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Abstract

Lighting design is a critical part of all building
design processes for both new construction and rencvation
work. Performing lighting design properly takes a large
amount of time and effort. The primary objective of this
thesis effort was to develop a computer software package
that would help base engineers pertform the calculation
stage of interior lighting design quickly and accurately.

Because the base engineer will have available to him
many different types of computer systems, a cecond
objective of this thesis was to make the program as
transportable between computer systems as possibie. The
primary system that the program was designed for was the
Wang pc system because of its wide spread use within the
Civil Engineering community.

The program developed for this thesis effort is
entitled LIGHT1A, and uses the Zonal Cavity Method of
lighting design. LIGHT1A was developed to be menu driven

to enhance user friendliness, and has a large data base

filing system to allow the base engineer to store a number

of lamp, fixture, and room color criteria. LIGHT1A was

.

programmed in the language of BASIC to allow transport-
ability between computer systems, and has been tested on

the Wang pc, the Zenith Z-248, and the TeleVideo XL. b
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AUTOMATED INTERIOR LIGHTING DESIGN SOFTWARE
FOR BASE CIVIL ENGINEERS

l. Introduction

General lIssues

Interior lighting design is one of the many important
duties that must be performed by design engineers during a
construction project. This is true whether the project is
the renovation of a single room or an entire building. It
also applies to most, if not all, new construction
projects. If accomplished properly, the lighting
installation will help ensure that the total construction
project has a professional appearance. Also, if the
lighting design is considered at the beginning of a design
project, instead of as an afterthought, "...the lighting
and the architecture can become one cohesive system in
meeting the occupant’s needs" (33:38).

"Visual accuracy is not all there is to a person’'s
need for light (10:140)." Not only can a person’s
perceptions of an area be affected by the lighting pattern
(33>, but quality lighting can Increase the performance of
the user (10). A well designed lighting system has many
positive effects for the user. Two of these positive

effects are overall safety in the area and the aspect of
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increased task visibility. Also, a good lighting system
can reduce the fatigue and unnecessary eye strain that
results from poor lighting (7:70). Also studies have shown
that the quality and intensity of light might very well
affect the biological reactions of people (29)(30). "Light
controls biological rhythms, regulates production of
hormones, and affects metabolism of specific areas in the
brain (30:11)." Simply stated, "Research conducted in the
last few years has revealed a number of mechanisms by which
light affects our productivity, health, biologic rhythms,
moods, and general sense of well being (31:4)."

A problem exists doing lighting designs. Design
engineers either spend a great amount of time performing
nraper design calculations and comparicson designs
(comparing different lighting designs for the best "fit"),
or they use shortcut techniques to allow them to "get the

job

[

one.” Deslgn time for the typlcal design engincer is
valuable, and shortcut methods which produce minimally
acceptable lighting designs are widely used. Fortunately,
there is a solution. With the use of a computer, and the
proper software, design engineers can produce quality
lighting designs in less time, while forgoing less than
acceptable shortcut methods. Computers can help design

engineers efficiently pull *>sgether the large amount of

data that is required by good lighting designs (10).
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dut, what computer system is best in supporting the

design engineer? Personal computer (pc) systems such as
the Zenith 2-100, along with IBM compatibles like the
Zenith Z-150 and Z-248 series, and the TeleVideo XL are all
available to the base engineers if their bases can afford
to supply them. The Wang computer system, on the other
hand, has been selected to support the Air Force Work
Information Management System (WIMS), and has been awarded
a contract currently known as the Air Force Minicomputer
Multi-User System (AMMUS) (13). The WIMS system is
specifically intended to supporting the Civil Engineering
community of the Air Force. The AMMUS contract calls for
the Wang computer system to be installed at 153 Air Force
locations in support of the WIMS. Since this computer
system will be widely available throughout the Air Force to
base civil engineering groups, it is logical for the base
engineer to use it for as many applications as possible,
Iincluding lighting design. A software package on lighting
design, capable of working on the Wang computer system, and
as many of the other computers listed above as possible,
would be ideal for the base design engineer. In this way,
no matter what computer system the design engineer has

available, the lighting design package could be used.

Background
To acquaint the reader with good lighting design

procedures, this background section will summarize the

TN
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necessary steps that must be taken by the design engineer

while performing a lighting design. Although there are
many ways tc calculate the amount of light sources needed
in a certain space, the most common one, the Zonal Cavity
Method, will be described. For those who want a greater
understanding of this process in lighting design,

Chapter Il of this thesis will provide a much more detailed
explanation of the process, and also works examples to help
in the reader’s understanding.

There are three major stages in performing a lighting
design. The first stage is the calculation stage which
includes the gathering of information necessary to pertorm
the calculations. The second and third stages are the
layout and iterative stages of lighting design. The z0ai
of the first stage is to calculate how many light fixtures
of a particular type is needed to illuminate a surface to a
predetermined level. The second stage {s used to place the
fixtures in a pattern around the room to eliminate any
"dark" spots on the surfaces being lit. The third stage is
the repeat stage, where the design engineer reworks the
calculation and layout stages over again so that two or
more designs can be compared together to enable the "best™”
design to be picked. This may be the most important stage
of all -- and is the one that is skipped when "time is of

the essence."




The second stage. the layout stage, of the design
process can be loosely considered to be an M"art," and most
of the time will depend upon the design engineer’s
background and knowledge. Many rules-of-thumb exist for
the layout of the lighting fixtures, but all-in-all the
final! decision rests squarely on the design engineer’s
shoulders. "Good lighting design means putting light --
and the right kind of light -- where it is needed”
(10:140). Since this is the case, no "canned program" can
tell the designer where to ultimately put the light
fixtures.

As stated before, the third stage of the lighting
design process, the iterative stage, is when the design
engineer repeats the first two stages. Multiple designs
are necessary because it is unlikely that the design
engineer will choose the "best" design the first time,
given that there are so many design criteria that must be
taken into consideration. This design criteria is the
input information needed for the first stage, the
calculation stage. As the following paragraphs will
explain, there are many different types of lighting
systems, including different luminaire types and styles, as
well as different types of lamps and ballasts. There is no
cingle "best" solution for all cases, even from office to
office, and there is always an alternative (7:73). All

this means is that to do a lighting design properly, a
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design engineer must perform the design a number of times,

each with a little different design concept, and then
choose the "best" design for the given situation.

Since the second stage is heavily dependent upon
design engineer’s choice, and the third stage can be
skipped (although not recommended by this thesis effort),
the first stage, the calculation stage, is the stage of
primary interest. This is the stage, that, when repeated
takes the major amount of time. The reason the calculation
stages take so long to complete, is not that the
calculations are long, but that the information needed to
perform the calculations takes quite a bit of time to
assemble and interpret.

The information requirements of the calculation stage

can be broken into two mailn parts, the room information.

and the luminaire information. (A luminaire can be
considered a total light package, including the fixture. or
housing, the lens, the lamp, the ballast -- {f necessary.

and any other item necessary to make the package work.)
The room information necessary to perform a proper
lighting design Iinclude basic information about the room
itself, and about how the room i{s used. Actual dimensions
of the room including its floor area and the ceiling,
luminaire and working surface heights must be known. This
information is then combined {into "factors" called roaom

cavity ratios (RCR’s) which ultimately help determine how
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the room allows the 1ignt to be "spread" out witnin it,
Differently dimensioned rooms will have different RCR
factors. Room surface reflectances (how much light a given
surface will reflect) is also important information about
the room. To use extremes as an example, a room painted
totally white will be much brighter than a room painted
totally black. The reason for this is that the color white
reflects much more light than does the color black.
Because of this, the actual room surface colors must be
known to determine how much light will be reflected pack
into the room from the walls, the ceiling, and the floor.
Along with the informatiaon about the room itself,
information about how the room is used must be known. The
actual! activity performed in the room will determine the
amount of light that is necessary to perform that activity
properly. Hal lways where people walk and talk do not need
nearly the light that {s necessary in normal offices where
reading and writing occurs., and these offices do not need
the quantity of light that is required in a drafting area,
or similar areas where fine detailed work occurs. The AFR
88-15, Section 16-10, states that all Air Force
installations will be {lluminated to a maximum "ambient

1ight level”™ that matches {ts specific type of usage (5).

This mrans that for any given room, the general lighting
level will not exceed 3 certain amount. Foar example, all
general office space will not have any more than S0

1.7
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ftootcandles (rc) on any given work surtace. A fooctcandie

is the amount of light a candle will put out if measured
one foot from the flame. Any additional light that is

necessary for the user to do his job must be supplied by

"task lighting", for example, a desk lamp. Different rooms

have different "ambient 1ight levels™ allowed for the given

use of the room, a conference room is allowed 30 fc, a
warehouse is allowed 10 fc.

Closely tied to the room usage is the cleanliiness

factors of the room. Areas that have a high level or dirt

accumulation will have very definite affects on the
maintained lighting level in the area. As the dirt
accumulates on the rooms surfaces, the surfaces ability
reflect light will be reduced. This cleanliness factar
combined with other light depreciation factaors inherent
the luminaire to come up with a total light loss factor

(LLF) for the lighting design.

The actual room dimensions, the surface reflectances.

the room usage criteria, and the cleaniiness factors are

the information areas that must b¢ assembled under the room

information part of the calculation stage in lighting

design. The other part that must be completed prior tao the

actual calculations being performed i{s the accumulation of

the luminaire information. Whereas the room information
needed to fizure out how the room "uses”™ the light that

in it, the luminaire information is needed to figure out
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how much llght each tixture will supply to the room and how

it will "spread” out the light that it produces.

Luminaires come in many types, styles, and sizes. In
general, the design engineer will consider the area usage
to determine the type of luminaire to use. Most commanly,

incandescents are used only for specialty lighting or for
very small areas because of their high energy consumption.
Fluorescent luminaires are the most common choice for
general office type lighting, whereas high intensity
discharge (HID) luminaires are used primarily in
warehousing and other high ceiling areas. (Note the words:
"most common” and "primarily” are used do to the fact that
there are some florescent luminaires made for high ceiling
areas, and some HID luminaires made for office
applications.) Once the luminaire type is chosen, the base
engineer must select the particular style to use.

Luminaire style is important because each style of

luminaire will have different "light spreading"”
characteristics. Reflector shape, lens type, and internal
mounting distance of the lamp from the lens will cause the

light to be dispersed from the luminaire in a particular
manner. One way to measure the effectiveness of a
luminaire in dispersing the light properly {nto a room is

with a Visual Comfort Probability (VCP) rating. VCP is a

number which represents the theoretical number of people

out of 100 who may be expected to say that the lighting of

:
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an experimental rcom is comfortable when lit with a given
style of luminaire (28:60). Lamp and ballast types must
also be chosen in this part of the information
requirements. Different lamps, especially fluorescent,
have different color characteristics. For example warm
white lamps emphasize the "reds™ in a room where cool white
lamps emphasize the "blues.” Also, lamp and ballast
choices must be made carefully because not all lamps and
ballasts will work properly together (7:69). Once this
information on the luminaire is chosen by the base
engineer, it can be used, along with the room information,

to complete the design calculations.

Specific Problem

The previous section should have given the reader a
greater undérstanding of the decisions the design engineer
must make to perform proper lighting designs. Also, the
reader should understand that each stage is vital to a
proper design, and shortcut methods, or the "skipping" of
any of these stages, will not produce the best design. In
addition, the reader should now understand that good
lighting design is as much concept or thought oriented as
it is calculation oriented.

Captain W. M. Duncan, in his 1983 AFIT thesis on
computer-alded design (CAD), states that "any task
involving extensive 'number crunching® can be improved by

using computers to do the calculations thus freeing the

1.10

.‘.‘\ v, \\'.‘-\‘_’-\.... R
A{.\A\ n.’.'z' Py 'M\.ﬂ..ﬂ.:n..& A'(L'\_\‘_\}L"Al-l\.x.\ VS A AR




e

Lol

.r, fo\r\'r ._: Ve .N-\w\r\._. T e, R NN . - .r TGN 2 o o 'ﬂ;.';-{-r\'-'\-‘.“.-_:.

designer to use his time for other design work™ (6:31).
Also, not only are computers good for performing
calculations, but with the proper software, can actually
increase design applications by increasing the conceptual
based resources of the engineer (34:1742), The use of
computers in engineering work, such as lighting design, is
growing in recognition in all parts of the engineering
community, and is now being called computer-aided
engineering (CAE) (34:1732). Some of the major goals
accepted for CAE systems are to: 1) help reduce design
time; 2) help induce new ideas into designs: and 3) help
train new engineers in analysis applications (34:1744). By
incorporating CAE into the design engineer’s options for
performing lighting designs, bhetter designs can be
produced, with less time involved in performing them (3).

As stated in the general {ssues section, the Wang
computer system, since it will be the most widely available
computer system to Air Force design engineers in Civil
Engineering, is the primary choice for CAE work. Also, as
previously stated there are other computer systems
available to many base Civil Engineering organizations.
Therefore, any CAE software that can be developed for both
the Wang system and as many of these other systems as
possible would be most beneficial Air Force wide.

The 1lluminating Engincering Society (lIES) published

in the September 1986 issue of its Lighting Design +
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Applications periodicali a listing of lighting design

s

computer programs for CAE use (1). Of the 16 program

- -

N suppliers listed, 11 had interior lighting design packages

' available. Telephone interviews with nine of these 11
suppliers were performed to gain price information and

}: computer system requirements (the other 2 suppliers were

§: recorded messages)(2)(8)(9)(11)(12)(21)(22)(23)(27). The

' range of prices for the basic lighting programs ran from

$420 to $1700. All of the programs required IBM compatible

computers to work. Only one of the suppliers thought that

his program would run on a Wang pc system, although he had

never had it tested on that particular system.

P R T B &

Five of the program suppliers interviewed followed-up

with a descriptive package of their particular program

i (15)(16)(17)(18)(19). 0Of these, the lighting design
? program package that looked the most useful (Zonal Cavity
‘ method and economic calculations) without extraordinary
,E cost, was priced at $4895 (18). Assuming that this program
’
.: could be modified, if necessary and with permission, for
- the Wang pc system, and purchased for each of the bases
E that are to get the Wang system, the cost would be $75,735
f ($495 » 153 bases).
£
R Objective
‘ The objective of this thesis effort is to develop a
ﬁ useful! software package on interior lighting design, for
: use by Air Force design engineering personnel. Also, this
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software package will be developed to work on as many

different types
with particular
For widest

package will be

of Air Force computers as possible, but
emphasis on the Wang pc computer system.
poscsible distribution, this software

available from the electrical department of

the Air Force Institute of Technology’s School of Civil

Engineering and

Services, AFIT/DEE.
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1 1. Interior Lighting Design

Chapter Overview

This chapter expands on the background section in
Chapter I. Detailed explanations for each aspect of the
room and luminaire information are given. Also an example
of each type of calculation is shown to help the reader.
Each example given will build upon examples preceding it to
show the reader the entire process that must be performed
to complete the calculation stage of lighting design.

As indicated in Chapter 1, there are three major
stages of work that must be done when performing a proper
lighting design. These areas are the calculation stage,
including the gathering of information on design
requirements; the layout stage; and the iteration stage.
During the layout stage, the design engineer must ensure
that the number of luminaires determined by the calculation
stage will fit into the given room. This stage also
ensures that the distribution of light is as even as
possible throughout the room. Although the design
calculations performed in this project’s computer program
will give the design engineer important criteria pertaining
to the layout of the lighting fixtures, they will not

ensure that the .ayout is properly performed.
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The iteration stage ot a proper lighting design is
accomplished when the design engineer performs the stages
again, with different luminaire information. This stage,
as stated in Chapter I, is performed to ensure that the
"best"” design is produced.

Because the layout stage is outside the scope of this
project, and the iterative stage is simply a re-enactment
of the first two stages, the scope of this chapter will be
limited to describing the calculation stage of a lighting
design.

The ultimate goal of the calculation stage is to
determine the number of luminaires required to light a
given area to an ambient level. Prior to these
calculations though, information about the area being
designed, and information about the luminaire to be used
must be known. This chapter will discuss these information
requirements, and then show how this information {s used in
performing the calculations necessary to obtain the number
of luminaires needed for a proper lighting design.

It is important to state here that the entire
knowledge base for this chapter comes from five major
sources, with one of the sources being the author’s
knowledge from nine years of experience in lighting
design. The other sources usei to back up this experience
are the following:

1) the IES Lighting Handbook (14),

N N ST,
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2) the AFR 88-15 «(5),

3) <classroom handouts on lighting design, given

out by the AFIT School of Civil Engineering and
Services (25),
4) seminar notes and catalog data from the

General Electric’s basic lighting school in

LR en, e 2T .x

Cleveland, QOhio (20).

General

Prior to performing the actual calculations to
determine the number of lights required to illuminate a
given area to an ambient level, information must be
gathered to support the calculations. Specific factors of
the calculations that must be supported by the zathering of
information are the total light loss factar (LLF), the
coefficient of utilization (CU) value, the total lumen
requirements of the room, and the luminaire spacing
requirements used for the layout stage of lighting design.
Although these factors will be discussed In detail later, a
general description will be given here to help the reader

understand the basis or need of the information required to )

perform the calculations.

The total Jlight loss factor (LLF) is calculated by
combining all the pos:ible ways to decrease the light

actually given off in the room by the fixtures. Factors

such as how clean the room is, how new the lamps are, and
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what kind of luminaire enclosure is used are included in
this total LLF. The coefficient of utilization (CU) value
is determined by combining how the given area will "use"
the light and how the luminaire itself will spread the
light out over that area. To calculate the total lumens
required in the room, the above factors are combined with
information about the allowable lighting level and the
area'’s actual dimensions. These three factors, the LLF,
the CU value, and the total lumens required, along with
other luminaire information lead to the final célculation
of the total number of luminaires required in the arca.
The final factor in the calculations is the determination
of the luminaire spacing. Actual luminaire information and
the area’s dimensions are combined to determine this

factor.

Information Requirements

The information requirements that support the
calculations can be separated into two main areas, the room
information and the luminaire information. Room
information includes {tems such as room usage, si:ze,
surface reflectiveness, and cleanliness. The actual use of
the room will determine what lighting level is allowed.

The dimensions of the room must be known to determine how
the light can be "spread" out over the area. The room’s
surfaces will "reflect”™ the light given off by the fixtures

within the room, and according to how much this

2.4
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reflection is, will partially determine how many fixtures
must be used in the area. The room cleanliness must be
known in order to determine how much of the original room’'s
reflectances will! be lost due to dirty conditions as time
goes on. These for factors of room information must be
known prior to the design calculations being performed, to
ensure design accuracy.

Luminaire information such as the light source type,
the fixture type, and the lamp and ballast type must also
be known. There are three major light source types
available in many different types of enclosures or
"fixtures." Each different fixture type will distribute or

"spread”" the light given off by the light source

differently. Lamp infarmation must be known to determine
how much "light"™ the chosen lamp will give off, and certain
types of lamps require ballasts to work properly. Ballasts

also come in many styles, although once the lamp is chosen,
the associated ballast choice is somewhat limited. This
information on the luminaire chosen to be used, must be
known for input into the design calculations.

To optimize a lighting design, the design engineer
should compare different lighting calculations on each room
under consideration. Once different calculations are

completed and compared, the "best"” sgsystem can be chosen.

Since in this process the room Information stays the same,
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multiple sets of luminaire information should be assembled

enabling different lighting systems to calculated.

Room Information

! Lighting levels. The first item that must be

determined in a lighting design is the allowed illumination
level of a room. To do this, the room’s intended use must
be known. Will it be an office, a conference room, a
computer room, or something different? In Air Force

> applications, the AFR 88-15 Section 16-10 gives the design

[y v,

engineer a listing of allowed lighting levels for an

assortment of room types. Table 2.1 is a combination of

Tables 16-1 and 16-2 of Section 16-10 of the AFR 88-15%

(S).

) It is important to note the written instructions that

go along with these tables from the AFR 88-15, especially

¢ the parts that indicate that these lighting levels are for
"general" or ambient illumination, and that "supplementary”

) lighting must be used if more light is required for a
specific task. It 1s also important to know that the AFR

} 88-15 states that 75 footcandles (fc) maintained is the

t maximum illumination level allowed, no matter what the room

) is used for. (Footcandles are the units that quantities of

light are measured in.)

Once the {llumination level is determined for the

PR TY

room, the design engineer must flgure out how the room

1 itself will enhance or detract from the "spreading" of
L]
2.6
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Table 2.1 -- Allowable FC Levels

AREA FOOTCANDLES
Accounting Roonms 75
Auditoriums 20
Cafeterias 25
Computer Rooms 50
Conference Rooms 30
Corridors 10
Drafting Rooms 75
Elevator Machine Roonms 15
Emergency Generator Rooms 15
Garage Entrance 30
General Office Space 50 !
Janitor’s Closets 5
Kitchens 70
Lobbies 15
Lounges 15
Mechanical Rooms 15
Stairways 20
Storage Rooms S
Switchgear Rooms 15
Toilets 20
Transformer Vaults 15

Warehousing, Note 1:

Inactive S

Active-bulk 10, Note 2 {
: Rack 20 1
! Bin 5, Note 3 1
1 q
3
f Mechanical Material Handling:
] Contro! Centers 30

Loading Areas 20

Accumulation Conveyer

Lines (unmanned) 10
Notes:
{. Intensity measured 4 feet from the floor.

2. Main aisles may be lighted to 15 fc.
3. Specialized bin lighting may be provided
by user, as required.
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light. The room dimensions and surface reflectances are
used to figure this function out.

Room Dimensions and Ratios. The actual dimensions of

the room must next be used to figure out the "room cavity
ratios.” All rooms, thecretically, have three "room
cavities,” although in practice one or two of these
cavities may be equal to zero. These cavities are best
understood by looking at Figure 2.1 which is similar to
Figure 9-9 of the IES Lighting Handbook (14).

The ceiling cavity (CCR) is the area between the
actual room ceiling and the bottom of the light fixtures.
Thig cavity will be equal to zero if the fixtures are
"recessed” into or flush with the ceiling. The room cavity
(RCR) is the area between the bottom of the light fixture
and the "working plane,"” where the working plane is defined
as the height the activity in the room is being performed
at. The room cavity is never zero. The floor cavity (FCR)
is the arca between the working plane and the floor of the
room. This cavity may be equal to zero {f the working
plane is the floor. The sizes and shapes of these cavities
affect the light distribution throughout the room.

Room Cavity Ratios (RCR's) are calculated for each of
the previocusly defined cavities to helf enumerate just how
each cavity will affect the lighting distribution These
ratios are more than just ratios for the given areas, but

are also numerical descriptions of how the room is

i
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Figure 2.1 -- Room Cavities

dimensioned. Two rooms, having the same overall area, will
not have the same distribution of light if their physical
shapes are different. Consequently they will have
different RCR values. As an example, a square room will
not distribute the light the same as a rectangle room, and
will require a different fixture layout, even though both
rooms have the same dimensional areas (see Example 2.1).
The IES Handbook (14) glives the formula for calculating the

RCR's of a given room as:

S(HY(L+W) / (L)Y (W) (2.1
where
H = the height of the given cavity .ZCR, RCR, FCR),
L = the length of the room, and
W = the width of the room
2.9
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or:

2.5(H)YP) /7 (A) (2.2)

where

H = the height of the given cavity,

P = the perimeter measurement of the given cavity, and
A = the area of the given cavity’s base (je., floor or
ceiling)

Equation (2.2) must be used for rcoms that have irregular

shapes (rooms other than square or rectangle).

Example 2.1

Purpose: To demonstrate the calculation of RCR’s
Room #1 dimensions: length = 40 ft
width = 40 ft
ceiling height = 10 ft
fixture height = 8 ft

working plane hgt = 2,5 ft

Room #1 Cavity Ratios:

CCR = (5)(2)(40+40) / (40) (40)
= 0.500

RCR = (5)°5.5)(40+40) /7 (40)(40)
= 1.375

FCR = (5)(2.5)(40+40) / (40) (40)

0.625

(note: Room #1 area = 1600 ftz)
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Example 2.1 continued

Room #2 dimensions: length = 80 ft
width = 20 ft
ceiling height = 10 ft
fixture height = 8 ft
working plane hgt = 2.5 ft

Room #2 Cavity Ratios:

CCR = (5)(2)(80+20) / (80)(20)
= 0.625

RCR = (5)(5.5)(80+20) / (80)(20)
= 1.719

FCR = (5)(2.5)(80+20) / (80)(Z0)

0.781

(note: Room #2 area = 1600 ftz)

The informational requirements of the room for the
above calculations are simply the room’s length and width
(or perimeter and area), and the heights of the ceiling,
the light fixtures, and the working plane. With these
dimensions, the RCR’s of the given room can be obtained.
These values, along with the room reflectivity ratios, can
be combined to determine the total room’s contribution to
the distribution of light.

Room Surface Reflectances. Along with determining how

the room dimensions allow light to be distributed within
the room, the "surface reflectances" of the r.om must be
evaluated to determine how the light within the rcom is

"reflected™ from all non-working surfaces onto the working

X g

A TS R S S NN N ) MU SR I AN . T T N
!’ "‘ *’-' fd‘ \i'-.f.l 'J\\-‘- LS AN L v, T L f‘ff f}"-

AT AT

A




RSSOy 7 A

ol

surface. In lighting design, each room surface, other than
the working surface, will be given a number representing
the percent reflectance for that surface. These surfaces
include the ceiling, the walls, and the floor.

There are two major items that will determine a

surface’'s percent reflectance. The first is the color of

the surface; a white wall will reflect light better than a
medium blue wall, which in turn will reflect light better
than a black wall. Table 2.2 shows a variety of colors and
their respective reflectance numbers. If a surface could

be made perfectly reflective, it would be assigned a number
of 1.0 (ie. 100%). In other words, the surface would
reflect back exactly the same amount of light shown onto
it. A mirror would have a reflectance very close to 1.0.
The reflectances given in Table 2.2 were determined in a
laboratory setting by the paint manufacture, and are
published and distributed along with the manufacturer’s
color chip sets (sets of all colors that are available,
normally given to architectural designers to help in room
color selections) (4).

The second item that must be considered when
determining the reflectivity of a surface is the surface’s
texture. A rough, pitted surface will not reflect as much
light as a smoouth surface. Although there are no tables or

charts available to show the "lost" reflectivity for

\J‘\f.'f - s R .I'_-,‘~ xJ‘.'-’\'.v o .;'-.;.:\;" L

TN J J

\J

L

L
\
A)Lu}..’} i}‘.h\ \_l ‘.A.}_n"_l l\_.\_.ﬁ A‘IL-\ . 'L\ .'F ..n ™ ‘A{



L g~

EEIIIITE,

A,

v

y

“'

-t

LA

-

A D

3
2

13

) b .l'.A.

Lala e,

”

Table 2.2 -- Color Reflectance Ratios
COLOR REFLECTANCE
RATIO (Px)
Cameo White 0.86
Winter White 0.83
l.emon 0.84
Manilla Beige 0.77
Pink Marble 0.74
Butte Orange 0.31
Lavender Rose 0.39
Pale Violet 0.74
Violet Grey 0.52
Blue Daisy 0.62
[ceberg 0.77
Crayon Blue 0.20
Colonial Green 0.69
Pastel Green 0.69
Mint Haze 0.75
Silver Lining 0.70
Dawn Gray 0.77
Sand Tan 0.68
Ocean Sand 0.63

differently textured surfaces, the design engineer must be
aware that the loss exists, and adjust the reflectances as
he sees fit.

If there is a ceiling cavity and/or a floor cavity,
the ceiling and floor reflectances must be adjusted for the
amount of light that is "lost"™ within that respective
cavity. Some of the light that enters into those cavities
never reaches the working surface, and that "lost"
contribution must be subtracted from the respective
surface's reflectance when it is used to determine the
room’s overall contribution to the lighting design. The

ceiling and floor reflectances must be adjusted to what is

2.13




called by the 1ES Lighting Handbook (14) the "effective

reflectances”" if there is a ceiling or floor cavity
respectively. Table 2.3 is a reproduction of Figure 9-11
of the IES Lighting Handbook (14), and gives the effective
reflectances for various cavity ratios versus actual wall
and base (ceiling or floor) and reflectances. The numbers
given in Table 2.3 can be cansidered linearly related which
allows extrapolation to be done for non-tabled numbers.
Design information requirements to figure out the
room’s reflectance values are the room surface colors and
textures, and the cavity ratios for the ceiling and floor
areas. These reflectance values, along with the previously
discussed RCR’'s allow the design engineer to assign numbers

for the room’s contribution to the distribution of !Izh

'

throughout its area. These numbers will be combined into
what has been explained as the "coefficlent of utilization"®
(CU) value which will help calculate the number of fixtures
needed to light a room to the proper level. This procedure
is accomplished after the luminaire information is

identified, and a fixture is chosen.

Example 2.2

Purpose: To calculate an effective ceiling cavity
reflectance ratio for Room #1 of Example
2.1,

Room Information: Ceiling Cavity Ratio (CCR) = 0.5
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$ Example 2.2 continued
b
From Table 2.2:
& Ceiling Color: Winter White
) reflectance: (P ) = 0.83
N c
x? Wall color: Silver Lining
reflectance: (Pw) = 0.70
™ Ceiling Cavity effective reflectance:
S
s From Table 2.3 Table Reading
N
with base reflectance = 0.80
! and wall reflectance = 0.70
\ for CCR = 0.4 Peffl = C.76
for CCR = 0.6 Peggp = 0-75
5 1St extrapolation:
B
»' - =
o for CCR = 0.5 PeffA 0.775
with base refliectance = 0.390
and wall reflectance = 0.70
L)
:: for CCR = 0.4 Peff3 = 0.86
[\ _
h. for CCR = 0.6 Peffa = 0.84
2nd extrapolation:
y for CCR = 0.5 PeffB = Q.85
Final extrapolation (between PeffA & PeffB)
for ceiling reflectance = 0.83
= 0.70

e and wall reflectance

? Ceiling Cavity Effective Reflectance (P_) = 0.78

C -

Room Cleanliness. Prior to discussing the luminaire

information requirements, one last item must be determined

] under the topic of room informatfion requirements. This

, 2.17
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ftem is the room’s "dirt condition."™ In most construction,
when new lighting is installed in an area, the area is left
in a relatively "clean™ state. Fixtures are new, painted
surfaces are fresh, and the general condition of the area
is good. Unfortunately, in most cases, the area starts to
accumulate dirt after a period of time. Periodic cleaning,
at least in offices, is good, but fixtures are normally not
cleaned and walls almost never get washed. Dirty fixtures
and surfaces cannot give off or reflect as much light as
they did when new, causing the room’s lighting conditions
to be less than optimal. Table 2.4 is similar to Figure
9-4 of the IES Lighting Handbook (14) which separates room

cleanliness into "five degrees of dirt conditions.”™ The

deslign engineer must determine what degree the given area

best fits into, and record this condition for reference

when calculating a total light loss factor (LLF) in the

calculation stage of the design. The length of time

between overall cleaning must also be noted, or guessed at,

by the design engineer for calculation of the LLF. This

time is normally recorded in months, with a good guess

being between 24 and 36 months from cleaning to cleaning.

