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1. INTRODUCTION 
Kristin Jones (KJ) asked Arup to conduct a study and provide recommendations regarding the 
engineering aspects of the proposed aural and visual effects envisioned for the Tevereterno 
project in Rome.  This report discusses the background to the study, the analysis work that has 
been conducted so far and proposes conceptual designs for the audio and video systems . 

The proposals have been developed from an initial design charette and report that outlined 
possible approaches to the achieving the desired effects after feedback and further discussion 
with Kristin Jones, a survey of background noise and ambient light at the site, and discussions 
with the soundtrack composers.   

The concept designs provide a basis for moving to the next stage of the project.  They provide a 
basis for discussion with sound and video contractors and enable the extent of he system and 
their potential impact in terms of aesthetics and cost to be more clearly understood.    

2. THE PROPOSED EFFECTS 

There are three proposed effects for the river.  The Sonic Waves, the She Shadows and the 
Phospor-Essence.  Our understanding of the artists concepts for these effects are described 
below, with some initial discussions regarding the technical complexities of the effect. 

2.1 Phosphor-Essence 

The intention is to produces the effect of phosphorescence in the water than forms a glistening 
snake that moves up the river between the two bridges.  The effect is intended to be visible day 
and night. 

The key technical decision that needs to be made is whether the effect projected onto the water 
surface, or is it produced from within the water itself. KJ has clearly stated that the preferred 
approach is that the solution is driven by the water, as it is the phenomenon of the current that 
the Phosphor-Essence is intending to augment. 

2.1.1 Water Driven Solution 

Some of the options discussed for the water-driven solution are as follows: 

• A net of small light reflectors on the surface the surface that catch the sun like a fishing lair.  
These could use the light rods shown in the Appendix. 

• Steams of bubbles that act like reflectors when they hit the surface, generated from an array 
of tubes with electronically operated nozzles under the surface, possibly lit from below. 

• Mini-water wheels on the river surface that are small turbines that generate light 

• Chemical dyes that are “printed” from a moving print-head like that in an ink-jet painter, 
onto the moving water surface. The print-head moves laterally across the river printing dye 
on the river surface as river moves below.  

• Carbon dioxide ice-bubbles are released from a line of electronically operated nozzles under 
the water surface as the water flows above.  This uses the ink-jet printer concept above, 
using bubbles rather than dyes.  
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Of all these possibilities, the ice-bubble concept offers the simplest solution, although much 
work would be needed to determine the effectiveness.  Further research is needed on mechanical 
effects, and most importantly, restrictions that would be imposed by the City on the location a 
nature of any mechanical systems located within the river would need to be understood, 
particularly with respect to river traffic.  It is also noted that much flotsom floats down the river 
and could become entangled in anything mechanical under the water surface. 

Any solution that included lighting the river surface from the below would suffer from the 
problem of the rivers turbidity - it only has 10cm of visibility, so light sources would need to be 
located close to the surface. 

2.1.2 Projected Solution 

Whilst not the preferred solution by KJ, projecting the effect has a number of benefits, as it 
avoids locating any equipment within the water.   

The key problem with the projected solution is that it would be unlikely that the effect would be 
visible during the day, and the key illusion that the phenomenon is coming from within the river 
would be difficult to achieve. 

A projected solution could consist of either projectors located along each side of the river, or 
projectors located on each bridge.  In both instances, the projectors would need to be 
synchronized if a seamless image on the river surface was desired. 

The projection devices for the Phosphor-Essence effect as currently proposed could be 
relatively simple, consisting of a high power lamp with a motorized gobo.  The illusion of 
movement of the effect across the river surface would be achieved using the same concept as 
used in a barber’s shop sign. 

Lazer sources could also be considered as an alternative, with pinpoints of light being reflected 
off the river surface.   

2.2 She-Shadows 

KJ’s intention for the she-shadows is described as follows:  

“She appears only at night, projected live on the high travertine embankments that contain the 
river. She is a mutable shadow, a metamorphosis of wolf and woman, the question of wild  and 
tame. In suspended fluid motion, at night she slowly paces the banks of the Tiber, guarding the 
territory. She sniffs the air, pauses, sits, paws the ground, waits; she listens, is patient, fearless, 
alone…her shadow figure stretches... transforms, abstracting, then appears again, circulating... 
graceful and yet deliberate, she is a creature of the night……. she moves more slowly than real 
time, she moves as if out of time.” 

