrn'*^ 
tiocumantation. Tha VCTS» pn^action s«da/ *- 

—— JmJiat_- 

— J: Hayi 

tfwugh nonatandardzad, can ba uaad tor pradsa 
tafraeBDa eonbaat aanahMIy acraaning, and contact 
■an* avatoadon 

TTia-tyacft Consultants, Inc. VCTS* can easily ba 
administarad by a taclvvdan in only two minutes. 
ThwoO—rvar ampty raporta tha Iowa* contra* 
P1^ viatota-knadt row and daacribaa tha orianta-' 
•Jonoflha grattngatTha raauKa an racordad on a 
A*1*** •ansritvty aw*i*ion term and can ba im- 
madtalaly comparad io a population norm. Sinca 

acuty chart* ara )u*ona varlabla (aiza), only a sing* 
numb* can ba uaad to daacriba a parson* vision. 
Tha VCTS* uaaatan variablaa (siza and contra*) 
to*—'fc,u** R>a »atortranga of vision; tharafor*. 
tha ia*jKa praduoaacum If naadad, thia curve 
carvha oonvartad to. a standard acuity value that 
mtatoa to svaryday. Kuctkjn* vision. 

Many pathological and neurological condtoons affect 
vtotan In ways ft* cannot ba measured by acuity 
atone. Cataract patients, tor exampia, may complain 

that they ate unable to see to drive, yet perform well 
oner acuity chert Certain types of decreases in the 
contra* sansittvity cur* can indicata different visual 
probtoma. For axampia, a loss aflading only the mid- 

frattoancy might sugge* the poasibiOty of gfaucoma. 
Tha dtogram above shows what type of probiema 
m,Y *peciflc portions of tha curv*. A completed 
inatruedon manual a provided with the VCTS* to 
Htoatrate sample curves end aid in diagnosis. 

Cataracts 
Cataracts are an increasing vision problem ss the 
size of the old* population grows. Cataracts cannot 
effectively be measured by present acuity tests be¬ 
cause acuity measuras optic* blur how sharply an 
imaga is in focus. Cataracts, however, do not affect 

Figure 3.12. Contrast Sensitivity Testing (Con’t). 
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Wur. Th# scaBwing of tight through the lens opacity 
raducM tha contrast of images. Acuity charts use 
such high contrast targets that they can still be read 
by cataract patients, even though the lettars appear 
‘hazy” or “washed-out." 

The example on the right shows the contrast sensitiv¬ 
ity curves of a patient with a posterior subcapeular 
cataract in the left aye. Although the patienft stan¬ 
dard acuity was normal (20/20), the contrast sensitiv¬ 
ity curve for that eye faita signficantty below the popu- 
lation norm. 

By noting where the lowest point of the curve lies 
on the Equivalent Acuity Guide (shown superim¬ 
posed on the sample graph), an equivalent acuity 
value can quiddy be determined. In this case, the 
equivalent acuity of tha left aya ia 20/50 This maans 
that the quaiity of vision experienced by the patient 
in that eye corresponds to that of a parson reading 
20/50 due to refractive error, VWtft the VCTS* dmd- 
sforts concerning sunjfy can be based on a mea¬ 
sure which more accurafety rv/ates to vaua/ perfor¬ 
mance. 

glaucoma 

»_•_•_• • 

Glaucoma 
Documented research has shown contrast sensitivity 
to be an important screening test tor early detection 
of glaucoma. In this example, tha patient had no field 
loss or cupping, but depressed contrast sensitivity 
in tha middle frequency region of tha curve. Tha 
higher and lower frequencies were not affected. 
Glaucoma pattents car show visual leases in con¬ 
trast sensitivity but not in other tests and vice versa. 
Tha VCTS», used in conjunction with standard 
screening tests, provides tha moat sensitive informa¬ 
tion possible tor early datactlon of glaucoma. 

rosTtmoe auscAMuLxx catajuct 

-* WM 
■■ - L Mtm- 9 

Contact Lenses 
Contact lanaea can affect vision in way* that cannot 
be ade^jately measured by acuity. By evaluating 
contact lens periormence with the VCTS* the doctor 
can provide the patient with the best possible correc¬ 
tion. In the example shown, two types of lenses both 
conact the patient to 20/15 standard acuity The sub¬ 
stantial difference in contrast sensitivity, however, 
cteerty Indtoatee wffh which tone the patter* will be 
happier. The patients vision with contact lenses can 
also be compared to a contrast sensitivity measure¬ 
ment taken through the phoroptar or with the patients 
present glasses. This comparison quickly identifies 
functional loasaa that could lead to patient com¬ 
plaints. Immedate refitting saves valuable time and 
increases patient satisfaction. 

CONTACT UttSt* 

a ® 
• ® 

<p 
_•_•_•_• • 

Figure 3.12. Contrast Sensitivity Testing (Con’t). 
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Pathology 
Many types of visual pathway disorders do not affact optical Wur and thus cannot ba detected and quantifled by standanj 

acuity charts. Examples of these types of praWanw include multiple sclerosis, optic nerve lesions, and tumot*. An interastinQ 
example is a case involving a pituitary adenoma. v 

The 30 year-old patients complaint ol blurred vision in the left eye and left frontal lobe headaches had been attributed to 
stress by a general practitioner. An eye doctor tested the patients Snellen acuity, color vision, centtai Amaler grid, and 
pupilary reactions and found no abnormal results. A significant loss of vision in the left eye, however, wee discovered 
through contrast sensitivity testing. The doctors suspicion of a tumor was later confirmed.'Five days following surgery the 
patient waa retested, with the results showing a substantial improvement in contrast sensitivity 7 ~ 

Amblyopia 
The VCTS* Is a very effective device for measuring tha vision of amblyopia patients. Pre-school chfWen can easily iodkste 

the direction of the gratings regardless of their reading ability Contrast sensitivity is a sensitive tool for detecting suppteesion: 
even in patients with normal or near normal acuity. Vision therapists use the VCTS» to determine training procedures and 
track recovery The curves also provide an excellent aid tor illustrating progress to the parents. They can be shown the 
significant difference between the curves o# each eye and tofiow the child* progress as vision inrnoves and the etwee 
become consistent. ‘ 

VISTECH CONSULTANTS, INC. 
1372 North Fairfield Road • Dayton, Ohio USA 45432-2644 

In USA Toil Free 1-600-VISTECH • In Ohio 513-426-4622 

Telex 510 100 5860 

Figure 3.12. Contrast Sensitivity Testing (Con’t). 
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It should be noted that the group’s numbers and physical limitations com¬ 
bined at various times into a quite uncontrolled behavior pattern. The plan to assign 
personnel on the basis of eyesight was cancelled at the outset because so many of the 
assigned personnel were covered by limited duty restrictions. The test plan called for 
24 personnel in order to operate with 20 after examination and no shows. The test 
needed 19 personnel to be fully staffed and could hobble along with as few as 16. 
Frequently it was necessary to operate with 10 or 12 personnel, with only 8 of the 
needed 16 actually performing test tasks. In such an environment, if someone who 
was supposed to wear glasses didn’t, it was never noted or corrected. 

Organization 

The assigned personnel were organized into pairs of intruders and observers 
as shown in Figure 3.13. Generally able bodied personnel were assigned to the 
intrusion tasks instead of those with eyesight difficulties. An intruder team leader 
tried diligently to keep the intrusions on schedule according to the second by second 
script. An observer team leader was assigned to keep the observers in the van diligent, 
but this member was rarely to be found at the test site. A communications coordinator 
was assigned to keep observers and all intruders keyed to the same point in the script, 
using hand-held radios for communications. A master chief was in overall charge of 
the personnel, and determined assignments. 

Pier Intruders 

Pier intruders were dressed in dark blue coveralls and stationed in pairs at 
blinds generally to the left side of the pier at three locations along the pier. 

Range A was roughly 600 feet down the pier (halfway to the end). Range 
B was roughly three-fourths of the distance to the end of the pier (900 feet from the 
head). Range C was near the end of the pier, nominally 1200 feet from the pier head. 
The blinds were made of structural elements that were close to these desired locations. 
Range A used a pair of trash containers placed to hide the intruder team unless they 
were involved in an intrusion. Range B used a polyethylene screen attached to a 
transformer railing. Range C merely used the transformer housing itself as a shield 
from view from the head of the pier. 

Each intruder pair consisted of an intruder trained to run at 15 feet per 
second, and roll or crawl at 1.5 feet per second, as well as a monitor to read the script 
and cue the intruder actions. The intruder monitor was provided with a detailed script 
and clipboard, flashlight, hand held radio, and a Casio digital watch/stopwatch. The 
intruder wore elbow and kneepads under 0.07 reflectivity coveralls. 
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Figure 3.13. Organizational chart. 
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Intruder monitors performed at all levels of competence, from well to not at 
all. In some cases insufficient numbers of personnel caused intruders and monitors to 
do double duty. In other cases, monitors miscued the intruders or lost their place in 
the script and the intrusion was done at the wrong time or not at all. Infrequently, 
the monitors wrote on the script, as directed, the actual time of completion of the 
intrusion. 

Pier Observers 

Up to 10 personnel performed observations of the intrusions. The observers 
were teamed into pairs with one performing as monitor and the other observing. The 
observer was tasked to cue the observer when to look, time the answer, and record 
the result on the data sheet. The observer was tasked to look for an intrusion; call 
out the action as a run, roll, crawl stand, or false alarm; and identify the range as A, 
B, or C. UP to four teams were located in the van near the head of the pier using 
the four monitors. Each team was separated from visual contact with the others by 
equipment racks and polyethylene curtains. Each observer was acoustically isolated 
from others by a headphone radio. A fifth observer team was located at the head of- 
the pier for direct observation instead of using CCTV aids. 

Camera 1 was located at the top of the lighting mast near the pier head, 
looking all the way down the pier from 600 feet to 1200 feet distant. Camera 2 was 
located essentially directly below camera 1, looking all the way down the pier at eye 
level in order to directly compare with the direct eyeball observation. Camera 3 was 
located near the top of the mid pier mast looking outward down the pier from at 
ranges B and C, 900 and 1200 feet. Camera 5 looked back toward shore from the 75 
foot height of the ranging tower near the end of the pier, viewing range B at 900 feet 
and range A at 600 feet. 

The observer team leader was assigned the task of keeping interactions be¬ 
tween personnel in the van to a minimum. This was to include talking, horsing around, 
sleeping, etc. The team leader did none of these and the resultant interaction and 
inattentiveness may affect the results. Also, most of the time a lack of personnel 
resulted in observers recording their own results without the assistance of a monitor. 
This certainly offered the opportunity for cheating, since the correct results on the 
scoresheet had to be covered up to prevent seeing them. 

Water Intruders 

Water intrusion tests were performed by trainees from NAVSPECWARCEN 
using two teams in inflatable zodiacs with outboard motors. About six personnel were 
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carried in each of the two boats. All wore wet suits of nearly black foam. The covering 
of the outboard motor was noted as imperfect as it allowed some white paint to be seen 
from some angles. The boats were used to perform fast, slow, stop movements across 
the water test areas between Pier 4 and 5 as was shown in Figure 3.7. Fast was around 
5 knots speed, while slow was about 0.5 knots. The boats were also used to deploy 
swimmers that swam similar routes, along the pier and across the pier orientation. 

The water intrusions were performed almost flawlessly in spite of the wet 
and cold all night conditions. 

Water Observers 

Up to seven observer teams from the NAVSTA personnel recorded the water 
intrusions. Three of the teams watched the re-aimed Camera 1, Camera 2, Ca,era 3 
and Camera 5 views of the water. A new Camera 6 was placed at the outboard bridge 
of the moored ship on Pier 5 directly across from the water intrusion test area. Three 
direct eyeball observation teams were used. One was located as before at the pierhead 
next to Camera 2. Another was placed on the moored ship just below the new Camera 
6. A final team was placed aboard a NAVSTA police boat anchored around 300 feet, 
out in the channel between Piers 4 and 5. 

As before, observer teams were planned to consist of observer and monitor 
with the same duties previously documented. 

3.5 TEST OPERATIONS 

Active security test operations were conducted in a two week period from 
November 29 to December 8, 1988. Weather was close to ideal during the entire 
period, with clear skies and imperceptible wind. 

3.5.1 Training and Set Up 

The week of September 26 to 30,1089 was devoted to mustering the NAVSTA 
personnel, re-configuring the CCTV van, acquiring miscellaneous equipment, and 
training the personnel by means of a rehearsal. The rehearsal proceeded quite smoothly 
on September 28 and 29. The light meter was used to measure the pier surface re¬ 
flectivity, lighting illuminances, and coverall reflectivity. All cameras were aimed for 
viewing the proper locations. 
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During this period the lighting system experiences increasing levels of mal¬ 
functions. These lighting difficulties began to affect the operation of certain cameras. 
Some electrical problem seemed to be deteriorating. On Sunday, October 2, the NOEL 
Test Director cancelled the planned operations pending reliable lighting. The delay in 
operations continued for 8 weeks before the lights were pronounced operational. On 
November 28, test operations initiated. 

3.5.2 November 28 

Four ships were moored at Pier 5. Two FFs were rafted on the outer half 
toward Pier 4. The AD was on the inner half toward Pier 4. Another ship was on the 
outer half toward Pier 6. 

At 1310, the planned start of pier intrusions, only 12 personnel had arrived 
and continuing electrical problems caused Camera 1 to be inoperative. At 1400 in¬ 
trusions were started in order to obtain as much day data as possible. At 1506 the 
lighting contractor arrived to fix pole 1 and shut down all power to all cameras. The 
day tests are aborted. 