Summary. Determining the room information

requirements Is the first step in performing a proper

lighting design. The room’'s actual use, the dimensional

contribution to the distribution of light including both
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Table 2.4 -- Room Dirt Conditions
Very Clean Clean Medium Dirty Yery Dirty
Generated Dirt None Very Little  Noticeable Accusulates  Constant
but not rapidly accumulation
heavy
Ambient Dirt None (or Some (almost Some enters  Large amount Almost none
none enters none enters) area enters area  excluded
area)
Removal or Excellent Better than  Poorer than  Only fans or None
Filtration average average blowers if
any
Adhesion None Slight Enough to High -- High
be visible grobably due
after some o humidity,
months oil or static
Exasples Hi;h grade Offices in Nill Heat Similar to )
offices, not older bldgs  offices; treating; Dirty, but
near or near paper hi§h speed lusinaires
production; production processing printing within area of
clean rooms contamination

the cavity sizes and the surface reflectance amounts, and

the room cleanliness factors are the items that need to be

determined in the room information gathering process. This

information must be combined with the luminaire information

to enable the calculations stage of lighting design to be

performed properly.

In an effort to help with further examples, Chart 2.1

is the accumulation of all information that must be known

about the room. Chart 2.1 includes the calculated data

from Examples 2.1 and 2.2, as well as additional data

(ie.

calculated using similar methods the effective floor

cavity reflectance). Chart 2.1 will be used for

comparison purposes in Chapter 1V, during the program

validation sequence.
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3 Chart 2.1 -- Room Information

Data Source
Room Use: Office Given
FC Required: 50 fc Table 2.1
- Room Dimensions: Room #1,
length: 40 ft Example 2.1
width: 40 ft2
area: 1600 ft
k ceiling hgt: 10 ft
fixture hgt: 8 ft
working hgt: 2.5 ft
\ Room Cavity Ratios: Example 2.1
) CCR: 0.5
RCR: 1.375
’ FCR: 0.625
Room Surface Colors: Given
ceiling: Winter White
walls: Silver Lining
floor: Crayon Blue
. Room Surface Refliectances: Table 2.2
P : 0.83
PC: 0.70
. Py 0.20
B Pcc. 0.78 Example 2.2
' P 0.21 Calculated
fc
« Room Dirt Condition: Clean Table 2.4
» Cleaning Cycle: 18 months Chosen

Luminaire Information

L General. Now that the room information requirements

} have been discussed, the next area of interest is the light

) luminaire information. This information can be broke down
)
¢
. into three main topics for discussion; the light source
3 2.20
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type, the source enclosure or "fixture," and the source
lamp and ballast requirements.

Light Sources. There are three major types of light

sources to choase from when doing interior lighting

design. These major types of sources include incandescent,
fluorescent, and high intensity discharge (HID). Each of
these major types can be broken down into specific styles.
Incandescents’ major styles are the medium base style,
which most people are familiar with (the household kind),
and the "par" style, which are used for spot lights and
flood lights. Low voltage lighting, such as "track" lights
are also in the incandescent family.

Fluorescent lamps come in many different styles and
types also. Cool white, warm white, daylight, and deluxe
cool white are just a few of the styles. These styles are
different from one another mainly in color rendition, which
will be discussed later. Fluorescent lamps come in energy
saving types as well as high output (increased light
output) types, with each types coming in different "color"
styles as well. The fluorescent family is quite extensive
and must be reviewed constantly by the design engineer due
to constant additions by the lamp manufacturers.

High intensity discharge (HID) lamps come in three
major types, with each type h.ving characteristics
completely separate from the others. These types are

mercury vapor, metal hali{ide, and high pressure sodium
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(HPS). The primary differences between these types of HID

lamps are their efficiencies and their color renditions,
both of which will be explained in the following
discussions.

When the design engineer selects a lighting source
type, there are a number of topics which must be
considered. These topics include source efficiency, color
rendition criteria, and switching time.

Efficiency. Table 2.5 shows a comparison of the

different sources’ efficiency ratings. This table is
similar to one presented in the AFIT School of Engineering
and Services classroom handouts (25). The reader should
note the units of the ratings, since the efficiency of a
lighting source (s determined by the lumen output per
wattage input. A Jumen in simple terms can be considered
the unit quantity of light put out by the lighting source.

The reader should note from Table 2.5 that the
incandescent source has the lowest efficiency while the HPS
source has highest, and that the three types of HID sources
have very different efficiency ratings. Unfortunately, the
design engineer cannot choose a light source strictly for
efficiency’s sake. The high pressure sodium source may
have the highest efficiency rating, but {t has very poor
color rendition and switching characterist.cs which make {t
far from the optimal source in most interior lighting

cases.
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Table 2.5 -- Lamp Efficiencies

SOURCE LUMENS/WATT
Incandescent
General Service 21
Extended Service 15

Fluorescent

Coo! White 78
White 80
Warm White 80
High Intensity Discharge
Mercury
Clear 46
Phosphor 52
Metal Halide
Clear 70
Phosphor =10)
High Pressure Sodium 125
Color Rendition. Most people associate the

"true” color of an object to how it looks in sunlight.

Because of this, light source manufacturers have set

sunlight "coloration™”™ as a standard to be compared against

when stating the color rendition of any given light

source. The chart in Table 2.6 is similar to one of

General Electric's comparison charts from a Light and Color

brochure (24). This chart rates the different types of

sources to true sunlight from poor to excellent, and also

shows what colors the sources emphasize or "grey" (de-

emphasize). Table 2.6 indicates t(hyat the fluorescent

sources are best at simulating true sunlight, and the high

pressure sodium source (HPS) are worst.
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- Lamp Color Rendition Chart

E Incandescent ' High Intensity Discharge
Lamp Names é Filament E Mercury Metai Halide HPS
Lumens/¥att ‘; Lov Hediua High High
Lamp appesr- E Yellowish Greenish Greenish Yellovish
ance effect . white blue-white white
on neutral |
surfaces 3
Effect on E Vara Very cool, Moderately Vara,
"atsosphere® E Greenish cool, Greenish Yellowish
Colors E Red Yellow Yellow Yellow
Strengthened | Orange Green Green Orange
E Yellow Blue Blue Green
Colors E Blue Red Red Red
Greyed ' Orange Blue
Effect on ; Ruddiest Greenish Greyed Yellowish
Complexions 5
Remarks 5 Good color Very poor celor Color acceptance  Color acceptance
+ rendition rendition similar to CV aBproaches that of
5 fluorescent WV fluorescent
5 Fluorescent
Lamp Nases g Cool Vhite Vara White Daylight Uhite
Lumens/Vatt | High High Mediua-High High
Lamp appear- E Vhite Yellowish Bluish Pale Yellowish
ance effect white vhite white
on neutral .
surfaces 5
Effect on E Neutral to Vars Very Cool Moderately
"atsosphere® E noderately cool vara
Colors ; Orange Orange Green Orange
Strengthened | Yellow Yeltow Blue Yellow
: Blue
Colors E Red Red Red Red
Greyed ' Green Orange Green
: Blue Blue
Effect on 5 Pale Pink Sallow Greyed Pale
Colplexzons ;
Resmarks E Blends with Blends with Usuaily Usual ly
: natural daylight incandescent reglaceable replaceable
 Good color Iight; simulates vith CV vith CW or W
E acceptance natural daylight
2.24
""-\.'-.\\ Y IR YL L A S Sy

‘4'-'.'{.'.?

rf.'f-.“.rr.f

LI I - g

ST P S R Ny




L A

LaTs

" Switching Time. Start-up time (time from when

the switch is turned on to when the light comes on), and

restart time (switch and light turned off and then back

2%2% 1%

on), are also important factors the design engineer has to
consider. For incandescent and fluorescent sources, the
start-up and restart times are considered instantaneous;

whereas HID sources increase in brightness slowly until

YN

they reach their "peak" operating temperature where they
remain until turned off. Once turned off, the HID sources

require a cool down time before they can be restarted.

»

3 R

According to the specific lamp, this "peak" temperature

N

) PR

time and restart time could be as short as 30 seconds or as
long as 10 minutes. These times make HID sources less than

inviting when the designer wants to control the lighting

-

system with an energy management control system (EMCS), or

in other areas where the lights might get turned off and on

.‘o}

frequently.

Typical Uses. As the reader can see, there are

« v oa e

advantages and disadvantages to every type of lighting

s

source. The design engineer must be very careful when

2 choosing the light source type to ensure that the

-

: efficlency, the color rendition, and the switching time are
F compatible with the area being designed. Table 2.7 gives
>

; examples of where each major light source type is used.

’J Light sources (lamps) for the most part, do not have
.; built in directional control to enable them to shine the
-

. 2.25
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Table 2.7 ~-- Typical Use Areas

SOURCE TYPE TYPICAL AREAS

Incandescent Closets
Entry Ways
Specialty Lighting

Fluorescent Offices
Conference Rooms
Hal lways

HID High Bay Areas
Warehouses
Hangers

light in a certain direction or spread the light out over a
given area. Because of this, these sources must be put in
enclosures or "fixtures”™ to control the directiaon and
distribution of the light. Each type of light source is
available in a number of different styles of fixture
housings, each of which will distribute the light a little
differently. The design engineer, once the source type is
chosen, must then evaluate distribution criteria to
determine which fixture to use.

Fixture Types. There are three main items of concern

when choosing a fixture type. Aesthetics {s the first
major concern In choosing a fixture. Most people would
consider a bare bulb fluorescent fixture in a newly
constructed office very unattractive. Common sense must
rule in the choice. When a fixture is hung below a

celling, consideration should be given to having the
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g fixture provide "up-light" (allowing light to come out of
‘ the top of the fixture) to avoid a dark dingy looking space
-; above a work area which will, in most cases, detract from
.; the aesthetics of the area. A fixture'’s distribution type
" can be determined by looking at Table 2.8.

ﬁ Aesthetics of an entire building can be enhanced if
:ﬁ the design engineer tries to standardize the fixtures
. used. Conversely, in very special areas, a totally

g different type of fixture could be used toc "call attention"”
;: to the area. Aesthetics of the fixture and the given area,
though important, are not the only items that the design

. engineer must consider when choosing a fixture type. The
i‘ second item of importance, which is closely related to a

f room’s cleanliness factor, is how "dirty" a ¢fixture is
;: allowed to become before cleaning occurs.
;E The construction type of a fixture will determine how
l: dirty conditions will affect the fixture's ability to

é distribute light. The IES Lighting Handbook (14) assigns
.w one of five categories to fixtures according to how "open"
»

A they are to atmosphere. Table 2.9 is similar to Figure 9-2
é of the IES Lighting Handbook.

j The more open a fixture’s reflective surfaces are to
; the atmosphere, the more likely it is for the surfaces to

' become dirty. Maintenance Category | of Table 2.9

’

' indicates a completely open fixture. An example of this

N

p type would be a bare bulb fluorescent "shop-light" type of
5

: 2.27
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Table 2.8 -- Luminaire Distribution Types

DISTRIBUTION TYPE % UP % DUWN
Indirect 30-100 U-10
Semi-indirect 60-90 10-40
Direct-indirect 40-60 40-60
Semi-direct 10-40 60-30
Direct 0-10 S0-100
Table 2.9 -- Luminaire Maintenance Categories
Maintenance
Category Top Enclosure Bottom Enclosure
[ 1. None 1. None
1 {. None 1. None
2. Transparent with 15% or sore 2. Louvers or baffles

uplight through apertures
3. Translucent with 5% or more
uplight through apertures
4, Opaque with 15% or more
uplight through apertures
i1 1. Transparent with less than 15% 1. None
upward light through apertures 2. Louvers or baffles
2. Translucent with less than 15%
upward light through apertures
3. Opaque with less than 15%
uplight through apertures
v 1. Transparent unapertured 1. None
Translucent unapertured 2. Louvers
3. Opaque unapertured
v 1. Transparent unapertured 1. Transparent unapertured
Translucent unapertured 2. Translucent unapertured
Opaque unapertured

vi i. None 1. Transparent unapertured
2. Transparent unapertured 2. Translucent unapertured
3. Translucent unapertured 3. Opaque unapertured
4. Opaque unapertured
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fixture. Maintenance Category VI of Table 2.9 indicates a

totally enclosed fixture, similar to a fluorescent fixture
that is flush mounted in a suspended ceiling.

Once this maintenance category is known, it can be
combined with the previously discussed room cleanliness
factors (Table 2.4) and fixture distribution type (Table
2.8) to determine a total! light loss factor (LLF), which
will be discussed further in the calculations section.
Fixture dirt will not only detract from aesthetics of the
fixture chosen, but will also effect the distribution
capabilities of the fixture. This fixture distribution, is
the third and last major item that the design engineer must
consider when choosing a fixture type.

A fixture’s distribution capabilities can be assessed
through the understanding of a spacing-to-mounting height
(S/MH) ratio. Each fixture is given a S/MH ratio by its
manufacturer. S/MH ratios tell the design engineer how far
apart two fixtures can be placed. Placing the fixtures
further apart then what this ratio allows would result in
"dark" spots in certain areas on the working surface,.
Figure 2.2 shows this pictorially.

In Figure 2.2, the distance between the light fixtures

(d) is determined by:

d = (S/MH) (h) (2.3)
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working surface — light distribution (typ)
PROPER SPACING IMPROPER SPACING
Figure 2.2 -- Luminaire Spacing
where
d = the distance between fixtures (center to center),

S/MH = spacing-to-mounting height ratio, and

h = the mounting height of the fixture (bottom),

One factor that might not be obvious is that the S/MH is
directly related to the distribution pattern (spread) af
the given fixture. 1f the design engineer picks a

different fixture with a different distribution pattern,
and a different S/MH ratio, the maximum distance between

the fixtures will be different, Note also that the fixture

separation distance (d) is a function of the mounting
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;g height. Thus {f the design engineer has the ability to

R vary the mounting height of the fixtures, as in a high bay
N area, the fixture spacing can be adjusted.

?~ Unfortunately, there are limits to how much "spread" a
: given fixture can produce. As an example, for fluorescent
%g troffers (recessed fixtures in suspended ceilings) an

 2 average S/MH ratio is 1.3, and a high S/MH ratio is 1.7.

f This means that average fluorescent troffers (in a 9 foot
;3 ceiling) would be spaced a maximum of 11.7 feet away from
vg each other (15.3 feet for the high S/MH). This is true no
:T matter what the intensity (amount) of light the fixture

‘E puts out. Although a more thorough explanation will be

“»

; given later in the calculation section, it is important to
N

-~ note here that the amount of light each fixture puts out

a will determine how many fixtures are needed in an area. It
;ﬁ the S/MH ratio indicates that the given number of lights in
i an area are too far apart to light the area effectively (no
Q "dark spots"), then the light output of the fixtures must

3 be reduced to increase the number of fixtures in the room.
, This will allow better spacing of the fixtures. Again,

E using fluorescent troffers as an example, one way to reduce
‘E the light output of a fixture is to reduce the number of

. lamps in the fixture. A four tube fixture will give off

E twice as much light as will a two tube fixture. This

E example illustrates the need for the design engineer to

A
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select fixtures with the proper amount of light output to

use for each given job. ‘

-~ o

Lamp and Ballast Types. The amount of light that any

- - -

o4

given fixture can give out is only dependent upon the type

-
-

and number of lamps that it can hold. Incandescent type

fixtures normally hold single lamps as do all high

s a LY

intensity discharge (HID) type fixtures. In these
fixtures, the intensity of light is adjusted by increasing
or decreasing the lumen output of the lamp itself.

Remember, a "lumen" is the unit quantity of light given off

AL sy

by a lamp. Fluorescent type fixtures can hold anywhere
s from one lamp up to as many as eight lamps, with normal
bd quantities being one to four lamps. In most cases, the
lumen intensity of fluorescent fixtures {s adjusted by the
number of lamps used in the fixture.

No matter what type of light source a lamp is, the
‘ primary rating of the lamp will be by wattage, and not by
N lumen output. Fortunately, within source types, an
. increase in the wattage rating will indicate an increase in
lumen output rating as well. Table 2.10 gives a few
typical wattage lamps and their associated lumen ratings
for the major source types.

Please note that two wattage lamps are shown for both
the four foot and eight foct fluorescent lamps. In both

) cases the lower wattage lamps are considered "energy
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Table 2.10 -- Lamp Wattage and Lumen Ratings
SQURCE WATTAGE INITILAL MAINTAINED
TYPE RATING LUMENS LUMENS
Incandescent
(general duty) 75 1190 -
100 1750 -
150 2880 -
Fluorescent !
4 foot 35 2850 2510
40 3150 2770
8 foot 95 8500 73895 ‘
110 9200 8005 ,
|
HID ‘
Mercury Vapor 250 12100 10400
400 22500 19100
Metal Halide 250 20500 17000 !
400 34000 26500 i
HPS 250 27500 24750 |
400 50000 45000

saving” type lamps. (These types of lamps should not be
mixed and matched with normal lamps to increase or decrease
a fixtures light output rating).

The reader should notice on Table 2.10 that there are
two ligtings for lumen output for most lamps. One is the
initial lumen output, the other is the maintained lumen
output. The difference between these two ratings is a
factor of time. As with almost anything, a lamp will
perform better wheua it is new than when it {s used. Some
manufacturers call the maintained rating a "40%" rating,

meaning that after 40 percent of the life of the lamp, the
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lumen output has "settled down" to this amount of output.
Fortunately, once this lower output rating is reached, the
lamp continues to output close to this amount until it
decides to "die." A good heuristic for a lamp’s maintained
lumen output is 85% of the lamp’s initial lumen rating.
This percentage, presented in decimal form (.85 for the
heuristic or default value) is called the lamp lumen
depreciation (LLD), and will be used in the calculation
section to figure out the total light loss factor of a
lighting design. O0f course, if the initial and maintained
lumen ratings are given by the manufacturer, an actual
percentage can be calculated and used for the LLD in the
final design calculations.

Afthough little will be written about the topiz of
ballasts, it is important to note that all fluorescent and
HID lamps require ballasts to work. In most cases, once
the lamp iIs chasen, the associated ballast can be
determined. Ballasts, especially on HID type lamps are not
interchangeable,. Normal and energy saving fluorescent
ballasts are available, but the design engineer must be
careful when using energy saving ballasts with normal lamps
because many types will not handle the additional lamp
wattage. The main reason to note the specific ballast

used, in all cases, is that the ballast will consume

energy. This energy consumption must be known to properly




figure out both the power requirements of the total

lighting system and the life cycle costing of the system.
Summary. Luminaire information requirements necessary
to perform proper lighting designs are the light source
type, with major types being incandescent, fluorescent, and
high intensity discharge (HID); the light enclosure or
fixture characteristics including both the spacing-to-
mounting height (S/MH) ratio and the luminaire (fixture)
category; and the lumen rating of the lamp or lamps being
used, along with the associated lumen depreciation rating.
This luminaire information along with the previously
discussed room information will provide all the necessary
information to calculate the number of fixtures necessary
to light a room %o a proper level. Chart 2.2 will list the
luminaire Information chosen to expand Chart 2.1's room
information and to be used by the examples placed In the

Calculation Section.

Chart 2.2 -- Luminaire Information
Data Source
Source Type: Fluorescent Chosen,
Table 2.7
Fixture Data:
Distribution Type: Direct Table 2.8
Maint. Category: v Chosen,
Table 2.9
Lamp Data: Chosen,
Wattage: 40 watts Table 2.10

Init{ial Lumens: 3150
Maintained Lumens: 2770

~
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Calculations
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Purpose. As stated earlier, the ultimate purpose of

the calculation stage is to determine the number of

COW N Y )

luminaires required to light the ar=a of interest. This

. section will discuss what calculations are necessary to
determine that number. Along with this, this section will
explain how the information gathered on the room, and the -

information gathered on the luminaire are used in those

caiculations. E
The actual calculation stage can be split into five E
.
steps. The first step will determine the total light loss [
factor (LLF). The second step will determine the
coefficient of utilization (CU) value. The third step will '
use the LLF and the CU value to determine the total lumens i
required (TLR) in the given area. The fourth step takes
the TLR and calculates the optimum number of luminaires .
¢
required for the area. The fifth step will use the spacing-
to-mounting (S/MH) ratio to give the design engineer help y
in determining a proper layout for the area, by calculating ?
maximum luminaire-to-luminaire spacing dimensions. B
Light Loss Factor. To determine the total light loss 7
factor (LLF), the information gathered for both the room ;
and the fixture will be used. The room cavity ratios
(RCR's), the room’'s dirt condition (Table 2.4), and ﬁ
cleaning cycle time will be needed from the room
information; while the luminaire category (Table 2.9), the }
2.36 ;
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luminaire distribution type (Table 2.8), and the lamp lumen
depreciation factor (LLD) (in decimal! form) will be needed
from the luminaire information. The basic formula for the

total LLF is:

LLF = (LLD)(LDD) (RSDD) (2.4)
where

LLD = the lamp lumen depreciation,

LDD = the luminaire dirt depreciation, and

RSDD = the room surface depreciation

The LLD is determined as discussed in the previous

section. Putting those words into a formula results with:

LLD = maintained lumens / initial lumens (2.9)

where the initial and maintained lumens are obtained from
the lamp manufacturer’s data. A default value for LLD is
0.85 and can be used in place of the calculated LLD if the

maintained lumens of the lamp {s not known.

Example 2.3
Purpose: Compute a Lamp Lumen Depreciation factor.
From Chart 2.2:

Initial lamp lumens: 3150 lumens
Maintained lamp lumens: 2770 lumens

LLD = 2770 / 3150 = 0.879
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Next the luminaire dirt depreciation (LLD) factor must

a

be determined. The LDD is found by using the room’s
cleaning cycle time (in months), and the luminaire’s
maintenance category to find the factor given on the

. correct chart shown in Figure 2.3. Figure 2.3 is a
reproduction of Figure 9-5 of the [IES Lighting Handbook
(14),

The LDD can also be figured by using the luminaire

maintenance category and the room’s dirt condition, finding
the proper constants A and B from Table 2.11 (Figure $9-6 of

the IES Lighting Handbook (14)), and solving the equation:

LDD = e A(YB) (2.8)

where

t = time in years (decimal form)

Example 2.4

Purpose: To Determine a LLD using both Figure 2.3 and
Table 2.11 with Equation (2.6).

From Chart 2.1:
Room Dirt Condition: Clean
Cleaning Cycle: 18 months
(1.5 years)
From Chart 2.2

Maintenance Category: v

Using Figure 2.3:

LLD = 0.85
2.38
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Figure 2.3 -- Luminaire Dirt Depreciation Factor
Table 2.11 -- Luminalire Dirt Depreciation Constants
Luminaire A
Maintenance B mememeeme-iessscccmmes oo e m e
Category Very Clean Medium Dirty Very
Clean Dirty
1 .69 .038 038 111 . 162 . 301
I .62 033 068 102 147 188
111 .70 .079 . 106 .143 184 236
1V 72 070 131 216 314 452
v 53 078 .128 190 . 249 321
Vi .88 076 . 145 218 284 396
2.39
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Example 2.4 continued

Using Table 2.11 with Equation (2.6):
From table 2.11:

A
. B

0.128
0.53

[

From Equation (2.6):
p - ~
LDD o 0.128(1.570.53)
0.853

oo
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The last item in Equation (2.4) that must be
determined prior to calculating the LLF is the room surface |

depreciation (RSDD) factor. The RSDD is determined by

e B A

using the room dirt condition and the cleaning cycle time
to find a "percent expected dirt depreciation factor™ i:om
the graph in Figure 2.4. Using this factor, along with the

luminaire distribution type, and the room cavity ratio

(RCR), the proper value for the RSDD is determined from the
table part of Figure 2.4. Figure 2.4 is a copy of Figure

9-7 of the IES Lighting Handbook (14).

Example 2.5

Purposgse: To calculate a room surface dirt

s
L
1
L
[
E
depreciation (RSDD) factor
2.40
)

From Chart 2.1

RCR: 1.375
Room Dirt Condition: Clean
Cleaning Cycle: 18 months
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/ Figure 2.4 -- RSDD Factors
. ¥
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Example 2.5 continued
o
rl
:i
. From Chart 2.2:
¢ ':
Maintenance Category: Vv
Distribution Type: Direct
d
) From graph in Figure 2.4:
1
o % expected DD = 1S
]
[) ’
K) 2.41
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Example 2.5 continued

From table

For a "Direct"

in Figure 2.4:

luminaire type:

Table Reading

with % expected DD = 10
and RCR = 1 RSDD1 = 0.98
and RCR = 2 RSDD2 = 0.98
extrapolate for RCR = 1.375 RSDDA = 0.98
with % expected DD = 20
and RCR = RSDD3 = $.96
and RCR = 2 RSDD4 = 0.986
extrapolate for RCR = 1.375 RSDDB = Q.96
for % expected DD = 15
and RCR = (.375
extrapolate between RSDDA and RSDDB:
final computed RSDD = (0.97
Ti.»se factors, the LLD, the LDD, and the RSDD when
plugged into Equation (2.4) will determine a factor for the
total light loss factor (LLF) for the given room and
luminaire combination. This factor will be used in step 3

of the calculation stage to determine the total

number of

lumens required (TLR).
It is important to note that this factor (LLF) is used
to determine the "maintained” lumen level of the area. All
2.42
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of the individual factors that go into calculating the LLF
represent "depreciation" amounts, necessary because of

dirty room conditions that happen over a period of time.

Example 2.6

Purpose: To combine the factors calculated in

Examples 2.3, 2.4, and 2.5 into a total LLF.

From Example 2.3

LLD = 0.879
From . xample 2.4

LDD = 0.853
From Example 2.5

RSDD = 0.97

From Equation (2.4)

LLF (0.879)(0.853>(0.97)

0.727

Coefficient of Utilization. Chapter | mentioned that

the method used in this project to perform lighting design
is the Zonal Cavity Method. This method, developed by the
Illumination Engineering Society (IES), uses the

coefficient of utilization (CU) as a factor that combines
the room cavity ratios (RCR's) and the surface reflectance
values, described in the room information section of this

chapter, intoc one number that can be used in Step 3 of the
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calculation stage to calculate the total number of lumens

needed to light a room. The figuring of this CU value is
the second step in the actual calculation stage of lighting
design. This CU value effectively indicates how the room
"uses"” the light that is given off and distributed by the
luminaire.

Each luminaire’s manufacturer’'s data will have a CU
photometric chart published with it., Figure 2.5 pictures a
luminaire and its associated CU photometric chart (Lithonia
Model 2PM4-240 (26)). This chart will be used along with
the effective reflectance values, PCc (ceiling), Pw (wall),
and Pfc (floor), and the room cavity ratio (RCR) to
determine exactly what CU number to use.

During inspection of the photometric chart, the reader
should notice that the floor reflectance is the only factor
that does not have multiple choices associated with it.

All other factors do have multiple choices, and the actual
CU value can be mathematically extrapolated for factors
that are not shown. As an example, an effective ceiling
reflectance of 75% can be linearly extrapolated from
between the 70% and the 80% CU values given in the chart.
When it is necessary to determine a CU factor for floor
reflectances other than 20%, Table 2.12 (Figure 9-13 from
the IES Lighting Handbook (14)) must be used to obtain a

constant to multiply the CU factor obtained from

- .
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PHOTOMETRICS

COEFFICIENTS OF UTILIZATION ZONAL CAVITY

P 2%

Pec 80% 0% 0% %
Pw |70% 50% 30% 10% (70% 50% 30% 0% 30% % 0% 0%
1|77 74 72 70175 73 71 69|70 68 67 |67 66 65
2|7 67 63 60|70 65 62 59 |63 60 58 |61 S9 57
366 60 55 5264 59 S5 51 [S7 S3 S50 {55 52 49
461 54 49 45159 53 48 44 |51 47 4 150 46 4Q
$15 48 42 38154 47 42 W |46 41 3B (44 40 )7
615 4 37 33150 4 37 14 36 |40 ¥ B
7(47 38 33 29)46 3B 33 29|I7 R 9|6 R 2B
8§43 34 29 25|42 M 29 25|33 28 25132 28 A
9140 3t 25 2139 30 25 21129 25 21129 24 A
10(37 28 22 19]3% 27 22 9|27 2 19|26 22 18

* Standard ballast, F40T12/CW lamps (3200 lumens)

Spacing criteria: |1 = 1.2 x mounting height
L = 1.6 x mounting height

Figure 2.5 -- Fixture and CU Chart

photometric chart by. Extrapolation from the tables in
Table 2.12 {s also possible.