2.2.1 Projecting Shadows 

Directly projecting a shadow onto a bright surface is not possible, as it is only possible to 
project light, rather than dark.  However, a shadow illusion can be created on a dark wall, by 
projecting the halo of light around a silhouetted object.  The illusion of a shadow will occur 
whenever the halo of light surrounding the silhouette is brighter than the ambient light leve on 
the wall surface onto which the shadow is projected. 

For the effect to work best, the ambient light level on the wall surface should be as low as 
possible.  This means that the ambient light levels, and the lighting system used for illuminating 
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the pathway must be considered in conjunction with the projection method, to ensure that the 
she-shadows are not washed-out by ambient lighting.  

The issues associated with the creation of the she-shadows are as follows:  

• the projection system could be located either on the same side of the river, or on the 
opposite side of the river firing across the river 

• the illumination of the walking surface will need to be controlled to minimize light spill 
onto the wall 

• the illumination level on the wall will need to determined with knowledge of the ambient 
light so that a sufficient contrast ratio can be achieved to create a visible shadow. 

Depending on the location of the she-shadow projection system, shadows would also be created 
on the wall as people walked through the beam of the projector.  If the projectors are the 
opposite side of the river, these “people -shadows” would be of relatively constant size, if the 
projectors are on the edge of the pathway, the people-shadows will vary in size depending on 
the proximity of the person to the projector.  KJ has confirmed that the shadow interplay is a 
desirable part of the effect. 

2.2.2 Projection Options 

The projection device required for the she-shadow needs to be capable  of producing animated 
images, so a digital or film projector is required.  There are inherent problems with the use of 
mechanical film projectors ss they would require constant maintenance.  It is concluded that at 
this stage, a digitally projected solution would be the most practical approach to achieve the 
desired effect. 

Assuming that a digitally projected solution is progressed, there are a number of possible 
options: 

• A large number of smaller projectors located along the river that are centrally controlled, 
synchronized and interlaced to enable the she -shadow the travel the whole length, or along a 
defined length, of the river.   

• A fewer number of large high power projectors that are located on the opposite bank that 
project over a wider area of the wall.  The number of projectors would be determined by the 
size of the image from each projector.   

• A small number of large high power projectors on the opposite side of the river that use an 
automated mirror systems to pan the projected image along the river. 

2.3 Sonic Waves 
The intention for the sonic waves is that sounds are propagated along the river to create the 
effect of sonic waves passing the walker, with the sound appearing to emanate from the water.   
The sounds will include water effects, speech and music, with different pieces being composed 
by different composers.   

2.3.1 Creating moving sounds 

The effect of moving waves is best achieved with a distributed array of loudspeakers long the 
walkways each side of the river.  Each loudspeaker will be on an indiv idual channel to enable 
sound to transmitted to each specific loudspeaker, or panned between loudspeakers.  This will 
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allow sounds to appear to travel along the river and come closer, pass and move away from the 
listener.   

If the loudspeaker are located only the edge of the river only, it will be possible to pan sounds 
along the length of the river, but the will be no ability to move the sound horizontally across the 
walkway – it would effectively be a 1 dimensional sound environment.   

To achieve a 2-dimensional control, a line of speakers along both edges of the walkway is 
needed.  For a full 3dimensional capability, where sound images could be moved along the 
river, across the walkway and up and down, than a second array of loudspeakers would be 
required above the walkway at a height of around 3m. 

From discussions with Kristin and other sound designer, it was agreed that a 2-D system would 
be progressed on the basis that this gives the sound designers some special control for effects, 
but retains the desire for the sound to be coming from the river, rather than from the sky.   

2.3.2 Loudspeaker selection 

The loudspeaker devices would need to be selected based on the final layout, the required sound 
quality and sound power, and the environmental conditions along the river.  The following 
factors are important to consider in the design:  

• the characteristic and sound level of the ambient background noise along the river – 
excessive traffic noise could limit the success and naturalness of the sound effects 

• the maximum spacing of the loudspeakers required to realistically create the sound 
designers effects – this will depend on the nature of the sounds 

• the appropriate frequency response and power handling requirement of the loudspeaker – 
this again will depend on the intended nature of the sound effects 

• the directivity of the loudspeakers required to maximize the realism of sound traveling 
towards the listener, whilst minimizing cross-river sound-spill (this could be heard as an 
echo) and limiting sound-spill to any residential/sound-sensitive areas adjacent to the river 

As with the projection system, the loudspeaker arrays will need to be interlaced and 
synchronized from a central processor. 

