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[57] ABSTRACT

A system for the automatic regulation of daylight admitted
into a room. specifically intended for daylighting applica-
tions. A preferred embodiment, system 10, consisting of a
conventional control unit 11, a conventional exterior bright-
ness sensor 12, and a conventional electronically controlled
window covering 13, operates to block direct solar radiation
while admitting substantial diffuse illumination. Control unit
11, brightness sensor 12, and window covering 13 are
interconnected in a known manner to enable control unit 11
to register the brightness of the external illumination, and to
actuate window covering 13. Control unit 11 consists of a
conventional microcontroller 14, a conventional real-time
clock/calendar 15, and a conventional Non-Volatile Memory
(NVM) 16. Microcontroller 14, clock/calendar 15, and
NVM 16 are interconnected in a known manner to enable
microcontroller 14 to register the output of clock/calendar
15, and to exchange data with NVM 16. NVM 16 holds
pre-stored data which defines a desired setting of window
covering 13 as a function of the time of the day and the day
of the year, for the prevailing latitude, longitude. and win-
dow azimuth orientation. In the preferred embodiment, this
desired setting is one which will block the admission of
incident direct solar radiation, while still admitting substan-
tial diffuse illumination. Microcontroller 14 periodically
registers the exterior brightness as measured by sensor 12,
registers the data stored in NVM 16, estimates a desired
setting of window covering 14 on the basis of these data, and
actuates window covering 13 to the desired setting.

15 Claims, 9 Drawing Sheets
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AUTONOMOUS, LOW-COST, AUTOMATIC
WINDOW COVERING SYSTEM FOR
DAYLIGHTING APPLICATIONS

BACKGROUND

Cross-References to Related Applications

This invention is related and complementary to the inven-
tion of my co-pending application, Ser. No. 08/505,845,
filed 1995 Jul. 24, and also to the invention of a second
application, entitled “Dual Mode Automatic Window Cov-
ering System Responsive To AC-Induced Flicker In Ambi-
ent Ilumination”, submitted 1995 Dec. 5 (Ser. No. not yet
assigned).

FIELD OF THE INVENTION

This invention relates to automatic window coverings,
specifically to an automatic window covering system
capable of automatically regulating the illumination admit-
ted by a window in order to reduce the need for artificial
illumination.

DISCUSSION OF PRIOR ART

AUTOMATIC WINDOW COVERINGS FOR DAYLIGHT-
ING APPLICATIONS

The potential of automatic window coverings to save
energy in commercial office buildings has long been recog-
nized. The use of automatic window coverings for daylight-
ing (i.e., using natural illumination to reduce the need for
artificial illumination) is of particular interest, since electric
lighting typically represents a large fraction of the energy
consumed in commercial office operations. Accordingly.
several automatic window covering systems have been
developed for daylighting applications. These known sys-
tems can be grouped into two categories: autonomous
systems, which operate independently from the electric
lighting equipment, and integrated systems, which operate in
a coordinated manner with the electric lighting equipment.
Known autonomous systems can be further sub-divided into
two subcategories: brightness-regulating systems, which
regulate only the brightness of the interior illumination, and
glare-blocking systems, which operate automatically to
block the admission of direct solar radiation, which is known
to be a primary cause of glare.

No conventional automomous system is incapable of
simultaneously regulating brightness and blocking glare.
However, integrated systems are known which are capable
of both brightness-regulating and glare-blocking operation.

Bach of these types of prior-art system suffers from
serious limitations; hence, they have not come into wide-
spread use.

Autonomous Systems

Autonomous systems operate independently of the elec-
tric lighting equipment. They include means for varying the
illumination transmission characteristics of a host window,
which means is automatically adjusted to maintain certain
predetermined illumination characteristics (as sensed by at
least one sensor). The variable illumination transmission
means can be a mechanically adjustable shading device
(such as a venetian blind, shutter, pleated shade, roller shade,
or curtain) or an electronic device (such as a liquid-crystal
or electrochromic panel), while the semsor is typically a
photoelectric device. Autonomous systems can be grouped
into two categories: brightness-regulating systems and
glare-blocking systems.
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2

SUTONOMOUS BRIGHTNESS-REGULATING
SYSTEMS

Brightness-regulating systems adjust the variable illumi-
pation transmission means to maintain a constant level of
brightness, as sensed by a sensor mounted on the indoor-side
of the window covering. Examples of known brightness-
regulating systems are described in the following para-
graphs.
System of Kuijvenhoven