By 1800, all repairs are complete and the test of night full power lighting 
from 100 foot height begins as planned. Tests are completed as planned by 2200. 

3.5.3 November 29 

The AD has departed and one of the FFs has moved to the inner half of the 
pier from the raft to replace it. 

At 1800 testing of the low power configuration at 100 foot height proceeds. 
At 2300 all pier lighting is turned off to observe intrusions in the dark as is the present 
Navy practice. It is noted to be approximately half moon. 

3.5.4 November 30 

No change to the mooring configuration has occurred. The trash cans used 
as a blind for range A are missing and all intrusions are run from right to left to take 
advantage of other cans. 
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At 1800 testing with the lights at full power and 50 foot height begins. 
Camera 3 is now adjusted to observe ranges B and C from a height of 45 feet. At 
2300 testing at low power 50 feet height proceeds. 

3.5.5 December 1 

During the day all lights are re-aimed to provide a “glare lighting” scheme 
for the pier and the water test area. The luminaires are aimed generally at flat angles 
long distances from their poles in order to achieve more uniform lighting. One lamp 
from each of poles 2 and 3 are aimed at range B. Four lamps from pole 2 are aimed 
at range C. Two lamps from each of 1 and 3 are aimed at range A. AH the rest are 
aimed at Pier 4 (water) at a 10 degree down angle. 

At 1300 the day intrusion testing is performed while light re-aiming is in 
progress. At 1800, night pier intrusion testing is begun using the re-aimed glare 
lighting. At 1820 the LANG arrives and takes 6 to 10 minutes to get lines on the 
dock. By 1837 the brow is in place and the crane is departing Pier 5. Lighting* 
measurements indicate a very uniform 2 foot candles at high power. At 1920 power 
is reduced to low providing a uniform 1 foot candles for the rest of the test. At 2200 
pier intrusion testing is complete. 

3.5.6 December 4 

At 1800 water intrusion testing begins with no moon and clear cold skies. 
Lights are operated at full power and 100 feet height. Light illuminance is measured on 
two paths on each side of the test zone parallel to Pier 4 and proves to be impressively 
uniform at 0.20 to 0.64 foot-candles in the horizontal plane. Measurement in the 
vertical plane show 1.2 to 2.5 footcandles. The intrusion zodiacs are effectively black 
but the outboards are showing some white around the cover. The cover is only an 
olive drab jacket. Intruders are cautioned to keep the outboards from being visible. 

From 1800 to 2000 camera 6 is being installed on the FF moored on the 
outer half of Pier 5 facing Pier 4. At 2100 the new camera is operational. Observation 
configuration: 

Monitor 2 - Camera 1 Monitor 3 - Camera 2 (until 2000) Monitor 3 - Camera 6 
(after 2100) Monitor 4 - Camera 5 Pier at Camera 2 Ship at Camera 6 Patrol Boat 

100 yards out in channel 

3-29 



At 0240, Pole 3 (and maybe pole 2) went from high to low power. At 0250, 
the power came back up again. This malfunction was never explained. 

There is significant difficulty getting the cameras aligned with the intrusion 
zone perfectly. This results in intrusions sometimes missing the field of view or some 
very late “alarms.” 

3.5.7 December 5 

Water tests continue with the lighting turned off. Light levels on the water 
are again quite uniform at 0.001 to 0.010. 

3.5.8 December 6 

Cameras 2 and 6 re-aimed better to intersect with the “stop boat” intrusion. 
Lights operated at full power and 50 feet height. Light levels of 0.030 to 0.27 except 
a hot spot of 0.6 near end of Pier 4. 

3.5.9 December 7 

This day is a lay day giving the personnel rest to perform day water intru¬ 
sions on December 8. At 1435 the US Rentz (FF 46) arrives. The crane arrived 25 
minutes earlier. Lines are taut by 1443 when brow placement begins. At 1444 lines 
have been doubled. By 1453 brow is in place. 

3.5.10 December 8 

Final water intrusions begin scheduled to begin at 0730. Tests are delayed 
by ship traffic and by intermittent power problems caused by high tide. By 1018 team 
is only to event 24 and by 1510 to event 58. 

3.5.11 December 9 through January 15 

December 9 all cameras were re-aimed to record pier operations and safety 
data. 
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All lights were re-aimed to there original spots for pier low glare illumination. 
Base personnel were trained in reloading the video recorder and the system turned on 
to operate without significant attention. 

Until NESEA personnel arrived on January 16 to disassemble the CCTV 
instrumentation, passive recording continued. On January 16 and 17 the tapes were 
reviewed to record data and no night mooring operations were found. 
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SECTION 4 

QUANTITATIVE DATA REDUCTION AND RESULTS 

4.1 TEST CONDITIONS 

The description of the actual field test conditions is central to understanding 
the conclusions and limitations on interpreting data. This test program involved the 
complexities of a 1200 foot long operational Navy pier, a new 13 kw HPS lighting 
system on 100 foot high masts, a 6 camera CCTV instrumentation system with fully 
multiplexed video recording, a team of 21 Navy personnel to perform intrusions and 
observe, and a pair of trainee seal teams for water operations. Nearly 2000 intrusions 
were recorded from as many as 5 different observation points, providing over 8000 
data points. 

4.1.1 Photometric Instrumentation 

A Tektronics J16 digital photometer was leased from Leasametrics for this 
project. This instrument operates through several alternate luminance probes which 
are matched to the photopic response of the human eye. Three probes were also 
leased to support this activity. A J-6501 illuminance probe was used which has a 
hemispherical receptor to measure incident footcandles from all source directions. A 
J-6503 illuminance probe was used to measure the incident light from a single source by 
means of a highly directional 1 degree acceptance beam. A J-6511 luminance probe 
was used to measure the background luminance in foot-Lamberts for a moderately 
narrow 5 degree beam. 

4.1.2 Surface Reflectivities 

Using the luminance probe, the following luminance were measured in day¬ 
light, and reflectivities determined relative to the white coveralls. Other sources show 
asphalt reflectivity from 10 to 10 percent and concrete from 10 to 30 percent. 
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Surface_Foot Lamberts Reflectivity 
White coveralls 8460 1.0 
Blue coveralls 160 0.019 
Asphalt 540 0.064 
Clean concrete 1520 0.18 
Concrete 1040 0.12 
Dirty concrete 540 0.06 

4.1.3 Pier Reflectivities 

Using the hemispherical illuminance probe, rationing the down readings to 
the up readings at dusk and under the lights, the surface reflectance readings were 
confirmed many times. The pier surface exhibits reflectance from 0.09 to 0.33, with 
most of the readings between 0.1 and 0.15. Figure 4.1 provides a graph of measured 

Figure 4.1. Measured pier reflectance. 

reflectivity along the pier as derived from a ratio of the hemispherical foot-candle 
probe measuring upward and measuring downward. 
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4.2 INTRUDER REFLECTIVITY 

Intruders on the pier surface were dressed in dark blue coveralls that mea¬ 
sured (160 ftL), 0.02 of the value of luminance from white coveralls (8450 ftL). 

4.3 LIGHTING ILLUMINANCES 

The tested lighting system was originally installed and aimed by the light¬ 
ing contractor. Aiming of the luminaires was intended to minimize spilled energy 
and glare, while obtaining fairly uniform lighting. These contradictory requirements 
caused significant hot spots, with intruder range C being consistently brighter than 
the others. A second glare lighting setup used 12 of the 32 luminaires aimed 300 to 
600 feet away from the poles to provide quite uniform pier lighting. The other 20 
luminaires were aimed toward Pier 4 to provide fairly uniform lighting over the water 
surface simultaneously. Typical lighting levels at the intruder ranges (A is 600 feet 
from pierhead, B is 900 feet from pierhead, and C is 1200 feet from pierhead), vary 
from 0.005 to 36 foot candles on the horizontal plane of the pier surface, as indicated 
in the following Table 4.1.* Figure 4.2 is a plot of this horizontal lighting data. Ta¬ 
ble 4.2 and Figure 4.3 show the same test lighting conditions corrected to the vertical 
plane. 

Figure 4.4 shows the variation of the lighting intensity along the pier for full 
power lighting at 100 foot mast height. Figure 4.5 shows the lighting variation across 
the pier at range C on two separate measurements with full power lighting at 100 
foot mast height. Figure 4.6 shows the measured illuminances at the three intrusion 
ranges under 100 feet-high power lighting. 

It is important to note that the pier surface, whether a result of the natural 
concrete or the oil and tire residue, exhibited significant directional glint. This created 
glare which may have been helpful at times in detecting night pier intrusions, but was 
certainly detrimental at times just before sunset to cameras and observers looking 
into the glare. 

'The da*bed and broken line* in Figure 4.4 are illuminance level* on the vertical plane. Both of 
these line* are calculated from the mid pier to the end of the pier. They were not calculated from the 
pier head to the mid pier. The broken line i* for the light seen by Camera 5 located at the end of the 
pier. The dashed line i* for Camera’s # 1 and 2 located at the pierhead and Camera 3 at mid pier. 
As one approaches the end of the pier the vertical illuminance as seen by Camera’s 1, 2 and 3 goes to 
a level of abont 1 FC while that seen by Camera 5 goes to about 10 FC. 
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Table 4.1. Summary of Pier Surface Lighting Illuminance. 

LIGHTING 
CONDITION 

INTRUDER RANGE 
A B C 

11/28-100’ HIGH POWER 3.8 1.0 36. 
11/29-100’ LOW POWER 2.0 0.33 10. 
11/29 DARK 0.005 0.04 0.2 
11/30-50’ HIGH POWER 15. 0.4 36. 
11/30-50’ LOW POWER 4.5 0.1 8.1 
12/1-100’ GLARE HIGH POWER 1.8 1.8 2.4 
12/1-100’ GLARE LOW POWER 1-2 ' 1.0 1.8 

Figure 4.2. Lighting illuminances at intrusion ranges. 
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Table 4.2. Summary of Pier Lighting in Vertical Plane. 

LIGHTING 
CONDITION 

INTRUDER RANGE INTRUDER RANGE 
SEEN FROM SHORE SEEN FROM CAMERA 5 

A B C A B 
11/28-100’ HIGH POWER 2.3 1.5 0.4 0.2 1.5 
11/29-100’ LOW POWER 1.2 0.5 0.1 0.05 0.5 
11/29 DARK 0.005 0.04 0.2 0.005 0.04 
11/30-50’ HIGH POWER 1.8 1.2 0.3 0.15 1.2 
11/30-50’ LOW POWER 5.4 0.3 0.08 0.04 0.3 
12/1-100’ GLARE HIGH POWER 5.4 2.7 14. 5.4 2.7 
12/1-100’ GLARE LOW POWER 3.6 1.5 10.8 3.6 1.5 

Figure 4.3. Lighting Illuminance in Vertical Plane. 
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Figure 4.4. Illuminance with 100 foot, high-power Lighting. 

- HORIZONTAL 
-CAMERA 5 VERTICAL 
-OTHER CAMERAS VERTICAL 

Figure 4.5. Repeatability of illuminance Measurement. 
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Detection of pier intrusions at night may not be a simple relationship be¬ 
tween contrast ratios and background luminance at the test ranges. This is because 
hot spots such as that usually present at range C can backlight actions at range A 
and B. Also reflected light off the pier surface can serve to provide greater illuminance 
on the target than would otherwise be expected. Pier illuminance data provides an 
important part of the information, but is by no means a complete story. Figures 4.7 
through 4.11 show the illuminance along the pier surface for each lighting condition 

tested. Curves are coded as in Figure 4.4 

4.4 DATA RECORDING AND REDUCTION 

This section explains precisely how the field data recording took place and 
how such data were reduced to provide the conclusions. 

4.4.1 Scripts 

In order to control the actions of around 20 intruder and observer personnel, 
computer randomized scripts were created. Figure 4.12 shows the first page of one 
of the three alternate pier intrusion scripts. It defines the event number, which of 
the three intrusion ranges is host to the event, the threat tactic to be simulated, 
the nominal start time (one per minute), the randomized delay after the minute so 
the observer doesn’t expect immediate action, the desired finish time, and the exact 
personnel to be involved. Three different sequences of the events is available to assure 
that observers don’t acclimate to a particular sequence. After the first 107 events a 20 
minute break was scheduled and after the full 214 events, a dinner hour was provided. 
After dinner another 214 event script was performed. This system worked quite well 
at minimizing the necessity of continuous queuing communications and letting non¬ 
performers relax between events. Infrequent radio checks were sufficient to keep all 
parties on the proper event. Events consisted of run, crawl, roll, stand, and false 
alarm. Ranges, measured from the head of the pier were nominally: A, 600 feet; B, 
900 feet; C, 1200 feet. 

Figure 4.13 shows the analogous script for the water intrusions. These in¬ 
trusions were performed every 6 minutes due to the larger distances over which the 
intrusions had to be executed. Seventy water intrusions were scheduled each evening. 
Events were swim, slow boat, fast boat, stop boat, and false alarm. Water intru¬ 
sions were performed both parallel to the piers (along), and perpendicular to the piers 
(across). 
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Figure 4.6. Illuminance across pier. 

■ MOUIONTAI 
—- —CAMXKA I VUnCAJ. 
---OTMXft C AMUUU VXinCAl 

Figure 4.7. Illuminance with 100 foot, low-power. 
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--- HOMXOMTAX 

—-CAMHU I VDOTCAL 

-— OTUU CAMXKAJ VDXICA1 

■ EOinONTAJ. 
-CAMKEA » VDTICA1 
........ OTHU CAMTOAJ VXnTCAl 

Figure 4.10. Illuminance with 100 foot, high-power glare. 