3. SURVEY AND ANALYSIS 

3.1 Site Survey 

A site survey was conducted by Neill Woodger of Arup during the early evening of December 
18th 2002 and the mid morning of December 19th 2002.   Measurements and recordings were 
made of the ambient noise and light levels on the bridges and on the walkways along the river. 

The background noise levels were dominated by traffic noise on the two roads either side of the 
river.  During the evening measurements, traffic was backed up, whilst in the morning 
measurements it was more freely flowing.  

The noise levels in the middle of the bridge were typically 60-65dBLAeq, whilst the noise level 
at the edge of the river was typically 55-60 dBLAeq, as shown in Figure 1.  This is a high level of 
noise both on the bridge and walkway and, assuming that the audio system produces sound 
levels of no greater than 95dBA, limits the available dynamic range for the compositions to 
around 30dB.  This fact should be considered by the composers when developing their works. 
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The ambient light level in the middle of the bridge was 32000lux in the daytime, at 10.30m with 
a blue sky, and 24lux under the street lights at nighttime.  At the river edge, the ambient light 
levels were 4250lux on the wall in shadow during the daytime, and 2lux under the sidewalk 
illumination at nighttime.  The levels of light on the proposed projection walls are very low, 
even with the current street lights at high level on the large walls.   

This low ambient light levels at means that a corresponding low level of projected light is 
needed to achieve the contrast ratios required to produce a good shadow effects.  This could 
however increase if additional illumination of the walkways either side of the river is required 
by the City as part of the project. 

 

                          
 

     Figure 1: Measurement of sound levels at representative positions around the river. 
                      

60-65dBA 

55-60dBA 

70-75dBA 
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3.2 Projection Analysis 
The projection analysis considered two issues. Firstly, understanding the parameters associated 
with the production of a shadow effect, and secondly assessing the options for projecting the 
shadows. 

3.2.1 Shadow Illusions 

Using our light and sound laboratory, a static image of a glow effect around a black disk (the 
“eclipse” in Figure 2) was produced to enable the contrast ratios needed to generate the shadow 
effect to he studied.   

Using a luminance meter to measure the contrast ratio, it was determined that only a very small 
difference, less than a factor or 2:1, was needed between the brightness of the projected glow 
and the background light on the surface for the shadow illusion to be present. 

The illusion is strengthened due to the phenomenon that the darkness of the shadow appears to 
be darker than the area outside the glow effect, even though measurement actually shows the 
shadow to be brighter than the outside zone.   

 

Figure 2: “Eclipse” 

An investigation was undertaken to determine the most efficient was of digitally animating the 
glow effect around a moving image.  This was done by taking a standard 3-D animation of a 
character walking, defining an “Alpha Channel” around the perimeter of the character, then 
using the “Glow” effect in 3-D Studio to apply a glow to the perimeter.  These are standard 
techniques in 3-D Studio, and can be applied to any animated movie once it is in digital format 
(Figure 3). 
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Figure 3: “She-Shadow” 

3.2.2 Projection Analysis 

The projection distance across the river is 105m, the height of the projection wall is 12m and the 
length of the projection wall is 450m.  This is a huge area to cover, as a comparison, a very 
large projection screen in a large movie theatre is 10m high by 20m wide.  

As discussed previous there are two alternatives for achieving the projection, a distributed array 
of projectors that spans the whole length of the walkway, or a smaller number of moving 
projectors that produce a smaller image that is mechanically panned along the wall.  

The distributed array can be achieved with either short throw or long throw projectors.  Both 
options require similar power projectors as the image size is the same in each case. The short 
throw option would require small projectors with a lens focal length of around 1:1 located along 
the edge of the walkway to be on at least 10m centers, resulting in approximately a requirement 
for 90 projectors.  Each projector would need to be bright enough to produce a image size in the 
order of 12m x 9m, which is a very large image itself and requires a high power projector. 

The distributed long throw option would require projectors located across the river.  Assuming a 
maximum available focal length of 12:1, this would result in an image size of 9m x 12m, and 
would also require 90 projectors to cover the whole length of the river. 

Both of these scenarios would appear to require unfeasibility large numbers of expensive, with 
complex control software to allow moving images to seamlessly pass along the array of images.  