U.S. Pat. No. 3,294,152 to Kuijvenhoven (1966) shows a
system in which a roller-type window screen is automati-
cally adjusted to maintain a constant level of interior
brightness, as sensed by an interior-facing photoelectric cell.
Kuijvenhoven also shows the use of a rotatable prism to
adjust the directivity of the photoelectric cell, thereby
enabling the cell to respond to brightness from a given
surface or direction within the room. This enables the cell to
be located close to the window while still sensing the
brightness at an interior location (e.g., at the surface of a
desk).
System of Klann

U.S. Pat. No. 3.646.985 to Klann (1972) shows a system
in which the louver tilt angle of a venetian blind is auto-
matically adjusted to maintain a constant level of interior
brightness, as sensed by a photoelectric cell. Klann does not
specify if the photoelectric cell faces the interior or the
exterior of the room.
System of Yamada b

U.S. Pat. No. 4,396,831 to Yamada {1983) shows a system
in which the louver tilt angle of a shutter-type window
covering is automatically adjusted to maintain a constant
level of brightness, as sensed by an exterior-facing photo-
electric sensor mounted on the interior side of the window
covering. Since the photoelectric sensor faces outward,
Yamada’s system regulates only the amount of light passing
through the shutter, and not the total interior brightness.
Yamada’s system also includes the capability to automati-
cally close the shutters when the outside brightness, as
sensed by a second photosensor mounted on the exterior side
of the shutter, falls below a predetermined threshold (e.g.. at
night).
System of Makino

U.S. Pat. No. 4,622,470 to Makino (1986) shows a system
which incorporates, and improves upon, Yamada’s system.
As is known in the art, tilting of the louvers of a louver-type
window covering (such as a shutter or venetian blind) in a
particular direction can either increase or decrease the
amount of transmitted light, depending on the initial louver
position relative to the angle of incidence of the incident
radiation. This gives rise to an ambiguity which can prevent
proper operation of brightness-regulating, louver-type sys-
tems (such as those shown by Klann and Yamada).

Makino’s system avoids this ambiguity by including a
sun-tracking sensor which is attached to—and moves with—
one of the louvers. The output of this sun-tracking sensor is
combined with the output of the brightness sensor to provide
an error signal for a servo-control loop which automatically
adjusts the louver tilt. The output of the sun-tracking sensor
tends to bias the louvers parallel to the incident rays (thus
maximizing the brightness of the admitted illumination),
while the output of the brightness sensor tends to displace
the louver tilt angle away from the parallel orientation. The
result is unambiguous operation which provides closed-loop
control of the amount of light transmitted by the window
covering.
Disadvantages of Prior-Art Brightness-Regulating Systems

Many other such systems are known. These systems all
include at least one interior-mounted photosensor, a control
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apparatus, and an electronically controlled shading device or
window covering. The control apparatus constantly adjusts
the shading device to maintain a constant level of brightness,
as sensed by the photosensor. However, these systems suffer
from two significant disadvantages.

First, the photosensor senses only brightness, not glare.
As is known in the art, glare—which can be loosely defined
as illumination which is uncomfortable or which decreases
working efficiency—is not always correlated with bright-
ness. Hence, these brightness-regulating systems have no
express capability to prevent glare. For example, they cannot
selectively block direct solar radiation (which is recognized
as a primary cause of glare). This is a major disadvantage,
since the avoidance of glare is a critical factor in maintaining
a comfortable working environment.

Second, the only capability to control room brightness
offered by these brightness-regulating systems is the capa-
bility to vary the amount of daylight admitted through the
shading device. Unfortunately, this means of brightness
regulation is disadvantageous in two circumstances:

when insufficient daylight is available (e.g., at dusk or in

bad weather), such a system would be incapable of
maintaining the desired brightness unless an automatic,
adaptive electric lighting system were also present;
however,

when considerable daylight is available (e.g., on a sunny

day), such a system would automatically close the
blinds to admit relatively little daylight, drastically
reducing the energy-saving potential of an adaptive
electric lighting system (if present).

Partially as a result of these disadvantages, Autonomous
brightness-regulating systems have not come into wide-
spread use.