- HOEHONTAL 
-CAMZtA t vnncAi 
........ OTHKS CAMZSAS VnTKAl 

Figure 4.11. Illuminance with 100 foot, low-power, glare. 
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INTRUSION SCRIPT II 

DATE: 

EVENT 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

1« 

OCT. __, 1988 

RANGE/ACTION 

A — RUN 

B — RUN 

A — STAND 

C — ROLL 

B —.RUN 

B — STAND 

C — CRAWL 

C — CRAWL 

A — RUN 

B — RUN 

C — RUN 

B — STAND 

B — CRAWL 

C — ROLL 

B — ROLL 

C — CRAWL 

START DELAY 

0100:00 6 SEC 

0101:00 6 SEC 

0102:00 0 SEC 

0103:00 8 SEC 

0104:00 8 SEC 

0105:00 0 SEC 

0106:00 10 SEC 

0107:00 10 SEC 

0108:00 0 SEC 

0109:00 0 SEC 

0110:00 8 SEC 

0111:00 0 SEC 

0112:00 8 SEC 

0113:00 4 SEC 

0114:00 6 SEC 

0115:00 6 SEC 

LIGHTING: 

LOCATION: 

FINISH 

0100:08 

0101:08 

0102:40 

0103:28 

0104:08 

0105:40 

0106:30 

0107:30 

0108:02 

0109:02 

0110:10 

0111:40 

0112:28 

0113:24 

0114:26 

0115:26 

INTRUDER 

1 

3 

1 

5 

3 

3 

5 

5 

1 

3 

5 

3 

3 

5 

3 

5 

Figure 4.12. Pier intrusion script. 

MONITOR 

2 

4 

2 

6 

4 

4 

6 

6 

2 

4 

6 

4 

4 

6 

4 

6 
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WATER INTRUSION SCRIPT II 

DATE: 

EVENT 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

OCT. _ 

TEAM 

A 

B 

A 

B 

A 

B 

A 

B 

A 

B 

A 

B 

A 

B 

A 

B 

1988 

ACTION (DIRECTION) 

SLOW (ALONG) 

SWIM (ALONG) 

SLOW (ACROSS) 

SWIM (ACROSS) 

FALSE ALARM 

STOP BOAT 

SWIM (ALONG) 

SLOW (ACROSS) 

SLOW (ALONG) 

SWIM (ALONG) 

SLOW (ACROSS) 

SLOW (ALONG) 

SWIM (ALONG) 

SLOW (ALONG) 

SWIM (ALONG) 

SLOW (ALONG) 

Figure 4.13. Water 

LIGHTING: _ 

LOCATION: _ 

START DELAY 

2000:00 12 SEC 

2006:00 0 SEC 

2012:00 12 SEC 

2018:00 24 SEC 

2024:00 0 SEC 

2030:00 0 SEC 

2036:00 36 SEC 

2042:00 12 SEC 

2048:00 24 SEC 

2054:00 0 SEC 

2100:00 0 SEC 

2106:00 12 SEC 

2112:00 36 SEC 

2118:00 60 SEC 

2124:00 48 SEC 

2130:00 60 SEC 

intrusion script. 

FINISH 

2004:12 

2010:00 

2016:12 

2022:24 

2028:00 

2034:00 

2040:36 

2046:12 

2052:24 

2058:00 

2104:00 

2110:12 

2116:36 

2123:00 

2128:48 

2135:00 
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4.4.2 Recording Forms 

Figure 4.14 shows the properly complete intrusion script for Range C with 
the deviations in completion time from the script identified. This degree of compliance 
with instructions was rarely in evidence. Figures 4.15 and 4.16 show the observer 
results forms for the same intrusions witnessed from two different video monitors. 
Note that the identity of the observer and of the observer monitor (data recorder) 
is the same and that the handwriting of these identities is the same, because it was 
written by the authors after analysis of handwriting. Note from Figure 4.15 that 
Davey has filled in the fact that traffic on the pier has obscured the event, signified by 
“TF.” Also note that question marks have been entered in certain events. Bona, on 
the other hand, has merely drawn a line through any event that he has not observed 
action. It is left to the reviewer to determine if the reason was traffic interference or 
an error. Both observers have properly written the seconds at which the observance 
was made, although this was by no means a common adherence to directions. Both 
of these records were generated by one person doing both jobs and therefore subject 
to the possibility that the event answers were not covered up during the test. Such 
situations depended upon individual honesty in situations where too few personnel 
showed up to work. 

4.4.3 Grading Observation Errors 

Referring again to Figures 4.15 and 4.16, we now direct attention to the 
right margin of the results form. The events with the question marks were determined 
to be intrusions that were not performed and scored as “N,” nonevents. These are 
subtracted from the event list as if they were not even planned. Those with traffic 
obscuring the event, whether noted by the observer or later determined to be the 
excuse for unrecorded information, are scored as “Ttraffic. Events that are reported 
incorrectly, calling for the wrong intrusion tactic, are scored as an “X,” error. In 
situations where the observer reports the correct tactic but the wrong range, the 
event is scored “R,” range error and receives half credit. Figure 4.17 shows a water 
intrusion data sheet of grading. Thirty-nine data sets (8346 events) were recorded 
and scored for the pier surface intrusion security tests using various lighting scenarios. 
Twenty-four data sets (1680 events) were recorded and scored for the water security 
tests. 
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EXAMPLE OF FIELD COMPLETED DATA SHEET 

OATS: 

EVENT 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

INTRUSION SCRIPT 

) 

QST. _, 1988 

RANGE/ACTION START DELAY 

A — RUN 0100:00 6 SEC 

B — RUN 0101:00 6 SEC 

A — STAND 0102:00 0 SEC 

C — ROLL 0103:00 8 SEC 

B — RUN 0104:00 6 SEC 

B — STAND 0105:00 0 SEC 

C — CRAWL 0106:00 ip sgc 

C — CRAWL 0107:00 10 SEC 

A — RUN 0108:00 0 SEC 

B — RUN 0109:00 0 SEC 

C — RUN_0110:00 8 SEC 

B — STAND 0111:00 0 SEC 

B — CRAWL 0112:00 8 SEC 

C — ROLL 0113:00 4 SEC 

B — ROLL 0114:00 6 SEC 

C — CRAWL 0115:00 6 SEC 

LIGHTING; 

LOCATION: 

Pa Y 

C_ 

FINISH INTRUDER MONITOR 

0100:08 

0101:08 

0102:40 

0103:28 

0104:08 

0105:40 

0106:30 

0107:30 

0108:02 

0109:02 

0110:10 

0115:26 

3 

1 

4 

2 

6 

3 4 

3 4 

s'. 3# « 

.Ul 
0111:40 3 4 

0112:28 3 4 

0113:24_5 ) |Cj 6 

0114:26 3 4 

15 

Figure 4.14. Annotated pier intrusion script. 

11 
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EXAMPLE OF FIELD COMPLETED DATA SHEET 

2*6 ’ / 
DATE: -OCT. / . 1988 

OBSERVER: _ 

[MONITOR: _ 

OBSERVER RESULTS 

Mr 

01 

LIGHTING: ___ 

LOCATION: 

EVENT RANGE/ACTION START RANGE/ACTION REPORTED TIME DETECTED 

A — RUN 

C — ROLL 

10 

11 

12 

13 

14 

15 

0100:00 

B — RUN 0101:00 

\A — STAND 0102:00 

0103:00 

0104:00 B — RUN 

B — STAND 0105:00 

C — CRAWL 0106:00 

C — CRAWL 0107:00 

A -- RUN 0108:00 

B — RUN 0109:00 

C — RUN 0110:00 

B — STAND 0111:00 

B — CRAWL 0112:00 

C — ROLL 0113:00 

B — ROLL 0114:00 

16 C — CRAWL 0115:00 

TF 

TF 
1 1 I l t 1 1 ( 

v_i_ 
h- 

? 

if 

if 

* 

n 
s 

o\ 

If 

9 ( 

TF 

tF 

? 

^ fLouu * 
\z 

7 

T 

rJ 

Nf 

N 

N' 

Figure 4.15. Observer data recording form for (Camera 5, Monitor 
Station 4. 
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EXAMPLE OF FIELD COMPLETED DATA SHEET 

Figure 4.16. Observer data recording form for (Camera 1, Monitor 
Station 2). 
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EXAMPLE OF FIELD COMPLETED DATA SHEET 

WATER OBSERVER RESULTS 01 
DATE: DEC. o . 1988 

OBSERVER: 

MONITOR: 

EVENT ACTION (DIRECTION) START 

1 SLOW (ALONG) 1800:00 

2 SWIM (ALONG) 1806:00 

3 SLOW (ACROSS) 1812:00 

4 SWIM (ACROSS) 

5 FALSE ALARM 

6 STOP BOAT 

7 SWIM (ALONG) 

8 SLOW (ACROSS) 

9 SLOW (ALONG) 

SWIM (ALONG) 

SLOW (ACROSS) 

SLOW (ALONG) 

SWIM (ALONG) 

SLOW (ALONG) 

SWIM (ALONG) 

SLOW (ALONG) 

LIGHTING: MY 

10 

11 

12 

13 

14 

15 

16 

1818:00 

lx 

1824:00 

1830:00 

34 
1836:00 

KO 
1842:00 

1848:00 

Si- 

1854:00 

Slo 

1900:00 

0<i 

1906:00 

IO 

1912:00 

it 
1918:00 

1924:00 

1930:00 

LOCATION: /O-/£1 

Botvr '83001 

——- —- 

5Loui l^MT: 30 

Stew ikLCnJl} <6 

Setije-£ o Cri/Yi(S-*2/-( 

£ 

X 

Figure 4.17. Water observer data form for (Camera 1, Monitor Station 
2) • 
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4.4.4 Correction for Miscues and Traffic 

The approach to reducing data was to count observation errors, on the 
assumption that such errors were fewer than successes. Figure 4.18 shows a form used 
to score the “X”s and “R”s by intrusion tactic and range, then to identify the “I'Ts 
and “T’’s that had to be deleted from the planned event list, and finally correcting 
the event list at the bottom of the form. Figure 4.19 shows a completed form for an 
exceptionally accurate observer in daylight. This form shows that over half of the 
events were either misperformed or obscured by traffic. 

4.4.5 Normalizing to Percent Success 

Figure 4.20 shows the results of the next step of rationing the errors to total 
events, by type, and converting to success from failure. This form allows comparison 
of different observation vantage points and shifts (before versus after break). The 
left margin identifies the viewpoint (C5/M4 represents camera 5 as viewed at video 
monitor 4). The lighting illuminance at and distance to ranges A, B, and C are written 
in the matrices. The observer identity is included for comparison of human factors. 
The traffic obscuration percentage is also noted below each matrix. 

4.5 PIER SURFACE SECURITY 

This section discusses the data obtained from the test program related to 
pier security. Seven different lighting conditions were tested over five days. Approxi¬ 
mately 8000 intrusions were conducted. 

4.5.1 Daytime Traffic Impacts 

The entire pier lighting program was conceived on the quite predictable 
assumption that daytime security is better than nighttime, so that lighting will help 
bring nighttime security up to a par with the daytime. The test program was carefully 
planned to confirm or deny this assumption. As it turns out, pier security during the 
day is seriously degraded by the intensive pier traffic preventing guards from viewing 
large portions of the pier surface from a single observation post. 
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Figure 4.18. Form for separating intrusion errors and observer errors. 
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EXAMPLE OF FIELD COMPLETED DATA SHEET 

Figure 4.19. Example of perfect observer but error prone intruder*. 
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EXAMPLE OF FIELD COMPLETED DATA SHEET 

Figure 4.20. Percent success for various observation points. 
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The data shows that a guard at the pier head, with no other duties such as 
inspecting identification, will miss around half of all intrusions due to pedestrian and 
vehicular traffic on the pier. Assuming this to be unacceptable, the apparent solutions 
include raising the observation point so as to look down on the pier or increasing the 
number and locations of guard personnel to limit the area surveilled by each. In the 
worst case it cannot take more than 8 personnel to essentially eliminate the traffic 
problem, since two back to back personnel can view the pier surrounding each of the 
moored ships even if each is simultaneously involved in loading operations. 

Figures 4.21, 4.22 and 4.23 show the raw data and graphs of the traffic 
effects on visibility. Traffic is obviously a cumulative effect, increasing with distance 
due to distribution of traffic along the pier. Also, it is seen that traffic is somewhat 
time sensitive, decreasing near the end of the work day. One can probably extrapolate 
to a conclusion that observers at each end of the pier will experience only a 10 to 20 
percent traffic problem, although it is clear that observing the entire pier length is 
essentially fruitless. Sun glare Is also a factor in CCTV observation of the pier became 
the oil and rubber marred pier faces roughly southwest into the setting winter sun. 
Glint off the pier surface causes the camera automatic iris to stop down to the point, 
where the scene is dark. The bottom graph of Figure 4.23 shows that raising the 
camera to 100 foot height, and raising the observation angle of the 1200 foot range 
from zero to five degrees, roughly halves the traffic problem. Data from camera 5 
which faces away from the sun and looks down on ranges A and B at angles of 10 and 
18 degrees respectively, reduces traffic interference to a secondary effect. 