For this reason, a moving projector is recommended.  There are again two options, either a 
single short throw projector mounted on a rail or trolley system, that moves parallel to the 
walkway along the river, or a number of fixed long throw projector mounted across the river 
that pans the image along the wall using a moving mirror. 

The easier option from an installation perspective is to use a small number of fixed long throw 
projectors located on the wall across the river and to use a panning mirror to move the image.  
From a geometric analysis of the angles, and some practical test panning projectors in the sound 
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and light lab, it was determined that the range or panning should not be more than 30 degrees 
from the perpendicular.  Allow some overlap of the image, this means that 3-4 projectors are 
required each side of the river to cover the whole 450m stretch.  

The key issues that need to be addressed to make this option work will be to solve the keystone 
distortion and intensity variation as the image is panned along the wall.  This can potential 
either be done using software to pre-adjust the image digitally before projection.    

3.2.3 Projection Brightness 

The brightness of the projected image is dependent on the size of the image.  In both short throw 
and long throw scenarios, the image size is expected to be in the order of 9m x 12m, which is an 
image size of 108m2.  Based on the previous study, a contrast ratio of 2:1 is required to achieve 
a shadow effect, and the ambient light level on the wall is 2 lux., so a light level of 4lux is 
required from the projector, over an area of 108m2.  This gives a brightness requirement for the 
projector of 10,000 ANSI Lumens, assuming that the wall surface has a reflectivity of 40%.   

The contrast ratio can be improved by decreasing the image size, which can be achieved by 
using a longer throw lens.  The longest throw lens available for a 10,000 ANSI lumen projector 
is approximately 15:1, resulting in an image size of 7m x 9.3m, with area of 65m2. Assuming 
the same parameters the resulting brightness on the screen would be 6.6lux, or a contrast ratio of 
3.3:1.   

Further improvements could be achieved with specially designed lenses with even larger focal 
lengths, although these would need to be built specially for the project. 

3.3 Audio Analysis 

The audio analysis consisted of determining the requirements for the sound system to create 
Sonic Wave effects on each side of the river. The issues for the sound system are the choice of 
the loudspeaker design to create realistic moving sounds along the platform, the residual 
background noise created by the traffic, and the possible echoes created by loudspeakers located 
on each side of the platform.   

To determine the performances of the sound system, we used computer modeling to simulate 
the acoustic on each side of the river. The acoustic properties of each element of the architecture 
such as absorption and diffusion coefficient including air, water, and the loudspeaker properties 
have been imported into the computer model.   

3.3.1 Moving sounds: loudspeaker layout concept 

To create the illusion of moving sounds on the horizontal plane of the platform, two positions of 
loudspeakers are needed. One needs to be close to the river, and one close to the wall. Those 
two loudspeakers create a stereo pair, which can create the illusion of sound moving at any 
distances between across the platform. Then, to make the sound traveling along the side of the 
river, this stereo pair of loudspeaker needs to be extrapolated all along the platform. This results 
in two lines of devices, where each loudspeaker close to the river and each loudspeaker close to 
the wall create a pair. It becomes then possible to create the illusion of sound moving anywhere 
on the listening plane parallel to the platform. Sound can be pushed forward on the platform, by 
changing the level between pair of loudspeaker. Sound can be moved across the platform, by 
changing the level between each loudspeaker constituting a pair. Figure 4 represents the 
loudspeaker layout concept.    
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Figure 4: Loudspeaker layout concept for creating Sonic Waves. 

3.3.1.1 Prediction of loudspeaker system performances 

We built a computer model of the river with the loudspeaker system. Modeling all the 
loudspeakers on the platform is not necessary as only a few loudspeakers around the listening 
positions are important for creating Sonic Waves. The other loudspeakers have a minimum 
contribution to the sound. Therefore, for the calculation, five pairs of loudspeaker around a 
listening position on each platform have been chosen as a representative situation. Figure 5, 6 
and 7 show some renderings of the computer model.  Figure 8 shows a visualization of the in-
ground mounted loudspeaker on the platform, during daytime. 
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Figure 5: Computer model rendering 

                     
Figure 6: Computer model rendering, showing the loudspeakers positions in green, and the 
receiver positions in blue, where the acoustics is calculated. 

Loudspeakers  
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Figure 7: Computer model rendering, showing the loudspeakers positions in green, and the 
receiver positions in blue, where the acoustics is calculated. 

 

The outputs of the model were used to reproduce the Sonic Waves in the Arup listening 
SoundLab, using some of the materials from the sound engineers hired for the project.  