Once the CU value is found, it Is used in Step 3 along
with the light loss factor to help determine the total
amount of lumens necessary to light an area to a

predetermined level.
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Table 2.12 -- Floor Reflectance Multiplying Factors :
]
i
EHective T i
Ceing Cav- ; '
o Ratioe. 80 0 50 | 30 10 |
1ance occ i
— |
- wall Re- i i !
Hectance. 70 50 30 10 ! 70 50 30 10 50 30 10 50 30 10 * 50 30 10 \
Ow l ‘l 1
For 30 Per Cent Eftective Fioor Cavity Reflectance (20 Per Cent = 1 00) i
Room Cawity' 7 '
Rato i : H
1 1092 1082 1075 10681077 1070 1064 10591049 1044 1040{1028 1026 10231012 1.010 1.008 .
2 1079 1066 1055 10471068 1057 1048 1039|1041 1.033 1027|1.026 1021 1.017:1.013 1.010 1.006 !
3 1070 1054 1042 1033{1061 1048 1037 1028/ 1034 1027 1020|1024 1017 1012 i 014 1.009 1005 '
4 1062 1045 1033 024‘ 1055 1040 1029 102111030 1022 1015/1022 1015 1010{1014 1009 1004 .
5 1056 1038 1026 101811050 1034 1024 10151027 1018 1012,1020 1013 10081014 1.009 1004 !
6 1052 1033 102Y 10141047 1030 1020 1012]1024 t 015 1009|1019 1012 10061014 1008 1003 N
7 1047 1029 1018 1011.1043 1026 1017 100911022 1013 1007!1018 1010 10051014 1008 1003 i
8 1044 1026 1015 |009f1040 1024 1015 100711020 1012 10061017 1009 1004 (1013 t 007 1t 003 ‘
9 1040 1024 1014 1007|1037 1022 1014 1006,1019 1011 10051016 1209 1004|1013 1007 1002 ‘
10 11037 1022 1012 1006]{1034 1020 1012 1005|10|7 1010 1004|1015 1009 1.003[1013 1007 1002 i
For 10 Per Cent EHtective Floor Cawity Retlectance (20 Per Cent = 1 00)
Room Cawity ! ! i |
Ratio ! | |
1 923 929 93§ 933 939 943 948 ' 956 960 963 | 973 976 979 i 989 991 993
2 931 942 950 958 I 940 949 957 963 | 962 968 974 976 980 985 988 991 99S
3 939 951 961 i 945 957 966 973, 367 975 981 978 983 988 | 988 992 996 ‘
4 944 958 969 978 ' 950 963 973 980 | 972 980 986 | 980 986 991 987 992 996
5 949 964 976 983 | 954 968 978 985 975 983 989 | 981 988 993 | 987 992 997
6 953 969 980 966 958 972 982 989 | 977 985 992 982 989 995 987 993 997 !
? 957 973 983 991 . 961 975 985 991 . 979 87 994 983 990 996 987 993 998
8 960 976 986 993 | 963 77 987 993 ' a1t 988 985 384 391 997 987 994 998
9 963 978 987 994 365 979 989 994 , 383 990 996 985 992 998 | 988 994 999
10 | 965 980 989 995 | 967 981 990 995 | 984 991 997 | 986 993 998 | 988 994 999
For O Per Cent Ettective Floor Cawity Reflectance (20 Per Cent = t 00)
Room Cavity j M T
Ratio i \ |
1 859 870 879 886 : 873 884 893 901 916 923 929 948 954 960 ' 979 983 987
2 ' 8n 887 903 919 : 886 902 916 928 | 926 938 949 | 954 963 971 978 983 991
3 | 882 904 915 942 898 918 934 947 936 950 964 958 969 979 | 976 984 993
4 © 893 919 94t 958 930 948 961 945 961 974 961 974 984 ‘ 97% 985 994
5 903 931 953 9 1 4 939 958 970 | 951 967 980 | 964 977 988 975 985 995
[} 1 9N 940 961 976 920 945 965 977 | 955 972 985 966 973 9N I 975 986 996
7 917 947 967 981 924 950 970 982 | 959 975 9688 ' 968 981 993 | 975 987 997
8 922 953 9 985 ’ 929 955 975 986 , 963 978 991 [ 970 983 995 . 976 988 998
9 928 958 978 933 959 980 989 966 980 993 M 985 996 | 976 988 998
10 933 962 979 991 l 937 963 983 992 l 969 982 995 I 973 987 997 l 977 989 999
)
Example 2.7
Purpose: To calculation the CU value for Room #1.

From Chart 2.1:

RCR

P
P

cc
w
fc

1.375
0.78
0.70
0.21




¥

NAANSNSY

.‘.
e a ALK

ool

o

(2

) 7 PPN o

el

-

L

.jf A

P AV A

3
3

DD
'l.l "

| r;aéf':;:' if;"

Example 2.7 continued

(note: the RCR

is the

left most column of Figure

2.5's photometric chart and the chart values are in

percent, ie. 77

for fo

ccC

o Jin i
[T

(ol el e

extrapolate foar:

for P
Pie
P
w

extrapolate for:

extrapolate between CUA and CUB:

for P =
cc

for feo

cc

i B ¢/

extrapolate for:

for fo

cc
w

P
P

= 0.77)

.20
.70
.70

0.20
0.80
0.70

0.78

0.20
0.70
0.70

0.20
0.80
0.70

From Figure 2.5:

Table Reading

A D O A A AR

RCR CU1 = 0.75
RCR CU2 = Q.70
RCR CUA = Q.731
RCR CU3 = 0.77
RCR 2 CU, = 0.7
(%
RCR CUB = 0.748
= .7
From Figure 2.12: Table Reading
RCR K1 = 1,077
RCR K2 = 1,068
RCR = KA = 1.074
2.47
LN, €O R
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Example 2.7 continued v
RCR = 1 Ky = 1.092 i
RCR = 2 K4 = 1.079
extrapolate for: RCR = 1.37S KB = 1,087
extrapolate between K, and K_:
A B ,
for P = 0,78 K. = 1.084
cc C _—
extrapolate between KC and 1.0:
for Pfc = 0.21 KD = 1.008 ;

To calculate a final CU value:

Ccu

CUC * KD

Thus:

(0.745) (1.008)
0.751

Cu

Total Lumens Required. The third step in the

calculation stage of lighting design is to calculate the
total lumens required (TLR) to light a given area to a
predetermined level. As mentioned in the previous N
sections, a lumen is defined as the quantity of light put
out by a given light source. How much of this "light" is
required in a given area is determined by the following

formula:

TLR = (FC)(A) / (LLF)(CU) (2.7)
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where

TLR = the total lumens required,

FC = the footcandle level for the room,
A = the floor area of the room,

LLF = the light loss factor, and

CU = the CU value

As mentioned in the light loss factor discussion, Equation
(2.7) will calculate total "maintained” lumens required.
To calculate total "initial" lumens required, the LLF
factor is left out of Equation (2.7). Knowing the initial
lumens required to light an area can help the design
engineer check the designed area immediately after
construction is completed to verify the lighting system
installation.

Once the total lumens required (TLR) factor is
determined, it must be combined with the initial lamp
lumens given off by the specific lamp (Table 2.10) being
used, and the number of lamps per luminaire to determine
the total number of luminaires required to light a given

area.

Example 2.8
Purpose: Calculate the total lumens required (TLR).

From Chart 2.1:

Required FC = S0 f02
Area = 1600 ft
2.49




Example 2.8 continued

From Example 2.6:
LLF = 0.727
From Example 2.7:
CU = 0.751

From Equation (2.6):

TLR = (50)(1600) / (0.751)(0.727)
= 146526 lumens
Number of Luminaires Required. Determining the number

of luminaires required in a given area is the fourth step
in the calculation stage of lighting design, and as stated
before, is the main objective of the calculation stage of
lighting design. To determine the total number of

luminaires required, the following equation should be used:

number of fixtures = TLR 7/ (ILL)(L/F) (2.8)
where

TLR = total lumens required,

ILL = initial lamp lumens, and

L/F = number of lamps per fixture

The initial lamp lumens wili be extracted from the
manufacturer’s data on the specific lamp being used (Table
2.10), and the number of lamps per fixture will be
determined by the amount of lamps the exact luminaire

chosen by the design engineer uses.
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Example 2.9

Purpose: To calculate the total number of fixtures
required in Room #1.

From Chart 2.2:

Lamp Style: 40 watt fluorescent
Initial lumens (ILL): 3050 lumens/lamp

From Example 2.8:
TLR = 146526 lumens

From Figure 2.5 (which is a two lamp fixture):
L/F = 2

From Equation (2.8)

..

(146526) / (3050)(2)
24.02 fixtures

# of fixtures

Spacing Criteria. The only step left for the design

engineer to perform in the calculation stage is the fifth
step that calculates the luminaire-to-luminaire spacing
criteria for layout purposes. This step has been discussed
in some detail in the Luminaire Information Requirements
section, and the formula for calculating the spacing
between fixtures is given in Equation (2.3). The reader
should notice that Figure 2.5 has two S/MH ratios stated.
The top ratio is for spacing requirements side-to-side (in
this case the four foot dimension of the luminaire). The

bottom ratio is for spacing requirements end-to-end (the

two foot dimension).
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Conclusion

This chapter discussed, in depth, the necessary
information requirements needed to perform proper Zonal
Cavity Method lighting design calculations, and reviewed
the calculations themselves. These calculations complete
the first stage of a proper lighting design and are
followed by the layout stage and the iteration stage. The
layout stage, although outside the scope of this project,
is at least started in the calculation stage by the
determination of the maximum luminaire-to-iuminaire spacing
criteria. The iteration stage, involving the reenactment
of the calculation stage and the layout stage, helps ensure
that there are comparative designs performed. These
comparative designs, in turn. will help the design engineer
choose the "best" lighting system for the given area.

Chart 2.3 is included to give a total look at all the
information requirement areas and all the calculated {tems
that are necessary for a completed calculation stage of
interior lighting design. Chart 2.3 will also be used for
comparison purposes in Chapter IV, during the program

validation sequence.
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b‘ Chart 2.3 -- Interior Lighting Design Results
e
) Room Information: (Chart 2.1)
-,
:: Room Use: Cffice FC Required: 50 fc
A
N
g Room length: 40 ft Rcom area: 1600 ft2
w Room width: 40 ft
h’
$ Ceiling height: 10 ft CCR: 0.5
\5 Fixture height: 8 ft RCR: 1.375
S Working height: 2.5 ft FCR: 0.625
Ceiling color: Winter White
N Wall color: Silver Lining
- Floor color: Crayon Blue
o
LY » P _: 0.83 P 0.78
by PS: 0.70 ce
o P,: 0.20 P, _: 0.21
o f fc
:Z Room dirt condition: Clean
j- Cleaning cycle: 18 months
‘,:
& Luminaire Information: <(Chart 2.2)
Source type: Fluorescent
- Maintenance category: v !
Distribution type: Direct
S/MH Ratio: 1.2
" |
' Initial lamp lumens: 3150
Maintained lamp lumens: 2770
Calculation Results:
Data Source
LLD = 0.879 Example 2.3
LDD = 0.853 Example 2.4
RSDD = 0.97 Example 2.5
LLF = 0.727 Example 2.6
Initial CU value: 0.745 Example 2.7
Floor mult. factor: 1.008 Example 2.7
Final CU value: 0.751 E:.ample 2.7
TLR = 146526 lumens Example 2.8
# of fixtures required: 24 Example 2.9
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111. Program Considerations and Development

General

This chapter will present a general discussion of the
two major pre-programming considerations and three basic
programming considerations that have been identified prior
to actually starting the development of the computer
program. In addition to this discussion on the
pre-programming and the programming considerations, actual
program development methods used to satisfy these

considerations will be presented.

Pre-programming Considerations

There are two pre-programming areas of consideration
in creating this program to comply with the objectives as
stated at the end of Chapter I. The first of these is the
question of how to make the program work on as many
different types of computer systems as possible. The
second consideration is that when this program is turned
over to the electrical group at the AFIT School of Civil
Engineering and Services, how straight forward can this
program be made to enable periodic updating and expansion.

The answer to the first consideration’s question is to
create the program in a computer language that is as
universal as possible. This language, for MS-D0OS operating
systems (which the Wang pc, and the Zenith Z-248, the

TeleVideo all operate on) is called BASIC. Although each
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3 computer system has its own actual version of BASIC, the

s basis for these different versions is the same for all. In
; other words, although each of the computer systems will

% have a few "special" commands peculiar to its own system,

A

« the majority of the commands that each system will execute
iE are the same. Thus, the program on Interior Lighting

’J Design developed for this project will be programmed in the
. programming language of BASIC in such a way as to maximize
L: transportability between computer brands.

E; Fortunately, since BASIC is essentially universal

¥

'; among computer systems, it is also well known by computer
\% programmers, and is fairly easy to learn by those who are
%. not computer experts. This essentially answers to the

T concern regarding updates and expansion. It is important

S

3 to make the programming easy to follow and understand.

a This will be done by ensuring that all variable names are

) identified, by commenting the programming lines, and by

:E breaking the program into small interdependent parts called
A subroutines.

A

_; Programming Considerations

l{ There are three major programming considerations for

. the development of this computer program on interior

:: lighting design. These considerations are: 1) "user

n

:. friendliness”"; 2) proper information databases; and 3)

\ meaningful output. "User friendliness™ is a term that

ﬁ simply means the program should be easy for the design

>

N 3.2
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engineer to use. Current developments in computer-aided
engineering (CAE) encourage "menu" driven programs to make
a program more user friendly. With the use of "menus," the
user chooses from a preset listing to answer questions
posed by the program. Figure 3.1A illustrates a typical
non-menu driven program statement that would require manual
responses from the user. Figure 3.1B illustrates how
Figure 3.1A could be turned into a menu-driven program
statement. The non-menu type statement does not give the
user any help as to what would be an acceptable or standard
answer, whereas the menu-driven statement does give the
user help - and answers. The program developed for this
thesis effort will be menu-driven.

A menu-driven program, although user friendiy.
requires a greater amount of stored information than does a
non-menu driven program. All of the information that the
program needs to "help"” the design engineer must be stored
where it can be referenced by the program, An extensive
set of data will be required to set up proper menus for
this program. Program development for this thesis effort
will create one set of information data that can be updated
or changed by the user. A second set of data will be
protected from design engineering changes. This is because
some data, such as lamp style data needs periodic updating,
whereas other data, such as the effective reflectance

tables (Table 2.3), do not need to be updated or changed.
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7/~ Please input the required room informationf\\

Room use ?

FC level ?

- _J

A. Non-menu Screen

Please choose one of the following for ﬂ\\ }
required room information: i
!
CHOICE ROOM USE FC LEVEL i
A OFF ICE 50 ;
B CONFERENCE ROOM 30 j

C WAREHOUSE 10
D OTHER |

\ / '

B. Menu Screen i

Figure 3.1 -- Menu Screen Comparison

The third primary consideration for this computer
program is ensuring meaningful output. One of the best
operations a computer performs is "number crunching,"” but
unless the program is selective in choosing which number to
give display for the design engineer, the computer is more
than capable of displaying a mass of numbers, all of which

may oe irrelevant. Thus, this program should give only

meaningful output to the design engineer.
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Actual Program Development

In the pre-programming section, the two considerations
discussed were to make the program work on as many
different computers as possible by using a computer
language called BASIC, and by using this language, make the
program easily expandable. Both of these considerations
were taken into account during the actual program
development.

The program (to be referenced to as "LIGHT1iA"
hereafter) has been run on three different computer
brands. These brands were the Wang pc (which was the
primary objective), the Zenith Z2-248, and the TeleVideo XL
portable computer. LIGHT1A performed properly on all three
brands. The actual BASIC source code for LIGHT1A is given
in Appendix A.

In the formulation of LIGHT1A, the overall program was
actually spiit into three sub-programs. The primary reason
for this "split" was to stay within the computer memory
space allowed by the BASIC language. (BASIC allows cnly b4
kbytes of memory to be used, no matter what the size of the
computer hardware memory available.) The first sub-program
is strictly held to a copyright screen, and a main menu
which "calls" the other two sub-programs. The second sub-
program records the room information and the luminaire
information, and performs the actual calculations as

described in Chapter [I. The third sub-program allows
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the design engineer to update the "changeable" data needed

in the program, and to produce printouts of these data
files enabling the user to keep a hardcopy of them.

Both of the second two sub-programs are split into the
interdependent sub-routines mentioned in the previous
sections. A listing of these sub-routine titles is given
in Appendix B. These sub-routines split the given
sub-program into small "logical" elements of program
development. As an example, each separate step of the
calculation stage is performed I{n a separate sub-routine.
This sub-routine type of set-up will enable future
expansion of LIGHT1A by allowing each sub-routine to be
copied intact and reused if necessary to perform the same

work in another area of application.

Actual Program Usability

In the programming considerations section of this
chapter, there were three major considerations discussed.
These considerations were using "menus" to make the program

user friendly; creating a large amount of stored data,

both changeable and unchangeable, to support the menus;

and ensuring meaningful output. These considerations were
taken into account during program deveiopment. The
following discussion wlll describe how these thr=e

considerations were built into the program,.
During the development of LIGHT1IA, the program was set

up so that the design engineer could efther use "help"
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menus (or "tables" as they are referenced in the program)
or just answer questions that LIGHT1A asks to input the
necessary information requirements. Menus similar to
Figure 3.1B are generated to help the user answer the

questions on the following areas:

1. Actual room use and required FC level

2. Room surface color and reflectance ratios
3. Room cleanliness factors and cleaning cycle
4, Light source type selection

5. Fixture style

6. Fixture distribution type

7. Fixture maintenance categories

8. Lamp style
Other guestions that LIGHTLA asks are preceded by promprs
that attempt to help the design engineer understand the
question. If the design engineer chooses not to use the
menus, LIGHT1A {ssues gets of questions that the he/she
must answer to input the necessary information on the above
topics so that the calculations can be performed.

To support the menus described above, a number of data
files had to be created to allow LIGHT1A to access the
information needed to generate the menus. This was the
second area discussed in the programming consideration
gsection. Two types of data files were created in the
development ot LIGHT1!A. The tirst type can be described as

"changeable.” This set of data files uses the third sub-
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b program described in the previous section to allow the

design engineer to update the files when necessary. These

[

files include the information needed to create the rocom use

»
ﬁ and required FC menu, the room surface color and
\ reflectance ratio menu, the fixture style menu, and the
5 lamp style menu. Except for the room use and required FC
N
if menu, the data stored in these menus are the type that
. supports the design engineer’'s own design preference since
i? each designer will have his/her own "favorite" colors,
%E fixture styles, and lamp styles. The room use and required
f FC level menu is generated from data taken from the AFR
E 88-15 (Table 2.1), and will only need updating if the
;5 regulation changes. Along with the ability for the design
d
engineer to change the information that these data files '
E contain, the third sub-program referenced in the previous
E section allows the design engineer to get a hardcopy of the
files through a printer. Appendix C contains a hardcopy

g listing of the four files described here to be
3 "changeable.”

The second type of data file that was created for
S LIGHT1A is not "changeable". Included in this type of file
S was the data for the room cleanliness factors menu, the
Y

fixture distribution menu, and the fixture maintenance

.

category menu. Also included in this type of data file was

’

Ehefai]
LR S

the "number charts" that are required to be used in the

calculations (Tables 2.3, 2.11, and 2,12, and Figures 2.3
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and 2.4). All of this data can be considered constant. In
other words, this data is never changed in its use within
the Zonal Cavity Method of lighting design.

The last major consideration during the programming
stage of the thesis was the aspect of ensuring that the
program gives a meaningful output. The best way to do this
is to use LIGHT1A to perform lighting design calculations,
and then make sure that the numbers generated by the
program are accurate. Chapter [V will compare how
LIGHT1A’s calculations compare to the ones performed in
Chapter I1. Along with showing the output of the progranm,
Chapter IV will walk through the LIGHT1A’'s method of
requesting information from the design engineer, and will

show some of the computer screens generated by LIGHT1A.
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V. Program Validation

Verification

There is nothing more disturbing then to rely on a
piece of equipment, only to find out that it doesn't work
properly when you use it. Similarly, a computer program
that puts out false calculations is useless. Even more
unfortunate, many times, unless the program is checked by
another means, the faulty calculations are not caught.
Because of this, all new software packages should be
verified for usefulness (32:94).

To verify that LIGHT1A performs accurate lighting
design calculations, this chapter will quickly walk through
the example problem that was used throughout Chapter [
using the program. Charts 2.1, 2.2, and 2.3 will be
compared to computer generated "screens" throughout this
chapter. ("Screen" refers to what is actually shown on the
screen of the computer’'s CRT.) Only specific "screens"
needed to illustrate the LIGHT1A's ability will be shown Iin
this chapter. For a complete set of screens that are
generated to perform this problem from beginning to end on

LIGHT1A, refer to Appendix D.

LIGHT1A's So.ution

Chart 2.1 should be referenced for a complete listing
of the room information generated for the example problems

in Chapter Il. Screen 4.1 will be the first working screen
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(/r ROOM INFORMATION REQUIREMENTS ‘\\
(1) REFERENCE DATA:
Buiiding # Room # lteration: 1
(2) Room Use: FC Requirements: O
(3) ROOM DIMENSIONS:
Ceiling Hefght: ©
Length: O Perimeter: O Fixture Height: O
- Width: O Araa: Q Working Hetght: O
(4) ROOM REFLECTANCES:
Cetling Color: Reflectance: 0O %
Wal! Color: Reflectance: O %
Floor Color: Reflectance: O %
(5) Room Condition: Cleaning Cycle: O months
Enter selection & (x) for data input, or (0) to continue:
Screen 4.1 -- Initial Room Information Screen

that the program will generate when using the "help" menus

of LIGHT1A. At the beginning, this screen will not contain

any information concerning the room. To fill in the room
information, the design engineer simply enters the number
of the {tem that he/she wishes to complete. For example,
to input the Room Use data, the design engineer would enter
"2." This would cause the AFR 88-15 tables (Table 2.1) to

come up on the screen so that the base engineer may choose

choice is made and entered, Screen 4.1 will return to the
screen with that chosen information showing in the proper
location. This procedure is repeated until all of the room
information requirements are entered. Screen 4.2 is the

’ a room use and associated FC level requirement. After a
! same as Screen 4.1 but with all the room information
J
»
E
E
]
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(’77 ROOM INFORMAT!ON REQUIREMENTS ﬂ\\

(1) REFERENCE DATA:
Buitding # None Room # None Iteration: 1
(2) Room Use: General Oftfices FC Requirements: SO
(3> ROOM DIMENSIONS:
Cefling Helight: 10
Length: 40 Perimeter: 160 Fixture Height: 8
width: 40 Area: 1600 Working Hefght: 2.5

(4) ROOM REFLECTANCES:

Ceiling Color: Winter White Reflectance: 83 %
Wall Cotlor: S{lver Lining Reflectance: 70 %
Floor Color: Crayon Blue Reflectance: 20 %
(5) Room Condition: Clean Cleaning Cycie: 18 nmonths

Enter selection 8 (x) for data {nput, or (0) to continue:

- J

Screen 4.2 -- Completed Room [Information Screen

showing. Note that Screen 4.2 contains the same
information as does Chart 2.1 of Chapter I1I.

Once the room information I{s completely entered, the
design engineer must then choose the type of light source
that is wanted. Screen 4.3 indicates the choices, which
are similar to those listed in Table 2.5, available. Also,
the design engineer is asked if a fixture in memory is
wanted. It a fixture in memory is wanted, LIGHT1A
generates a menu showing the design engineer what choices
are available in the source type that was picked (for
example -- fluorescent). The design engineer simply needs
to pick one of the fixtures listed, and then a
corresponding lamp style, to fulfill the luminaire

information requirements of LIGHT1A.

{
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LIGHT SOURCE CHQICES :

CHOICE LIGHT SOURCE TYPE
1 Incandescent CINC) H
2 Fluorescent (F)> (
3 Mercury Vapor (MV) [
4 Metal Haltde (MH)
S High Pressure Sodium (HPS)

Enter CHOICE ® for source selection: 2

Do you want to use a fixture stored in memory (Y/N) ?

Screen 4.3 -- Light Source Choices Screen

If a fixture in memory is not wanted (as in our case
with the example problem), the design engineer must answer
a series of questions to tell LIGHT1A what kind of fixture
that will be used. After this information is entered,
LIGHT1A determines the coefficient of utilization (CU)

values that must be entered to perform the calculations,

and prompts the base engineer for those values. Screen 4.4
shows the screen that LIGHT1A generates after the fixture
information is entered. The reader will notice that the
"Fixture File #" and the "Lamp File #" spaces are blank.
These two items are only used when fixture and lamp
information is taken from memory. Screen 4.4 can be
compared to Chart 2.2 and contains all the information

pertaining to the luminaire.
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2)

V1% F O N

3)

Enter

LUMINAIRE INFORMATION REQUIREMENTS

Building % None

LUMINAIRE INFORMATION:
Fixture File &

Fixture Make: Lithonia
Fixture Model: 2PM4-240
LAMP INFORMATION:

Lamp File #

Lamp Type: Fa0
Quantity: 2

DIFFERENT SOURCE TYPE

selection & (x) for data input,

Room # None Iteration: 1

S/MH Ratio:
Maintenance Catagory:
Distribution Type:

O < -

Lamp Watts: 40
Initial Lumens: 3150
Maintained Lumens: 2770

or (0) to continue:

I

After all

that were performed in Chapter

LN 2 NN

calculation results that are pertinent to the
L design.
will produce on a printer if the design engineer desires a

permanent copy of the results.

The final

\ calculations (Chapter 1)

(this chapter).

the results for the effective ceiling reflectance
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entered,
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Screen 4.4 -- Luminaire Information Screen

give the design engineer all

hand verses 76 by computer),

.‘-‘v

RSN

the room and

LIGHT1A performs the

luminaire information is
lighting design calculations
I1. Screens 4.5 and 4.6

the information and

Table 4.1 is a copy of the hardcopy that LIGHT1A

For ease of comparison,
’, reader should observe Table 4.1 and Chart 2.3.
calculation for the number of fixture number
required in this example’s room is 24 for both the hand
and the computer calculations

The only differences that can be noted are

and the final CU value
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(/r FINAL DESIGN CALCULATIONS
Building % None Room # None lteration: 1
Room Use: General Qffices FC Required: SO
CCR = 0.50 Ceiling Reflectance: 83 Effective: 76
RCR = 1.38 Wall Reflectance: 70
FCR = 0.63 Floor Reflectance: 20 Effective: 21
Fixture Make: Lithonia Model % 2PM4-240 2 tube
Critical PFR | 20 S/MH Ratio = 1.2
Ccu PCR : 80 70
Values PWR | 70 70 Total LLF = 0.727
RCR !
it B i Final CU = 0.74S
1 V77 7%
2 7 70
]
; Nunber of Fixtures Required: 23.44
\\>How many fixtures do you want to use ? 4’/
1 Screen 4.5 -- First Screen of Calculation Results
b
p
4
s
FINAL DESIGN CALCULATIONS
Building & None Room ¢ None Iteration: 1}
Room Use: General Offices FC Required: 50
Fixture Make: Lithonia Model 8 2PM4a-240 2 tube
LLD = 0.879 Floor Cavity Factor = 1.0Q07
LDOD = 0.853 Final CU Vaiue = 0.745
RSDD = 0.969
Total LLF = 0.727 S/MH Ratio = 1.2
Spacing Criterfa (ft): 6.6
Inftial FC Level: 70 Fixture ® Required: 23. 44
Maintained FC Level: 51 Fixture % Used: 24
] ENTER:
(1 To do another jteration of this room
(29 To go to Main Menu, clearing all variables
3 To get a hardcopy, and return to this screen
Screen 4.6 Second Screen of Calculation Results
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Table 4.1 -- Hardcopy of Calculation Results

BUILDING # None

INTERIOR LIGHTING DESIGN PROGRAM OQUTPUT

ROOM INFORMATION:

Use: General Offices

ROOM # None

ITERATION: 1

FC Required: 650

Length: 40 Perimeter: 160
Width: 40 Area: 1600
Ceiling Height: 10 CCR: 0.50
Fixture Height: 8 RCR: 1.38
‘Working Height: 2.5 FCR: 0.63
C. Color: Winter White Reflectance: 83 Effective: 76
W. Color: Silver Lining Reflectance: 70
F. Color: Crayon Blue Reflectance: 20 Effective: 21
Room Condition: Clean Cleaning Cycle: 18 months
LUMINAIRE INFORMATION:
Fixture File #
Fixture Make: Lithonia Lamp File #
Fixture Model: 2PM4-240 Lamp Type: F40
S/MH Ratio: 1.2 Lamp Quantity: 2
Maintenance Category: V Initial Lumens: 3150
Distribution Type: 5 Maintained Lumens: 2770
Necessary Values from
Fixture’s CU Chart: LLD: 0.879
LDD: 0.853
PFR : 20 RSDD: 0.969
PCR | 80 70 Total LLF: 0.727
PWR | 70 70
RCR ¢ Floor Cavity Factor: 1.007
I Rl e Final CU: 0.745
1 77 75
2 P71 70
RESULTS: Spacing Criteria (ft): 6.6
Fixture # Required: 23.44 Inftial FC Level: 70
Fixture # Used: 24 Maintained FC Level: 51
.7
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by hand verses 0.745 by computer). These differences are a
factor of how LIGHT1A was programmed to use the effective
reflectances table (Table 2.2.3). In developing the data
set for reference by the program, this table was reduced to
the equivalient of a 10 X 10 X 10 matrix. This was done to
stay within the BASIC’S memory criteria. Any number needed
that is not in the matrix directly is extrapolated. This
extrapolation process causes the ceiling effective
reflectance to be slightly off in this example, alsc
resulting in the final CU value being lower. It shouid be
noted that the effective floor reflectance was calculated
the same way, using the same matrix, and that LIGHTI1A’s
value matched exactly to what was calculated bv hand.

A.32, 3a.thcugn <he *:na. 4 sa.de 27 _oLamT A L35 s Bl
lower, the final number o0f ftixtures Za.cllated r=2ma."el "=
same after rounding (to obtain a whole number of tixtures
occurred. Noting these slight dirterences, :t can "o
concluded that LIGHT1A pertorms properiv and within

reasonable accuracy.
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Conclusions

|
b
; V. ¢Caonclusions and Recommendations
]
v
»

At the end of Chapter |, the stated objectives for

this thesis effort were to develop a computer software .

- —

package on interior lighting design that could be used by
base civil engineering personneil; and in developing such a
program, make it work on as many ditferent computer brands
as possible. Alorg with these objectives, it was statcd
that this software package should be distributed through
the AFIT School ot Civil Engineering and Services
electrical engineering department, AFI!T.DEE.

Iin addition to these basi: obiectives, Chapter ! i1
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w202 1Nnenas
me*t during the actuai programaing stage ot this theszsi1s
effort. The first consideration was to make the program
"user friendlyv” bv making it "menu driven.," The actual
program was set up so that the design engineer could chonse
to use the "menus”"™ if desired. This option was gliven
because once the design engineer becomes familiar with the
program and its information requirements, hes/she may not
require the help that the menus are intended to give. The
second programming consideration stated in Chapter [I] was
the aspect of having a large set of information data

tiies. These data tiles were required to support the use

of "menus” in the program. During actual programming, the

A e T T e TN N
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program was given both "changeable"” and "unchangeable" data
files. "Changeable™" data files are required because the
data contained within them requires periodic updating with
"current"” information. "Unchangeable" data files contain
information pertinent to the lighting design method used
(Zonal Cavity Method), and therefore do not need to be
changed or updated. The third programming consideration
pointed out in Chapter IIl]l was the fact that the program’s
results must be verified to ensure "usefulness."™ Chapter
IV walks though an example problem which i{s used to
demonstrate the accuracy of the program (reworking the same
problem done in Chapter [l by hand).