Figure 4.24 shows the relationship of traffic obscuration with the angle of 
vertical viewing. This graph suggests that three 100 foot high poles are required, 
as tested, in order to avoid daytime security from being severely limited by traffic 
interference. This is to say that four cameras or observers at 100 foot height can see 
over traffic quite well. It is also true that four observers free to station themselves 
appropriately on the pier surface will be able to avoid most traffic interference. Finally, 
we note that instead of viewing over traffic, one could choose to look across traffic by 
viewing from the moored ships. Figure 4.25 shows the falloff of visibility of rolling 
intruders with distance in daylight after subtracting out the effects of traffic. While 
some of this falloff may be due to glare effects, it is likely that this is a natural 
limitation in visual acuity. The angular subtense of the rolling intruder is only around 
3 seconds of arc. Even in daylight it is counterproductive to expect guards to secure 
distances greater than around 600 to 900 feet away. This is consistent with the results 
of previous security field test data. 
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Figure 4.21. Daytime results in traffic. 

4-22 



EXAMPLE OF FIELD COMPLETED DATA SHEET 
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Figure 4.22. More daytime results in traffic. 
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Figure 4.23. Traffic obscuration. 
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Figure 4.34. Effect of Observer Height on Visibility Due To Traffic 
Obscuration. 

Figure 4.35. Daylight Distance Effects. 
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4.5.2 Current Night Security 

The current darkened pier level of visibility was determined with the test 
lighting system turned off, but normal shipboard and pier lighting on. The ships 
used brow incandescent bulbs and the pier transformer lights were on. Late in the 
evening a half moon rose. The pier illuminance was measured at the surface using 
a hemispherical probe. The illuminance at range A can be summarized as 0.005 fc, 
while range B is 0.04 fc and range C is bright at 0.20 fc. Figure 4.26 shows a detailed 
plot of the upper hemisphere illuminance along the length of the pier. The two bright 
spots are caused by transformer lights. It may be important to note that range C is 
a bright spot as compared to the other two intrusion test ranges. This means that 
there is a bright spot behind ranges A and B when viewed at eye level from the pier 
head. This may in turn explain relatively high success rates in the relative darkness 
at ranges A and B. 

Figures 4.26 and 4.28 show the observation success rate of rolling intruders 
versus distance and illuminance, essentially independent of both distance and lighting. 
There is wide scatter in the data. The level of observability is as great or greater than 
during the day at large distance (or observers are guessing around 50%). The level of 
observability is somewhat less than day at shorter distance. 

In summary, if the current level of daytime traffic obscuration is of little 
importance, then neither is the current lack of nighttime lighting. It is fair to conclude 
that both deserve improvement. 

4.5.3 Threat Tactics 

In order to conserve effort and aid in understanding the relative effects 
of variables, this report focuses upon the relatively worst case rolling intruder data. 
However, some believe that less stressing threats warrant more attention. This section 
will analyze the relative observability of the various threat tactics of roll, crawl, run, 
and stand. The roll is the most difficult to detect by virtue of its small cross section 
presented to the observer and its slow speed. The run is the easiest to detect because 
of its opposite characteristics, unless the observer is inattentive resulting in a missing 

the action. The crawl and stand are intermediate threats in terms of cross section and 
speed, and therefore usually lie between the results obtained for rolls and runs. This 
is not uniformly true since people use differing search strategies for their observation. 

Figures 4.29 and 4.30 show that the results of darkness testing averaged 
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Figure 4.27. Effect of observation distance rolling intruders in the dark. 

Figure 4.28. Effect of lighting illuminance on rolling intruders in the dark. 
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Figure 4.20. Effect of less severe threats versus distance. 
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Figure 4.30. Effect of less severe threats versus illuminance. 
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over all threat tactics are roughly 10% higher than for the roll, whether examining 
the success versus distance plots or the success versus illuminance plots. In other 
words, there is less need for lighting if one focuses upon the less stressing threats. 

4.5.4 Observer Reliability - Human Factors 

This subject is one of the traditionally most frustrating facing security. The 
job of security guard is notoriously one of the most boring in existence due to the 
inactivity involved. That aspect of the job breeds inattentiveness which has been 
minimized in this test by telling the observers when to look for action. Motivation is 
a term applied frequently to human factors issues. It is evident that motivation has 
not been separated from this test program. 

Many data sets in this test resulted in two different observers of nominally 
identical situations providing 0% and 100% observation success. While frequently the 
spread was more like + or - 30%, it was also + or - 50% all too frequently. Repeated 
attempts were made to isolate certain personnel as the problem slackards, this proved 
impossible in the long run. A few personnel were identified as superior performers 
and another set as inferior performers. These conclusions related only to attentiveness 
and not to visual acuity. At random times not easily correlated to lighting, threat, or 
vantage point, under achievers performed well and super-stars stumbled. 

Human factors issues make it difficult to reach conclusions regarding the 
lighting required for Navy piers, since all the engineering issues are essentially second 
order effects when compared to variations in human performance. 

Each of the data plots have been carefully prepared in order to allow the 
reader to see the human factors scatter in the data. The reader should pay close 
attention to the large magnitude of the differences between test subjects. It is not 
true that one subject is always the good observer and another is the poor. This is why 
security designers are always trying to eliminate the human in the loop, the preceding 
and following graphs should be held out to arms length in order to not dwell upon 
the line drawn through averages, but to see the large scatter. 

4.5.5 Lighting Intensity 

Figures 4.31 through 4.34 show observation success of rollers versus hori¬ 
zontal illuminance for observation distances of 300, 600, 900, and 1200 feet. These and 

4-29 



100 

(n 
u 
o u 
3 
CO 

2 o 

I 
Q£ M 
S 0 

50 - 

DISTANCE -300 FT 

Uillll L I mull J LLJ JJij 

10 10 1 o 1 1 cP 101 1 cP 
HORIZONTAL ILLUMINANCE (FC) 

111111111 IIMlliil 11 mill 
10 10 

LEGEND 

A : CAMERA 3- 
x : CAMERA 5 

AVERAGE, 

Figure 4.31. Pier roll success versus horizontal illuminance for 300 feet 
observation distance. 

100 

u u 
D 
CO 

z o 

I 
ae u 
a 

50 - 

10 ' 10° 10T 102 
HORIZONTAL ILLUMINANCE (FC) 

LEGEND 

□ 
Q 
A 

X 

❖ 

CAMERA 1 - 
CAMERA 2 
CAMERA 3- 
CAMERA 5 
PIERHEAD - 

AVERAGE, 

Figure 4.33. Pier roll success versus horizontal illuminance for 600 feet 
observed for distance. 
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Figure 4.33. Pier roll success versus horizontal illuminance for 900 feet 
observed for distance. 
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Figure 4.34. Pier roll success versus horizontal illuminance for 1200 feet 
observed for distance. 
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ail similar figures in this section use a heavy solid line to portray a rough average of 
the plotted data.* Figure 4.32 shows very little sensitivity to lighting intensity at 600 
feet. While respectable scores were achieved even in moonlight, slight improvements 
can be perceived as lighting intensity increases to full daylight. Direct human eyesight 
is seen from Figure 4.32 and 4.33 to be very nearly perfect with as little as 0.1 foot 
candles up to 900 feet. Figure 4.34, shows that for 1200 feet observation distance, 
lighting of any intensity doesn’t provide good observation success of rolling intruders. 
Lighting also seems to make a difference at 900 feet distance, As Figure 4,33 shows a 
steepness of the curve below 1 foot candle. Under 600 feet distance, visibility appears 
good almost independent of horizontal luminance. 

Figures 4.35 through 4.38 are plots of the same data correlated to verti- 
cal illuminance. Study of the averages of all data on each graph suggest the same 
conclusions as for the previous plots of horizontal illuminance. Under 600 feet even 
low illuminance is satisfactory, while at 1200 feet, results are uniformly poor in any 
lighting. At 900 feet, results become good with 2 foot candles. 

Not included in this spread of data is the fact that direct human observation 
from the pierhead in even 0.3 foot candles vertical or horizontal illuminance provide 
nearly perfect scores for 600 to 900 feet distances. CCTV success is good to around 
900 feet with 2 foot candles of lighting. 

Pier lighting of 2 foot-candles can be suggested as providing acceptable 
security visibility without waste. Such lighting provides maximum benefit at distances 
of 700 to 1000 feet where vision is being stressed by small angular subtense. Below 
700 feet distance it may be true that lighting is unnecessary and moonlight is almost 
as good. Above 1000 feet, all results indicate that lighting plays a minor role in 
improving visibility since threat objects are almost beyond the limits of resolution. 

4.5.6 Observation Distance 

Figures 4.39 through 4.43 examine observation success of rolling threats 
versus distance for the five camera viewpoints. Low, moderate and high horizontal 
lighting levels are coded on the data points. Figure 4.39 is the most unique of this 
set, exhibiting a significant dip at 900 feet and recovery at 1200 feet. This may be 
primarily the result of a preponderance of low lighting data at 900 feet and exclusively 

*It should be noted that in this and all subsequence charts similar to Figure 4.31 through 4.34 the 
observation success point in percent are related to observations of a single person in a single night. 
When more than one point with the same symbol occurs for a given illuminance level, multiple people 
were involved. 
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Figure 4.35. Pier roll success versus vertical illuminance for 300 feet 
observation distance. 

« 100 

co 
g o u D 
CQ 

2 O 
H 
$ 
CC u 

50 - 

10 ’ 10° to1 102 
VERTICAL ILLUMINANCE (PC) 

LEGEND 

CAMERA 1 ■ 
CAMERA 2 
CAMERA 3 - 
CAMERA 5 
PIERHEAD • 

AVERAGE■ 

Figure 4.30. Pier roll success versus vertical illuminance for 600 feet 
Observation distance. 
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Figure 4.37. Pier roll success versus vertical illuminance for 900 feet 
observation distance. 
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Figure 4.38. Pier roll success versus vertical illuminance for 1200 feet 
observation distance. 
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Figure 4.39. Pier rolling intruder observation success versus distance as 
seen from camera 1. 
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Figure 4.40. Pier rolling intruder observation success versus distance as 
seen from camera 2. 
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Figure 4.41. Pier rolling intruder observation success versus distance as 
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Figure 4.43. Pier rolling intruder observation success versus distance as 
seen from camera 5. 
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high lighting level data at 1200 feet. If an upward adjustment of the 900 foot data 
would be more comparable with the other four graphs, then Camera 1 appears again 
to offer a slight advantage, especially at long distances near 1200 feet. This effect 
could easily be the result of lower glare sensitivity of Camera 1 in sunset conditions. 
At distances of 300 to 600 feet, all cameras provide excellent observation success in 
all but the worst lighting conditions. At 900 feet, scores are all noticeably reduced, 
although direct human eyesight seems the least affected by the distance. Prior studies 
for the Army MERADCOM indicated a reduced visibility beginning around 800 feet 
observation distance also. Finally, Camera 2 shows the greatest sensitivity to the 
combined effects of distance and sun glare. This is probably related to the low angle 
of observation and the dynamic range limits of the camera. 

4.5.7 Viewing Aspect and Observer Aids - CCTV 

The test program was structured to determine the effect of observation dis¬ 
tance and vertical viewing angle of the success rate. The positions of each of five video 
cameras was discussed in detail in Section 3.4.3. Figure 4.44 shows the locations of 
these cameras again. Camera 1 is a 50 mm lens that looks out the entire length of the 
pier from 100 feet up pole 1 near the head of the pier. Camera 2 is a 75 mm lens that 
looks out the entire pier length from below Camera 1 at around 6.5 feet eye height. 
Camera 3 uses a 50 mm lens halfway out the pier on pole 2 at nearly 100 feet height 
looking at ranges B and C. Camera 4 is not used for active security testing. Camera 
5 uses a 50 mm lens at the water end of the pier looking back at ranges A and B from 
a height of 75 feet up the navigation tower. 

Figures 4.45 through 4.49 show the percent observation success of rolling 
threats versus horizontal illuminance each viewing location. The viewing distances 
are coded in the symbols of each plot. 

The average of all distance data for Camera 1 and the human pierhead 
data show a steep dependence upon lighting intensity, suggesting 1 to 3 horizontal 
foot candles is good. Figures 4.46 and 4.47 allow inspection of the 1200 feet data 
separately and show that, while 30 foot candles may be best at these low angles, the 
results are never acceptable in any lighting. Inspection of all other distances show 
cameras justifyin^i2 foot candles, while human observation can suffice with 0.3 foot 
candles, out to 900 feet distance. 

Figures 4.50 through 4.54 confirm all of the same conclusions even thought 
plotted versus vertical plane illuminance. 
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Figure 4.44. Camera locations. 
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Figure 4.45. Pier rolling intruder observation success as a function of 
^ horizontal illuminance as seen from camera 1. 
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Figure 4.46. Pier rolling intruder observation success as a function of 
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Figure 4.47. Pier rolling intruder observation success as a function of 
horizontal illuminance as seen from a human at pierhead. 
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Figure 4.48. Pier rolling intruder observation success as a 
horizontal illuminance as seen from camera 3. 

Figure 4.49. Pier rolling intruder observation success as a 
horizontal illuminance as seen from camera 2. 
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Figure 4.50. Pier roll success versus Vertical lUuminance for Camera 1. 
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Figure 4.51. Pier roll success versus Vertical Illuminance for Camera 2. 