Different types of loudspeaker and distances between devices have been tested. The optimum 
design consists of omni-directional loudspeakers separated with 10.5 meters. This design 
provides a uniform sound coverage and creates the illusion of smoothly moving sounds along 
the platform. 

Figure 8 shows the response of the sound system to an impulse of sound. It can be seen that the 
loudspeakers located on the opposite side of the river create echoes 25 to 30 dB lower than the 
level produced by the nearest loudspeakers on the platform. Assuming that the listening level on 
the platform will be around 85 dB SPL, the level of the echoes will be between 50 to 60 dB 
SPL. Considering that the average background noise level created by the traffic is around 60 dB 
SPL, the echoes will disappear within the background noise, without creating any disturbances. 
We checked by listening to the computer model mixed with the sound of the background noise 
recorded during the site survey, that the echoes disappear within the level of the traffic noise. 
No echoes are perceived.   

Loudspeakers  Receivers  
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Figure 8: Response of the sound system to an impulse at one position, showing the direct sound 
from the nearest loudspeakers and the echoes from the loudspeakers located across the platform, 
with a delay of half a second. It can be seen that the level of the echoes are under the level of the 
background noise created by the traffic. 
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Figure 9: Visualization of the in-ground mounted loudspeaker on the platform, during daytime.  
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3.4 Proposed Audio System  

This section proposes the audio equipment set up for creating the Sonic Wave effects. 

3.5 Audio Equipment 

3.5.1 Loudspeaker type 

The option chosen for the loudspeaker is an omni-directional radiating device with minimum 
visual intrusion, and high efficiency:  

• Outdoor ground mounted loudspeaker, with the possibility to plant the loudspeaker into a 
decoration 

• Loudspeaker minimum frequency range: 60 Hz – 16 kHz ± 6 dB 

• Omni-directional directivity in the range 60 Hz – 10 kHz 

• Loudspeaker efficiency:  > 90 dB SPL @ 1m, 1Watt 

Ground mounted loudspeakers with a minimum of visual intrusion will create the illusion of 
sounds coming from the river.  

90 dB SPL is the minimum recommended efficiency to achieve the required sound level on the 
platform. Efficiency level above 90 dB SPL allows reducing the power of the amplifiers and 
therefore their cost. 

The choice of additional sub-woofers is not justified because the background noise from the 
traffic will mask the sound effects at low frequency. Additional sub-woofers would also be 
visually intrusive, and would require additional expensive amplification.  

Omni-directional loudspeakers will help creating smoothly moving sounds across the platform. 
The choice of omni-directional loudspeakers will avoid the effect from traditional loudspeakers 
that reinforce the sound towards their main axis of radiation. For this reason, the choice of horn- 
loaded loudspeakers is to be avoided.  

The company TIC Industries (Canada – USA) is specialized in the manufacture of outdoor 
omni-directional loudspeakers. The products GS 3T, GS 5T and GS 10 have the features 
described above. We would suggest using these loudspeakers, or any equivalent devices 
manufactured in Italy or Europe that meet these requirements.   

As described previously, the loudspeaker layout consists of two parallel lines of loudspeakers 
on each side of the river. Considering the optimum loudspeaker spacing of 10.5 meters, as 
described in the system performances prediction section, the total number of loudspeaker is 192. 
It is a multiple of the number 2 as this is more compatible with the available audio electronic 
devices. they typically operate on number of outputs such as 24 - 48 - 96. The array of 
loudspeaker on the inside of each platform should be as close as possible to the river. The array 
of loudspeaker on the outside of each platform should be as close as possible to the wall.  

3.5.2 Amplification 

The amplification consists of 12 units of 8 channels amplifiers (96 channels per platform), as 
each loudspeaker is a separate channel. The choice of multi-channel amplifier allows reducing 
the price of each channel of amplification and the rack space needed. Each channel should be at 
least 100 Watts RMS @ 8 ohm to provide sufficient continuous sound level above the 
background noise and headroom for transient sounds to be reproduced without distortion. The 
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amplifiers do not need to use high voltage lines and transformers, such as 70 Volt lines, as each 
channel of amplification is dedicated to a single loudspeaker. Moreover, high voltage 
amplification is less cost effective, as it requires additional transformers inside the amplifiers. 
There is no justification for high voltage line of amplification. 