LIGHT1A is the software package that has been created
in this thesis effort. The entire source code of LIGHTILA
is contained in Appendix A. A diskette containing the
source code may be obtained from AFIT/DEE, WPAFB, Ohio,
45433. This software package was created in a computer
language called "BASIC" with the intent to make it as
transportable as possible between computer brands. LIGHT1A
has been tested on the Wang pc computer, as well as the
Zenith Z-248 and the TeleVideo XL portable computer. By
using the BASIC programming language, the lighting program
itself should be easily expanded by the majority of
engineers who have had any kind of programming experience.

The electrical instructors at AFIT/DEE have reviewed

5.2
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LIGHT1A, and will start distribution to the participants of

the October, 1987 basic electrical design class.

Recommendations

Al though LIGHT1A performs well, and does what it was
intended to do, it does not cover all the aspects of
lighting design. As stated throughout this thesis there
are three major stages to lighting design. This program
performs the first stage. The second stage of lighting
design is the layout stage. In stage two, the number of
fixtures calculated in the first stage are laid out in a
pattern within the boundaries of the room. A graphics
program that allows the design engineer to perform this
activity on the computer would allow the design engineer to
try many different layouts in a short period of time.

The third stage of lighting design is the "repeat"
stage where the first two stages are repeated over and over
allowing the design engineer to choose the best of a number
of designs. LIGHT1A does not yet contain the ability to
store the designs that are performed in computer memory for
future reference. This ability would be very beneficial
when considering the desirability of repeating designs.
Thus it is recommended that LIGHT1A be expanded to allow

the storage of performed calculations.
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Appendix A: Line Code for Program LIGHT1A

BASIC source code

for the program entitled LIGHT1A that was developed for

this thesis effort.

sub-programs.

The total

These sub-program titles are

along with the page number that they each start on.

,

\""\. -"s‘\.‘\"s"o"-.'x" "\’ Lo ta X
L}

Title Page
LIGHT1A . . ¢ ¢ ¢ v v v 4 &« o o o o o o A.2
PROGRAM 1 e h e e e e e e e e e e e e e A.3
PROGRAM 2 . . . v v v v v &« o o a2 o o « A.33

\f\f P I_z\rsf\f\.\

program is made up of three

listed below
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’) » », W %) [RR 1L * D) . (]
2
‘l
)
.
K
j
: BT LS
:' 3 KEY OFF
‘ 10 CLS
i4 FRINT TRE(1S) * !
’ 16 PRINT TRB(IS) ™ "
W 18 FRINT TRB(15) *! _ o
" 20 PRINT TAB(1Z) ™ futomated Interior Liahting Design "
22 PRINT TAR(ID) ™ versign 1.9} H
o 24 FRINT TAB(1S) ™ "
26 FRINT TAR(1S: ™ ‘ » "
- 23 PRINT TRB(13) ™ Copyright (¢ 1987, Todd A. Grimes. P.E. i
4 30 PRINT TAR(IS) *! o
') 22 PRINT TAR(1S) ) _
' 34 FRINT TAB(IS) "1 For information on this program contact: "
" b PRINT TAB(1S) " e
78 PRINT TRR(IS) ™3 “FI7:DEE i
. 40 PRINT TAB{13) "1  AFIT 3chooi 2f Civii Engineering & Servizes "
2} 47 PRINT TAR{1Z) "3 WPAFE, GH 45477 e
. 44 PRINT TAB{iS: ™ Tei: 3170 255-43%2 o
! o FRDHT TRELEOM "
v <2 FRINT TaBilS) ! .
o T FRINT TRB(ISY ¥ :
) S2 FFINT :FRINT
“3 S4 FRINT TRAE(Z8) :INPUT "Press :RETURN: to continue.”. §$
i 100 REM sresssasssnnasress MGIN FROGRAM MENL #4£22443 524304045480 4054 80844000
~ 105 REM
" 110 REN
. 105 LS SPRINT FRINT
o ich FRINT TRE:3a; "MENU -- A"
) (28 SRINT oFRINT
W 100 R N* TaE.Z0) “TYFE®: TAE:43 'CROCIDURE”
- Lol : PRI
v 30 pRINT .HB i ity TARs<0y “Caiculation frearan’
" 145 FRINT
e iS5G FRINT TABIZi: "Z"; TABu4o; ‘'UpcatesHardcopv Prooram’
s, 155 PRINT :PRINT
o leo PRINT TAB{21} "3": TAB(30) "END"
S 165 FRINT :PRINT :FRINT :PRINT TAB(20);
) 17N lT ‘Fl:gse enter selected srocedure: . B
' 175 ON B GOTD 208,220,193
o 130 o070 115
4 135 REM
A 1o GEM
y 13505
o 0 3USTEN
) 205 LS sPRINT FRINT :FRINT :PRINT :FRINT
206 PRINT TAB(31) "PLEASE BE PATIENT"
207 FRINT
a <10 PRINT TAB(IZ) "LOADING PROGRAM"
) 215 CHAIN "“A:FROGRAMY”
2 220 3070 115

255 M

- 330 CLS PRINT :PRINT :FRINT :PRINT :PRINT
231 PRINT TAB(Z1) “PLEASE BE PATIENT®
337 FRINT
235 FRINT TAB(32) "LOADING PROGRAM®

z 740 CHAIN "A: PROCRAND"

L 245 5670 115

4 250 REM

» 255 REM
x
N'
£N
b
h
3]
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)
(]
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100 CLS
105 PRINT :PRINT :PRINT :FRINT :FRINT FRINT
110 PRINT 7AB:(B) "Fizase piace vour DATA DISK 1n the A" drive.”
115 PRINT :PRINT 1FRINT
120 INPLT Y “ress  RETURN: wnen readyv. ',
25 REM
120 CLEAR
125 DEFINT A-E
200 REM
202 DIM RSDF{Z,2) :DIM LAtS.5)
204 DIM ACU4; :DIM 2CUQ)
210 DIM RMUSES (J6) :DTM RMUSELEVEL ‘Tav :3IM RMDTCDS:S, 50
214 DIM MFACT 2,5
218 TIM MFACTORIZ, 20
220 TOM EFF LG, Lo
DIM FTMANS ZOY :DIM FTOSLGR$(ZOY DI FTREFL.I:
DI COUFCES«S.Z\
235 DI FFE() -Exﬂ FCRIZ) 1DIM FWRS)
40 DM OTVRERS, T
244 UIN MCnli 19,71
248 DM LCODE$\S.10.27 :DIM LAMPDATA(S, (0, D)
252 [IM FCODES(S,10.4 :LIM FI(TDATA (5,10.2)
294 DIM CUL(10,4,2 :DIM CU2I0,2,2)
2a0 DN EUZ\IO.J.ll (DIM CU4 10, 3,00
S00 REM
Soo S0URCES !, Dr="Incandescent" 1S0URCES (1, 2r="INC"
S04 SQURCES$:(2,1)="Fluorescent"” +SOURCES$ (2, 2y =mEn
S0h 0URCES (S, 1) ="Mercury Yarer" 1 50URCES (3, Z)="nv"
€08 SOURCE%!4.1)="Metal Ralide® :30URCES 14, 2)="MH"
Ti0 ZOURCES(S. Y ="High Fressure scdium’ :3GURCES(S, 2)="nPS"
P
Si4 CTYRES L, =" indarecy PDVFES L, oS-G0t (OTiFES L,
2l DTYFESIZ, 1)="3emi-Ird1rect” 1DTYPES =Ueu=90" s DTYFES (2,
515 DT(FE$ S, ii="Direct-ingirect” -uTvr:$< Ji-m0" (DTYFES D,
20 DTYPES( 4 1)=“°em1 Direct’ {DTVFES 3, 2 =v{0-30"  :DTVFE$(4. ]

322 DTYFES (S, 1)="Direct”

e

54 R

S 15270 fPFR{DI=ZN
11)=80 sPCR:Z)=T0
10270 sFERIZ) =50

:DTYPE$ 3, 2i="0-10"
(PFR13) =)

tPOR 4=l fPCRI(S:
sFWRL2) =10

=1

8 B TIPS S TR IR E S U TR S SER A T I Y =.301
3 1LAil, 2024, 80000 HE A(L.xﬂ- 162 Lu(..4l-.x4' LAl =138
MCOOLE-02 fLAZ D= 000 fLATT. D)=, 14T 1LAcT, 402, 184 LA R E )
12,07 LA, 2= 131 sLAS, D ..lo (LAe, 3=, 714 s LAY d.u)-

342 LA S, =072 LAY 4..J= 128 sLAG, T HI TR A & :Lh‘5.5)=.321

544 LRig, 1=07 6 tLAiA, 2=, 145 tLAe, D)

S44 REM

S43 MFACT 1, D=1, 050 sMFECT L, D=1, 048 oFACT ], 2i=1,7029 sMFACT 1 d)=1.e

S50 MFACT 1,9)=1.003 (MFACT:2, 10, 518 TMFACT(2,2,=,928 'MFACT‘:.T = V"

SELMFACTIZ.H=.5T oMFACT2,5.=2,9%6

5S4 REM

”’6 RSOF{S,1:=.92 :RSDF{3,11=.84 :REDF (T, 1)=.7n :RODF«2,11=, 77 tRSDF(L, 1)

€S8 RSDF15,0)=,33 RaDF(4..:-.,. tRSDF (3,2)=.67 :RSDF(Z,2'=.47 +RSDF(1,2)=.

.46‘1 2EM

562 ITERATE = |

S64 REM

WA REM

1G5 OPEN 1" . "ATAFFEBIZ, INF"

1 ER r" *D

1015 INPUTHL, RMUSES (A), RMUSELEVEL (A)

PN AN A

(DTYPES(3,3)="50-100"

=..1d tLAGS, 42,084 LAh, S

133

= a0-g0"
== 30"

hen

=]
3
o
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¢
“
u
!,
>
] 1020 NEXT &
) 105 CLISE #t
TG REM
. 135 REM
I 140 OFEN I, #i. "ARMDIRT, INF"
: 1045 FOR A=1 T0 5
: 1050 FOF B=1 70 &
o 1055 INPUT#1, RMDTCD$t(A,8)
R 1060 NEXT B
X 1065 NEXT A
070 CLOSE #4
1075 REM -
N 108¢ REM
. 10RS OFEN "1", #1, "A:MAINTCAT.INF"
. 1090 FOR 4=t TD 6
» 1095 FOR B=1 70 7
- 1100 INPUTH1, MCATS:A,B)
ul 1105 NEXT B
1110 NEXT A&
1515 CLOSE #¢
) 1120 REM
3 1125 REM

tiZ0 QPEN "1, #1, "A:REFLECTR,DAT"

1135 FOR 9=1 T0 30

1140 INPUT #1, FTMANS (A). PTCOLUR$(A), FTREFL:'A)
1145 NEXT A

1150 CLOSE #1

1§55 REM

{1} REM

1365 OPEN “1", #i, "A:LAMPDATA,DAT"

1170 FOR A=1 T0 §

1175 FOR E=1 70 10 \
1130 INFUT#Y, LCODES (A,B, 1), LCODES$(R,B,2:

(135 INPUTH!, LAMPDATA:A B, 1i, LAMPDATACA,B,2 . LAMFDATAR.B.T)

f1°0 MEXT 9

S NEST A

1200 CLOSE 41

1205 REM

1210 REM

1215 DPEN 1", #1, "A:FIXTDATA.DAT"

1220 FOR A= 10 5

1225 FOR B=1 10 10

1270 INFUTHY, FCODES(R, B, 1),
1235 INFUTHRL, FIXTDATA(AB.1)
1240 NEXT B

1245 NEAT @&

1750 CLOSE 41

1255 REM

1260 REM

S100 REM st#aereatiinstseess MENU == 0 S£ER5RE0EERRSELERECHEERELLFRLLESHEN GRS
5105 REM

5110 REM

5115 CL3

Si20 FRINT ,,"MENU -- B"

5125 PRINT :FRINT

Si20 PRINT ,"TYPE *,,"PROCEDURE"

5135 PRINT :PRINT :FRINT

5140 FRINT ,"1","New Room Calcs - Fixture Number, w/o Tables"

5145 PRINT :PRINT

5150 FRINT ,"2","New Room Calcs - Fixture Number, with Tables"

S135 FRINT PRINT

160 PRINT ,"3", "RETURN ™" MAIN MENU"

5165 FRINT :PRINT :PRINT :PRINT TAB(ID);

3170 INFUT "Please enter celected procedure: "« B

) Si75 REM

Vgl

AP E

- e
-

SEEL Ny

FEC’].')Es(A.El.Z)'1 FCODES$ (A, B,2), FCODE$(A,B.4!
. FIXTDATA(R,B,2)

o % N

A O tntv-Sul

e 4
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-

130 N B BOTO 10100, 10

s0T2 2013

CL3 SERINT FRINT :PRINT PRINT

FRINT TRB(Z0) "Place vour FROGREM 2ICk inotre &% drive.”

FRINT PRINT

FRINT TARi2hiy INPUT “Prezz RETURN. wnen ready.”., ob

3 PRINT :PRINT :FRINT )

Z2.5 FRINT TAB{31) "LOADING MENU -- A"

2220 CHAIN "A:LIGHTIA", 100

L ~Sady] -4 RE“

REM

niu. FEq teterepanineainesd NEW ROOM W/0 TABLES #Hetefdnisiatidspesne R0 €1+
10 )4 n

10110 REM

0114 S05UE (2100

VIO IF B=2 THEN S106

'4125 SUSUE 40100

19120 REM

”1 33 E05UR 561:3

;. 30308 50190
Lt e
5 GOSLB 44150

S BOSUE 20100
2 ON B 30SUR 401:20,50115, 42100, 50190, 43150
/] IF B=, THEN B0TO 10200
l“l”ﬂ G0TO 10175
10195 REM
cod e DUSHE 23103
REM

S05JE 35000

i CN 3 2J58UB AT10G, 150
j 3 60T 10:55
{F B=3 THEN 1021«
< uO*D 10220
3 ORE
5"JUB ’
b AEM
[F DISTTYF . 1 OR DISTTYF = o THEN 1027%

K270 GOTH LOZen
10275 PRINT
ﬁ“; INPUT “You aust 1dentifv a fi:ture tvpe. sress RETURN to contince. *. B3
GOTO 10210
0 GOSUB 26100

' REM
30 GOSUR 29100
05 FEM
0 30SUB 22100
~1S FEM
; GOSUR 0100
rtleod REH
220 GOSUB 23100
1735 REM
0340) ON B G0TO 10123, 130,57100
10750 REM
10755 REM

L0100 REM #eessessrerseersens NEW ROOM W, TABLES #eeesasecrdecradosnrrrnssesnnes
i1iLs Aes

el e W W VP LIPLY W W W WY VW W W WO

P A I W Wy
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Eoiliom
iF 5=l THEN 9300

1
{
{
1120 30508 26109

1125 ON B GGSUR 0100, 41000,42000, 47100, 33100
1140 IF B=G 5079 11155

1135 GOTO 1:130

115G REM

1155 G0SUE 24100

1150 REM

1155 GOSUR 45190

1170 REM

1175 IF STTAB=2 THEN GOSUB S1104 ELSE 11150
i =] RE."-

(1190 GOSUR 21100

11155 ON B 30SUB 47100, 48100
200 0F =0 6010 11215

11200 IF B=T THEN (1165

11208 3070 11E

1210 REM

11215 30GUE 25100

LOM

. iFOISTTR L IRODITTTVE L THEN inTE

11270 5070 11250

12005 FRINT

11240 INPUT "You must 1dentifv a <i:ture tyoe, press ‘FETURN: to cantinue, ', E%
11245 GOTO 11169 ’ ’

250 GISUR 26100

29100
22100

_5'} 1 ‘.."-)

-

L1700 ON B 6OTO 11170, 13057100
11305 REM
{1710 REN

2100 REM seerresrecerrrcrns y/0 TABLE INTRO t#¥sassstétteestarstsbttrsssorbstes
1210% FENM

Labid REM

12115 CLS PRINT sFRINT (FRINT PRINT

12120 PRINT TABLZT+ VINSTRUCTICNS -- A/0 TRARLES®

12129 FRINT <FRINT (PRINT

iZi70 FRINT TAB(1Z: 'This rrocedure will prompt you With gquestions that”

12125 PRINT TAB(IZ) “you need to answer so that the calcuiations can he

12040 PRINT TAR(1D) “merformed. [f vou carnot answer thece questicnz, "

iC145 PRINT TABIIT) "vou should return to MENU -- B. and use the sther”
12150 FRINT TREI1T) “arccedure available -- 'Fiuture Number, wiih Tables, °
12155 FRINT (FRINT

2160 FRINT TRBITS "Enter 1) to continue,”

10155 FRINT TAR(1TY © ‘20 to eturn to MENU -- B"

12170 FRINT TAB(13) s INFUT * "y B

12175 RETURN

12180 REM

12225 REM

12100 REM #4555kt buvirsres WITH TABLE INTRO LS A2 2T 2 2RI TETE T T TTTTET ST T
(o159 Aed

13110 REM

17115 CLS tPRINT PRINT (PRINT :FRINT

L7120 FRINT TAE 275 “INSTRUCTIONS -- WiTH TGRLE3"

12125 FRINT sFRINT SFRLNT




la _ha - Ra Sab Sa" i fa  Sa* ¢

M .u l.n .v

N,

1a® & _ e 0" 8,0 S0 4 8 4.7 ot B8 g0 pow B 4.0 B,V a0 #.% §an jat Bt Dot B »

12130 PRINT TRE(1Z) "This procedure will 3jive vou screens that must be *

13135 BRINT TRE(D) "filled out.

One screen will be for the room "

12140 FRINT TAB(1Z) “intormation, the other zcreen will be <or the fi:ture”

12045 ERINT TRB/LD)

-y

"information.
12150 PRINT TAB' 17} "the numper to the richt of the major tomic desired.”

T3 f111 aut the screens, simely enter”

12155 FRINT TABWLZ) "Tables wili te 3iven {0 you when possible nllouan"

13160 FRINT TABi(1D)
171485 FRINT FRINT
13170 PRINT TAB(LZ)
13175 PRINT TAR(1Z)
13130 FRINT TAB{(1Z) :INPUT *
17185 RETURN

12190 REM

13195 FEM

“vou to choose

the best answer for your situation.

"Ente" {1} to continue,"
i) to regurn to HENU -- B"

1

TO100 REM *edkxisie ke b i ensd SCREEN | SRf8REERaiatit it e taad e e 4t eReRaf4tne

20105 REM
2011 REM
20115 LS
20120 FRINT

",

20125 PRINT "ROOM INFORMATION SEGUIREMENTS"

20130 FRINT

20133 PRINT " (1) REFERENCE DATA:"

20140 PRINT
20145 PRINT ©
20150 PRINT TAB(Z8) "Room # “;

29155 FRINT TABR(SD) "Iteratzon “:

20150 PRINT

20465 FRINT " (2) Foom Use:

tuilaing # ":

BLOGS:
FOOMS 5

ITERATE

3 ROUMUSES;

017G PRINT TAR(43: "FC Requxr‘emnnts'“ FCLEVEL

”1/4 FRINT

) PRINT *
) PRINT *

20210 PRINT TAB(28) “ﬁrea

FRINT
FRINT *
0 PRINT
FEM

1 PRINT °

J? FRINT "y®
FRINT " Wall Coicr:
20265 PRINT 3"
0270 FRINT ® Flocor Color:
280 FRINT "9
285 FRINT

0 FRINT "

00 PRINT :PRINT

REM
215 RETURN
320 REM
REM

Leiling Color:
S PRINT TAB(43) "Reflectanze:"

) ROOM DIMENSIONS:"

5 FRINT TnEluJ) “Cerling Height:"; FTCHET
Length: " FMLGTH

S SRINT TARIZH) "Per‘me*ev.". RMFERS

FRINT TﬁBiES} “leture Sprantey FTRHAT
"+ RMFAREA;
0215 FRINT TAB(ES) "MWorking Height:": FTWEHGT

‘4) ROOM REFLECTANCES:"

“+ CLCOLCRS:
; CEILREF;

"t WLCOLORs:

FRINT TAH{43) "Reflectance:” WALLREF;

“s FLCOLORS:

FRINT TAB(4Z) "Reflectance:": FLOCREF:

(S) Room Condition: “; DIRTCD$;
FRINT TAB(4D) "Cleaning Cycle: "; CLCYCLE:*

months"

INPUT “Enter selection # (%) for data input, or (() to continue: “, B

20100 REM #esevessssrtsrersst SCREEN O ¥ 60t0tusssbther s pistsfe et bessssreeese

21105 REM
21110 REM
21115 LS
~.127 REM

R A e Mo
A AC SR AN, Py, m'uJ %
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§
ZH25 PRINT TAB(ZI) "LUMINAIRE INFORMATION REQUIREMENTS"
21130 PRINT :FRINT
2128 PRINT Building # 7y BLDGS:
D140 PRINT TAR(3Y) "Room & ¢y SCOMS:
21145 FRINT IHB\°‘ "Tteration: *+ ITERRTE
21150 FRINT :FRINT
. 2U1SS FRINT " 1) LUMINAIRE INFORMATION:*
) “"6u PRINT
> 21165 PRINT Fizture File # 3 rIXTFILE$
“11/0 PRINT TAB(40) “S/MH Ratio: + STMHRAT
117G PRINT Fixture Make: : FI(TMAhEs.
21180 FRINT TAB{40) “Maintenance Catath{ "+ MAINCATS
y 21185 FRINT * Fiuture Model: "s FIX MODEL&
. 21190 PRINT TAB(40) "Distribution Type: ; DISTTYF
. 21195 FRINT
- 21200 FRINT * i2) LAMP INFORMATION: *
d “l“ﬂu PRINT
JYZ10 PRINT Lamp File # "; LAMPFILES:
21215 PRINT TAR(4D) "Lamp Wattss "y LWATTS
21220 FRINT ¥ wamp Type: "3 LTYFES;
- 21225 PRINT TAB{40; "Initial Lumens: ": INITLUM
", 21230 PRINT " Quantaty: i LGUANT:
o, 21235 FRINT TAB(4G) “Maintained Lumens: ™: MAINTLUM
; 21240 FRINT
' 21241 PRINT " (3; DIFFERENT SOURCE TYFE®
K 21245 PRINT FRINT
« :‘-JU ﬁ?ﬁUT "Enter selection # (x) for data ineut, or (O} to continue: ", B
-3 A.::SS
A 21260 RETURN
x 21265 FEM
4 2127G REM
o :’1u REM ##%£%% 830550585584 SCREEN I #4485 830 h5 41 H 4 CELRLEAREL SR 43058842200
’ 22105 REM
’ 110 RE
22US LS
I20Z0 PRINT TRB:23) 'TIMAL CEZIGN CALlulsTiTNe™
&5 22125 FRINT
. 22130 FRINT Building # "1 BLDGY;
. 22 35 PRINT TAB{(30) "Foom # "; FOOMS:
" 27130 FRINT TAB(40) "Iteration: "+ ITERATE
e 22145 PRINT
. 22150 PRINT * Foom Use: "; ROOMUSES:
22155 PFRINT Thgi60) “"FC Regquired: ": FCLEVEL
2.160 FSINT
N 22153 FRINT ¥ CCR = "; USING "#8.4#"; TCAVRAT:
35170 ORINT TAB!20) "Ceiling Reflactance: "3 CEILREF;
22175 FRINT TAB{50} “Effective: “; EFFCREF
22130 PRINT " RCR = " USING "##.##": RCAVRAT;
22185 SRINT TAR{30) "Wall Retlectance: "+ WALLREF
) 22190 PRINT " FCR = "3 USING "#%.#8"; FCAVRAT;
3195 FRINT TRE(Z0) °Floor Retlectance: i FLOOREF:
222000 FRINT TAB{60) "Effectiva: "y EFFFREF
- 22205 FRINT
22210 PRINT Fi:zture Make: "3 FIXTMAKES:
’ 22215 PRINT TAB(34) “"Model # ": FIXTMODELS:
, 22220 PRINT TAB{SS) LQUANT; * tube®
22225 FRINT
22230 PRINT * Critical";
22235 PRINT TAB(20) "PFR*; " 1“; TAB( 5) FFR(2):
22240 PRINT TAB(60) "S/MH Ratxo + STMHRAT
22245 FRINT ° cu";
22250 PRINT TAB(20) “PCR": " 1“3 TAB( S) PCR{DI);
i 22255 IF D2 > 0 THEN PRINT TAB( 36) LRI (L2);
y 2226u PRINT "
22255 FRINT Yalues 'y TeBiZO) CFwE"y 'y TAEAZE, FwRACL
D
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IF £ ¢ s THEN PRINT TAB/3 FWRCI::
IF O - THEN FRINT TAB{Jo) PWR.Ci.; ELSE 2228E
IF C2 » O THEN PRINT TAR(SL» PWR(CD):
FRINT TAB(ou' "Total LLF = "; USING "$.%%#"; LLF
FREINT TAR(ZG) “ECR"y " ¢
PRINT TABWZD) Meeem) "t
FRINT TRB(50) "Final U = “; USING "4.8#%"; FINALCU
FRINT TAB{19) ARATIO: TAR(Z&: “i"y TABIZS) ACUCI);
0 IF C2 » O THEN PRINT TAB(Z0) ACUI2):
IF D2 » O THEN FRINT TAB(3&) ACU(Z); ELSE 22325
IF C2 > © THEN FRINT TAB{41: ACU(4);
S PRINT "¢
0 IF El=1 THEN 22340
22135 FRINT TARi19) BRATIO: TAR(24) "i": TAB(ZD) BCU(irs
T30 IF C2 0 O THEN PRINT TAB(Z0) BCU(2):
IF 02 @ 0 THEN PRINT TAE{(Z6) BCUiT): EL3E 22335
G OIF 02 > 0 THEN PRINT TAB{41} ECU(4):
: FRINT "*
: PRINT (FRINT
22385 PRINT Hunber ot Fi:iures Regquired: "i USING “###.#4°; NUMFIJ
370 PRING
EQEUT " How manv f1:tures do vou want to use “; ACTFIRNUM
R of)
TaS RETURN
22750 REM
nEM
00 REM #%#k3652 208865684 SLREEN 4 #0440 H €414 EXLSRERAFFPUER L RS 42 hRA4ES
REM
116 F\IE'fj
o
;] fﬁiN; TaB {28} “FINAL DESION CALCULATIONS®
RIN
FRINT " fuziding # " BLDGS:
" FRINT TabiuZo. 'Rocm 8 'r SI0M3
o FRINT Tasadl MTrerztions 'y TTERETZ
15 “RINT
(S FRINT aocm Jse: i “OCMUSES;
M FRINT TABiaui "FT Aeguireq: ": FCLEVEL
&G FRINT
3 FRINT " Fisture Make: ": FIXTMAKES:
0 PRINT TAB(Z&) "Model # “; FIATMODELS;
FRINT TAE\ST' LGUANT: “ tube"
130 PRINT fFRINT
DI85 FRINT

b= "r USING "8, 444" LiD:

i b=
C FRINT TAE(43) “Floor Cavity Factor = “s USING “#.444"; VOEF

M FRINT oD = "y USING "4, 448"y LDOD:
27200 PRINT TAE:(45) "Final CU Yalue = "o USING “4.#4%": FINALZU
22205 FRINT RSLL = “v USING "4, #48"; RSDD
) FRINT © Total LLF = "3 USING "%, ##8": LLF:
27215 FRINT TAE(45: "9/MH Fatio = "1 STHMHRAT
27220 E§£ﬁ$ TAB/45) "Spacing Criteria (fti: “; USING "###.4": SPCCRIT
229 FRIN
W) FRINT Ini1tial FC Level: " RCTFCINIT,
T<25 PRINT TAB(4S) “Fiiture # Required: "o LJGING "H¥E.#4": NUMFIX
22240 FRINT Maintained FC Level: "; ACTFCMAIN;
S FRINT TAB(4S) "Fixture % Used: "+ ACTFIXNUM
0 FRINT :FRINT
PRINT © ENTER: "
FRINT ¢ i To do ancther iteration of this room®
2265 FRINT " (2) To 90 to Menu -- B, clearing all variables"
-7y FRINT ¥ e To 9et & hargcopv, ang return to this screen”
3275 PRINT * "
230 [NPUT B
255 REM
2?0 iF B=l THEN ITERATE = ITERATE « 1
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~EM

0 RETURN

~EM

S FEM

0 REM stsreseinonrrar EFFETTIVE REFLECTANCE €F#ast st nta e i i ttaretnaees

REM

O REM

D=1

20 REM

BWALL = WALLREF

30 IF D=1 THEN BBASE = CEILREF

K ég D=1 THEN RRAT = TCAVRAT
(0 REM

IF D=2 THEN EBASE = FLOOREF

) IF D= THEM RRAT = ~CAVRAT

REM
0 IF RRAT=0 THEN 24520
REM
i IETSBQSE 35 THEN OPEN “I", 4!, "A:EFFREF9.EFF" ELZE 23130
G070 23270
0 iF BBASE - 75 THEN OPEN "I", #1, "G:EFFREF3.EFF" ELSE 24130
5OTD 24270
0 IF BRASE - 65 THEN OFEN 1", 41, “A;EFFREFT.EFF" ELSE 24200
GOTO 24770
24200 IF BBASE - 35 THEN OFEN “I“. 41, “A:EFFREFs.EFF" ELSE 24710
24205 G073 2370
[F BBASE - 45 THEN OPEN “I", #1, "A:EFFREFS,EFF" ELSE 24220
215 GOTQ 24270
() IF BBASE » I3 THEN OFEN "1, #1, "A:EFFREF4.EFF" ELSE 242720
S GOTO 24270
EE_SEASE7 25 THEN OFEN “I", #{, "&:EFFREFZ.EFF" ELSE 24240
o o070 24270
230 IF 3BASE 1S THEN OFEN "I, %1, "A:EFFREFC,EFF" ELSE 24725
245 6OTO 87Ty
250 IF BEAZE T TREN IFEM 'Y, ), 'WgEFFREFLLEFFY SLZE J47:G
T8 S0 ZalT
o CPEN T, #L, CRiEFFREFOLZFR
4255 REM
23270 FOr A=1 70 10
24275 FOR B=! TO 10