4-41 



LEGEND 

K 100 

m 
% o u 3 
CO 

2 
o 

< 
K W 
CO OQ o 

50 - 

10 ' 10“ 10' 102 
VERTICAL ILLUMINANCE (FC) 

Figure 4.52. Pier roll success versus Vertical Illuminance from Human at 
Pierhead. 
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Figure 4.54. Pier roll success versus Vertical Illuminance for Camera 5. 
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The human observer is better than CCTV aided observer, and needs less 
light. It would appear from examination of the total data set that CCTV does not 
offer first order visibility performance enhancement. Instead, CCTV may only be of 
first order economic benefit in providing an affordable observation platform. 

4.5.8 Glare 

Three manifestations of glare were encountered in the test program. First, 
there was sun glare off the pier surface to the observer in the late afternoons. Sec¬ 
ond, there was glare of the pier lighting luminaires directly into the eyes of observers. 
Third, car headlights caused direct glare in camera irises at night. Sun glare off the 
pier surface can be a problem at some time of the day and year unless observation 
can be generally northerly. While controlled degrees of sun glare can be beneficial by 
providing a surface “sheen” against which to view threats in a condition known as 
negative contrast with optical gain, too much saturates the observer dynamic range 
limits. CCTV cameras were noted as being more sensitive to this sun glare than the 
human eye, because of a more restricted automatic iris dynamic range. If traffic ob¬ 
scuration encourages cameras looking in opposite directions, then one will experience 
glare saturation at some time of the year unless the camera height can be adjusted 
to reduce specular reflection. An alternative is to rely upon several personnel as ob¬ 
servers instead of CCTV. Their mobility relative to traffic and greater glare tolerance 
will mitigate this issue. 

Direct lighting glare from the luminaires is a concern to pier security surveil¬ 
lance, pier operations, and ship piloting. The prototype lighting system was designed 
with careful attention to the number and aiming of luminaires, limiting glare by down¬ 
ward directed lighting and 100 foot poles. The design penalty for almost eliminating 
luminary glare was about a factor of three more luminaires and significant lighting 
variation in the form of “hot spots”. A test was performed with a different luminary 
aiming concept exhibiting increased glare, but using far fewer luminaires and resulting 
in almost total uniformity of pier illuminance. This degree of glare can be described 
as lights aimed into the observer eye only 5 and 9 degrees above the line of sight. The 
lighting illuminances produced were 1 and 2 foot-candles. Observation success scores 
for this lighting approach were uniformly high-between 1\% and 100%, and averaging 
92%. for distances to 900 feet. It is hard to make convincing argument that this glare 
was debilitating. Instead, this system was efficient at providing illuminance in the 
vertical plane. 
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Problems with car headlights were noted when viewing with CCTV. Car 
headlights caused camera automatic irises to shut and prevent observation of the 
scene. If sufficient lighting is provided for Navy piers to allow safe driving a slow 
speeds, and CCTV is employed to maintain security surveillance, then cars must be 
ordered to douse headlights upon entrance to the pier. 

4.6 WATER SURFACE SECURITY 

NAVSTA San Diego is not alone in its intent to provide port security from 
the open channel using a police patrol boat. Two such boats have recently been 
acquired and activated at NAVSTA San Diego. These boats are not currently operated 
at night in a continuous patrol mode, although such a plan has been suggested as an 
eventual standard operational practice. Presently the boats are operated in a patrol 
mode during the day and alarm response mode at night. Such plans recognize that 
threats to Navy ships from the water are of real concern. This test program was 
designed to provide quantitative information on the effectiveness of water lighting in 
securing the water surface against intrusion. 

The lighting arrangements used for the water phase of testing were, of course 
predicated upon the same three 100 foot pole lights as the pier surface. 

The luminaires were re-aimed toward the water surface between piers five 
and four. Two thirds of the luminaires were directed toward the water, and provided 
an acceptable degree of lighting uniformity on the water surface. Four lighting illu¬ 
minances were tested: dark (0.006 fc), 50 foot height lights (0.113 fc), 100 foot height 
lights (0.36 fc), and daylight. The intrusion tests were performed on the quarter of 
the water surface between piers four and five that was closest to the outer end of pier 
four. This area was located in a way that was enforceable - where lights could shine 
over moored ships and observers could see around such ships. 

4.6.1 Observation distance 

Figure ^55 shows the results of swimmer observation success versus distance 
for parametric illuminance. This shows that in daylight or 0.36 foot-candles illumi¬ 
nance the observation success is relatively acceptable and independent of distance. 
It also shows that if distance is within 600 feet, even unlighted water provides quite 
good observation success. Figure 4.56 displays the data derived exclusively from direct 
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Figure 4.55. Observation of swimmer versus distance. 
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Figure 4.56. Human observation of swimmer versus distance 



human observation. This shows that the conclusion of good success rates within 600 
feet is even clearer. It also shows the sensitivity to increased distance more clearly. 

If observers are stationed on each moored ship and/or on a patrol boat and 
the quaywall, all portions of the water area between piers are within 700 feet of an 
observer. Such a deployment of personnel would appear to make lighting of the water 
surface unnecessary, even for detection of swimmers. 

4.6.2 Lighting Intensity 

Figure 4.57 shows the swimmer observation success versus lighting hori¬ 
zontal illuminance for parametric distance. Clearly evident is the weak sensitivity 
to lighting intensity for close observation distances and the stronger dependence at 
longer distances. It is an unexplained surprise that the success rates are lower for the 
illuminated water surface cases than for either the daylight or dark tests. Figure 4.58 
shows the same results when only human eyesight is plotted - ignoring all camera 
data. The same results are evident although somewhat more clearly. 

Even in daylight, observation of swimmers will apparently range between 
70 and 100 percent with h inn an surveillance and between 30 and 100 percent using 
CCTV. If the patrol boat is relied upon exclusively to observe swimming threats, its 
success should be expected to be low because of the potentially long distances up to 
1500 feet. 

At night without lighting from the prototype system, there are a large num¬ 
ber of shipboard and shoreside lights that glint on the water in a manner that aids 
intruder visibility. The effect is one of creating a very shiny mirror-like surface against 
which all activity, even wakes are quite visible. Technically this is a manifestation of 
negative contrast with optical gain that is particularly helpful from the patrol boat. 
It is also true that the glare off the water from the luminaires was severe - a possible 
explanation for the low scores that resulted with the lights on. 

4.6.3 Viewing Aspect and Observer Aids - CCTV 

Figures 4.59 through 4.61 show swimmer observation success versus illumi¬ 
nance for various distances and coded observation locations. It is evident in each of 
these plots that the human observers were superior to the CCTV aided observers. 
This could be the result of many test factors including the difficulty of aiming camera 
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Figure 4.57. Observation of swimmer versus lighting. 
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Figure 4.58. Human observation of swimmer versus lighting. 
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Figure 4.59. Swimmer observation success versus lighting from 400 feet. 
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Figure 4.61. Swimmer observation success versus lighting from 1000 feet. 
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fields of view to the proper overlapping zone of intrusion activity. The human observer 
scores were excellent even in the dark if distance was within 600 feet. 

4.6.4 Threat tactics 

Examination of data for zodiac movements on the water indicate that almost 
ideal observability exists in all lighting conditions, even the dark. A single observer 
or camera at any location should provide satisfactory security in any lighting if the 
intruders use a boat. 

4.6.5 Glare 

There is inconclusive evidence that the lighting system reduces visibility on 
the water due to glare. 

4.T PIER OPERATIONS 

Considerable effort was devoted to obtaining detailed quantitative data re¬ 
garding the effect of various lighting levels upon efficiency of normal night pier oper¬ 
ational procedures. 

Night pier operations are not performed on a continuing basis. Instead, 
peaks of “high tempo” pier operations occur a few times per year that include night 
loading activities. Very few night arrivals or departures of ships occur due to consid¬ 
eration of seamanship and work schedules of shoreside personnel. When such mooring 
operations do occur, they occur without warning and do not allow time for introduc¬ 
ing an observer to the pier in order to record data. Even if there were sufficient time 
to call observer personnel to the pier for a ship arrival, this would be highly undesir¬ 
able, since it would be obvious to the personnel performing their operational duties 
and would likely affect their performance. These problems were avoided by placing a 
CCTV system on the pier to video record the operational activities over long periods. 
This system wastkistalled long before the data wats recorded in order to acclimate 
personnel to their presence. 

The CCTV system consisted of four cameras mounted close to the top of the 
prototype lighting system 100 foot poles and the associated video recording equipment 
in a van on the quaywall. The video recording equipment multiplexed the signals from 
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from the four cameras, performed timelaps recording with annotated date and time 
information, and allowed for high speed replay. This equipment was left in a con¬ 
tinuous passive record mode for over one month to record ship berthing operations 
at night in various lighting conditions. This allows comparison among day, dark, 
and floodlit conditions of specific timelines for; mooring, brow placement, and util¬ 
ity hookups. Previous work is reported in the document “Port Systems Project Pier 
Utilization Study for Small and Medium Surface Combatants” produced for the Navy 
Civil Engineering Laboratory. 

Information available in this report was examined aind the following conclu¬ 
sions drawn that provide a point of departure for the pier operational passive data 
recording phases of the test. In daylight at NAVSTA Sam Diego, the average of a 
number of ship berthing required 29.4 minutes to fix all lines and place the brow. 
Personnel count involved in the arrivals were 15.3 of the ships crew and 9.45 of the 
shoreside personnel. Departures averaged 23.2 minutes, utilized 13.8 crew and 9.8 
shore personnel. Similar data from NAVSTA Norfolk showed arrivals occurring in 
25.5 minutes using 38.5 crew and 9.8 shore personnel. Brow placement upon arrival 
averaged 15 minutes of this time, while upon depau-ture the brow consumed 18 min¬ 
utes of activity directly. This report also provided much daylight information upon 
the time consumed in utility connections. Typically, all utilities were connected within 
an average of 57.7 minutes, using a reported 31.3 man hours (around 30 people). De¬ 
parture utility actions totaled 27.1 minutes amd 15.0 mam hours (again around 30 
people). Separate timelines were reported for electrical, steam, water, telephone amd 
CHT connections, with a factor of 4 variance. 

This test for pier operations data recording did not occur because of the 
absence of night ship berthing operations. No night arrivals or departures of ships 
at pier 5 occurred between December 9, 1988 amd January 15, 1989. Therefore, 
the quantitative comparison of lighting related pier performance timelines camnot be 
provides. 

Upon recognition of this fact on January 16, discussions centered upon 
whether to “stage” a couple of berthing to obtain data,or to call observers to the 
site when one occurred normally. Both these approaches were deemed impractical. 
Staging berthing would likely produce tainted amd untrustworthy data because word 
of the reason woi^d leaik out causing personnel to optimize their performance. Call¬ 
ing am observer when a ramdom arrival finally occurs was ruled out because of short 
wanning intervals amd base security. Finally, use of the prototype lighting system af¬ 
ter Jainuany 15 wais prohibited by expiration of test permits to allow operation of the 
lighting system. 
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In the absence of the desired quantitative data, the following useful infor¬ 
mation is offered. During night active security tests, two ship arrivals were witnessed 
at pier 5 by the test team. Also, during a 1987 site familiarization tour a night, an¬ 
other arrival was witnessed. The test team did not therefor suspect that there would 
be an absence of data during passive pier operations recording and did not interrupt 
other pressing duties to record in detail the operations data. They did however record 
certain gross timeline data in passing with the intent to add it to the eventual data 
base. 

During the site familiarization trip the berthing required only around 15 
minutes in order to tie up and set the brow. The crane was used to help with the 
electrical connections and performed this within 15 minutes to one half hour with 
some darkness influenced difficulty. This operation was performed in the dark before 
the lights were operational. 

On December 1, the USS Lang arrived on the starboard side of pier five 
{looking out) nearest the quaywall. The arrival began at 1820. Lines were out by 
1824. The crane departed the pier by 1837. It therefore took less than 15 minutes 
to tie up and place the brow. This operation was performed in the low intensity 
“glare lighting” configuration with approximately 2 foot-candles illuminance of the 
pier surface. 

On December 7, the USS Rentz arrives at 1410 in daylight. Bow lines are 
secure at 1435. Brow placement begins at 1443. All lines are secure at 1444. The 
brow is in place at 1453. 

Therefore, in daylight, berthing operations are not discernably faster than 
in the dark or floodlit conditions. 

Both night arrivals were performed more efficiently than the single day sir- 
rival noted here or the average of the day arrivals documented in the previous works. 
Night crane operations witnessed by the test team were regarded as extremely effi¬ 
cient. The two man crane team used hand signals and a spotlight on the tip of the 
crane to minimize their work time. It should be noted that their motivation for ef¬ 
ficiency at night is quite high, since these crane personnel are called out of off duty 
time to perform this work. These crane personnel are the same ones on duty all day. 

Another qualitative observation is warranted based upon our inspection of 
pier operations. Efficiency of timelines is not necessarily the primary justification for 
lighting. Many inefficiencies are built into the system of standard practices that result 
from the relatively large number of personnel that are needed in order to support 
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wartime activity. Since the personnel inventory is determined by wartime needs, 
both shipboard and shoreside, a surplus often exists for normal peacetime operations. 
This results in a different trade-off in procedures than in the civilian economic based 
situation. Navy operations are not necessarily based upon minimizing labor content 
in order to cut cost. A case in point exists in crane operations. The crane often arrives 
on the pier to support daylight berthing operation an hour before the ship arrives. 
This is either due to the lack of other duties for the crane over this period or due to 
the arrival of the ship after its scheduled time. The point is that cutting the interval 
required for brow placement by 5 minutes (a significant one-third saving) will only 
cut the crane time devoted to the berthing by 5 to 10 percent. The natural tendency 
to be quick at night when the time is coming out of one’s time-off appears to be more 
important than the lighting level. 