QSC, Crown, Rane and other companies manufacture multi-channel amplifier. The 8 channels 
amplifier QSC CX-168 is currently the least expensive device for natural sound multi-channel 
amplification.  

3.5.3 Cabling 

As the amplification is using low voltage line connection, the cable needs to be standard 
loudspeaker cable. The concept for the cabling consists of decomposing the cable size according 
to the distance between the loudspeaker and the amplifier to reduce the cost and to maintain a 
minimum of line loss. 

All the cable should be tightened together inside a cable raceway to be installed on one side of 
each platform. The cable should not create more than 1 – 2 dB of line loss. As the line loss in 
the cable is proportional to the cable length, the gagging can be reduced for the loudspeakers 
closer to the amplifiers. The choice of the cable section can be sub-divided, depending on the 
distance separating the amplifier to the loudspeaker: 

• from 1 to 170 meters: 16 gage pair of cable  

• from 170 to 340 meters: 14 gage pair of cable  

• from 340 to 500 meters: 12 gage pair of cable  

3.5.4 Computer Software 

Sonic Wave effects will be created using computer software by adjusting the signal send to each 
loudspeaker. As the sound installation is unique a specific custom-design control program needs 
to be created. The software Max-MSP is particularly suited for creating custom design 
application for signal processing operation. Figure 8 shows an example of interface controlled 
that we created in Max-MSP. This program is manufactured by cycling74 and works on 
Macintosh computers. The use of the sub-program Spatialisator developed by IRCAM is also 
recommended to create acoustic effects.    

We propose to write the program for creating the Sonic Waves. The panning should also 
provide options for the sound designer, like the speed of sound movement, the possibility to 
create groups of loudspeakers, the possibility to alternate the movements of the sound on each 
platform, to change the reverberation effect, etc. 

Max-MSP can easily control the 192 individual channels, as the maximum number of channels 
in the program is 999.  

3.5.5 Computer Hardware 

A hardware unit is needed for each platform. Each one should contain the audio files stored 
digitally on separate hard drive and have one Macintosh computer. Each unit also needs audio 
interfaces to convert from digital signal to analogue signal to feed the amplifiers. As the signal 
sent to each loudspeaker needs to be controlled individually, there are 96 audio channels. 
Therefore, the digital to analogue interface needs to convert 96 audio channels per platform. 

The company Marck of the Unicorn manufactures audio converters at cost effective prices and 
good quality. For each platform, four converters 24 i/o could compose the digital to analogue 
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conversion. These four devices would also need to be connected to their dedicated interface 
with the Macintosh (one interface controls four 24 i/o). This interface provides Fire Wire 
connection with the computer.   

3.5.6 MIDI Controller 

Sequencing and synchronization of the sound effects of the platforms is controlled by MIDI 
code (Musical Instrument Digital Interface), as shown in Figure 10. This will allow starting and 
stopping the program automatically at certain hours and to create scenes of effects. These could 
consist of predefined sequences of moving sounds that have been created in Max-MSP (Max-
MSP accepts MIDI code).  

 

 

 
Figure 10: Example of interface control created in Max-MSP for creating Sonic wave along the platforms. 
The program controls the level of each pair of loudspeaker to make the sound moving from end of the 
platform the other. 
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3.6 Proposed Video System  
This section describes the video equipment set up for creating the She-shadow effect.  For the 
option involving projection over the river, the projector layout consists of 4 devices on each side 
of the river, spaced approximately at 100m intervals, as shown in Figure 11.  The projectors 
should be mounted high on the walls to enable clearance over the walkway below as shown in 
Figures 12-13.  The projectors will project an image approximately 9m x 12m onto the wall on 
the opposite side of the river.  A motorized gobo consisting of a computer controlled orbital 
head will be used to make the projected She-Shadow move along the walls of the walkway 
(Figure 14).  The computer also provides powerful image processing ability, including the pre-
distorting of the image to account for the effects of panning a projection on a wall.  The 4 
projection systems on each side of the river can be programmed/controlled via a single 
interface. 

The video system is the most expensive sub system and is likely to be rented.  This system can 
be rented from Scharff Weissberg in New York (212.582.3860). 

3.7 Video Equipment 

3.7.1 Projectors 

The recommended projector is a 10,000 lumen DLP projector.  Many manufacturers supply 
projectors for this application, including NEC, Barco, Christie, Digital Projection, and 
Panasonic. The Barco ELM G10 is shown as an example. 