0 INFUT 81, EFF(AB)
. HEXT B
HEXT 5
2255 CLLSE 81
0 REM

24710 IF BRASE
IF BBASE
24720 1F BBASE
IF BBASE @ 75

+ 5 THEN (=19
1S THEN C=2i
25 THEN C=30

THEN C=40

24230 IF BBARSE - 45 TRHEN (=50
24775 [F BBASE - 55 THEN C=60
24740 IF BBASE : 65 THEN (=79
24745 IF BBASE - 7S5 THEN (=80
24750 1F BBASE 85 THEN (=90
24255 REM

400 A=10

24765 IF BWRLL -~ S THEN R=9
24770 IF EWALL 1S THEN A=8
24775 IF BWALL 25 THEN A=7
JATE0 IR BdRLL TE O TREN AEs
24785 IF BWALL 49 THEN A=5
247590 IF BWALL S5 THEN n=4
3239 17 EWALL =5 THEN AsT
cm LT Ewke. T asl




24405 [F PWALL > 35 THEN A=t

24310 FEM

28313 REM

23429 ARAT = FRAT

24425 IF APAT : RRAT THEN BRAT=ARAT-1 ELSE BRAT=ARAT+!
24430 IF ARAT : BRAT THEN CRAT=ARAT ELSE 24440
28475 ARAT = BRAT :BRAT = CRAT

24440 IF ARAT=0 THEN EFFRATI=C ELSE 24455
24445 GOTO 244e0

23450 REM

24455 EFFRATI = EFF (A, ARAT)

i
|
. 24440 EFFRATZ = EFF(A,BRAT) %

24465 REM

74870 EFFRATS = EFFRATL1- ( (EFFRATI-EFFRATZ) # (RRAT-ARAT) )
24475 REM

24480 REM

24435 IF D=1 THEN EFFCREF = EFFRATZ
24490 IF D=2 THEN EFFFREF = EFFRATZ
24895 [F D=1 THEN D=2 EL3E 24510
24300 Q0TC 24125

24505 REM

24519 RETURN

24215 ~EM

Z4S2u IF 5=l THEN cFFCREF = CEILREF
24525 [F D=2 THEM EFFFREF = FLOCREF
29930 IF D=1 THEN D=2 EL3E Z24354%
24535 GOTO 24125

24530 FEM

24545 RETURN
, 24550 REM
b Z4535 REM )
_ 2106y REM tevenseensreiierd® D0) LUMINAIRE DIRT DEF. €3 ads#4ptisenttsssitvesss X
) 25105 REM h
' 25110 FEM
25115 IF MAINCATS="1" THEN LLB = .7
250200 F MRINCaT3=- 0" THEH L8 = Lol
29125 IF MAINCATS="111" THEN LLE = .7 !
2E120 IF MAINCAT$="1v" THEN LLE = .72
I5135 IF MAINCATS$="Y" THEN LLE = .53 c
25140 IF MAINCAT$="VI" THEN LLE = .88 :
22145 REM )
2515C IF MAINCAT$="1" THEN AAl =1 }
251355 IF MAINCATS$="I1I" THEN AAL = 2 4

25160 IF MAINCATS="1II" THEN AAL = 3
25165 IF MAINCATS="IV" THEN AAL =4

4 25170 IF MAINCATS="/" THEN ARl = §
4 25175 IF MAINCATS="VI" THEN ARl = &
25160 REM

25185 IF DIRTCD$="Yery Clean" THEN #A2 = 1

25190 IF DIRTCD$="Clean" THEN AA2 = 2

25195 IF DIRTCDS$="Medium" THEN ARZ = 3

J 25200 IF DIRTCD$="Dirty" THEN AAZ = 4
25205 IF DIRTCD$="Yery Dirty" THEN AAZ =

25210 REM

25215 LLA = LA(AAL,AAD)

25220 REM

25225 T = CLOYCLE / 12

25230 REM

25235 LID = EXPI-LLA#/T"LLE))

25240 REM

25745 REM

9290 REM #e#essassssedaress (RSDD) ROOM SURFACE DIRT DEP.

25255 REM

25260 REM

n

L am an an { g~ <

E 2S2ES IF DIRTCDR="Very Clean™ THENM FID = 1-(EXP/(-,073#(T 520 efo

p

3
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#: 28270 IF DIRTCD$="Clean" THEN PDD = (1={ESP!-.125%(7 33117 )#]0
g 5279 IF CIRTCDS="Medium" THEN FDD = (1=1EXFi-.19%:T 3700 i el0
i <280 IF DIRTCDS="Dirty" THEN =DD = (- (E{P:~,2d%:T 51} 1e]d
Z5285 IF DIRTCD$="“erv Dirt," THEN FDD = 11— ExF -, 221¢iT (5211 vsetd
i 25290 REM
L] X5 IF RCA&RAT + | THEN RSDD = 1 ELSE 25210
! 25200 GOTD 29365
: "\t"ur R:M
¥ 530 [F POD 4 THEN R
M 257215 G070 25340
. 25320 RSD1 = RSDF (DISTTYF, 1)
29325 R8DZ = HCDF(DISTTYP.Z)
. 2S00 6070 25355
/) 29335 REM
'} 25340 FSDL = 1-(((1-RSDF (DISTTYP,1)i/4)+FDD)
2 25245 RSDZ = -t ((1-RSDF(DISTTYP,2i)/4)+FDD)
. 25250 REM
’ 25355 FADD = RSDI-(({RSD1-RSD2'/9) #(RCAVRAT-1):
- 25360 FEM
25765 FEM
b 26370 REM #esexsssssreenssrs (LLD) LAMF LUMEN DEP.
’ 29379 REM
25780 REM
: LS'BS IF MAINTLUM = O THEN LLD = .35 ELSE 25400
) 390 6070 25405
» 253 5 REM
b4 25400 LLD = MAINTLUM / INITLUM
25405 REM
-~ 25410 REM
25415 REM strsrertexcessieeier (LLF) LIGHT LOSS FACTOR
" 23420 REM
29475 REM
| 29420 LLF = LLD * RSDD » LDD
5 29435 REM
' 25440 RETURN
25+45 SEM
: 25450 REM
e Dul00 REM #txdssseespsnseress CHARTED CU VALUES #¥#ahac it i s e 54065454044
B 26105 REM
N 26110 REM
615 E] =4
26120 ACREF = EFFCREF
26125 AWREF = WALLREF
26130 AFREF = EFFFREF
. 25135 REM
- 26140 ARATID = RCAVRAT
- 26145 IF ARATIO > RCAVEAT THEN ERATIO = ARATIO-1 ELSE ERATIO = ARATIO+!
A 26150 IF ARATIO . BRATIO THEN CRATIO = ARATIO ELSE 26163
b 26155 ARATIO = BRATIO :BRATIO = CRATID
- 26140 IF ARATIO = O THENEL = |
26165 1F ARATIO = © THEN ARATIO =
26176 IF BRATIO = 11 THEN Ef = |
' 26175 IF BRATIO = {f THEN BRATIO = 10
26180 REM
26185 REM
gg;g& iF STTHB 2 THEN 27845
26200 PPINT tPRINT :PRINT :PRINT :FRINT
26205 PRINT TAB{34) "READING DATA®
26210 REM
} <6015 IF S0L=1 THEN 26243

26220 IF 50L=2 THEN 26300
26225 1F SOL=3 THEN 25440
\ 26270 1F S0L=4 THEN 26495
25235 IF 50L=% THEN 256530
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262 OFEN “I*, #1, *A:INCUL.DAT"
26250 IF FFC=2 THEN OFEN “I", #1, “3:INCU2.DAT"
26255 IF FFC=2 THEN OPEN "1-, %1, “A:INCUZ.DAT"
“626G IF FFC=4 THEN OFEN "I, #1, "A:INCU4.DAT"
26265 IF FFC=S THEN GPEN "I", #1, "A: INCUS.DAT®
28270 IF FFC=4 THEN OPEN "I", #1, "A: INCUG.DAT"
24275 IF FEC=7 THEN OFEN "I", %1, "A: INCU7.DAT"
26280 IF FFC=8 THEN OPEN "I“ #1, "A:INCUB.DAT"
26285 IF FFC=9 THEN OPEN “I", #1, "A:; INCU9.DAT"
26290 IF FFC=10 THEN OPEN "V" #1, "A:INCU10.DAT"
25295 GOTO 246733

26200 IF FFC=1 THEN OPEN "I", #1, "A:FLCU1.DAT"
26305 IF FFC=2 THEN OFEN "1", #1, "G:FLCUZ2.DAT"
26310 IF FFC=3 THEN OPEN "I". $1, “A:FLCUZ.DAT"
25315 IF FFC=4 THEN OPEN "I", #1, “"A:FLCU4.DAT"
26370 IF FFC=S THEN OPEN "I", #1, "A:FLCUS.DAT"
243725 IF FFC=6 THEN OPEN "1v, #1, “"A:FLCU4.DAT"
26370 IF FFC=7 THEN CPEN "1", #1, "A:FLCU7.DAT"
75335 IF FFC=3 THEN QFEN "I", #1, "A:FLCUB.DAT"
26340 IF FFC=9 THEMN CPEN “I" #1, "AsFLCU9.DAT"
26245 IF FFC=10 THEN OFEN ‘I . 81. "AsFLCUL0. DAT"
25250 SEM

aES FOR D=t TR 2

26760 FOR C=1 T0 4

26265 FOR B=1 70 10

26570 INFUTHL, CULYB.C,D)

Zh375 NEXT B

26350 NEXT €

28385 NEXT D

25390 FOR D=t 70 2

595 FOR =1 TO S

5400 FOR B=t 70 10

25405 THRUTHL, CU2¢B,CLDY

Tsdn ETT H

w15 EXT

R NEWT D

25425 CLOSE 41

26420 GOTO 26690

25435 REM

26440 IF FFC=1 THEN OPEN “I", #1, “A:MVCUL,DAT"
26445 IF FFC=2 THEN OPEN "1°, #1 "A:MVCU:.DAT"
26499 IF FFC=3 THEN OFEN "I", " ReMVCUZ, DAT”
26455 IF FFC=4 THEN OPEN “I". #1. *AsMYCU4. DAT"
25450 IF FFC=5 THEN GFEN "I", #1, "A:MVCUS.DAT"
74445 IF 7°C=4 THEM OPEN "IV, $1, "A:sMVCU&.DAT"
25470 IF FFC=7 THEN QFEN "1“, tl, "A MVCU7.DAT"
74475 IF FFC=3 THEN OPEN "I*, #1, "A:MVCU8.DAT"
26480 IF FFC=9 THEN OPEN "I", #1, "A:sMVCU9,DAT"
26485 IF FFC=10 THEN OFEN "1%, #1, "A:MVCU10,DAT"
2649¢ GOTO 26605

26495 IF FFC=1 THEN GPEN "I", tl "feMHCUL. DAT"
26500 IF FFC=2 THEN OPEN "I" , "R:MHCU2,DAT"
26505 1F FFC=3 THEN OPEN "I" 1, " "AsMHCU. DAT"
26510 1F FFC=4 THEN OPEN "I", #1. "A: MHCUA, DAT"
24515 IF FFC=5 THEN OPEN "I", #1, “A:MHCUS.DAT"
26520 IF FFC=4 THEN OPEN "I", w:. “A:MHCU4. DAT"
26525 1F FFC=7 THEN COPEN "I, ﬂl, *As MHCU7. DAT”
26530 IF FFC=8 THEN OPEN "I" . "A:MHCUB, DAT"
26535 IF FFC=9 THEN OPEN “1" Ql *A:MHCU9, DAT"
26530 [F FFC=10 THEN OFEN "" #1, "AsmHCLLO. DATY
26545 GOTO 26605

26550 1F FFC=1 THEN OPEN 1", #1, "A:HPCUL.DAT"

6280

REM
S [F FFC=1 THEN

IF FFC=2 THEN
iF FFE=D ThEN

OFEN 1", #1,
OFEN "17, 41,

“AtHFCU2. DAT"
"HEHFCUZ, DRT

T
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z 26965 iF F”F-A THEN OFEN “1", #1, "A:HPCU4.DAT"

; 25570 IF FFC=S THEN OFEN "I*. #1, "A:HPCUS.DAT"

~ 28575 IF rFC‘o THEN OFEN “I", #1, "A:HFCU&,DAT"
26380 IF FFC=" THEN OFEN "I" #1, "‘ 1HPFCU7. DAT"

' 26335 IF FFE=3 THEN OPEN “I", 81, "“ :HPCU3. DAT"

] 3 26590 iF FFC=3 THEN JFEN "I“ 8, "A HPCU9. DAT"

e, 26595 [F FFC=10 THEN OPEN "I" #1, "A:HPCUI0, DAT"

- 26600 REM

id 25605 FOR C=1 T0 4

‘® 26610 FOR B=f 7O 10

24615 INFUT#L, CUS{B,C,1)
] 26620 NEXT B
" 25625 NEXT C

> 26630 FOR D=1 10 2
v, 26635 FOR C=1 T0 2
&, 26640 FOR B=1 T0 10
< 25645 INFUT#1, CU4(B,C,D)
W, 35650 NEXT B
25655 MEXT C
Zhoot NEAT D
o 26565 REM
S 26670 CLOSE #1
W) 26675 GOTO 27130
)| -5680 REM
26485 REM
. 25690 IF ACREF < 30 sHEN 26705
= 26695 DL = | D2 =
3 26700 GOTD 24790
j 26705 IF ACREF <= 70 THEN 24720

. 2671001 =1 D2 =2

| 2 26715 GOTO 26790

-, 25770 IF ACREF < 70 THEN 246739
X 2072501 =2 D2 =0

26770 BOTO 2677
—_ 26775 IF ACREF = SO THEN 24750

25746 00 = 2 D2 = 2

b 26745 G0TC 6‘°u

¢ 25750 IF AC‘?EF 90 THEN 287458
: 26755 N = 02 = 0

26750 GOTO "6/90

™ 26765 IF ACREF {= 30 THEN 26780
W 26770 Dt = 3 :DZ‘ =4

" 26775 5OT0 26790

_ 26730 D1 =4 D2 =0

« 26785 REM

- 25790 IF ACREF < 70 AND AWREF > S0 THEN AWREF = S0
- 26795 REM

" 26800 IF AwREF 4 70 THEN 26813
. 26805 (1 = C2=0

>, 26810 GOTO ”6'-700

26815 IF AWREF <= 50 THEN 26830
d 26820 Cl =1 £2=2
; 26825 BOTO 26900
K "68.\0 IF MREF £ 0 EN 26845
26875 C1 =2 2=
26840 6OTO ‘690U
) 26845 [F AWREF <= 30 THEN 246860
‘ 26850 C1 = 2 :C2 =3
26835 B0TO 26900
26860 IF MEF < 20 THEN 26875

v 25365 C €220
:l 26870 GOTO ‘690()
K 26875 IF AWREF <= 10 THEN 26890
<6880 C1 =32 (=14
" 20335 5070 <a7uw
t
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6890 C1 =4 C2=10
26895 REM
26900 IF STTAB = 2 THEN 2789%
26905 REM
26910 IF DI+ 2 THEN 27040
26715 ACU(Iy = CUI(ARATIO,C1,D1
26920 BCUil} = CUL(BRATIO,C1,D1)
26925 IF C2 = O THEN 26943
26920 ACU(2) = CUI(ARATIO,CZ,DD
26935 BCU(2} = CUL(BRATIO,CZ, DD
26940 REM

- 25945 IF D2 = 0 THEN 27305
26550 IF D2 > 2 THEN 25995
26735 ACU(T) = CU1(ARATID C1,D2)
26940 BCU(TY = CUL{ERATIO,CL, D)
25955 IF C2 = O THEN 26985
26970 ACU(4) = CUL(ARATIO,C2,D2)
76975 BCU‘4) = CUY (BRATIO,C2,02)

26980 REM
26985 GOTO 27115
2639 REN

26995 02 =1 03 = (11

27000 ACU(TY = CU2(ARATIO,CI, D)
7005 BOUIZ) = CU2+BRATIO.CI, D)
27010 IF €2 = O THEN 27030 ELSE C4
27015 ACU(S) = CU2(ARATIO,C4,DD)
27020 BECU(4) = CU2(BRATIOD,C4,D7)
27029 REM

27074 GOTO 27495

27035 REM

27040 D3 = D1-2 €3 = Ci-1
27045 ACU(1) = CUZ(ARATIO, LS, DY)
27050 BCU(1) = CU2(BRATIC,CI,D3)
27059 IF C2 = 0 THEN 27075 ELSE C4
27040 LU = CUD(ARATIO,.C4.DD)
JThaS BOURDY = CUZYBRATIO. 4,07
27070 REM

27075 IF D2 = % THEN 27115 ELSE D4 = D2-2

27086 ACU(3) = CU2(ARATIO,C3,D4)

27089 BCU{3) = CU2(BRATIO,CS,D4)

27090 IF €2 = ¢ THEN 27115

27095 ACU(4) = CU2{ARATIC,C4,DH)

27100 BCU(4) = CUZ(BRATIO,C4,04)

27105 REM

27110 FEM

27115 GOTO 27495

7120 REM

27125 REM

27130 IF ACREF ¢ 80 THEN 27145

13/ M =t D2=0

27140 GOTQ 27200

27145 IF ACREF <= S0 THEN 27160

2150 DL =1 D2 =2

27155 6070 27200

27160 IF ACREF < SO THEN 27175

M5 D=2 D2=0

27170 GOTQ 27200

27175 1F ACREF <= 10 THEN 27190

27180 D1 =2 D2 =3

27183 GOTO 27200

1001 =T 02 =0

27195 REM

27200 1F ACREF < BO AND AWREF » SO THEN AWREF = S0
27205 REM

27210 IF WWREF . 70 THEM 27009
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JC=1 :M2=0

b 6070 77310
IF AWREF <= S0 THEN 2724C

e 0L =1 =2

3070 27210
IF WWREF « 50 THEN 2725
C1=2 :£2=0

50 6070 27310
27255 IF AWREF = 30 THEN 27270
27269 C1 =2 L2=73

.-

GOTC 27310

IF AWREF ¢ 20 THEN 27285
Cl=3 :L2=¢

0 GOTO 27310

IF AWREF <= lOATHEN 27300

3790 01 =3 i00 =

PINYVY Y]

60TO 27310

1=4 C2=9
REM

IF STTAB = 2 THEN 27890
REM

O IF D1 * 1 THEN 27405

5 ACU(1) = CU3(ARATIO,C1,D1}

3370 BCUi1r = CUS(RRATIO.CI.DD)
S IF £2 = 0 THEN 27355

S5

230 ACUTD) = CUZARATIO.CD,DL)

345 BOU(2) = CUZ(ERATIO,C2,D1)
S IF D2 = 0 THEN 27495

I
WL,

37375 IF €2 = 0 THEN 27395 ELSE 04
580 ACL:4) = CU4(ARATIO,C4,D

sl

-~
-

20 IF C2 = 0 THEN 27440 ELSE C4

e

0D =1 03 = L=l
53 ACU(3) = CU4LARATIO,C3, D)
0 BCULT) = CU4(ERATIO, C‘.D‘

"
[y}
ra

1
[

5 BCUA) = CU4:BRATIO, C4, i}

5 GaT 27495

? SEN

503 = D1-1_:C3 = Cl-1

19 ACU(1) = CUAIARATIO,C3,B3)

3B = CUBRATIOS DD

S ACU!Z) = CUA(ARATIO,C4,DD)

) BCU«2) = CU4(BRATID,C4,D3)

35 REM

O IF D2 = O THEN 27505 ELSE D4 = D2-!
S ACU(3Y = CUA(ARATIO,C3,D4)
0 BCU(S) = CUA(BRATIO CQ.D4)

7455 IF C2 = O THEN 27508

SYYYEYD

30 IF DI
S IF D2

-

3 ACU4) = CU4(ARATIO,CA, DM
g BCU(4) = CU4(BFATIO C4,04)

) REM
IF DI = I THEN DI
2 THEN DI
3 THEN D2
0 IF D2 = 2 THEN D2
REM

IF ACU(1)=0 THEN ACU(1)=ACU(2)
IF BCU(1)=0) THEN BCU(1)=BCU(2)
IF ACU{2)=0 THEN ACU(2)=ACU(1)
IF BCU(21=0 THEN BCU(2)=BCU(L)
'F ACU(3) =0 THEN ACU(3)=ACU(4)

" onoun
caeneeLn

37500 IF BCU(Z; =0 THEN BCU(3)=BCU(4)

Clat e e v |

IF ACU(4)=0 THEN ACU(4)=ACU(D)

TS0l IF BCUdi=0 THEN BCU (4 =BU3)
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27507 REM
7EL8 IF C2 = 0 THEN 27555
O ACUR = RCUML = (CLACUT 1 =ACUHZ 0/ {PWR (C1: PR (C2) 1) ¢ (FWR(CL) -AWREF )
2 BCUA = BCU(1 =1 O BCU (1) -BCULZ) s {PHRICL) ~PWR(CZ) ) ) # (PWR (C1)—AHREF) 4
120 REM
S IF D2 = O THEN 27995
ACUB = ACU(Z) =i {{ACUITI-ACUT4) ) / (PWRECL) ~PWR{C2) ) Y# (FWR(C1) -AWREF))
BEUB = BCU{TY={ {{BCU{Z)-BCU4) i/ IPWRIC1) ~PWR(C2)) ) # (PWR(C1) ~AWREF )
7540 REM
GOTO 27575
S0 REM
S IF D2 = 0 THEN 27615
50 ACUA = ACU{L) «BCUA = BCU(1)
éCUB = ACU(T)  +EBCUB = BCU(D)
2 FEM
TE7S ACUC = ACUR- (1 (ACUA-RCUB)/ (FCR{D1}-PCR{D2)} ) %1 FCR{D1) ~ACREF )
7580 BCUC = BCUA-«( rBCUA-BCUBY / (PCR{D1)-PCR(D2)) ) #(FCR(DY) -ACREF ")
REM
o0 GGT0 27425
ACUC = ACLA  BCUC = 53U
27600 GOTO 27625

REM
0 REM
1€ <CuC = A4CU*1;  +BCUC = BCUD
: 20 REM
p ; CLUC = ACUC-: :ACUC-BCUC: * (RCAVRAT-ARATIOY )
1F CCUC=0 THEN 27628
GOTO 27540
N CLS sPRINT :PRINT (FRINT :FRINT :PRINT :FRINT TAR(10):
PRINT “"Not enough CU values are avallable, please update firture f1le"
0 PRINT TAR(10 "with additional CU values fcr a ceiling reflectance of: ":
571 PRINT ECR(DY); "
2 PRINT TRE(I0) “and a wall reflectance of: "; PWR/CL)y "."
TTEYT ERINT (BRINT GPRINT TARCIC:
4 THPLT ! Frocz -RETURN-  *0 return ‘0 meru, ": 9§
3070 i
) Ty REM
: -7 REM
, T540 REM #eesrerdeeresresss FLOOR COEFFICIENT
A S REM
, ) REM
h 7635 IF AFREF = 20 THEN VDEF = 1 ELSE 27670
T5580 3070 27800
B REM
) IF FCR(D1:=8C THEN OFEN "I", #1, "A:FMULFACS.FLR"
X 1E PCRD1Y=TD THEN OFEN "", #1, “S:FMULFACT.FLR"
| 0 IF PCR(D1)=S0 THEN OPEN “I", %1, "A:FMULFACS.FLR*
IF PCR(D1)=30 THEN OFEN "I, #1, "A:FMULFACI.FLR"
# 27690 IF PCR(D1)=10 THEN OFEN “I", %1, "A:FMULFAC!,FLR"
) 27695 REM
27700 FOR A=1 TO 2
27705 FOR B=1 TO 20 {
27710 INPUT 41, MFACTOR(R,B)
‘ 27719 NEXT B
! 27720 NEXT A
| 27725 CLOSEM
) 27730 REM

735 C5=Ct
27740 1F C5=4 THEN C5=3
27745 REM
2770 IF APFEF = T0 THEN kOBF = MFARCTOR{CS,ZRATIO) ELSE I77&3
27735 GOTD 27800
! 27750 REM
, 27765 IF AFREF - 20 THENW 27785
25770 v DEF = MRRCTORACS, BRATIO —v . (MFADTERICS, 3RATIO -1 e ¢ T0-aFREF.
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s
4
1,
b
-'.
N
K
3 27775 60TO 27800
' 27780 REM
A 27785 KOEF = 1-(/ ¢(1-MFICTORCS, BRATIO+100 ), 20) € 20-AFREF) )
27790 REM
K 27795 REM
27800 REM s##aeesersresenssd FINAL CU VALUE
27805 REM
) 27310 REM
N 27815 FCU = CCUC + KOEF
8 27820 FINALCY = FCU / 100
+ 27132 REM
27330 RETURN
g 27375 REM
‘o 27340 REM
) S7545 REM nerrsesrierirpees NON-STORED CU TABLES
27850 REM
\ 27855 REM
4 27860 IF SOL = 1 THEN 25690
N 27865 IF SOL = 2 THEN 26690
27870 IF 30L = T THEN 2M70
, 27875 IF SOL = 4 THEN 2. _%0
. 27880 [F 30L = 3 THEN 27130
' 17335 REM
y 27390 IF S0L = 1 OR SOL = 2 THEN 27920
27895 IF D1 = 3 THEN DL =5
27300 iF Dt = 2 THEN DL = 2
. 27905 IF D2 =3 THEN D2 = §
27916 IF D2 = 2 THEN D2 = 7
‘o 27915 REM
g 27920 CLS
27925 PRINT TAR(S) “Critical";
7370 PRINT TAB(20) "FFR"; TAB(ZHY 'y TAR-Z0» PFRID)
27975 PRINT TABiS) I
27940 FRINT TAR(20) "PCR": TABZ&: "i*: TRR(IGY =CR/DLi;
2794S TF 20 'H‘N PRINT TAR4SS: SCRODD:
7RG FRINT et
~7955 FRINT TSBiS) "alues"; i
790 PRINT TAE(Z0Y YPWR": TAEWZS) 'y TAR(IO: FWRIC!:
} 2795 IF C2 » O THEN PR!N? TAR (40} PWR\CL
27570 IF D2 5 O THEN PRINT TAB(SS) PWR(CLi: ELSE 27990
' 27975 IF €2 » O THEN FRINT TAB(4S) PWR(CZ);
27980 PRINT "
27985 FRINT TAB(ZO) "RCR“; TARBIZ& "
796G PRINT TAB(ZOy " ; -~
27995 PRINT TAB(24) "i*
25900 AR=L
29005 PRINT TAB(ZO) ARATIO: TAR(ZA) *1¢: TAB(29) "("s Ady "Y'
28010 AA =
28015 IF C‘7 7 0 THEN FRINT TAR(I9® “("y AA: )"y ELSE 28925
28020 AA = AR + 1
28025 IF D2 : O THEN PRINT TAE(S4) "("y AAy ™ “; ELSE 28045
B030 M =Ak+ 1
28035 IF C2 » 0 THEN PRINT TAE(64) "("; AA; ")"; ELSE 28045
2804 AA = AR+ |
28045 PRINT ~
28050 IF Ei=1 THEN 28100
28055 PRINT TAR(26) "i"
28060 PRINT TAB(20) BRATIO; TAB(26) "'y TAR(29Y "i"y A "3
28065 PR = AA + 1
28370 12 czﬁé O THEN PRINT TAB(39) "¢"; AA; ")": ELSE 28080
, /0TS AR = A+
. 28080 IF D2 > 2 THEN FRINT TAB(S4) *("; AA; *)"; ELSE 28095
28085 AA = AA +
28090 IF C2 -0 THEN FRINT TAB(ad: "ty AR 1™y
oal99 ARINT "
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' 23100
N 28105
810
REARNY
8
8112
Y 28115
N 38120
: B

28130

\ 28125
. 28140
28145

28150

8155

8180

5185

287

8175

25180

28185

26150

MY Y

P
AR,
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—

-0

«n

LS

ra
w0
rd
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w
[4
s
1
ol

LA

AL IFALAEIE
) M
(5]
-
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FAANA
e
[2R] [N}
[en] ~d
(4, w

7
[
fwil
t]
~Q
wn

) FRINT TAB(20) :RCR": TAB(26) "

PRINT <ERINT :PRINT TAR(S::

FRINT "Please enter the following valuec ¢rom the Fiiture = ZU chart
FRINT TRABiS:;

ERINT “to f1ll in the chart above. If value 15 not 2iven on Fr:ture &
PRINT TAR(S):

PRINT “CU chart, enter ' , or 20 manual extrapolaticn and enter value."
PRINT :PRINT

BB=1

FRINT TAR(ZO) "(": BBy "} "3 :INPUT ACU(D

IF C2 - O THEN EB=BB+] ELSE 23140

PRINT TAR(30) *("; BB ") *§ $INPUT ACU(D)

IF D2 : O THEN BB=BB+l ELSE 28165

FRINT TRB(ID) "{("s; BRs ™ -i $INPUT ACU(T)

IF €2 . 0 THEN BB=BB+l ELSE 8145

FRINT TAB(ZO) “("y BBy ™ "3 INPUT ACU(H

IF Ei=t THEN 28210

BE=EB+1

FRINT TAB«30) "("y BBy ™) "1 tINFUT BCU(D

IF C2 » ) THEN BB=BB+l EL3E 28185

FRINT TAE(ZO) ""y BBy *) "¢ s INPUT BCU(D)

IF D2 ~ ) THEN EB=BB+1 ELSE 28210

FRINT TAB(Z() "¢y BBs ") "3 :INPUT BCU(Z)

IF C2 » O THEN BB=RB+1 ELSE 28210

O FRINT TAB{Z0) "y BR: "} "; (INPUT BCY(Q)

REM

0 CLS :PRINT :PRINT

FRINT TAB:20) “Please check:"

20 PRINT :PRINT :PRINT
] ?2%N¥ TABU1S) "Critical CU Values from the Fixture Chart"
50 FRIN

PRINT TAB(Z0) “PFR": TAB(26) *!"; TAR(ID) FFR(Z)

) PRINT TAB(20) “PCR"s TAB(Z&: "i"; TAB(:) PCRD1:;

IF D2 > 0 THEN PRINT TAB(ES) PCRIDD);

() F‘R [ NT Hu
FEINT TARC20Y "PWR™: TAB(Z&) "i": TABITO) PWRICI):
(02 7 THEN =FINT Tabudar PuR.Cl:

. iF D2 - 0 THEN FRINT TAB(SS) PWR(C1:: ELSE 28275
G OIF C2 5 0 THEN PRINT TAB(AS) FWRICDY:

FRINT "
PRINT TAB(20)

0 PRINT TARI26) 3"

FRINT TAE(19) AéATID: TAB(Z8) ":“i TAB(30) ACU(L);

28300 IF C2 - G THEN FRINT TAB(40, ACU(2);
. 28205 IF D2 & O THEN FRINT TAB(SZ) ACU:{Zi; ELSE 28315
'~ 2B310 IF C2 » O THEN FRINT TAB(43) ACU(4);
* 28215 PRINT "
S 23320 IF El=1 THEN 28335
‘e 28329 PRINT TRB(2&) "i"
‘M 28730 FRINT TAB(19) BRATIO; TAR(Z&: "i"; TRBIID) BCU(L):
28235 IF €2 - O THEN PRINT TAB30) BCU(D):
28340 IF D2 : O THEN PRINT TAB{SS) BCU(3}: ELSE 28350
28345 IF C2 - O THEN PRINT TAB(4Z) ECU(8);
28350 PRINT "
28735 FRINT :FRINT :PRINT :PRINT
28360 INPUT s everything correct (Y/N) "; B%
28365 IF B$="N" OR B$="n" THEN 28375

28380
23785
29100
29105
29110

25115

LRI RN

a3 A A

v’

wp U -*‘ ‘..‘y).'_

() GOTO 27495

FRINT :PRINT

ég?%T ;o Please re-enter CU values, press <RETURN> when ready *, B$
27920

REM #asxenxssnnrisntss NUMBER OF FIXTURES #Etssatasssed s etisattas cenitesss

REM

REM

NUMFIX = (FCLEVEL¢RMFARERA:  LINITLUMSLJUANT ¢F INALCL*LLF?
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120 REM
29125 RETURN
29130 FEM
29125 REM
TOL00 REM erensrsetverexdt ACTUAL FC LEVEL o5 #o4is i 055444 ERe45 4005801400054
20105 REM

0110 REM

30118 SETFCHAIN = {ACTFIXNUM#F INALCU#LLF ¢ INITLUM*LQUANT) /RMFARER

30120 REM

0125 REM

30130 ACTFCINIT = ACTFCMALIM/LLF

0135 REM

30140 REM

T0135 REM sexassrnesexarsiee SPACING CRITERIA

30150 REM

0135 SPCCRIT = STMHRAT* FTFHGT-FTWSHGT)

0150 FEM

0185 RETURN

G175 REM

TO175 SEM

U0 REM thesekisiesdrinetd FOOM REFERENCE DATA #44s#£83 034061 EE41HEEEEEEEIS
30105 REM

0110 REM

40113 CLS :PRINT :FRINT

0120 INPUT Flease enter the building number: ", ELOGS

30125 PRINT ﬁPRINT

40130 INPUT Flease enter room number: . ROOMS
40135 PRINT :FRINT

40140 PRINT Thiz is Iteration #*; ITERATE: " +or this room*:
40145 INPUT " - Correct (Y/N* "; E$

40150 IF B$="N" OR B$="n" THEN 40150

40155 RETURN

40160 FRINT :PRINT :PRINT

0185 INFLT Pleasze anter Iteration ® ", ITERATE

1T G070 4SS

0175 REM

30130 REM

31100 REM eessrsseerssestenst 38-15 FOOTCANDLE LEVELS ##£#2444X80c0etrtibisreat
41105 REM

41110 REM

41115 LS

31120 PRINT :PRINT :PRINT

41125 PRINT TRB(2S) "FOOTCANDLE LEVEL REQUIREMENTS®

31120 PRINT :PRINT :PRINT

41135 FRINT TAB(12) "You must select the room's actual use along with 1ts”
41140 PRINT TAB(12) ”ccrrespondin% FC level from the fcllowing fable. This”
31145 PRINT TAR:12) “table comes trom the AFF 88-15, and 1s split into three"
41150 PRINT TAB(12i “screenz. To enter your cwn FC level, chocse #1 on the"
31155 PRINT TAE(12) "first screen.”