These observations are at odds with the uniformly positive comments offered 
unsolicited by ships’ officers, ships’ crew, shoreside pier utility workers, and others. 
All commented that the lights were of great benefit to their performance both on 
the pier surface and on the ships’ decks. No negative comments were even recorded 
regarding the effect of glare on berthing operations from the water. 

The data regarding value of lighting to pier operations is still inconclusive. 
Whether to light may not even be a subject dominated by the normal peacetime pier 
operations requirements. It may instead be a subject dominated by wartime loadout 
timeline requirements. 

4.8 PIER SAFETY 

During nearly two months of pier recording, no accident of significance was 
evident to the test team. This was not unexpected, since no history of significant 
safety problems exists for Navy piers. 

This comment does not ignore the fact that severe injuries and deaths have 
occurred on Navy piers. Such data has been made available to the test team. A 
number of such accidents have pointed toward inferior lighting as a “contributing” 
effect. However, normalizing data regarding the relative number of daytime accidents 
was not available for performing statistical analyses of the importance of lighting. 
Many other factors besides lighting are of obvious importance, including; alcohol, 
absence of construction barricades, and pedestrian traffic completely intermingled 
with traffic including heavy equipment and overhead crane operations. 
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It is clear that the safety risk is high on the piers and that the high level of 
training and care on the part of most personnel is a major reason for low or acceptable 
accident rates. The civil sector would not condone pedestrian traffic in the middle of 
a street or construction project. The yellow and red stripes painted along the pier to 
define a pedestrian walkway are faded out, unenforced and ineffective at separating 
foot traffic from vehicular traffic including cranes and dumpsters. Even yellow plastic 
crowd control tape and traffic cones would seem a minimum requirement in similar 
civil sector situations. Application of yellow painted crosshatch to the surface of a 
designated walkway would also seem constructive, whether instead of or in addition 
to night lighting. There is significant doubt as to whether the greater safety risk for 
Navy piers is during the very high traffic periods of daylight as compared with night. 
The high day traffic density on the test pier tended to obscure even vision down the 
length of the pier, while at night this was not a problem. 

Subjectively, the test team felt “comfortable” in the darkness with only 
ambient lighting. They also felt that light as low as 1 foot-candle was quite sufficient 
for easy movement on the pier. Greater light levels may be of great help to operations 
personnel working with small, written or dangerous (high voltage) objects. Insufficient 
data exists to quantify such factors. 
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SECTION 5 

DELPHI SURVEY 

5.1 INTRODUCTION 

Ab part of this study a Delphi Survey of a panel of Navy experts was con¬ 
ducted. The Delphi Survey is a formal technique for eliciting and refining group judg¬ 
ments. The objective of applying this Survey Technique to the Pier Lighting Project 
was to identify important considerations related to lighting specifications for Navy 
piers considering pier security, operations and safety. The panel of experts assembled 
for this purpose represented a broad spectrum of related knowledge and experience 
and included: 

1. Mr. James V. Culpeper 
Head Occupational Safety Shore Programs 
Naval Safety Center 
Code 41 
Naval Air Station 
Norfolk, VA 23511-5796 

2. Mr. Kevin F. Kenworthy (Code 24X21C) 
Naval Security and Investigative Command 
4600 Silverhill Rd. 
Washington, D.C. 20388-5400 

3. Dr. A1 Harabedian 
Naval Ocean Systems Center 
Code 445 (Barracks Bldg. 344) 
San Diego, CA 92152-500 

4. Chief R. C. Warner 
32^ Street Naval Station 
Waterfront operations, Code 98 
P.O. Box 116 
San Diego, Ca 92136 

The Delphi Survey methodology is reviewed in Sections 5.2 and the results 
of the survey in Section 5.3. 
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5.2 DELPHI SURVEY METHODOLOGY 

5.2.1 Introduction 

Section 5.2.2 provides an overview of the Delphi Survey process followed in 
Section 5.2.3 with its inherent problems and limitations. 

5.2.2 The Delphi Survey Process 

In general a Delphi Survey is most appropriate in situations where because 
of the inherent nature of the problem and/or because of limits resources, it is not 
possible to quantitativtly establish objective and measurable relationships between 
the various factors effecting a problem area. In such situations one must rely on 
the judgement of experts who are familiar with and who have dealt with the various 
aspects of the problem. 

The distinguishing features of the Delphi Survey are: 

1. Anonymous response of a Panel of experts to a formal questionnaire. 

2. Iteration and controlled feedback. 

3. Statistical presentation of the results. 

A Delphi Survey is carried out by individually interrogating a Panel of ex¬ 
perts using a series of formal questionnaires. To reduce the influence of such things as 
dominating personalities and distinctions of job rank it is important that individual 
answers provided to the questions remain anonymous. 

“Iteration and controlled feedback” means the individual members of the 
Panel have the opportunity to review how the Panel os a whole has responded to 
the questions and to modify their own answers considering the group opinion. This 
means a series of successive questionnaires (where any one submittal is referred to as 
a “round”) which is continued until the group opinion has stabilized. 

“Statistical results” means the questionnaire itself is designed in such a way 
that it allows each answer to be readily analyzed on a statistical basis to quantitatively 
reflect the group opinion. One approach to accomplishing this is that, whenever 
possible, the question is designed to allow a selection from a series of multiple choice 
answers. The individual Panel member is then instructed to rank the answer provided 
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aa to relative importance. In assigning rank numbers, “1" means the highest rank 
“2” the next highest, etc. * 

The “classic" or “pure” Delphi Survey is composed of the following steps: 

1. Select a Panel of experts. 

2. The Panel of experts (anonymously to each other) identify the issues of impor¬ 
tance and a questionnaire is formulated for each major issue. If possible the 
questionnaire takes the form of easy to understand multiple choice answers to 
be ranked ordered as to relative importance. 

3. The resulting questionnaire is spent to the panelists (Round 1). 

4. The answers received are statistically analyzed to establish weighted average 
rankings to each answer option reflecting the group opinion. Table 5.1 gives 
an example of one question from the Pier Lighting Delphi Survey and how the 
results of a typical round are displayed. The “Panel Rating Measure” for each 

multiple choice answer is obtained using the equation 

x JV| 

vi Pu.l M.mb.r* RMpesdlaf ' " ' 

5. The questions and analysis are returned to each panelist for further consideration 
based upon the individual’s opinion versus the group opinion (Round 2). 

6. Steps 4 and 5 are repeated as necessary until there is stabilization of the group 
opinion (Round 3). This means that the Panel Rating Measure (R) for each 
question is not changing enough between rounds to influence the Panel Rank of 
the question options. 

x l) + (*“k 1 X2U..Y 
/ V th—»_j 

cjr Rusk N 

5.2.3 Delphi Survey Problems and Limitations 

The Delphi survey is not an answer-all technique. There are specific limitar 
tions which should %e appreciated in interpreting the results of any survey. 

1. It can be psychologically difficult for panelists to identify from scratch all the 
important issues and, hence, there is no guarantee that the questionnaire will 
be completely relevant to the needs of the study. 

2. One or more of the panelists may not be a true expert on one or more of the 
questions, but his answers will carry equal to weight those who are. 
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3. Panel members may be misinformed, particularly in matters outside of their 
areas of expertise. 

4. A consensus may never be achieved on certain questions. This can simply mean 
that more information may be required to sway opposing views one way or 
another. 

5. The panel can take on a life of its own - i.e., the issue of reaching agreement 
becomes greater in importance than producing well thought-out and useful re¬ 
sults. For example, it is possible that a consensus can be reached that offends 
no one even though no one really agrees either. 

6. Members of the group may have vested interests and biased points of view. 

7. The whole group may share a common bias. 

5.2.4 The Delphi Survey Approach As Applied to the Pier Lighting 
Project 

The Delphi Survey Panel members (see Section 5.1) were selected to bring 
to this research project excellent qualifications and broad experience. Each member 
represents a different area of expertise within the Naval community, and each member 
is an expert within his field. 

The following paragraphs describe the successive Delphi rounds. Examples 
of the material comprising each round are illustrated. 

Round 1 - A questionnaire was developed with the close cooperation of each 
individual Delphi Panel member. As part of this process an initial draft questionnaire 
was developed by NCEL and MRC staff members and circulated to the Panel for 
review with the instructions shown in Table 5.2. 

A visit was then made to the office of each Panel member by MRC per- 
- aonnel. During this visit, the overall content of the questionnaire was examined for 

completeness in addressing all the important issues and then each specific question 
was also reviewed for content and clarity. 

Based on the Panel members input, the original draft questionnaire was 
expanded, reorganized and clarified. The resulting final questionnaire contained a 
total of 35 questions, 19 of which are security related and 16 operations and safety 
related. This final questionnaire is contained in Appendix A. 
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Tabl« 5.3. Instructions Accompanying th« Draft Preliminary 
Questionnaire. 

PIER LIGHTING REQUIREMENTS 
DELPHI SURVEY 

DRAPT 
Preliminary Questionnaire 

INSTRUCTIONS: 

Attached is a preliminary questionnaire for the Delphi Surrey. At this time do not 

complete the questionnaire but simply review the questions for completeness and 
accuracy. Ask yourself the following: 

1. Do these questions address all the important issues of significance to you? If 
not, add a short description of additional issue that should be addressed on the 
next page. 

2. Is any of the indicated questions unclear or confusing, if so indicate which 
question(s) and why in the “Comments’ section for that question. 

3. Are the answer choices provided for a given question complete, if not add to 
them appropriately. 

Your input into this questionnaire will be individually reviewed with you at your office 
by project members in September. We will call you to set up an appointment. 

Thank you. 
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Once completed this questionnaire was distributed to Panel members with 
the instructions shewn in Table 5.3 for Round 1 of the Delphi Survey. 

Round 2 - Upon completion by the Panel, the individual rankings of options 
provided under each question for Round 1 were analyzed using Equation 5.1 to obtain 
a Panel Rating. Using this Panel Rating an overall Panel Ranking for each question 
option was established. 

The Panel Rating and Group Rank was transcribed next to each question 
(see Table 5.1) together with any comments provided by the Panel members in the 
“Comment” section under each question. 

A given individual’s Round 1 response, along with the second round ques¬ 
tionnaire showing the group ranking was then returned to each Panel member along 
with the instructions shown in Table 5.4. Each Panel member was asked to study the 
group reply, review his personal response and once again rank each item, based upon 
this review. 

Round 3 - When received, the rankings of options under each question for 
Round 2 was analyzed again using Equation 5.1 to obtain a Round 2 Panel Rating 
and overall Panel Ranking. 

The third round questionnaire was submitted to the Panel with the instruc¬ 
tions shown in Table 5.5 and with a summary of the results of the lighting tests on 
Pier 5 at Naval Station San Diego. The questions for Round 3 were scored as in the 
previous rounds. 

Final Resultg - A summary of the analysis and results of each question of 
the Delphi Survey is presented in the next section. Detailed results for each questions 
and each round of the survey are given in Appendix A. 

5.3 SUMMARY OF DELPHI SURVEY RESULTS 

Tables 5JB and 5.7 summarizes the Delphi Survey results as they relate 
to security and safety and operations, respectively. Appendix A presents the Panel 
Rating and Rank for each specific Delphi Survey question option followed by a general 
concluding statement for each question. 

In general the Delphi survey resulted in the following general conclusions: 
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Tabl« 5.3. Instruction* Accompanying the Round 1 Questionnaire. 

PIER LIGHTING REQUIREMENTS 
DELPHI SURVEY 

Round 1 
Prslimlnaiy Quwtlonnair* 

INSTRUCTIONS: 

AtUcW “ 1 Qn««tiowi»ip* for tfa« D^phi mrrty thu iacorpontw th« rrrkw commraU 
<rf *U p«a«l m«mb«n M«miiua« from oor r*c«t ridU. At tkia tin*, P1um eompkto tk« qu«tionii*i« 
ud rtinra by Oe(o*tr H, 1999 to L*rry Piotiuk int h« urviopt providod. Hi* tddnw is: 

Luiy Pi*tn*k 
Protoctioe Ttckaolofy SysUma Groip L«*d«r 
MISSION RESEARCH CORPORATION 
P.O. Dranr 719 
Susa Barbara CA 93117 

Ptaas* con*id«r tk« followinf gaidalinu in auwvinf «ack qowtioa: 

1. Prwrid# u ordar munbar rankinf for tack qoartvo* baud on you but jadc*m«nt. In auigninc 
rank aambarm, *1* akonld raau tk* kigkut rank, *2* tk« next kigkut, tie. 

2. It is paratiaubl* to asstfn tk* tarn* rank ord«r aombar to mom t kan on* option. 

3. If yon f**l tk* optiou pnmd*d an mot eompUt* add to tk«m and aasifn ranks appropriaUly. 

4. If yon faal yon do not kavt tk* «np«riinc* or knowl«d|« to ad*qnat«Iy rank tk* ekoin* proridad, 
plum prorid* yonr Mat utim*U ud indkata this is u aatwMt* in tk* 'Comnwat*' aaction as 
wall u tk* typs */ im**U**l(i) jo% Mum womU U mc*t to uswtr tk* qaastion. 