3.7.2 Custom Lenses 

The long throw of the projectors when combined with the desired image size requires a lens 
with a focal length larger than the standard lenses provided by manufacturers.  This item 
requires further investigation with the video supplier and the lens manufacturer.  Buhl is a 
recommended manufacturer of custom projector lenses.  

3.7.3 Orbital Head 

A motorized gobo consisting of a computer controlled orbital head will be used to make the 
projected She-Shadow move along the walls of the walkway.  High End Systems manufacture 
such a device as part of their Catalyst system.  The Catalyst Orbital Head is a dual mirror 
system which bolts onto the front of a projector, allowing static or video images to be projected 
anywhere within a 360 by 250 degree hemisphere.  The Orbital Head is controlled via DMX 
512.   

3.7.4 Catalyst Media Server 

The media server consists of a Macintosh computer and an interface box used to connect to the 
projector.  The Media Server offers a wide array of image processing tools, including the pre-
distorting of the image to account for the effects of panning a projection on a wall.  The Media 
Servers can be interlinked and controlled/programming using a DMX 512 interface. 

3.7.5 Catalyst Control Interface 

The Media Servers can be linked via a lighting console with a DMX 512 interface.  High End 
systems recommend using a “WholeHog 3” lighting console for the interface.  
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3.7.6 Video Cabling 

Power, video and control cabling will be required for each projector.  The video cabling will be 
dependant on the final choice of projector, the location of the equipment and associated 
distances.  Due to limitations on the distance that video signals can be transmitted, amplification 
of the signal may be required.  This should be studied in detail with the supplier of the video 
equipment. 

3.8 Equipment Costs 
To provide indications of the cost of the systems, retail costs for the equipment listed above is 
shown in the table below.  It is anticipated that much of the equipment will be rented as opposed 
to purchased.  Further studies will be required to determine the cost benefits of renting versus 
purchasing different items of equipment.  Engineering and installation costs are not included in 
the table. 

Audio System qty price each total price
Loudspeakers 192 $100 $19,200
Amplifiers 24 $2,450 $58,800
AD/DA converters 8 $1,500 $12,000
AD/DA interface 2 $2,000 $4,000
Mac G4 2 $3,000 $6,000
midi controller 1 $1,000 $1,000
speaker wire (ft) 200,000 $1 $100,000
subtotal $201,000

Video System
Projector 8 $85,000 $680,000
Custom Lens 8 $5,000 $40,000
Catalyst & Mac G4 8 $31,400 $251,200
Control Interface 2 $22,000 $44,000
Cabling 1 $50,000 $50,000
subtotal $1,065,200

Grand Total $1,266,200  

4. CONCLUSIONS 
This report has presented the research, analysis and systems design work conducted by Arup 
relating to the solutions for the audio and video presentation systems for the Tevereterno 
project.  A recommended approach to both the audio and video systems has been presented that 
will enable the artists proposed Sonic Waves and She-Shadows to be realized.  

The audio system for the Sonic Waves has been prototyped in the Arup SoundLab, and has been 
demonstrated to work in the manner intended.  The SoundLab has also shown its use in helping 
the composers with the composition of their soundtracks, particularly the optimisation of the 
soundtrack relatively to the background noise environment. 
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A solution for the video system has been proposed, but due to the scale of the project, there are 
technical issues that need to be investigated further in more detail.  It is recommended that a 
mock-up test is conducted at the site to test the projection of the she-shadows, and to determine 
if a specially designed long-throw lens is required to provide the image quality standards 
expected by the Artist.  This is a relatively simple test and can be conducted with rented 
equipment. 

Further studies are also required on how the equipment will be procured, in particular, what will 
be rented and what will be acquired.  It is generally assumed that the video equipment will be 
rented as this is the major cost item of the system.  The engineering infrastructure requires 
further investigation, in particular the availability of power, and conduit runs, and the available 
locations for central equipment and control. 

It will also be important for the audio and video systems designs to evolve as the artists ideas 
evolve.  The proposed systems are flexible, but clearly have limits of capability.  As the scope 
of the project increases, additional technical features may be necessary.  It is also important for 
the artists to understand the nature of the technical “canvas” that they have at their disposal, and 
the opportunities that exist with the use of the systems.   

The recommended next step of the project will be to conduct the necessary site tests with rented 
video equipment to test the proposed video solution, to conduct the engineering integration and 
equipment procurement studies and to meet with the artists to develop further the sound and 
video compositions for the installation. 
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