41160 PRINT :PRINT :PRINT ;PRINT TAR(28);

41165 INPUT "Press  <RETURN: to continue.”, B$

41170 B=1 D=0

311795 LS

41180 CLS

41185 PRINT ,"ROCM TYFE","ROCM USE " "FC LEVEL"

41190 FRINT

31195 FOR A=B 70 (B+it)

41200 PRINT ,A,RMUSES (A) ,RMUSELEVEL (R)

41205 NEXT A

41210 FRINT :PRINT ,(B+{2),"OTHER"

31215 FRINT «FRINT @ INPUT " Enter selected Feom Type: ", FMTYPE
41220 [F FMTYPE > (B-1) AND RMTYPE ¢ {(B+12) THEN 41255

41225 IF RMTYPE : 27 THEN 41325

41270 IF D=1 OR D=2 THEN 41240

41235 B=17 D=1 :307T0 41175

e 20
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(3Y PRIAT TRROLEY "To calculate She -
S CRINT TARC LS “aither the
Lel FEIMT TREITY Tuzed,

170 PRINT TAB{10) "

240 [F =2 THEN 41250

. £=00 D=2 5070 41175
3=t :D=0 :G0T0 41175
(F FMTVFE = 1 THEN 41745

1250 FCLEVEL=RMUSELEVEL (RMTYPE) :RODMUSES=RMUSES (RMTYPE,

CLS sPRINT :PRINT :FRINT :PRINT
O PRINT TAB(ZO) "You nhave chosen:
FRINTY

", FOOMUSES

280 PRINT TAB{(20) "With & footcandle level of: ", FCLEVEL

PRINT :FRINT TAR/20);

280 INPUT "Is this correct (Y/N) “+ E$

IF B$="N" OR B$="n" THEN 41305

00 RETURN
S FRINT :FRINT :PRINT TAR(12);
S10 INPUT “"Please select again, oress -RETURN. whern ready.”, 3§

o070 41170

34320 REM

CLS :PRINT :FRINT :FRINT :PRINT :FRINT :PRINT
PRINT TAB(15:3

138 INPUT “Invalid entry. aress  RETURN.  to try 3cain.”, B
40 G0TO 41170

: CLS ;FRINT :FRINT :PRINT

350 INPUT ¢ Plesse wndicate a=sired FC level: ", FCLEVEL

~0CHLSES = FMUSES (RMTVRE!

60 GOTO 41253

1203 REM

70 REM
100 REM sesspsseeseerexsss ROOM DIMENSION INFORMATION #¥€¥¥XX55EEE4556444544%
1) g%ﬂ ROOM CAVITY RATIO CALCULATIONS.

) REM

CLS :FRINT :PRINT :FRINT :FRINT

0 FRINT Th: 200 "ROGM DIMENSICNSY

FRINT <CRINT

ity ratios of the rcom,
3th an? width st 28"

D oseErineTer ing -lIgr irea’

sl ]

ZRINT TAB(1S: “aust be used.”

O FRINT PRINT oFRINT SFRIN

PRINT TAB(12) "Which will you be using to calculate the cavily ratics™

12150 FRINT

PRINT TAB(10) "Enter {1} for length and width meacurements,”
12) for perimeter and ares measurements."
7S FRINT TABLO

80 INFUT 'y 8

CLs

196 PRINT FRINT

FRINT TRB{10) "Enter the following room dimensions (in feet):"

2200 PRINT FRINT :FRINT

IF B=2 THEN 22223

210 INFUT " Raom Len?th: "+ RMLGTH

INFUT © Room widths " RMWDTH
20 GOTO 42275

INPUT " Koom Perimeter: *: RMFER
INPUT " Room Floor Area: "+ RMFARER
FRINT
INPUT * Flcor To Ceiling Height: "+ FTCHGT
INPUT Floor To Fi:ture Height: *1 FTFHGT
INFUT ™ Floor To Working Surtace Height: "; FTWSHGT

REM

0 IF B=2 THEN 32285

RMFER = 0 o RMLGTH+FMIDTH
0 EEEAREA = RMLGTH ¢ RMWDTH

; o IF FICHGT - O 03 FTFHBT « O THEN 42420

15T TCAVHST = FTCRGT - FURHGT

LV T I DV e % T T M e N e
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) IF TCAVHGT 3 THEN 332420

RCAVHGT = FTFHAT - FTRSHGT
o [F RCAVHGT ¢ O THEN 42470

FLAVRGT = FTWSHGT

v TF FCAVHGT 7 0 THEN 42429

FEM
i TCAYRAT = (2,5 « (JCAVHGT + RMFER)) / RMFAREA

RCAVRAT = (2,5 + (RCAVHGT # RMPER)) / RMFARES
0 FCAVRAT = 12,5 « (FCAVHGT # RMPER!) / RMFAREA

2335 REM
42740 CLS :PRINT :PRINT :PRINT
42745 PRINT " Flease verify the following information:"

2330 FRINT :PRINT
IF B=C THEN 42370
60 PRINT TAB{1S) "The Room Length: *y RMLGTH: "¢y,

FRINT TAB(13) "The Room Width: “s RMWDTH; "+4t,"

42370 FRINT TAB{15) "The Room Per:meter: s FMPER; "ft."

2 §R1N¥ TAB{1Z) "The Room Floor Area: "+ RMFAREA; '#t72"
280 FRIN
PRINT 7AB(1S) "The Fioor to ceiiing Heiaht: "y FTOHGT: "+
FRINT TRB(13) “The Floor to rixture Hei3ht: “y FTFHGT; “+t."
42795 PRINT TRBUIS) "The Floor to Working Surtace Height: “; FTWSHET: “+¢t.®
424y BRINT FRINT
42405 INPUT [s evervthing carrect ¥ ‘¢ O
AZ410 IF B$="n* OR B$="N" THEN 42485
42415 RETURN
32420 CLS
42475 FRINT :FRINT :FRINT :PRINT TAR(S):
42470 FRINT "Flease ensure that vour numbers 1t the foligwing requirements:
42475 FRINT :PRINT TAR(B);
42440 PRINT "i1) Fixture height sust be =aual to or less than Ceiling height:" [
32435 PRINT TRE(3);
42457 PRINT "12) Working curface cannot be above Fi:ture height: ang”
42455 FRINT TARIZ):

42040 PRINT "*70 Mg surfac2 9elaht zan Y2 less *han zero.
17355 FRINT ’

47470 FRINT TAR(S) "Fleace =nter the he:ght dimenzians azain: "
42475 PRINT SFPRINT
42480 GOTO 42235
42485 PRINT ;PRINT :FRINT TAE(11);
4249 INPUT "Please re-enter data. press <RETURN> when ready.", B$
42495 GOTO 42185
325070 FEM
2505 REM
47100 REM sessxsenpeneernisd SURFACE REFLECTANCES #5244 Rixsetsaegtrtiettrsintess
47105 REM
47110 REM
472115 CLS ¢FRINT :FRINT :FRINT
43120 PRINT TAB(I0 "SURFACE REFLECTANCES"
43125 FRINT :FRINT :PRINT
43130 FRINT TAR(12) "You need to choose the color and reflectance ratings®
43135 PRINT TAB(12) “of the ceiling, the walls, and the floor. Fallowing”
43140 FRINT TAB(12) "are 7 screens full of colors and their asscciated”
43145 PRINT TRB{12) "reflectances to make your choices from. Flease enter"
42150 PRINT TAE{12) "the TYFE # in the sequence indicated."
43155 PRINT :PRINT :PRINT TAB(Z4);
472160 INPUT "Press <RETURN: to continue.", E$
47165 REM
42170 B=1 :C=0 :D=0
7473 CLS (PRINT
3730 PROT L "TYPE", "ERRND", "COLGR", "REFLECTIVITY"
43185 FRINT
47190 FOR A=E T0 (B+9)
42195 PEI?T A, PTMANSA), PTCOLOR$ (A)s TAB(&Y) PTREFL )
STI00 NEXT A
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345 IF FLREF ¢ (B-1) AND FLREF
S0 IF FLREF @ 31 THEN 43490
255 IF D=1 OR D=2 THEN 4785

0 B=11 :0=1 :60T0 3175
IF D=2 THEk 1573

E=2 16070 32175
=] +D=0 1G0T 47175

2.3 FRINT :PRINT
T PRINT TaBt10) "Yeu have chosen:"
PRINT :PRINT

o (B+101 THEN 42230

L§'a.4'a gta gta- Bt gl LOAl Sk i ot iat al e tad ta Sed-td el bag o0 o) s " 1a gy varalh g N
42205 PRINT «FRINT , (B+10y, "OTHER"
47210 SRINT SFRINT
42215 PRINT ,"To select, Enter TYPE #"
43220 FRINT
o9 1€ €= 1 GOTG 43275
) [F C=2 607D 4':2‘
~2ng INPUT " TYFE # for Cerling Color: ", CLREF
7260 [F CLREF * (B-1) AND CLREF - (B+10) THEN 43280
43245 IF CLREF > 71 THEN 43790
43250 IF D=1 OR D=2 THEN 4;Lau
43255 B=11 :D=1 :b607D 43175
43250 IF D=2 THEN 13270
47245 B=21 :D=2 ;5070 43175
43”’h B=1 :D=0 :G0TQ 43175
; ER{NT TAB{iu) "TYFE # for Cerling Color: *+ CLREF
3285 INLT " TYFE # for Wall Color: ", WLREF
290 IF WLREF > (B-13 AN WLREF < (B+101 THEN 43135
% IF WLREF - 21 THEN 42490
) IF D=1 COR D=2 THEN 32312
B=ii :D=1 :50TD 42175
0 IF D=2 THEN 43770
B=21 :D=2 :5070 43175
0 B={ :D=0 :a070 43175
S PRINT TAB(1S) "TYPE # for Ceiling Color: "y CLREF
FRINT TAB(15) “TYPE # for Wall Color: " ALREF
35 C=2
O INFUT ® T'FE # for Floor Color: ", FLREF

3300 FRINT TAB(10) PTCOLORS (CLREF): TAB{Z0) "with a": PTREFL(CLREF):

05 PRINT "% Feflectivity for the Ceiling."
0 PRINT

S PRINT TAB(10) FTCCLORS ‘WLREF)3 TABIZO) "with a': PTREFL (WLREF::

3 Ei%g; "% Reflectivity for the Walls."

) PRINT TARi10) PTCOLOR$(FLREF); TAR(ZO) "with a"; PTR
PRINT "% Feflectivity for the Floor."

FRINT :FRINT :PRINT

5 INPUT © Are these all correct (Y/Nj "; E$
7450 [F B$="N" Of E$="n" THEN 42475

CEILREF = PTFEFL(CLREFY :CLCOLORS = PTCOLORS (CLREF)
(0 WALLFEF = PTREFL (WLREF) :WLCOLCRS = PTCOLORS (WLREF!
v :E?ngF = PTREFL(FLREF* :FLCOLOR$ = PTCOLORS (FLREF)
FRINT :PRINT :FRINT TAB(10);

0 INFUT "Please re-enter you choices, press <RETURN:
6070 43145

CLS :FRINT :PRINT :PRINT :PRINT :FRINT :PRINT

FRINT TAB(12);

GOTO 4317

) REM

REM

) REM sexstnsexersnesness ROOM DIRT CONDITIONS s##esssxs
44Ahd REM

) INFUT “Invalxd entry, press <RETURN: to try again.”,

EFL (FLREF;:

to continue.”, E§

Bs

(222222222222 22222222




tatgt tad tal ‘ad ¢ v g tal ikl et tat, et el Tal Pad Tat Pak v at e mt i alatgla alainva gla Aa'ata’als Ve ats aha"§ta" Ve ataats gl ata Ale AVa Sl ple Alex = ‘o b -adiat

¢
W
o]
fy
L)
~} 44110 REH
¥ 34118 LS :FRINT sFRINT :FRINT
34120 FRINT TARIZO) "FOOM DIRT CONDITIONS®
) 43125 RINT PRINT :PRINT
3 44120 FRINT TABIZD) “You must select a [Dirt Condition .
o, 43135 ERINT TAEW2Z) "and a ClEnnan cvcle for the rocm.
.\ 34140 FRINT :PRINT +PRINT (PRINT TAB(26);
X 44145 INFUT “Press -RETURN: to continue.", bs
. 44150 CLS :PRINT :PRINT
b 44155 PEINT ,"DEGREES OF ROOM DIRT CONDITION"
44150 PRINT :FRINT
34165 FRINT , "DEGREE", "EXAMPLE", "CONDITION"
~ 44170 FRINT
~ 44175 B=b
o 43180 FOR A=1 TO 3
> 34135 FRINT ,A, 2, RMDTCDS (A, 1)
o 43190 B=p+]
34195 NEXT A
34200 PRINT sFRINT
4205 FRINT " Enter DEGREE # to select condition or,”
j 44210 FRINT © EXAMFLE # to ce= axplatnation of condition,”
. 44215 PRINT :PRINT
-y 43220 INFUT ¢ Selection: ", C
g 34225 FEM
‘ 270 IF C 0 1 OR € 0 10 THEN 44425
¥ 48235 IF C - 0 SND C ¢ 6 THEN 44745
44240 IF C° T AND T 1t THEN 34263
< 44245 PRINT :FRINT
A 34750 INFUT ¢ Irvalid entry, erees :RETURN: to trv again.", EB%
A 44255 070 44140
. 14740 REM
N 33265 CLS FRINT
4270 PRINT TAB(10) "CONDITION : ", AMDTCD$(C-3,1
44275 FRINT FRINT
147%; FRINT | "CEMERATED DIFT", SMDTLD$/C-3,0:
- <4 35 PRINT
. 34750 ERINT "AMBIENT DIRT ", FMDTCD$(C-S.:
- 44295 FRINT
'~ 44700 FRINT ,"REMGVAL OR ", RMDTCDS$(C-S,4!
D~ 44705 FRINT [ “FILTRATION"
P 34710 FRINT
W 43745 PRINT ,“ADHESION ", RMDTCD$(C-S,5)
34720 FRINT
44725 FRINT (“EXAMPLES ", RMDTCD$(C-S.0)
- 44770 PRINT :PRINT sPRINT :FRINT :PRINT TAB(10);
- 775 NPT "Press  CRETURN:  when readv to continue.”, &
< 3474¢ 5070 44150
347245 FEM
44750 DIRTCDS = FMDTCD3(C, 1)
33755 REM
34760 FRINT
. <4765 FRINT * Please indicate the normal time between f1vture cleaning.”
“ 44370 PRINT ° Example: Cleaned once every three years = J6 months,”
T 44375 FRINT
» 44380 INPUT " four cleaning cycle time (in monthe)™: CLCYCLE
. 44735 CLS :FRINT :FRINT PRINT :PRINT :PRINT
-, 44790 PRI(T TAE{20) "You have chosen:”

44795 PRINT :FRINT
44400 PRINT TAB(Z0) "A Foom Dirt Condition ot: " DIRTCD$
43405 FRINT
A 423170 BRINT TARIZD “and a (lean: in Cycle ot " CLCYCLE: ° monthe"
N 44415 PRINT :FRINT :PRINT :FRINT TAR(1%):
. 14420 INPUT "Are these correct (Y/N)"; B$
- 34425 1F B$="N" OR Es="n" THEN 44475
: <4470 RETLSN
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44475 PRINT :FRINT
34330 FRINT FRINT TRB{1S);
34445 INPUT "Please re-enter data, press <HETURN: when ready.", B$
34450 6070 44130
34355 FRINT :PRINT
33450 INFUT © Invalid entry, press <RETURN: to try agan. *, B$
44445 GOTO 44130
44470 REM
44475 REM
45100 REM #eerrersesnneeriss LIOHT SOURCE TYPES #Hiiiftiitisiiettietisitisse
43103 REM
. 43110 REM
45115 (LS
45120 PRINT :PRINT
45125 PRINT TAB(32) "LIGHT SOURCE CHOICES"
45130 PRINT :PRINT :PRINT
45175 PRINT TAR(20) "CHOICE" TAB(40) “LIGHT SOURCE TYPE"
45130 PRINT :PRINT
45145 FOR A=1 70 5
5150 PRINT TAR(22) A; TAB(40) SOURCES (A 1)}: TABIEZ) "("y SOURCE$:A.2); "}
45155 NEAT A
45160 PRINT :PRINT
43165 INPUT " Enter CHOICE 4 for source selection: ", SOL
5170 IF S0L + 1 OR SOL - S oOTD 45200
45175 REM
45180 PRINT :PRINT
45185 INPUT " Do you want to use a fixture stored in memory (Y/N) i B$
45190 IF E$="n" OR B$="N" THEN STTAB=2 ELSE STTABE=!
45195 RETURN
45200 REM
45205 PRINT :FRINT
45210 INRUT * Invaiid entry, press /RETURN> to trv again.”, B$
45215 GOTO 45115
45220 REM
45225 ReM
A7) GEM eisevsiisarvisirtr FIATURE CHOICES 4325 3sadsfrdddashsepiriasotecress
47105 REM
47110 REM
47115 CL3
47120 PRINT TAB(21) "FIXTURE CHOICES: “; SOURCE$(SOL,1): “ Fixtures"
47125 PRINT :FRINT :FRINT
47130 PRINT "CHOICE"; TAB(12) "FILE #" TAB(23) “MAKE": TAB(Z7) "MODEL #":
471325 PRINT TAR(S!) "MAINT."™: TAB(68) 'DIST.": TAB(78) "S/MH"
47140 PRINT TAB(S0) "FHTCGUR(" TAR (647 “TYFE"
47145 PRINT :PRINT
47140 FOR A=1 T0 10
47155 FRINT TAB(Q) Ay TAB(12) FCODE${SOL, A;l;. TAB(23) FCODES(SOL,A.2)3
47160 PRINT TAB(37 #CODES(:OL A.J)g TRE(S2) FCODE$(SOL,A 4 ;
47165 PRINT TAB(bJ) FIATDATA(SOL,A,2); TAE(74) FIXTDATA(SOL.A,1)
47170 NEXT A
47175 PRINT :PRINT
47180 PRINT " Enter CHOICE # to choose ti:ture, or®
47181 INPUT " (0) to choose different light source type: °, FFC
47185 IF FFC < O OR FFC » 10 GOTO 47340
47186 IF FFC = O THEN RETURN
47190 REM
47195 REM
47200 CLS
47205 PRINT :FRINT
47219 PRINT TRB(20) "FIXTURE CHOICES: “; SOURCES$(SOL,1); “ Fixtures"
47215 PRINT <PRINT
47220 PRINT TAB(10) *You have chosen: "
47225 FRINT
47230 FRINT TAR(20) "Fixture Make:"; TAR(SS) FCODE$(SOL,FFC,Z!
47275 PRINT
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4:2§9 ERXNT TREIZO) "Fuxture Model:"; TAB(SZ) FCODESASAL,FFC.3)

j&ggé £§§:} TAB{2 “Fi:ture s Maintenance Categorv:“; TAB:S3) FCODE$ (SOL.FFC.4)
3;§Z§ 22%“? TRE(2O) “Fizture’s Distribution Tvpe:“; TARBIST) FIATDATA(SOL,FFC,2:
455?5 2&%5} TAB(20) "Fixture s 5/MH Ratio:"; TAB(33) FIXTDATA(SOL.FFC,1)

47275 PRINT :PRINT

47280 INPUT ¢ Are these correct (Y/N) “: E$
47285 IF p$="N" OR Bs="n" GOTO 47335
47290 REM

47295 FIXTFILES = FCODES(SOL,FFC,1)
47300 FIXTMAKES = FCODES(SOL,FFC,2)
47703 FI1ATMODELS = FCODES(SOL,FFC,2)
47710 MAINCATS = FCODE$(SOL,FFC,4)

47715 STMHRAT = FIXTDATA(SOL,FFC, 1)
47720 gégTTYP = FIXTDATA(SOL,FFC,2)
o

INPUT " Please choose again, press <RETURN: when readv."”. B$
47245 6070 47115
47250 REM
47755 REM
47360 PRINT
47765 INPUT " Invalid entry, press <RETURN: to *rv 2qain. ", B%
47370 GOTO 47115
47375 REM
47780 REM
48100 REM #edeesasirtsstsets [AMP CHOICES #44544048 R4 EH A R4 R4 ERHFHREELHEHES
48105 REM
48110 REM
48115 CLS
43120 PRINT TAR(2{) "LAMP CHOICES: "; SOURCES«SOL.1': * Lamps”
48125 PRINT :FRINT
48170 FRINT TAB.3) 'CHOICE": Tagdl?y "FILE 4"¢ TaR(T1Y "CCDE™.
48175 PRINT Trb(43) 'NATTS"i TAB133) "INITIAL": TAB(8! "MAINT.®
48140 PRINT TAB(S%) "LUMENS": TAE148) "LUMENS"
48145 PRINT
48150 FOR A=1 70 10
48155 PRINT TAR(10) Ay TAE(19) LCODES(SOL,A,1): TAB(Z0) LCODES(SOL,A,2):
48160 PRINT TAB(4Z) LAMPDATA(SOL,A,1); TAB(SS) LAMPDATA(SOL,A,2};
48145 PRINT TAB(58) LAMPDATA(SOL,A,D)
48170 NEST A
48175 FRINT :PRINT

43180 INPUT * To select a lamp, enter CHOICE # ", LiC

48185 IF LLC - 1 Ok LLC » 10 GOTD 48375

48190 PRINT

48195 INPUT How many lamps are required per fi:ture“; LAMPNUM

38200 IF LAMPNUM © 1 THEN 4837%

48205 REM

48210 CLS

48215 FRINT :PRINT

38220 PRINT TAR(10) “You have chosen:"
48225 PRINT iPRINT

46230 PRINT Lasp Type: *s SOURCES(SOL, 1)
48235 PRINT
48240 PRINT * Lamp File # “: LCODES (SOL,LLC, 1}
48245 PRINT
48230 PRINT * Lamp Code: "s LCODES (SOL,LLC,2)
48295 PRINT
48260 PRINT * Lamp Watts: s LAMFDATA(SOL,LLC, )
48265 PRINT
48270 PRINT ° Lamp's Init:al Lumens: s LAMFDATA(SOL,LLC.Z)
48275 PRINT
.
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(O INFUT
S IF Bs="N" OF B$="n" G0TD 43315

FRINT calp 5 Jatntalned umens: 'y LAMPDATA(SOL,LC, 2!
FRINT

) ERINT " Laape per Fixture: "t LAMPNUM
FRINT :FRINT

Ig avervthing correct (v/N) "; E$

5079 48735

PRINT :FRINT

INFUT © Flease choose again, press -RETURN: when ready. “, B$
GOTO 48115

30 REM

LAMPFILES = LCODES(SOL,LLC, 1)

0 LQUANT = LAMPNUM

LWATTS = LAMPDATA(SOL,LLC, 1)

0 INITLUM = LAMPDATA(SOL,LLC,2)
55 MAINTLUM = LAMPDATA(SOL,LLC,3)

A
48760 LTYFES = LCODES(SOL,LLC, D)
43765 RETURN
48370 REM
18275 PRINT :PRINT
43280 INPUT ¥ Invalid entry, press <RETURN: to trv again. “, E$
48385 GOTO 48115
48390 REM
36295 REM
0100 REM ¢sxxirrrrsntretret ON-TABLED RCOM INFURMATION etidfirerétiensiisatiss
50105 REM
S0110 REM
3(;11? gEM sErepRereeatarenrs ROOM USE W/0 TABLES
0120 CLS
S0125 PRINT :PRINT :PRINT :FRINT :PRINT
50130 [NPUT Please enter the room's use: ", ROOMUSES
50175 PRINT
0140 INPUT " Please enter the FC level required: ", FCLEVEL
50145 PRINT :FRINT :PRINT :PRINT
0150 INFUT Is evervthing zocrrect (1, N) " 5%
30155 TF 33=UN" OR B$="a" THEN 30155
20150 RETURN
G145 FRINT (PRINT :PRINT
S0i70 INPUT ¢ Re-enter data. Press <RETURN: when reaay.”, E$
S0175 6OTO 0120
50180 REM
50135 REM
Egtg«} REM s¥eseerévarunssees ROOM FEFLECTANCES W/0 TARLES
50179 TL5
50200 PRINT SPRINT :PRINT
0205 INPUT ¥ Please enter the Ceiling Color: ", CLCOLORS
502}0 égfl'lﬁ}' " Flease enter the Ceiling Aetlectance tno decimal:: ", CEILREF
S0215
30220 INPUT ¢ Flease enter the Wall Color: *y WLCOLORS
50225 INPUT " Flease enter the Wall Reflectance ‘no decimal): ", WALLFEF
S0220 FRINT
0275 INPUT Flease enter the Floor Color: ", FLCOLORS
50240 INPUT " Please enter the Floor Reflectance (no decimal): ", FLOOREF

50249
0250
50255
50260
20285
50270

50275

=070
50263
50290
50295
5700

PRINT :PRINT ¢PRINT
INPUT * Is everything correct (Y/N) ": B$

IF B3="N" OR E$="n" THEN S0290

IF CEILREF < 1 CR CEILREF - 100 THEN S0280

IF WALLREF < | OR WALLREF > 100 THEN 350280

IF FLOOREF - 1 OR FLOOREF : 100 THEN 50280

PETURN

PRINT <FRINT

FRINT reflectances must be greater than one and less than iuu,”
PRINT sFRINT

INFUT ¢ Flease re-enter data, oress RETUFN: when readv.", B$
G010 S019%
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5305 REM
) REM

511&0 REM #exexsxssreressasr NON-STORED FIXTURE INFD #44%3 454 ERRERREE44H1KEE2ES

51105 REM

Slill REM

£Ls

{: FRINT TAB{
S1125 PRINT :FRINT
51130 PRINT
S1135 PRINT *
51140 FRINT "(Enter
51145 FRINT :PRINT
) INPUT

INPUT "

51140 FRINT

5185 INPUT ©

IF MAINCATS =
1F MRINCATS =
IF MAINCATS =
O IF MAINCATS =
IF MAINCAT$

00 "LUMINAIRE INFORMATION"

‘0" to get help, when showni

Fixture Make:
Fixture Model:

Maintenance Category «OR °

"1 THEN 51220
"11* THEN 51220

"I11* THEN 51220
LIV THEN 51200

"* THEN 5122

GOSUB SS100 ELSE S1240

S1200 IF MAINCATS = "VI" THEN 51220
: ubeB 54100
’ :00TD 51292
Htﬂ
SLI20 INPUT stt.xbutxun Tupe (OR '0°):
51225 IF DISTTYF < 1 OR DISTTYP : S TH
51230 =2 :B0T0 51295
51235 REM
1240 INPUT ¢ Spacing-tc-Mount:ng Height:
31245 PRINT :FRINT
S125) INPUT ¢ Lamp Twpe:
1252 INPUT " Lamp Wattage:
S1Z285 INeUT Lamp Quantiiv:
SI1260G INPUT ® fn1t:3l Lumens:
S1255 INPUT 7 4aintained _umens o )
S1270 REM
1275 1F MAINTLUM=0 THEN MAINTLUM = INITLUMs, 85

51:80 REM

51’95 o070 S137S
1290 REM

51295 CLS

S1I00 PRINT TAR{ZY "LUMINAIRE INFCRMATION

1205 PRINT :2RINT

S1210 FRINT 'Flease enter the following intormation on the fix

51215 PRINT * use:
51320 FRINT " (Enter
S1329 PRINT

S1230 PRINT *

51335 PRINT *

51340 PRINT

51245 PRINT

‘0" to get help, when shown)

Fi:ture Make:
Fi:ture Model:

Maintenance Category (OR "0 '):

31330 IF A=1 THEN 51215

51355 REM

91360 PRINT *
31365 GOTO 51240
51370 REM

31375 CLS

Distribution Type (OR "0°):

31380 PRINT TAB(30) "LUMINAIRE INFORMATION"

91385 PRINT :FRINT
G139 CRINT "
21395 PRINT sPRINT
1400 PRINT "
31405 PRINT

S131) =EIT

R A i A S S R SN,

Fixture Make:
Fiuture Model:

LA P
T Ta "

Please verifv the following:

L [ ]
1

-G seraults:

"Please enter the following information on the fi:ture you wish to":
use: "

", FIXTMAKES
", FIXTMODELS

", MAINCATS

", DISTTYF

", STMHRAT

", LTYPES
', LWATTS
« LOUANT
. INITLUM
. MAINTLLM

fure you wich to":

"t FIXTMAKES
“+ FIXTMODELS

"1 MAINCATS

"+ DISTTYP

1 FIXTMAKES

", " "3 FIXTMODELS

e A A A
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51413
51420
51425
T1430
51435
51437
S1340
51445

FRINT *

PRINT ©
PRINT "

FRINT :PRINT

PRINT *
FRINT "
FRINT "
PRINT
51450 FRINT

31435 FRINT :PRINT
51460 INPUT "

. 31445

i 51470

IF LQUANT < 1

1 51475
. $1480 REM

: S1465 RETURN

¥ T1490 PRINT :PRINT

51495
1500
51505
1310
51515
S1S20
coene
wiJdad

o153

1335
2 54100

94105 REM

4110 REM

34115 CS

4120 FRINT :PRINT

53175 SRINT TAR!IO)

G070 51515
PRINT :PRINT *
607D 51519
REM

PRINT
INPUT "
o070 SIS
REM

REM

Fl

Yaintenance Lategorv: « 't MAINCAT

Distribution Type: *. DISTTYF
Seacing-to-Mounting Height: ", STMHRAT
Lamp Type: tyo" My LTYPES
Lamp Wattage: ", LWATTS

Lamp Quantity: ", LQUANT
In1tial Lumens: “y INITLUM
Maintained Lumens: ", MAINTLUM

Is everything correct (Y/N) “; E$
IF B$="N" OR B$="n" THEN S15{3

THEN 51490

IF INITLUM < MAINTLUM THEN 51500

Lamp quantity must be greater than one.”
Initial lumens must be greater than maintained lumens.”
“RETURN:

gase re-snter Jata, press when ready. ". B$

REM #x#xnerrxsreads MAINTENANCE CATEGORIES #%ESN¥SERAFFRRFERRECREFERHERRERES

"MAINTENANCE CATEGORIES"

SJ%iLd
. 4130 FRINT sFRINT sPRINT
. 54175 PRINT TAB(1 "CHOICE": TRB{TS) "SYAMPLE": TAR{40) "MAINTENANCE":
54140 FRINT TAB(AO) “AMOUNT OF"
T3135 FRINT TAB(42: “TATEGORY": TRB{sld "WORK"
SHE0 PRINT
o S4153 FOR A=1 T0 o
S4160 PRINT TRBi 1Ly Ay TABIZT) (A+b); TAR(4S) MCATS$(A,1); TAR(ST) MCATH(A,D)
; 24165 NEXT A
y S4170 PRINT :PRINT :PRINT
3 54175 FRINT * Enter CHOICE % for selection or,"
54180 INPUT © EXAMFLE ¥ for e.plaipation. ", B
94135 IF 8¢« L OF 3 ¢ 12 THEN S472C
54190 IF 8 - 7 BOTO 34305
4195 REM
4z CLS
34205 PRINT :FRINT
4210 FRINT TRE(Z8) "MAINTENANCE CATEGORY EXAMFLE"
4215 PRINT
S4220 PRINT TAE{(3S: “CATEGORY "; MCAT${B-&,1)

5425 PRINT :FRINT
g 54270 FRINT TAB(10)
, 54275 FRINT
\ 54740 FOR A=3 T0 5
. S4245 PRINT TAB(10)
54250 NEXT A
54755 PRINT :PRINT
gg?g ES% TAB(10)
wta
SITMEOR A=n TO 7
- S4275 PRINT TABU10)
£4280 NEXT A
£4725 PRINT :PRINT :
3 54:0& !NPI.IT "

S SN ST LI L VLIPS I 9 AL JONE D S
N AP M AN N I S A N A N A

*TOP ENCLOSURE: "
(A=2); *. "; MCATS$(B-6,A)
"BOTTOM ENCLOSURE: ”

(A-315 . " MCATS{B-6,R)
PRINT :FRIMT

Fress “RETURN: when readv *o continue. “. 0%
AL
DA N I NI L R L A N PP E PRI PN A D My
» '{\ A ,_,} ST xfxfﬁ ?r" L9 'y \¢\;s \T\ $.\ \,

»- | R ] FLEU R I
(R EECRAN VS N




54295
: 24300
. 4305

S4210

TATE
R ad
54320

ATAE
! 4325

: o

o2 AN

54340
W) 5100
29105
Sel10
{ S9L1S
N 53120

) P
- Taidh
59135
55140
35145
G510
59195
3Stau
A
817
ey !
9180
5o18s
v 32190
55195
9200
38295
59210
Z3218
S7inG
TS
ST
718
7120
' S%
57130
57135
57140
55

30T 34119
REM
MAINCATS =
RETURN

REM

PRINT :FRINT
INPUT "

60TO S4115
REM

REM

REM exxpervessnsssnsss DISTRIRBUTION TYFES SE%EFEEEREEEEEREELLREREREREREREE
REM

REM

CLS

FRINT :FRINT

PRINT TAB(20) "FIXTURE DISTRIBUTION TYPES"

FRINT :PRINT :FRINT

PRINT TAB(20) "TYPE": TAB{Id) “DISTRIBUTION":

FRINT TAR{S1) "% UP"; ThB(&1) % DOWN"

PRINT

FOR R=1 TO S

PRINT TAB!21) Ay TAB(ZM) DTYPE$(A.1);

FEINT TAB (S0 DfYFES(ﬂ.Z): TAB(e1) DTYPE$IA,Z)

NEXT A

FRINT :PRINT :PRINT

FRINT TAB(1D) “Enter TYPE & far selection:

INPUT * ", DISTTYP

IF DISTTYF < { DR DISTTYP » S THEN 55195

RETURN
FRINT
INFUT *©
3019 €218
Rl 4}

CEM o453 80 4568834848 HARDCOPY #5430 4444844004 L 4P SRS LA HELLLLLREHFH 444
REM

SEM

{Ls

PRINT :PRINT :FRINT :PRINT :FRINT :FRINT
FRINT TAB{10);

INPUT "Pe sure that your Frinter is on, press
EE#NT tFRINT :PRINT :PRINT TAB(32) "PRINTING"

AT$(B, 1)

Invalid entry, press <RETURN: fc try again.”, E$

s s ® 4 & A

A

Invalid entry, press <RETURN: to try again. . B$

<RETURN: to continue.", B$

P

SEM
S7150 LPRINT TAB(20)
CT1S5 LPRINT
57150 LPRINT TAB(1O)
37165 LPRINT TAG(3H
57170 LPRINT TAB(56)
57175 LPRINT :LFRINT
S7130 LPRINT TRB(LO)
57135 LPRINT
57190 LFRINT TAR(13)
37195 LPRINT TAR(4%)
57200 LFRINT

*INTERIOR LIGHTING DESIGN PROGRAM OUTPUT®
*BUILDING # "; ELDGS;

“ROOM % ": RGOMS$:

“ITERATION: "; ITERATE

"ROOM INFORMATION: "

"Use: "; RODMUCSES;
"FC Required: "} #CLEVEL

57200 LPRINT TAB(13) “Lenqth: "; RMLGTH;

S7210 LPRINT TAB(4S) “Perimeter: *;

S7215 LPRINT TAB(13) "Width: "3 RHWbTH:

57220 LFRINT TAB(4S) “Area: "+ RMFAREA

57009 LPRINT

ST2%0 LFRINT TABILD) "Ceiling Height: "i FTCHGT;
97235 LPRINT TAB(4S) "CCR: "3 USING “#%.#8": TCAVRAT
S7240 LPRINT TAB(13) "Fixture Height: "; FTFHGT;
§Z;ﬁ$ CPRINT TARCAZ) "RCR: 3 USING "#%, 48" RCAVRAT

LERIDNT TREAT

v e

AR N I T S S C
YA N Y NN

“derking Height: " STWSHGT:

L O A S STy S .
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T705% LFRINT TAE:43) "FCR: i USING "¥%.%8": FCAVRAT
7 } LFRINT
I LFRINT Tap 13 "C, Color: "y CLCOLORS:
‘""70 LPRINT TAB/40) "Feflectance: ": CEILREF;
S7275 LFRINT TABieQ) "Effective: 'y EFFCREF
57280 LFRINT TABi1Z) "W, Color: "3 HLCDLORS: k
37785 LFRINT TRE{40) "Reflectance: "; WALLREF
57290 LPRINT TAB(1Z) "F. Color: "; FLCOLOF$
LPRINT TABd0) "PeflectanCE‘ *: FLOOREF:
G LPRINT TAB{&0) "Effective: "; EFFFREF
5 LFRINT
0 LPRINT TAB(13) "Room Condition: "; DIRTCD$;
37713 kgﬁINT TAB(43) "Cleaning Cycle: *; CLCYCLE; " months”
o
LPRINT :LFRINT
LPRINT TAR(10) "LUMINAIRE INFORMATION: "
37725 LPRINT
240 LFRINT TAB(1Z) "Fixture File # "y FIXTFILES
7245 LPRINT TAB{13) "Fixture Make: 1 FIYTMAKES:
7o LFRINT TAB(4S) "Lamp File # ": LAMFFILE$
37355 LPRINT TAB(13) "Fixture Model s ": FIXTMODELS;
57360 LPRINT TAR(4S) "Lamp Type: "; LTYFES
S LPRINT
S OUPRINT TARIT) "3,/MKH Ratio: '+ 3TMHRAT:
LFRINT TAB43) "Lamp Quantity: "+ LQUANT
0 LPRINT TRE{1Z) "Malntenance Lategor»' "+ MAINCATS;
55 LPRINT TAE(43) "Initial Lumens: W INITLUH
399 LFRINT TAE(13) "Distribution Type: “- DISTTYF;
S LFRINT TAB(4S) "Maintained Lumens: "; MhINTLUH
"‘U” LFRINT
27405 LFRINT TAB(1Z) "Necessary Values from”
J 410 LPRINT TABOID) "Fisture’s CU Chard:
”414 LFRINT Tﬂdf4ul "LLD: "s USING "#.#84"; LD
7420 LFRINT TRB¢4S) "LDD: "o USING "8, hw#"; LLD
T LFRINT 'AE‘1 }OYRFGTy TRBLT MMy TRR(I3Y PERITY
T LFQINT TRBisS) “RSDD: 1oSSING LR SSTD
S LPRINT raB(l’ "PCR": TARILTY " "y TARIISY FCRiDLu:
0 IF D2 - O THEN LFRINT TAB:(Z0) PCﬁfD”‘
LPRINT TAR(35) "Total LLF: 1 USING “#.#84"; LiF
(¢ LFRINT TAB(13) “"FWR": TRB{IT} “i"y THB(lB) PWR(C1)s !
4/4 IF C2 - O THEN LPRINT TAR{Z3) PNR(C‘
57460 IF D2 % O THEN LFRINT TAB(I0) PwR(Cli: ELSE 57470
455 [F €2 0 THEN LPRINT TAR(T6) PWRICD:s
37472 CPRINT "
57472 LPRINT TAB1Z) “RCR"; TAB(IT) "1
37430 LERINT TAB/4S: “‘Ioor Cavity Factor: *s USING "#.w##": K OEF
57435 LPRINT TAB(13) “-———-} "
57490 LPRINT TAR(45) “F1nal Cus "+ 1JSING . 888" FINALCU
7495 LFRINT TAB(12) ARATIO:; TAB(IT) "i"y TARIIB) ACUI1);
57500 [F C2 » 0 THEN LPRINT TAB(Z4) ACU (23
S7505 IF D2 » O THEN LPRINT TAB(Z0) ACU(Zi: ELSE 57515
57510 IF C2 » © THEN LPRINT TAB(Z6) ACU(4):
57515 IF El=1 THEN S7545
7920 LPRINT TAB(12) BRA 10; TAB(17) *i=: TAB(:B BCU(1);
57229 IF C2 O THEN LPRINT TAR(24) BCU(
57930 IF 02 : O THEN LPRINT TAB(Z0) BCU(S); ELSE 57540
57979 1F C2 © U THEN LPRINT TAB(36) BCU(M);
57540 LPRINT "*
57545 LPRINT :LFRINT
97990 LPRINT TAB(10) "RESULTS: “;
27925 LPRINT TAR.AS: “"Spacing Crx‘erxa vfRre My USING ek gy RCIRIT

e S A e

PRI W )

ledheleehe b AL W &

60 LPRINT
"‘65 LPRINT TAB(13) “Fizture # Required: " UqING CRARL 88T NUMFIX:
57570 LPRINT TAB:43) "Initial FC Level ACTFCINXT
ITETT OLRRINT TAELIT) "FLoture § zad: R R H
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37960 LPRINT TAB(45; "Maintained FC Level:  “i ~

57585 ReM
I759C NEM

cICnc ANATH t
57575 2070 11

3"au0 REM
STECS REM
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i
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a0 DIM FTMANS TC: o[IM PTCGLORS (30: (DIM FTREFL.TY
32 DIM RMUSES (et ¢DIM RMUSELZVEL:ZS:
94 DIM LCODES(S,10,2) :DIM LAMFDATA(S, 10,0
06 DIM SOURCES:S, O
206 OIM CFRa3; DIM CCRUS) :DIM CWRt4,
2tu DIM FCODES (S, 16,4 :DIM FIXTDATA(S, 10,0
J12 DM ULe10. 4,20 DIM QU200 2,00
214 Cim CUZO10,4, 1) «DIM CUd(10,3. 20
21a DIM PT(FCS‘J,
JIM MCATS5,T)
REM
© CURCE$:1. 1 ="Incandescent” 1S0URCE$ 1, 232

SOURCES$ (2, 1) ="Fluorescent” S0URCES 2,21=

S0URCES /4. 1i="Metal Halige"
310 SOURCE$( S, 1r="hign Freseure xcoium’

-3 cpan :r,f;.cEtg‘*‘:.-c-__
—L - i e BERY
'Jemi-indirec (D7PER 200=

"Direct-indirect” :
“semi-Direct” :DTwFEa.‘ ) .
Giract” :}TVFESrE.Z‘="O-1?

0won 0[ "o

S22 DTRER L0
24 TTYPES S

S2o REM

(PRINT (PRINT :PRINT :FFINT :ERINT (PRINT

10us LL-

SCURCES (2, 1y ="Mercury Yapor®” 1 S0URCES 2, 2
$S0URCES 4, Zi=t (MH Y
1SUURCES: S, o=

OTYFES . T, 2‘ “41 -n(a"

e .-:2 o

"CINCH!
||F‘v.
“"v'u

RS

:;Tl—’§
TTVRES.
toTiFES:

(STIFES:

wn t\l_ll 0

'l.l'=”I‘ HCNT*':.1‘=JXI" $MCATS T, =m0
AoV GMCATS.S, ity tMCATS (5, =" 01

{.20= Ho=‘“ sMOATSZ, 2:=" = " tHCATS. 7.2 ="Some"
4,2 ="Sepe :ﬂCATi‘S,Z:=' - aMLAT$ s, Di="least”
I ooE DT CTRewst -

=R CaR 2 =5 Cuk 3=

Loi ,:;?, TAB17) "Flease place vour DATA DISF 1n the A drive

(S FRINT

Vils BRINT

IR OMNPUT Sreze RETLAN  wher w235, ', 3
170 REM

1G5 OFEN "I, "Gy LAMFDATA, DRT®

1746 FOR A=t ’O g

1545 FCF E=1 70 10

1050 INFUT#L, LCODES«A,B,10, LCIDES A.B, D)

1055 INFUT#L, LeMPOATA(A. B, 11, LAMPDATA(ALE, D0, LAMFDATA WA B. T

160 NEAT B

£765 NEXT A

1070 CLDSE #!

1075 REM

{030 OFEN "1", #1, "A:FIATDATA.DAT"

1735 FOR A= 10 5

1090 FOR B=1 70 10

1795 INFUT#!, FCODE$A,5.1), FCODES(A,B,2), FCODE$: A, B, ), FCODE$ (A B, &
1100 INFUT#1, FIXTDATA(A,B, I> FIXTDATu(h é o

1105 NEYT B
L1 NEXT A

LS lllag 4

120 FEM

1125 rEM
CLTOOOFEN T 4,
1125 FOR w=] §0 2o

ATREFLECTR, DRT”

.l ‘! -..‘n ".. -' l( ‘-':.P_--' -“ .) LI .‘. _" _..._‘.
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.\_iJ..r.r.'ff(

1140 IHPUT*I. ©TMANS (A}, FTOOLOR$:A), PTREFLIR)
1145 NEXT R
1155 CLOSE #1
1132 REM
1150 FEM
1185 GFEN "1, 41, "A:AFABE1S, INF"
1170 FCR A=t 10 35
1175 INFUT#!, RMUSES.A), ~MUSELEVEL:A)
1130 NEXT 3
1185 CLOSE #!
1190 REM
1195 REM
1200 OPEN "I, #1, "A:MAINTCAT, INF"
1205 FOR &=1 70 &
1210 FOR B=1 TO 7
1215 INFUTH1, MCATSA, By
1220 NEAT B
225 NE(T A
1270 CLOSE 41
1235 AEM
124 REM
4100 REM #Residsendsaeses it MENU -- [] $HEREERAFREEESRFRRERESEPRREARRBIREI LRI $1 0
41055 GEM
1110 REM
4115 45
3120 FRINT
3125 PRINT TAR(IS) “MEMU -- C1"
4170 FRINT :PRINT :FRINT
4135 PRINT TAB(ZO) “TYFE": TAR{401) “FROCEDURE"
3140 FRINT :FRINT
4145 PRINT TAB(Z2) “1": TAB(4u) “Update Menu"
50 FRINT
1159 PRINT TAR(2D) "2%; TRE(40) ‘'Hardcopv Menu”

-FINI
ARl 'Z”: TRE(IO) "RETURN TO MAIN MEND"
Lo (PRINT (FRINT
4175 NrUT " Flease anter seiectec srocedurs: Y5

2150 REM
4185 ON & G0TO S100,6100,4195
4190 GOTI 4190
4195 CLS :PRINT :PRINT :SRINT :FFINT
4707 FRINT TABIZ2)) lace your PROGRAM DISK 1n the "A° drive,”
4205 PRINT (PRINT
410 FRINT ThRiZa)g :INFUT "Press <RETURN: when ready. ", &
3215 FRINT tFRINT :FRINT o
4220 FRINT TAELTL: “LOADING MENU -- A"
225 CHAIN "3 LIGHTIAY, L0
4270 FEM
4275 REM
EANG REM ereadeseneaexte®sr MENU = [0 240t eppt it bns s a bt it b n it e s qh R8s 41404
o195 REM
S110 (LS :FRINT
S115 PRINT TAB(33) "MENMJ -- C2"
S120 PRINT TAB(24) "CHANGE / UPDATE INFORMATION CATA®
S125 PRINT :PRINT :PRINT
S170 PRINT ("TYPE" ,"PROCEDURE"
S175 PRINT
5140 FRINT ("1","Update AFM 88-15 Information”
5145 PRINT
5150 PPINT ."2"."Urdate Color Reflectance Data”

TeT
Jh AH

160 F ‘INT ,"3", "Update Fixture Data"
51465 FRINT

SU70 FEINT L '3 "Upgate Lamp Data”
3175 FRINT

th. D3
4 ." J‘_‘ \q o - I_ l“.r\f\.'c N _'.-.“ ,-__.\-'__J'\\.-__, \ ,‘ s ...’..-‘.,- -\ .r

e m . B B

- ... 8 a
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TROAL R,

e

y

'.ro * -ﬁ_l

) YT

150 FRINT

Z153 FRINT "S","RETURN TO MENU -- (1

S190 FRINT :FRINT (PRINT :FRINT

3195 INRUT 7 Please enter selected procedure. *. &
5200 REM

5205 ON & BOSUB 29400, 20100, 32100, 74100,2215

5210 6070 Stoo

5215 607D 4100

5220 REM

5225 REM

5100 REM ##dkansrrexrrarser MENU —- C3 (HARDCOPY) #6#%##%8EEEXRERFEFERERESHEES
6105 REM

A110 REM

ai1s LS

o120 FRINT

3125 PRINT TAB(3S; "MENU -- CI"

2130 PRINT TAB(Z&) "HARDCOPY"

6175 PRINT :PRINT :FRINT
By TAR40) "PROCEDURE"

5140 FRINT TRB(20) “"TYF
5145 PRINT sFRINT

o150 FRINT TAB(Z2) "1": TAB{40) "AFF 88-1S5 FT Leveis"

5155 FRINT

=160 FRINT TAR/ZZY "2": TAR{AO: "Color Chart”

5145 FRINT

5170 FRINT TAB(22) "7"; TAB(40} "Fixture Choices"

5175 FRINT

5120 FRINT TAR(2D) "4": TAB(40) “"Lamp Choices”

5185 PRINT

819G FRINT TaB{(22) "S"; TAB{AD "Specitic CU Tablee"

6195 PRINT :PRINT

4200 PRINT TAR(22) “&": TAB{(4G) “RETURN TO MENU -- Ci“

A20S FRINT FRINT

8719 jgﬁUT " Flease enter selected procedure, *, H

A )

OOON 5 COZUR SAVGC,STL00,STI0N, SEI00, sntnn, g T

073 i

v GETO 4100

S5 .9 :EM

&24) REM

29100 REM reresereerxrsisssrs UPDATE AFR BB-15 FC LEVELS %4454 L444R546542544
29105 REM

2711 REM

29115 CLS sPRINT FRINT (FRINT (FRINT

29120 FRINT TAB(Z7) 'UFDATA AFR 58-15 FC LEVELS"

29125 FRINT :PRINT

29170 FRINY TAR(1SY "Thiz orocedure allows sou to change the AFR 38-!
29135 PRINT TAB/1S) "FC levels currently 1n memory and on disk.”
29140 FRINT :PRINT

29145 FRINT TRB(1S) "Enter (1) to continue, or"

_91S0 FRINT TAR(1S) ° {2 tc return to menu”

29155 INFUT "tk

29140 [F @=0 THEN FETURN

29145 B=1 D=0

23170 €LS

22175 FRINT TAR(1S) "ROOM TYFE": TAB(Z0D) "RCOM USE"; TAR{60) "FC LEVEL"
218G FRINT

29185 FOR A=B TO (B+11)

29190 FRINT TAB(18) A; TAB(3() RMUSES(A): TAB(63) RMUSELEVEL (A)

29195 NEXT A

29200 FRINT

29265 FRINT TAB. 18 (B+1l:y TAB.TO; “OTHER®

29210 PRINT :PRINT :PRINT TAB{1S)

29215 INPUT "To change 1information, enter TYFE & or {0} to quit. ", RMTYFE
29220 IF &MTVPE = O THEN 29345

JI2C3 GF RMT(FE - iB+ly AND RHTVFE . <B+12) THEN 2370w

- .
Fla o+ 2




29270
CeR3IE
23040
et T~
RS
e loknl -
280306
agnes
-Tawd
oAl
Ftt- )]
25263
29270
~fa7e
;?L/
(]
29280
~gnQe
9285
Q10
29290
EnTolal

26295
RO
29705
2931

I RMTYFE - 37 THEN 29755
IF 2=1 CR D=2 THEN 2324%
d=17 3=l :501C 29170

IF D=2 THEN 29055

3=25 10=2 15073 29174

b=t D=0 16070 23170

CLs

FRINT 3PRINT :PRINT )

PRINT TAE{13) "Please enter the rollowing information: "

S FRINT “for Room Tvpe #"; RMTYFE

PRINT :PRINT :FRINT TAR(ZS);

INPUT “"Room Use: "y RMUSES (RMTYFE)

FRINT

PRINT TAB(2%);

INPUT "FC Level Fequirea: “v RMUSELEVEL (RMTYFE)
PRINT :FRINT :FRINT

INPUT © Is Evervthing Correct (f/N) “: B
IF B$="N" OR E$="n" THEN 29125

220 GOTO 29165
S PRINT :BRINT s=RINT TRBL2)

0 INFUT "Flease enter correct informaticn. press -RETURN: when ready.”. E$

5070 29260

26320 ReM

743 £LS
29350 FRINT :PRINT tFRINT :PRINT :PRINT

55 FRINT TAB (30 "SAVING NEW iNFORMATION”
36750 OFEN “0", 1, "A:AFREGLS. INF"

FOR A= TG 36

270 WRITERI, RMUSES/%), RMUSELEVEL(A)

pEER
ER-
TN
23415
F4Z0
70100
20108
0110
oS
wlzo
25
T
0138
MUY
20148
p
0155
Ta169

NEXT A

) CLOSE 41

ot

FCINT sSRINT (BRINT :FRINT

SFUT Ih.aild entyy, seess AETURNL o tre sgaln, L 33
607D 29170

LEM

REM

REM ##tnserserexd2i543 JPDATE COLOF CHART #¥4€RERREEEE45A444FEERRLEFLER4S
REM

REM

SLS sPRINT «FRINT :FPRINT :(PRINT

FRINT TADB(IL) "UFDATZ COLOR CHART"

FRINT :PRINT

FRINT TAR- 17" "This procedura allows sou to change the cclor”

FRINT TAB(17) “chart currently 1n memorv and on disk.”

FRINT :FRINT

FRINT TAB/17) "Enter {1} to continue, or"

ERINT TRBOL7) © (2} to return to menu.”

= INPUT n

IF B=C THEN RETURN

30165 B=1

0170
0178
pOIEL
70185
19
0195
30290
PO
30210
0215
0220

c
PN}

CLS

PRINT

FRINT ,"TYPE 4", "BRAND", "COLOR", “REFLECTIVITY"
FRINT

FOR A=B 70 (B+14)

z§£¥TA,A, PTMANS (A), PTCOLORS (A); TAR(A0) FTREFL (A}

ERINT (PRINT ,(3#120, "OTHER"

FRINT

INPUT " To correct data, enter TYPE # or (0) to quit. “, REFTYFE
[F REFTYPE=0 THEN 30243

oFAEFTRE . JB-ii AND SEFTYFE BeiZ) THEN TOZS0




0230 IF REFTYFE > 71 THEN J07%
IF B=le THEN B=1 EL3E Tid
b 50T 30170

S BRI GOT0 T0LT0

70250 REW

0225 CLS :FRINT :FRINT

0260 FRINT TAB(1?) "Enter the following information to replace”
30265 PRINT TAB(19) "the reflectance dafa for TYPE # “; REFTYFE
20270 PRINT :FRINT

30275 INPUT 0 Faint Manufacturer: ": FMANS
0280 PTMANS (REFTYPE) =PMANS :FRINT

30285 INPUT Faint Color: ": PCOLORS
30290 PTCOLOR$ (REFTYPE) =PCOLORS :PRINT

70205 INFUT Reflectance ino decimali: ": PREFL
30700 FTREFLA(REFTYPE) =PREFL

IGI05 PRINT :FRINT (FRINT

’U INPUT ° Is evervthing correct (Y/N) ": BS
15 IF B$="N" OR B$="n" THEN I02235

7? 6T 30143

FRINT :PRINT :FRINT :FRINT TAB(100:

(0 INPUT "Please enter correct information, press <RETURN: when ready.”, E$
I5 6OTD 0255

a3y

S CLZ sFRINT (FRINT (PRINT :2QINT :FRINT

Jat] FE;NT TAB(23) “SAVING NEW INFORMATION®

K

(0 OPEN "0", #1, "A:REFLECTR,DAT"

o

‘.'I w.-,() dRITE#I PTHHN$IA). PTCOLOR$(A), PTREFL(A)

v 5R1NT tPRINT
- NPT " invalid antry, aress FETURNY  to frv again, . 38
?0400 3070 TGiad
TIA0S REM
0410 REM
‘:1‘ i) REM seerpesnserpereres PDATE FIITURE FILES $#5etRerdssnrsefisrssshsoseiss
32105 REM
32110 REM
32115 CLS :PRINT :FRINT :PRINT :PRINT
32120 PRINT TAE(ZO) “UFDATE FIXTURE FILES"
T2i2S PRINT «FRINT
22150 FRINT TABil&) "This procedure allows vou to change tne f1iture’
22175 PRINT TAB(1&) "data currently in memory and an disk.
?2140 FRINT sPRINT
72145 FRINT TRB(1&) “Fnter (1) to continue, or"
”2150 FRINT TAR!16) D) to :eturﬁ to menu.
32195 INPUT ¥ "s B
32160 IF B=2 THEN RETURN
T2.65 CLS
22170 PRINT (FRINT
To175 FRINT TAB(ZOY "UPDATE FIXTURE FILES™

hddede d AR Lot

"o

2180 PRINT :PRINT :PRINT )
32185 PRINT TAB(20) "CHOICE"; TAB{40) "FIXTURE TYPE" A
32190 FRINT :PRINT '
72195 FOR A=1 10 5 '
32200 PRINT TAB(22) A; TAB(4G) SOURCES(A,1); TAB(62) SOURCES(A,2) .
22205 NEXT A .