5. If mom tkan on* indhridnal is inrolrad in tk* eomplation of tkis qvastioasain within yoor 
organisation, plum tnnunans* and sand only on* complatcd qnastioanain with on* aat of 
rankinfs npmsaating tk* coasansas of opinion in yonr organisation. 

fe. 
Thank yon. 
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Table S.4. Ini t met long Accompanying the Round 3 Questionnaire. 

PIER LIGHTING REQUIREMENTS 
DELPHI SURVEY 

Round 3 

INSTRUCTIONS: 

Attached is the final Round 2 Questionnaire for the Delphi Survey that incorporates 
the answers and comments of all panel members from the earlier Rounds 1 Question¬ 
naire. Round 2 of the Delphi Survey allows you the opportunity to review how the 
Delphi Panel as a whole responded to each question during Round 1 of the Survey 
and, if desired, to modify your own answers considering the group opinion. 

The Round 2 Questionnaire is identical to the Round 1 Questionnaire except in the 
following respects. On the left hand side next to the answer opinion given for each 
question are thlSS columns of numbers. The I" column is the average Panel Rating for 
the Round 1 to the answer option by the Delphi Panel os a wholt. This Panel Rating 
is based on the relative frequency individual Delphi members assigned a given rank 
number to a given answer option. In the 2,*d column is the Round 1 Panel Rank of 
the given answer option based on the Panel Rating number. (Note small differences 
in the Rating number imply the answer options where closely ranked.) In the 3rd 
column is the rank you personally had assigned to the answer option during Round 
1 of this Survey. Also in the Comments section below each question is a summary of 
any comments provided by individual panel members in support of the answers they 
selected during Round 1. 

At this tune, please complete the Round 2 Questionnaire, maMng any changes to 
your answers as necessary, and return by December IS, 1088 to Larry Pietnak in the 
envelope provided. His address is: 

Larry Pietnak 
Protection Technology Systems Group Leader 
MISSION RESEARCH CORPORATION 
P.O. Drawer 719 
Santa Barbara CA 93117 
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Table 5.4. Initriictlon* Accompanying the Round 3 Questionnaire 
(con’t). 

Pleaae consider the following guidelines in answering each question: 

1. Compere the rani you personally assigned (i.e., the 5th column number) to a 
given answer option against that of the Panel Rank for Round 2 (i.e., the 2nd 
column number), and also review any comments provided under the Comment* 

section of the question. At this time you can either keep the same rank of the 
answer option as you originally assigned, or if you differ with the Panel Rank and 
feel, after careful consideration, that the Panel rank is, in fact, more reflective 
of the proper rank, or if you feel you want to change your rank after reviewing 
the test results change your rank appropriately, fn any case please insert a rank 

number (either the same as before or a new number) to each answer option. Do 

not leave any blanks. 

2. Recall, in assigning rank numbers, *1* should mean the highest rank, *2* the • 
next highest, etc. 

3. Also recall that it is permissible to assign the same rank order number to more 
than one option. 

4. If more then one individual is involved in the completion of this questionnaire 
within your organisation, please summarise and send only qm completed ques¬ 
tionnaire with one set of rankings representing the consensus of opinion in your 
organisation. 

Thank you. 
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Tabl« 5.5. Instruction! Accompanying the Round 3 Questionnaire. 

PIER LIGHTING REQUIREMENTS 
DELPHI SURVEY 

Round 3 

INSTRUCTIONS: 

Attached is the final Round 3 Questionnaire for the Delphi Survey that incorporates 
the answers and comments of all panel members from the earlier Rounds lie 2 Ques¬ 
tionnaires. Enclosed also is a summary of the results of the lighting tests on Pier 5 at 
Naval SUtion San Diego. Round 3 of the Delphi Survey allows you the opportunity 
to review how the Delphi Panel as a whole responded to each question during Round 
1 and 2 of the Survey and, if desired, to modify your own answers considering the 
group opinion as well as the enclosed test results. 

The Round 3 Questionnaire is identical to the Round 2 Quwtionnaire except in the 
following respects. On the left hand side next to the answer opinion given for 
question are Jas additional columns of numbers. The l- column is the average Panel 
Rating for the last Round 2 to the answer option by the Delphi Panel os a whole. This 
Panel Rating is based on the relative frequency individual Delphi members assigned a 
given rank number to a given answer option. In the 2*d column is the Round 2 Panel 
Rank of the given answer option based on the Panel Rating number. (Note small 
differences in the Rating number imply the answer options where closely ranked.) 
The next two columns are results for the Round 1 survey. In the 5* column is the 
rank you personally had assigned to the answer option during Round 2 of this Survey. 
Also in the Comments section below each question is a summary of any comments 
provided by individual panel members in support of the answers they selected during 
Round I and 2. 

At this tune, please complete the Round 3 Questionnaire, m*Hwg ±nj changes to 
your answers as necessary, and return to Larry Pietrsak in the envelope provided. His 
address is: 

Larry Pietrsak 
Protection Technology Systems Group Leader 
MISSION RESEARCH CORPORATION 
P.O. Drawer 719 
Santa Barbara CA 93117 
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Table 5.5. Imt^uction* Accompanying the Round 3 Questionnaire 
(Con’t). 

Please consider the following guidelines in answering each question: 

1. Compare the rank you personally assigned (i.e., the 5* column number) to a 
given answer option against that of the Panel Rank for Round 2 (i.e., the 2“* 
column number), and also review any comments provided under the Comments 
section of the question. At this time you can either keep the same rank of the 
answer option as you originally assigned, or if you differ with the Panel Rank and 
feel, after careful consideration, that the Panel rank is, in fact, more reflective 
of the proper rank, or if you feel you want to change your rank after reviewing 
the test results change your rank appropriately. 7n any case please insert a rank 

number ('either the same as before or a new number) to each answer option. Do 

not leave any blanks. 

2. Recall, in assigning rank numbers, “1* should mean the highest rank, “2* the 
next highest, etc. 

3. Also recall that it is permissible to assign the some rank order number to more 
than one option. 

4. If more then one individual is involved in the completion of this questionnaire 
within your organisation, please summarise and send only qm completed ques¬ 
tionnaire with one set of rankings representing the consensus of opinion in your 
organisation. 

Thank you. 
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Security Threat. The most critical pierside threat is considered the walking 
threat, followed by running or crawling. The more critical water threat is considered 
the swimmer followed by a boat. 

Security Guard Observer Location. For lights located on the pier, a roving 
guard on the pier is preferred. For lights on the ship, a guard on the bridge of the 
ship; and for lights located underwater, a guard on the fantail/forecastle of the ship 
is preferred. 

Safety/Operational Activities Improved By Lighting. Pedestrian traffic fol¬ 
lowed by crane operations are the pierside activities be most improved by lighting. 

Fixture Location. The pier surface is preferred when considering both secu¬ 
rity as well as safety and operations. Security considerations also give preference to a 
location underwater next to the pier for water threats. 

Fixture Height. For lights on the pier there is a preference for 100 ft above 
the pier surface. This is the case considering both security as well as safety and 
operations. 

Pole Spacing. 630 ft is preferred considering security, operations and safety 
factors. 

Amount of Lighted Area. For lights shining on the pier, all of the pier sur¬ 
face is preferred when considering security, safety and operational factors. For lights 
shinning on the water, the full surface of the water between the piers is preferred. 

Light Intensity. 2 ft-candles is preferred as a balance security, safety and 
operational factors. 

Time Lights Are On. 100% is preferred for security. Up to 10% is indicated 
for most operational activities with the exception of vehicle transport and pedestrian 
traffic where 50% of the time is indicated. 

Spectrum Options. High pressure sodium is preferred under all conditions. 

Pier Surface Reflectivity. Intermittent beaded stripes of retro- reflectors across 
the pier (i.e., like highway lane dividers) is the first choice for security, with gray as a 
second choice. Gray is preferred for safety and operations. 
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Table 5.6. Summary of Delphi Survey Result* Related to Security. 

ATTRIBUTE 

1. THREAT 

PANEL PREFERENCE DELPHI 

FIRST 
CHOICE 

SECOND QUESTION 
CHOICE no 

• PIER 

• WATER 

WALKING 

SWIMMING 

RUNNING OR 
CRAWLING 

BOAT 

I 

I 

S. FIXTURE LOCATION PIER SURFACE UNDERWATER 
__NEXT TO PIER 

3. OBSERVER LOCATION 
• UGHTS ON PIER ROVING ON PIER TOWER MOUNTED 

CCTV 

• UGHTS ON SHIP BRIDGE OF SHIP MAN ON 
QUARTERDECK 
OF SHIP 

• LIGHTS UNDERWATER FANTAIL/ 
FORECASTLE 
OF SHIP 

ROVING PATROL 
ON SHIP 

3 

4 

S 

4. FIXTURE HEIGHT FOR 
LIGHTS ON PIER 

* UGHTS SHINING ON 100 FT 73 FT 
PIER 

• UGHTS SHINING ON 100 FT 
WATER 

75 FT OR 
UNDERWATER 

IS 

5. POLE SPACING FOR S30 FT 315 FT 
LIGHTS ON PIER 

17 

S. AMOUNT OP UGHTED 
AREA POR FIXTURES 
LOCATED ON PIER 

• SHINING ON PIER ENTIRE PIER INTERMITTENT 3 
LIMITED SIZE SPOTS 
ALONG PIER EDGE 
{«.(., LIKE RUNWAY LIGHTS) 

• SHINING ON WATER WATER BETWEEN LIMITED AREA 7 
TWO PIERS OF WATER 
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Table 5.6. Summary of Delphi Survey Result* Related to Security. 

ATTRIBUTE PANEL PREFERENCE DELPHI 

FIRST 
CHOICE 

SECOND QUESTION 
CHOICE N0. 

7. LIGHT INTENSITY 
FOR PIER SURFACE 

• UNAIDED 
OBSERVER 

I FT-CANDLES 0.01 FT-CANDLES 
(STREETLIGHT) (FULL MOON) 

• AIDED 
WITH CCTV 

J FT-CANDLES 0.01 FT-CANDLES 
(STREETLIGHT) (FULL MOON) 

S. LIGHT INTENSITY 1 FT-CANDLES 0..01 FT-CANDLES 
FOR WATER SURFACE (STREETUGHT) (FULL MOON) 
(UNAIDED OBSERVER) 

9. TIME LIGHTS 100% DIRECTED 
ARE ON SPOT LIGHT 

AS NEEDED 

10. SPECTRUM OPTIONS 

• SHINING ON PIER HIGH PRESSURE 
SODIUM 

LOW PRESSURE 13 
SODIUM 

• SHINING ON WATER HIGH PRESSURE 
SODIUM 

MERCURY 
VAPOR 

13 

- CONSIDERING HIGH PRESSURE 
REFLEXIVITY SODIUM 

LOW PRESSURE 19 
SODIUM 

• ENHANCED FOG LOW PRESSURE 
PENETRATION SODIUM 

HIGH PRESSURE 14 
SODIUM 

11. PER SURFACE INTERMITTENT GRAY 
REFLECTIVITY BEADED STRIPS OF 

RETRO-REFLBCTO RS 
ACROSS PIER 
(•.f. LIKE HIGHWAY 
LANE DIVIDERS) 
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Table 5.7. Summary of 
Operations. 

Delphi Survey Results Related to Safety and 

ATTRIBUTE PANEL PREFERENCE DELPHI 

FIRST SECOND QUESTION 
CHOICE CHOICE NO. 

1. PIER ACTIVITIES PEDESTRIAN CRANE 
IMPROVED BY TRAFFIC OPERATIONS 
LIGHTING 

2. % OF NIGHTTIME 
HOURS FOR A 
TYPICAL MONTH 
LIGHTS LIKELY 
TO BE USED 

• UTILITY HOOKUP/ LESS THAN 
BROW PLACEMENT 5% OR 

5% TO 1055 

10% to 50% 25 

• CRANE LESS THAN 
OPERATIONS 5% 

5% TO 10% 2« 

• CARGO LOADING/ LESS THAN 5% to 10% 
UNLOADING 5% 

• VEHICLE TRANSPORT 10% TO 50% 5% TO 10% 
AND PEDESTRIAN 
TRAFFIC 

3. FIXTURE HEIGHT 
FOR LIGHTS ON 
PIER 

• VEHICLE TRANSPORT 100 FT 75 FT 32 
AND PEDESTRIAN 
TRAFFIC 

• OTHER ACTIVITIES 100 ft 75 ft 31 
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Table 5.7. Summary of 
Operations. 

Delphi Survey Results Related to Safety and 

ATTRIBUTE PANEL PREFERENCE DELPHI 

FIRST 
CHOICE 

SECOND QUESTION 
CHOICE NO. 

4. POLE SPACING FOR 
LIGHTS ON PIER 

• VEHICLE TRANSPORT MO ft Jl* ft 
AND PEDESTRIAN 
TRAFFIC 

• OTHER ACTIVITIES MO ft 311 ft 

S. AMOUNT OF LIGHTED 100ft OF 
AREA PIER 

LIMITED AREA 11 
OF PIER 

«. LIGHT INTENSITY 

• VEHICLE TRANSPORT 1 ft .-CANDLES 
AND PEDESTRIAN (STREET UGHT) 
TRAFFIC 

10 ft-CANDLES 13 
(BRIGHT ROOM LIGHT) 

• OTHER 
ACTIVITIES 

1 ft-CANDLES 10 ft-CANDLES 11 
(STREET UGHT) (BRIGHT ROOM UGHT) 

7. SPECTRUM OPTIONS 
• NORMAL HIGH PRESSURE 

OPERATIONS SODIUM 

• ENHANCED FOO HIGH PRESSURE 
PENETRATION SODIUM 

_t_ 

LOW PRESSURE 
SODIUM 

LOW PRESSURE 
SODIUM 

10 

30 

8. PIER SURFACE 
REFLECTIVITY 

GRAY YELLOW 38 
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SECTION 6 

INTERPRETATION OF PROGRAM RESULTS 

This section concentrates upon interpreting the data into conclusions and 
recommendations. Some duplication of data presented earlier occurs in order to limit, 

looking up information in previous sections. When conclusive information is unavail¬ 
able, the text will attempt to explore alternative approaches for future discussion. 