AUTONOMOUS GLARE-BLOCKING SYSTEMS

As is known in the art, direct solar radiation is a primary
source of glare. It is also established that certain window
covering are capable of blocking direct solar radiation, while
still admitting diffuse daylight. Two types of window cov-
erings are generally used for this purpose: the conventional
venetian blind (which consists of an array of louvers fabri-
cated from opaque material), and the light lens (which
consists of an array of louvers fabricated from refractive
material). In a light lens, the exterior-facing surfaces of the
louvers are flat, while the interior-facing louver surfaces
include ridges (running parallel to the length of the louvers)
having a prismatic cross-section. These ridges enable the
louvers to either refract or completely reflect incident
daylight, depending on the angle between the louver surface
and the impinging radiation.

As is known in the art, a venetian blind or light lens will
prevent the passage of direct solar radiation if the louver tilt
is adjusted to maintain a predetermined, minimum angle
between the direct solar path and the chord (i.e., short
dimension) of the louvers. Several systems have been devel-
oped which are capable of automatically operating in this
manner,

System of Riehl

U.S. Pat. No. 4,742,813 to Richl (1988) shows a system
in which a sub-tracking sensor comprising a pair of photo-
sensors is attached to, and moves with, the flat exterior
surface of one of the louvers of a light lens. The photosen-
sors are mounted in such a manner that their active surfaces
are coplanar and parallel to the surface of the louver. The
photosensors are shaded in such a manner that the illumi-
nated areas of the active surfaces (and hence the outputs of
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4

the photosensors) are equal only when the incident solar
radiation is perpendicular to a line connecting the photo-
sensors. Thus, the difference between the photosensor out-
puts is dependent on the deviation of the solar incidence
angle from the normal, with respect to the louver surface.

However, as is known in the art, a shaded sun-tracking
sensor of this type provides a useful output only for incident
radiation which is within a very small angular displacement
(e.g.. 5 degrees) from the normal. This is ostensibly not a
problem in Riehl’s system, since the photosensor outputs
provide a servo error signal which causes the system to
automatically tilt the louvers to maintain a substantially
ninety-degree angle between the louver surfaces and the
incident solar radiation. This orientation causes the incident
radiation to be retroreflected from the prismatic ridges,
preventing the admission of direct solar radiation into the
room.

System of Nebhuth

U.S. Pat. No. 4,841,672 to Nebhuth (1989) shows a
system which is similar to Riehl’s system, which is also used
in conjunction with a light lens, and which has the same
object. However, in Nebhuth’s system, the photosensors are
unshaded, and—instead of being located on the exterior-
facing side of the louver—are placed on opposing cathetal
legs of one of the prismatic ridges on the interior-facing side
of the louver. Like the photosensors of Richl’s system, those
of Nebhuth’s system provide output signals of equal mag-
nitude only when the exterior surface of the louver is
perpendicular to the incident solar radiation. However,
unlike Riehl’s system. Nebuth’s photosensors provide a
useful differential output signal over a relatively wide angu-
lar range of solar incidence. This provides two advantages
over the system of Riehl.

First, it enables a “dead band” to be designed into the
servo response characteristic. This allows the motor of
Nebhuth’s system to operate relatively infrequently, and
only when the angle between the louver surfaces and the
incident radiation exceeds a predetermined, relatively large
threshold—thereby reducing wear and power consumption.

Second, it enables Nebhuth’s system to maintain an
arbitrary, variable angle between the louver surfaces and the
incident radiation (imstead of the fixed angle, nominally
ninety degrees, of Riehl’s system). Although Nebhuth does
not describe the benefits of such a capability in detail, it will
be recognized by those skilled in the art that such a system
is potentially capable of adjusting the amount of admitted
daylight while simultaneously blocking glare. This potential
advantage is subsequently discussed in more detail.
System of Kern

U.S. Pat. No. 5,142,133 to Kern (1992) shows a system
capable of automatically maintaining a constant, predeter-
mined angle between incident solar radiation and the surface
of the louvers of a venetian blind. Like Riehl’s system,
Kern’s system uses a sun-tracking sensor which is attached
to, and moves with, the exterior surface of one of the
louvers. However, unlike Riehl’s system, Kern’s system
does not use shading of the photosensors to provide a
differential sun-tracking signal; instead, Kern’s sun-tracking
sensor consists of two conventional photodiodes mounted so
that there is an angular displacement between their elevation
response patterns. This angular displacement causes the
outputs of the photodiodes to differ when the incident solar
radiation is not perpendicular to a line connecting the
photodiodes. A control unit registers the difference between
the photodiode outputs, and operates a motor to tilt the blind
louvers to maintain an equilibrium between them.

Kern’s system also includes an externally-mounted
background-brightness sensor, which comprises three pho-

















































