0.1 CURRENT SECURITY 

Currently, pier security is dependent upon a single guard inspecting identi¬ 
fication at the pier head and a roving patrol along the pier surface. Additionally, each 
ships’ access is controlled by the quarterdeck OD. A police boat patrols the channel of 
the ends of the piers during the day in order to control the water surface and provide 
rapid response to alarm. 

0.1.1 Viewing Aspect 

With the exception of the roving patrol, none of these existing personnel 
are charged with securing the pier surface from intrusion. The test has obtained data 
suggesting that none of these personnel has a real chance of observing an intrusion on 
the surface of the pier or on the water surface prior to pier access. All of the existing 
security personnel are located in the wrong position to reliably observe pier intrusion 
either in daylight or at night in the dark. 

The guard located at the pier head is distracted by badge inspection proce¬ 
dures, too far from the end of the pier, and faces too much daytime traffic to provide 
even a 25 percent chance of seeing a pier intrusion during the day. At night, without 
lighting, a 50 percent chance of observing is the best that can be expected. 

The rovmg patrol is either too far from the intrusion, has his back to the 
intrusion, or is traffic obscured for a significant fraction of the time. The single roving 
patrol cannot be counted upon to be in the right place at the right time to observe a 
threat. 
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The ships’ quarterdeck is by far the beat location of those in current use 
to observe an intrusion on the pier, due to its elevated position above the traffic and 
its proximity to the target of a threat. The only difficulty with this location is the 
current lack of a stated responsibility. 

The police boat cannot be expected to be able to see swimmers in the water 
reliably beyond 1000 feet. It would take 4 to 6 police boats continuously patrolling 
in order for primary detection responsibility to be assigned to these craft when there 
are 13 piers. 

Test data suggests that the primary two variables in observing intrusions 
on the pier or the water are the viewing distance and the viewing aspect. The third 
level influence may be lighting intensity. That the first priority is viewing distance, is 
evidenced by the fact that no satisfactory results were obtained for viewing distances 
over 1000 feet and all situations under 600 feet were satisfactory. The viewing aspect 
is critical, especially in daylight in order to avoid traffic and glare obscuration. When 
sufficient numbers of guard observer personnel are pressed into service and located 
close enough and/or high enough to see the surface threatened with intrusion, daytime 
security will at least not be the limiting situation. In fact, it is quite plausible to 
create daytime visibility of rolling intruders above 80 percent. The difficulty might be 
in distinguishing a walling intruder from an authorized person. Also, visibility is not 
the whole issue - guard attentiveness almost always limits and enforcement firepower 
is also an issue. 

6.1.2 Day Time Pier Security 

Daytime security visibility is limited primarily by the intense traffic, secon¬ 
darily by sun glare, and finally by the length of the pier. 

Traffic impacts on visibility are dependent upon where cranes and trucks 
operate along the length of the pier, and how long they perform their tasks. Pedestrian 
traffic causes some relatively minor obscuration also. Test data shows traffic caused 
a loss of 1996 to 39/6 of data from direct eyesight observation at the head of the pier. 
It also showed 57% traffic loss using Camera 2 (next to the eyeball observer at the 
head of the pier) fer the same intrusion period. The difference is related to the human 
observer moving around in order to try to see around obstacles. Glare off the pier 
surface caused by the low and setting sun also caused a 3596 glare data loss from 
Camera 2 due to dynamic range limitations. When traffic or glare did not interfere, 
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observers could only detect one of seventeen rolling intrusions at a range of 1200 feet 
in daylight. 

Figure 6.1 shows the maximum visibility of Pier 5 in the daylight due to 
traffic interference as a function of viewing angle. It shows that raising the viewing 
angle to around 20 degrees eliminates traffic obscuration problems. Viewing angles of 
10 to 20 degrees result for cameras or personnel at a height of 100 feet looking at the 
horizontal surface a distance of 300 to 600 feet away. 

From this data one can conclude that high viewing aspects are crucial to 
pier security if the observer is required to look over large distances along the pier. If 
the observer is looking across the pier or is only guarding 50 to 150 feet, the traffic 
problem can be surmounted without high viewing aspects. 

Figure 6.2 shows the effectiveness of observing the pier surface in clear day* 
light after traffic effects are removed. Specifically, Figure 6.2 gives the scatter of 
detection success data (in%) as a function of observer distance, and a graphical curve- 
fit representing the average for all camera and unaided observations. Figure 6.2 is for 
the most stressful case of intruders rolling across the pier at various distances along 
the pier away from the observer. The data on this figure shows there is a wide scatter 
in the performance of observers, and that beyond 900 feet, even in daylight, visibility 
becomes very poor. The various observer locations are identified in Figure 6.3. 

6.1.3 Current Pier Night Security 

Tests were run at night in the dark in order to provide a baseline against 
which to measure the improvement caused by lighting. At night, traffic interference 
was generally much lower (around 4 to 8%) from the pierhead, but some nights ap¬ 
proached the bad daytime situation with periods of 33 to 44% traffic obscuration 
evident. Therefore, night traffic problems offer less justification for high viewing an¬ 
gles than day, but do depend upon it from time to time. 

Figure 6.4 shows the results of the tests which can be compared directly 
with the daytime data in Figure 6.2. Figure 6.4 shows an approximate 50% detection 
success rate for rolling intruders almost independent of the distance up to 1200 feet. 
This data is obtained at illuminance of 0.005, 0.04, and 0.2 foot-candles. This night 
data is below the daytime data at distances below 900 feet and above daytime data 
at 1200 feet (probably due to lower levels of traffic obscuration). 

This is shown more clearly in Figure 6.5 which compares the bounding 
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Figure 6.1. Effect of Observer Height on Traffic. 
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day and dark detection success percentages accounting for traffic obscuration effects 
resulting from human observers located at the head of the pier. The combination 
of traffic and distance cause the day results to plot below those of darkness. This 
raises questions as to the benefits of improving night lighting, unless day security is 
improved by moving the observer to higher locations to avoid traffic interference. 

6.2 LIGHTING INTENSITY 

Figure 6.6 compares the success at observing rolling intruders from three 
different observation stations. Shown is the scatter of data and average plots of ob¬ 
servation success versus pier lighting illuminance levels, for 600, 900 and 1200 foot 
distances both unaided and with camera aid. 

Examination of the Pierhead Eyesight Plot(B) shows that at 600 feet lighting 
as low as 0.03 foot-candles provides observation success in excess of 50%. At 900 feet, 
somewhat more light is needed for equivalent performance (about 0.1 foot candles). 
However, at 1200 feet distance, lighting to 2 foot-candles or greater is needed to achieve ■ 
a similar performance. It is intriguing that in daylight (i.e.,100 foot candles or more) 
at 1200 foot distance, performance is quite poor (due to traffic obscuration). 

Comparing the Camera 1 data (A), from a higher vantage point of 100 feet 
indicates again that at 600 feet, the lighting from 2 foot-candles provides as good 
performance as full daylight. However, at 900 feet, a strong sensitivity to lighting 
intensity is evident, with the maximum benefit also achieved in the 2 foot-candle 
range. Again, visibility seems to degrade at long range in daylight. 

Camera 2 (C) shows less sensitivity to light, perhaps due to its magnification 
resulting from its 75mm lens (compared to 50mm of Camera 1). Camera 2 shows worse 
performance at 1200 foot distance than the human observer at moderate lighting levels, 
but does not do as poorly in daylight. 

In aggregate, the data of Figure 6.6 suggests that at 600 feet, eye and camera 
resolution is sufficient that visibility is good at light levels somewhere around 0.1 
and 0.3 foot-candles. At 900 foot distance, eyesight is becoming marginal and very 
sensitive to the lighting. Levels around 1 to 2 foot-candles appear to provide maximum 
performance. At 1200 foot distance, eyesight is apparently poor enough that variances 
among observers cannot be minimized by increasing lighting. At 1200 feet, it may be 
true, that no amount of lighting will provide dependable observer performance. 
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6.3 TESTED LIGHTING SYSTEM 

The tested lighting system possessed most of the desirable characteristics of 
a pier-borne system. 

6.3.1 Pole Height 

The height of 100 feet is of relatively great importance in illuminating the 
water, because it allows shining over many of the smaller combatant moored ships. If 
the only objective was to illuminate the pier, and the glare lighting concept tested on 
December 1 were acceptable, then perhaps 50 foot high poles would be permissible. 
Greater numbers of shorter poles would seriously interfere with pier operations. 

6.3.2 Luminaires 

High Pressure Sodium (HPS) lamps used in the test are quite acceptable for 
all pier applications. 

6.3.3 Power 

The tested lighting system was well designed for the purposes of the ability 
to test useful lighting conditions. However, test results suggest that an operational 
lighting system might use fewer lamps for lighting only the pier surface. As few as 16 
of the 32 400 watt spots will provide sufficient pier illumination to 2 foot-candles. It 
may also be true that the more diffuse 4x4 spots will prove superior at limiting hot 
spots at the expense of energy spill over. A system designed to illuminate both the 
pier and the water surface on both sides of the pier would apparently need around 48 
total 400 watt lamps. 

6.4 SHIP MOUNTED SYSTEM 

An alternative to the pier lighting system is a lighting system mounted on 
the moored ship. This approach avoids any concern regarding poles interfering with 
pier operations. It avoids the costs associated with poles tall enough to shine down 
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on or over moored ships and the shadow on the water caused by the ship. Such 
an approach could treat the luminaires as transportable (moving with the ship) or 
erectable (remaining at the host pier for installation in the same manner as pier 
utility connections). 

Advantages of such a system probably include greater power efficiency by 
placing the light source nearer the area of intrusion concern, elimination of glare by 
placing the observer behind the lights in the dark, and eliminating the shadow area 
of the ship on the water. 

Disadvantages include introduction of smother crane operation during berthing, 
wear and tear on the luminaires as a result of handling, and dark piers when only a 
single ship is moored. 

6.5 PERSONNEL INTENSIVE SYSTEM 

Naval personnel inventory is geared to the requirements of wartime action 
and therefore personnel are plentiful in peacetime. This suggests that application' 
of additional personnel to security duty while moored is worth examination. Test 
results suggest that 2 to 4 personnel per ship may be sufficient to surveil both the 
pier surface and the water surface surrounding the ship. This may be performed 
even without lighting at night. Two personnel at fore and aft locations on the pier 
side of the ship would be within 600 feet of all points of interest and also be able 
to see around pier traffic from above and to the side of the interference. A similar 
two personnel on the outboard side would be capable of surveilling the water surface. 
Properly stationed, these personnel could perhaps even detect divers emerging from 
the water along the ship’s hull. 

This type of security could be augmented with passive infrared glasses or 
even an active infrared spotlight. 

6.6 PIER SURFACE CONTROL 

If night security were demonstrably inferior to that in daylight, introduction 
of surface treatments for the pier surface would offer promise of increased visibility 
with lower incident light. Research performed for the US Army MERADCOM, has 
shown the positive effects of reflective paint, tape and highway retroreflectors. Ap¬ 
plications to the Navy pier situation could include alternate diagonal stripes of black 
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and reflective yellow to assure visibility of any intruder. Perhaps this treatment could 
even reduce daytime glare. 

Such treatment may relate strongly to pier operations and safety also. AH 
utility connections might be treated with the reflective material to help them stand 
out. The areas for pedestrian walkways might be treated differently - either brighter 
or darker. Pedestrians might even be issued reflective arm bands to aid with safety 
and to identify authorized personnel from intruder. 

6.7 WATER SURFACE 

Lighting of the water surface was tested using zodiacs and swimmers. Three 
human observer positions and four camera locations were used to quantify visibility. 
The results of these tests were quite consistent with those on the pier. 

Figure 6.7 shows the results of swimmer observations from the three different 
human observer positions. At 400 and 600 feet, success rates are high and quite 
insensitive to lighting levels. At 1000 feet, the results are poor and sensitive to lighting. 
Securing the water from the pierhead is ineffective (in the dark, 0.006 foot-candles) 
but quite reliable from the ship or the patrol boat. 

Replotting this data as a function of distance as in Figure 6.8 confirms the 
sensitivity to distance. 

6.8 UNDERWATER 

Once the solutions to pier and surface intrusion protection are implemented, 
viable threats will have to choose airborne or underwater approaches. Underwater 
detection is a notoriously difficult problem, demanding innovative solutions. Illumi¬ 
nation figures in some such candidate solutions. Swimming pool type sealed beam low 
voltage lights may be applied by either affixing to the bottom or by lowering an array 
below the surface at the ships’ hull. Phosphors could be introduced into the water 
between piers if t^e conditions were maintained dark enough. A sensor barrier could 
be created between the ends of piers that turned on lights mounted on the bottom to 
backlight divers (and fish). 
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APPENDIX A 

Detailed Delphi Survey Results 

This appendix contains the detailed results of the Delphi survey. This in¬ 
cludes the Panel Rating and rank for each question option during each round of the 
survey followed by a general concluding statement. 
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