32210 PRINT :FRINT

0TI ARINT

32220 PRINT TAB(Z2) A; TAB(40) "RETURN TO MENU -- C2" :
12225 PRINT :FRINT FRINT .
2000 INPUT Enter CHOICE # for fi.ture selecticn: *, FT .
Sledi IR T L GRFT . o GETD Iloeu '
]

AT :

’
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ST o= o THEN TTED

ZZs% FRINT TRE«21: "JPDARTE FIiTUFE FILES: ' ZOURCES(FT, 10y " Fiitures
T20TO PRINT GFFINT

T2275 SRINT "CHOICE™: TABIIDs 'SILE #"y TABWT) "MAKEM: TAE-CT) 'MODEL 4
T2C80 FRINT TAB(S1Y "MAINT.': TAEI64) “DIST."; TARB(T4, "S/HH”

TTIE5 PRINT TAR(S0T “CATEGORY™: TABwody “THRE"

12200 FRINT

10295 FOR AL TD L0

TITO0 FRINT TABS) Ay TAB-iZ) FOODES(FT.A et TABAZZ) FCODESCFT.A, )
T2705 PRINT TAB(ZT, FCODES FT,A.T:5 TAB:SZ) FCODES:FT.A,4):

TIT1L PRINT TAR o5 FIATDATAGFT, A, D0 TAR 74 FIODATAGFT AL

ERINT
! To chanae fixture data, anter CHCICE # or o) to quit
= 3 GOTO TIia8

DOORFD L0 R0TD TG

LI INT

TAR(ZO "UPDARTE FI«TURE FILES: v ZOURCZSFT,1:t " Fieturec
FRINT o=RINT R INT
o PRINT 7 gnter the folicwing data:”
N FRINT FRINT (FRINT ’
3. INFLT F1:ture Mave: "y FCODESFT.FC.C
< FRINT
TG INFUT Fi tare Mogel: *y FCODES:FT,FC,70

- 3 ::':NT
Tl YT
IiE ok

Tooture z SoMboRatior s FLOTDATRIFTLFCLG

NI

FRONT FCINT
) FRINT TAB:2ur "Update Fiiture Firies:  "p SOURCE$FT,is: " Fiitures
FRINT :FRINT
O FRINT TAR(1) "You have chosen:”
S PRINT
FRINT TR Do Ry ture Marerty TARWIS, FOCDERFT,FLL D
. FRINT
Y P:$NT TAR/Z “Fi ture Model: "y TAES5) FCODESFT,FC, 3
RINT

",
‘

.|‘ :C

-y FRINT TAR(ZDY "Fraoture s Maintenance Catesorv:': ThapiS5) FCODES(FT.FC. 4

FRINT

. PRINT

72490 PRINT TAR(ZM "Fi:ture s 5 MH Ratio: "y TAB(SS) FIXTDATACFT,.FC.!
72495 PRINT :PRINT

22500 TNPUT 7 s evervthing correct (Y/N) ": E$

T2805 IF B$="N" OR E%="n" GOTO I2SS8

T2510 FRINT

22515 FRINT

IS0 INPUT Now enter CU chart values, press -RETURN® when ready
32525 IF FT=1 THEN GOSUB Z6100
12520 1F FT=2 THEN GOSUE 26100
32575 IF FT=7 THEN GOSUB 37100
IS4 IR TT=d TNEM GTELR TTIM
72945 IF FT=5 THEN GOSUB 7100
22550 8079 2sEG

TIE85 FRINT

ey e e e e, . .
IR S rlcase re-entar gata, presz RTTLRN erEn cERC.,

I L T s
A AN AN SR S,

0 FRINT TREIZDY “Ficture's Distribution Type:™: TAE(SS) FIXTDATACFT,FLC, I

! + as




ToSeS 60T T2T50
a7 REM
“as,S REM
12280 L3
22285 FRINT iPRINT JPRINT iFRINT :FRINT (FRINT
22590 PRINT TAR(Z4) “"SAVING DATA"
05 REM
00 TF FT=] THEN 32623
35 IF FT=2 THEN 22580
2010 IF FT=7 THEN 12820
iF FT=4 THEN 32873
IF FT=5 THEN 32930
IF FC=1 THEN OPEN "0", #i. "A: INCUL.DAT"
70 IF FC=2 THEN OPEN "0", #1, "“@:INCUZ,DAT"
2623 1F FC=I THEN OPEN "0". %t. "A: INCUZ.DAT"
J IF FC=4 THEN OPEN "0", #1, "A:INCU4.DAT"
IF FC=5 THEN GPEN 0", #1. "A: INCUS,DAT"
g IF FC=4 THEN OPEN "0", #1, "A:INCU&.DAT"
IF FC=7 THEN OPEN “0“, #1, "A: INCU7.DAT"
50 [F FC=3 THEN OPEN "0", #t, "A:INCUB.DAT"
IF FC=9 THEN OFEN "0", #1, "A: INCU9.DAT"
570 IF FC=10 THEN OPEN "0%, #1, “A:INCU10.DAT"
e0T0 72735
53¢ ir rC=1 THEN OPEN 0", #1, “A:rLCUL.DAT"
;i iF FC=2 THEN OPEN 0", 81, "AsFLCU2.DAT"
2030 IF FC=T THEM OPEN "C", #t, "A:FLCUZ,DAT"
A9 IF FC=4 THEN OPEN "0", #1, "A:FLCUA.DAT"
2700 [F FC=5 THEMN OPEN "0", #1, "A:FLCUS.DAT”
22705 IF FC=b THEN OFEN “0", #1, "A:FLCU6.DAT"
2710 IF FC=7 THEN OPEN "0", #1, “A:FLCU7.DAT"
IF FC=3 THEN QPEN "0", #1, "A:FLCU8.DAT"
2 [F FC=9 THEN OFEN "0", #1, "A:FLCU9,DAT"
32725 IF FC=10 THEN OPEN “0", #1, “A:FLIUL0.DAT"
72775 SEM
TITTERDR =t T2
PO P e T A
L2735 FOR B={ TQ 10
T 90 WRITE#Y, CLL(R,C.D)
S27S5 NEXT B
TI760 MEXT T
C27AS NEXT D
Zo7 0 FOR D=1 T0 2
22775 FOR C=1 70 3
22780 FOR B=1 TO
72735 WRITE#L, CUZ(B,C,D?
22790 NEXT B
22795 NEXT C
800 NEXT D
32805 CLOSE #1
32810 GOTO 32185
22215 FEM
32820 IF FC=1 THEN OFEN "0", #1, "AsMVCUL,DAT"
72825 IF FC=2 THEN OPEN "0", #1, "A:;MVCUZ.DAT"
32830 IF FC=T THEN OPEN "0", #1, "A;MVCUZ.DAT"
32833 IF FC=4 THEN OFEN "0", #1, "A:MVCU4,DAT"
22840 IF FC=5 THEN OFEN "0", #1, "A:MVCUS.DAT"
22045 IF FC=4 THEN OPEN "0", #1, "A:MYCU4.DAT"
22850 IF FC=7 THEN OFEN "0", #1, "A:MVCU7,DAT"
7ZB55 IF FC=8 THEN OFEN "Q", #1, "A:MVCUB,DAT"
22860 IF FC=9 THEN OFEN "0", #1, "A:MVCU9.DAT"
TI3AS IR FC=NC THEN OPEN 0", 8[, "A:MYCL10,DAT"
72670 GOTO 22985
22875 IF FC=1 THEN OFEN "0", #1, "A:MHCUL.DAT"
32880 IF FC=2 THEN OPEN "Q", #1, "4Q;MHCU2.DAT"
D285 P FC=T THEN TREN "JY, BL, UAMHCUT, DATY
R 4

s
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F“A THEN JFEN 0", #1, "AsMHCU4.DAT"
S THEM QFEN D", #3, “SMHCUS,DAT"
A THEN OFENM "9", #1, "A:MHCU&,DAT"
=7 THEN CFEN "0", 31, “A:MHCU7.CAT"
C=g THEN OPEN "0", #1, "A:MHCUB.DAT"
3 C=7 THEN OFEN "0", #1, "R:MHCUY,DAT"
22920 IF FC=10 THEN UPEN 'D“ #1, "A:MHCULC.DAT"
32925 G019 32982
0 FC=1 THEN OFEN "0", #1, “A:HPCUL,DAT"

2973 IF FL=2 THEN OPEN "0", #1, "A:HPCUZ.DAT"
2940 IF FC=1 THEN OPEN “0“, #1, “A:HPCUZ.DAT"
2945 IF FC=4 THEN OPEN "0", 41, "A:HPCU3.DAT"
22950 IF FC=5 THEN OFEN 0", #1, "A:HPCUS,DAT"
-2535 IF FC=5 THEN OFEN "0", #1, "A:HPCUL.DAT"
22950 IF FC=" THEM OPEN 0", #1, “A:HPCU7,DAT"
55 IF FC=5 THEN DFEN "0". #1. "A:HPCU8.DAT"
G IF FC=3 THEN OFEN "0°, #1, "A:HPCU9,DAT"
973 éEMFC=1i THEN OPEN ‘U" #1, "A:HPCUL0.DAT"
-35 FOR (=1 10 4

o FOR 8=1 TO l0

- ARITE#L, CUS(B.C\ 1)

"FORB— 10 10

050 CLOSE #1
BOTC 30260
FRINT (ERINT
Le% NPT invaiig antry, press FETLANY so oo again, L I8

0 607D 2155
FEM
"080 OPEN "0“ « "A:FiXTDATA.DAT"
1085 FOR A=| TO
“090 FOR B~l 10

S WRITE#1, FCODES{A.B.1) ' FCODES$(A,B,Z), FCODES$(A.B,2), FCODES (AR, &
) WRITEML. FIXTOATA(A.B, L0, FIXTDATAIA,B, D)

NEXT B
210 NEXT A
TOHE CLOSE M
37120 REM
23125 RETURN
22170 FEM
25135 REM
T4100 REM ssxestsaneressrss s FDATE LAMF FILES #4540 €550 sbsre s asttr e e tabrtess
24105 REM
’4110 REM
24115 CLS sPRINT :FRINT :PRINT :PRINT
441“0 PRINT TAB(I1) “UPDATE LAMP FiLES"
J4125 PRINT sPRINT
74170 FRINT TAB(18) "This procedure allows vou to change the lame”
24125 FRINT TAB(18) "data currently in memory and on disk.”
24140 PRINT :PRINT
24145 FRINT TAB(18) “Enter (1) to continue, or"
T4.S0 FRINT TARUID) i to eeturn to meru,”
34155 INPUT ¢ T
Z4150 [F B=C THEN RETUFN
T4te5 (L3
24T FRINT SRR

f-?f'

n RS AR
_'\-"\-l'_.\ N \I_

o : N AL f I S

-----




175 SRINT TAB(ID)
8 FRINT (FRINT @
S FRINT TAR(ZD)

"UPDATE LAMP FILES"

"CHDICE": TAR{d0) "LAMF TYPE"

23030 FRINT :FRINT
195 F0R 4=1 TO 5
4200 FRINT TABio)

) PRINT :PRINT

Ar TAB(40Y SOURCES! A, 13

TRB(SZ) SOURCES(A,2)

) A; TAR(40) "STORE DATA CHANGES"
1 TAR(40) “RETURN TO MENY -- C2"
Enter CHOICE # for lamp selection: ", LT

PRINT TABiZ2)
0 FRINT :FRINT :

+ 7 6OTD 34520
b GOTO 4460
7 THEN RETURN

"+ SOURCESILT.{:; " Lamps”

TAB(21Y "UPDATE LAMF FILES:
RINT

TAF(B} “CHOICE":
TAR(AT) "WATTS";

TAR{19) "FILE 4";

TAB(31: "CODE":

TAR1SS) “INITIAL": TABIAGs "MAINT.”
ABisd) LUMENS”

25730 FRINT TABISS ! LUMENS:

)5 FRINT TAB(10) A; TAE(19) LCODES(LT,A, 1)3

TRB(30) LCODES\LT A2

N :I“ PRINT TAH{43} LAMPDATA(LT,A, 1). ThB(SS)’ LAMFDATA(LI

] 'QINT TAB{&3) LAMFDATALT, A,

ge lamp data, enter CHOICE # or 'Oy %o quit: ", .2

=0 GOTO ’416
; © 10 507C 34520

) "Update Lamp Files:

"+ SOURCE$LT, 1/7 " Lamps”

Enter Lamp Code:

"y LCODE$ILY,LC.2
"y LAMPDATALT, LS, 1)

Enter Lamp's Initial Lumens: "y LAMPDATA(LT.LC,2}

Enter Lamp's Maintained Lumens: "y LAMFDATAWLT,LC. D)

Is everything correct (Y/N) " bs

20 IF B$="N" OR B$="n" GOTO 34435
5 iF LnﬂFDAIA(LT LC,2) -

LhHFDATA\LT.LC.I) THEN 34535

Fleace re-enter data, orees

S FRINT :PRINT :PRINT :PRINT :FRINT
PRINT TAB(34) "SAVING DATA"

e 3, "BsLAMFOATA. DAT"
FOR A=t 105
5 FOR E=) 10 10

4450 WRITENL, LOODES (A6, 11, LOODES (8, B,0)

<RETURN: when ready. ", 8%

CTERD, AMPDATAAG B L)y LAFDATAVA B Dy e FDATROA B S




Folbf AL

13500 MEXT B
24509 NEXT A
74510 CLOSE #
74515 5070 34165
24520 FRINT :FRINT
345325 INPLT O Invalid entry, press :RETURN. to try again, ", B$
24530 GOTO 24145
74535 PRINT :PRINT
34340 PRINT © Initial lumens must be areater than maintained lumens.’
24545 FRINT
34350 INPYT © Flease re-enter data, press -<RETURN: when ready. ", B$
34555 GOTO 34355
74560 REM
34565 REM
8100 REM #xsxsirrraresss6tt TU CHART INFUT #RERERERRRREEREREERREREEFRERSHEIRERE
6105 REM FOF INCANDESCENT AND FLUDRESCENT FIXTURES
I6110 REM
16115 REM
76120 CLS
7125 PRINT :FRINT :FRINT :FRINT :FRINT
36130 PRINT TAB:B) s
36175 PRINT "You will be qiven reflectance values for the flcor, the ceiling,”
Tal4) FRINT TAB(SY:
76142 FRINT “and the wall, Enter the aporopriate (U value *hat corresponds”
76150 PRINT TAR(B);
76155 FRINT "to shese values and to the RCR value that is shown {no decimals.’
T6156 FRINT TABIG):
< 256157 FRINT "I+ the CU value is not known, either znter 'G° or do manual'
Ko 36153 PRINT TAR{S);
L 26159 FRINT “"extrapolation and enter value,"
- 36160 FRINT :FRINT
- 76185 INFUT Fress  RETURN:  anen reagy, ', 2§
“ 25170 REM
. 74175 FOR =
75130 R 8=
TH18% L3
FRIMT TAB(ZS! °Floor FReflectance 2o
ERINT TAR(ZS) "Ca1ling Reflectance Yy CIRD
FRINT TAB(25) "Wail Reflectance "+ CHR(B); %"
205 PRINT :PRINT :FRINT
26210 PRINT TAB(Z0) "For RCR of: ": TAR(40) "Enter CU value:"
FRINT
nFRA =1 70 10
; FRINT TAB:{Z4) A; TAB!d46) "™
(0 INPUT CUL(A,RB,O)
ToCT5 NEXT &
4240 PRINT :PRINT
INFUT " I everything QK =o far {f/N) "} B$
IF B$="N" OR B$="n" THEN 34600
36255 NEXT B
260 NEXT C
REM

AR L A 20 0]

)..' -".-"l

e SEL, My 1y n
v TFRAZY:

280 CLS
PRINT TAB(JS) "Floor Reflectance = 3 CFR(Z)% A
PRINT TAB(25) “Ceiling Reflectance = *; CCRiC+2): "i"
FRINT TAB(ZS5) "Wall Reflectance = “; CWR(B+1); "%"
) PRINT :PRINT :FRINT
303 EE;NI TAB(20) "For RCR of: ": TAB(4() "Enter CU value:"
O PRINT

315 FOR A =1 T0 10

320 PRINT TAB(24) A: TAB(44) "*
IEFUT CU2(A,B,C;

HELT M

»,

- » ~e
[ Dy bt I Al

el
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32070420 00008 20 184 L8 4h " fad BB et (¥ 900§t $a% lat va” 8s' 6 Y r . . . X o
ki
3
)
T8325 PRINT :FRINT
Y Tal40 INPLT ¢ Is svervthing Ok so far 7N} i B$

76345 IF R$="N" QR E$="n" THEN 18620
{ NEXT B
6350 NE(T C
76360 REM
’TECIS
’6‘7) PRINT TAB(13)4
6375 PRINT “Here is your CU chart for Fixture File # ": FCODE$(FT,FC, D)

’6’80 PRINT
76385 FRINT “FIXTURE MAKE: *“: FCODES (FT,FC,2):
- 76390 PRINT TAB(4S) “FIXTURE MODEL: “: FCOCE$(FT,FC,2)

, 36335 FRINT :PRINT

36400 FRINT TAB(S) “CFR"; TAB(44} CFRID)

36305 FRINT TAB{S: "CCR": TAR(13) CCR(1): TAR(ZT) CCRID);

75410 FRINT TAB(S4 CCRiZ): TAR(4: CCR(4)

16415 REM

T64Z0 FRINT TAB(S) “CWR";

TH4ZS FRINT TAB(12) CWRi1): CWR(Z1: CWRIZ); CWRi43;

. 25470 FRINT TRBIZL) CWRilis CNF’Z\, CHRZ) s CWR(3)3

' 75435 FRINT TAB(S0) CWRI2): CWR(3); CWRi4);

76440 FRINT TAB(&S) CWRI{Z!: CWRMJ, CWr(4)

T84S FRINT

76450 REM

75455 FRINT TAB(S) "RCR"

15360 REM

76455 FOR A=1 TO 10

26470 FRINT TAE:S) A3

6475 PRINT TRB(OLD) "y

36480 FOR B=1 T0 4

20439 FRINT CUL{A.B, 1)

T6490 NEXT B

To439% PRINT TAB(I1) "

36500 FOR B=! TD 4

TESOS FRINT TU1ALB.ZH:

TeSih NELT 3

26515 PRINT TRE(SD) "

7h520 FOR B=1 10 3

36525 PRINT CUZ(A,B, 1)

36530 NEXT B

76535 FRINT TAB(&S) "t

N 76540 FOR B=1 70 2

26545 PRINT CUZ(R,B.2):

36550 MEXT B

26555 PRINT CUZ¢A,3,2)

76560 NEXT A

76565 FRINT

L/ 36570 INPUT *1Is everything correct (Y/N) "y B3

| 36575 IF B$="N" OR B$="n" THEN 36385

4 76580 RETURN
26585 FRINT "Flease re-enter all CU data for this #:iture, "
36590 INFUT “"press <RETURN: when ready. ", B$
36595 GOTO 26120
36600 REM
Zol5 FRINT
Tool0 INPUT Flease re-enter data, press RETURN: when ready. ". B$
36615 GOTO 26185 ’
76620 REM
36625 PRINT
26620 INPUT © Flease re-enter data, press <RETURN> when ready. ". EB$
16675 3070 24280 '

o 37100 REM sxxaerssesrsrsarsst CU CHART INPUT SSs5isisstet it rretttitetssess

) §Z§?5 Egn FOR MERCURY VAFOR, METAL HALIDE % HPS FIXTURES
a1
37119 REN

- e
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f b & oy My

4 .|q

Tias FPINT :PRINT :PRINT :FRINT :PRINT

) FRINT TAB( 3}

S PRINT "vou will be given reflectance values for the +lcor, the ceiling,”
27140 FRINT TABIB)s

27145 PRINT “and the wall. Enter the appropriate CU value that corresponds”

37155 PRINT "to these values and to the RCR value that 15 chown (no decimal}.”
J71S6 PRINT TAR(B);
27157 PRINT *1f the CU value is not known, =1ther enter 'O or do manual"
37158 PRINT TAR(B);
37159 PRINT "eutrapolation and enter vajue."”
37180 PRINT :PRINT
765 INPUT ¢ Press <RETURN> when ready. “, 0%
7170 REM
27175 FOR B=1 70 4 ‘
7180 CLS
17185 FRINT TAB(”SJ "Floor Reflectance “o CFR(2)g "
”190 FRINT TAB(2S) "Ceiling Reflectance “s CCRO1)y "%
75 PRINT TABIQ‘) “Wall retlectance "e CWR(BY; %"
00 PRINT :PRINT :PRINT
05 FRINT TAB(20) "For FCR of: "y TAB{40} "Enter CU value:"
0 FRINT
SFIRA=1TD LG
FRINT TAB{(Z4) A; TAB(44) "“;
25 INPUT CUZ(A,B. 1)
0 NEXT A
'S FRINT :FRINT
7240 INFUT * Is evervthing Ok so far (Y/Ni ": B$
17245 IF B$="N" OR B$="n"" THEN 37575

B .°U PRINT B‘"“ "Floor Feflectance
7285 PRINT TAB( S) "Ceiling Reflectance "e COR{C#D) "
’“90 PRINT TAR{25) "Wall Feflectance “s CWR(B+1); 4"
‘99 PRINT :PRINT :PRINT
'?Q FRINT TAB(ZO\ "For RCR of: "; TAB(40) "Enter CU value:"
7210 FOR A =1 70 10
315 FRINT TABIZ&) A; TRBidh) "3
<0 INFUT CUA(A,B,C:
HEXT A
) FRINT :PRINT
: INFYT Is everything OK so far (Y/N) “: B$
340 IF B$="N" OR B$="p" THEN 37599
17345 NEXT B
37230 D=3
J7755 NEXT C
377260 REM
17265 CLS
%7370 PRINT TAB{(1S);
27275 FRINT "Here 15 your CU chart for Fixture File # "; FCODE$ (FT,FC, i)
7’80 PRINT
37785 PRINT "FIXTURE MAKE: "+ FCODE$(FT,FC,2);
77790 PRINT TAB(45) "FIXTURE MODEL: "y FCBDE$<FT FC.3
77395 PRINT <PRINT
Zo406 FRINT TRBiiG, "CFR™; TAB:Z4) CFR.Z;
27405 PRINT TAR(10) “CCR": TAB!26) CCR(1); TAR(44) CCRIZ);
37410 PRINT TAB{40) CCRiS)
27815 REM
27420 FRINT ThB (10 “CWR";

" GFRID;




SN

*w

N A L

T7475 SRINT TAB(Z0) CWR1is CWRtZ); CWRtZ): CWR{d);
7470 FRINT TAB(AG) CWR23y CWRe3i: CWRid):

I7435 PRINT TAR(SH: CWRiZ); CWR(%): CWRI4

7340 FRINT

T744% CEM

74T PRINT TAB(1D) "RCR"

27453 REM

7450 FOR A=1 TO 10
I7465 PRINT TAB(IG) As
ITA70 FRINT TRAB(Z0) "“3
37475 FGR B=1 T0 4
17480 SRINT CUS{A(B.1):
27485 NEXT B

37490 PRINT TAB(40) "";
27495 FOR B=1 T0 3
37500 PRINT CU4(A,B, 1)
37505 NEXT B

37510 PRINT TAB(S6) ""3
37515 FOR B=] 10 2
7520 FRINT CU4A.B.2);
7525 NEXT B

X
.

27930 FRINT CU4:A,3.2)
7973 MEXT 4

7540 FRINT

7945 INPUT “Is averything correct 'Y/N) "t BS

27520 IF B8%="N" OR B$="n" THEN I75a3

37555 RETURN

27560 FRINT "Please re-enter ail CU data for this fi<ture, 3
17555 INFUT "press <RETURN:- when ready. ", %

27570 6070 37120

17575 REM

TTERC FRINT

7535 INPUT Flease re-enter data, press -RETURN: when reszgy, ', 3%
37590 307D TG0

=lgace re-enter data, 2rzes  SETURN  when reagy, °, 3%

50100 REM rheprerpsrered MOINTENANCE CATEGORIES #54%442£8steaiettrastasteeetis
50105 REM

53110 REM

0115 CLS

3120 PRINT ERINT

26125 FRINT TAB(Z0) "MAINTENANCE CATEGURIES”

SO120 FRINT «PRINT :PRINT

SO17T PRINT TAR/10Y PLHDICE™: TAP'™S) "EYAMFLE": TAR(30) "MAINTENANCE™:
50140 PRINT TAR(60) “AMOUNT OF"

S0145 FRINT TAR(42: "CATEGORY":; TAR(sZ) "WORK"

50150 FRINT

<6195 FOR A=1 TO 6

50160 PRINT TAB(I1) A; TAB(27) (A+6;; TAR(4S) MCATS(A.1); TAE:63) MCAT$(A, 2!
50165 MEXT A

S0170 PRINT :PRINT :PRINT

S017S FRINT © Enter CHOICE # for selection, or”

50180 INPUT © EXAMFLE # for explaination: “. B

S018S IF B« { OR B . 12 THEN 30320

50190 IF B < 7 GOTO 50205

30195 REM

50200 CLS

50205 PRINT :PRINT

U210 FRINT TERi23 "MAINTINANCE CATEGORY FiiMpLe"
51215 PRINT

S0.20 FRINT TAR(3S) "CATEGORY “: MCATS(B-6,1)
S0225 FRINT :FRINT

T

SUlTH PRINT Tépaid. CTOF ZhCLOSURE:
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PO R Y T, U o Sy S A L A S N R T O L T A W AT AT AN



ﬁ-\:”“l[

[N

&

,‘1,;,.
AL

3
LSRN

SRy

LN

35

S L A

"0

> o ®

h

S0225 FRINT

028G 0R A=T T0 S

0245 FCINT TARIIOY (A=Dys ", "t MCATS 3-a.h)
=

NEXT A

. FRINT :FRINT

(60 #RINT TAB{10) "BOTTGM ENCLOSURE:”

30265 PRINT

50270 FOR A=6 7D °

S0275 FRINT TABU1O) (A-S); ", "1 MCAT3(B-4.R)

50280 NEXT A

71285 PRINT sPRINT sPRINT :FRINT

SO290 INPUT ° Fress <RETURN: when readv to continue. *, B$

30295 6070 50115

50200 REM

S0I05 FCODES(FT,FC,4) = MCAT3:B, 1)

S0Z10 RETURN

S0315 REM
0220 PRINT :FRINT

INPUT " Invalid entryv, press -RETURN: o trv aga:n. ", E$

1

o

0740 REM

100 JEM sevsinnistetresdssr DICSTRIEBUTION TYFES 43424424244k E4s855 80850000 0%
S1i05 FEM

|
FHINT TARTO DTYFES A DM TARfad ?T'F‘& o

51110 REM

Si1i5 CLS

51120 PRINT :PRINT

S1125 PRINT TAR(Z(Q) "FIATURE DISTRIBUTION TYFES"
1120 FRINT sFRINT :FRINT

S113S PRINT TAB(Z0; "TYPE"; TAR(Z0: "DISTRIEUTION";
31140 FRINT TARI(SL: "% UP": TRBE:61} "% DOWN"

SLUAS FRINT ‘

1120 FOR A=1 TD 3

S1IZ3 PRINT TRB:Z1Y Ay TAB(T DTYFES, .

£:7 L
SHiT0 PRINT :PRINT (FRINT
SUTS INFUT Enter TYFE 3 for celection: ", FI{TDRTAIFT,FL.2
31180 IF FIXTDATA(FT,FC,2r « 1 OR FIXTDATAIFT,FC,2) - 5 THEN 351190
21185 RETURN
51190 PRINT
54195 INPUT ¢ Invalid entry, press -RETURN: to try again, ", B$

S1200 GOTO Sit1S

%1205 REM

31210 REM

SA100 REM xesarsesrtsressvss HARDCOPY AFR BE-19 INFO #¥Resrti it et 343481 K0 14544
54105 REM

4110 FEM

4115 (LS

4127 FRINT TAR{2Z) "HARDCOFY -- AFR B88-15 FC LEVELS"

54125 FRINT :PRINT

54130 PRINT TAB(20) "Thxs procedure will send the AFR 88-13"
S4123 PRINT TAB(20) "information on FC level requirements "
54130 FRINT TAR(Z0) "stored in memory to the printer.”

54145 PRINT :PRINT

4150 PRINT TAB{(ZO) "Enter '1) to continue,

4155 PRINT TRE(20) " {2 to return to Hardcopy Menu"
S4150 FRINT TRB(2C) :INPUT ® " B

54145 IF B=1 THEN 54180

24170 IF E=2 THEN RETURN

S417% G0T0 <4119

S4180 FRINT :PRINT TAR(12);

54135 INPUT "Be cure your Frinter 1< on, press <RETURN. when ready."”, B$
4190 PRINT :FRINT

SHFD FRINT TRBATZY CRRINTING”
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34200 REM

S4205 LPRINT SLPRINT

S4210 LFRINT TAB(28) "AFR 88-15 FC REQUIREMEMTS"

©4215 LPRINT :LPRINT

C4720 LPRINT TAR(1S) "ROOM TYFE": TAB(S() "ROOM USE"; TAB:SS) "FC LEVEL"
54225 LPRINT

54230 FOR A=1 TO 36

54239 LPRINT TAB{(1B) A: TAR{Z0) RMUSE$(A): TAR(S8) RMUSELEYEL:A)
54240 NEXT A
SA245 PRINT :PRINT :PRINT TAR(1D);
54250 INPUT "Do you want another copy (Y/N) "; 0%
54255 [F Ds="N" B$="n" THEN RETUR

94260 CLS

54265 PRINT :PRINT :PRINT :PRINT

54270 G0TO 94180

100 REM ssxsvestntrenridsd HARDCOPY COLOR CHART ##R%£xfrstrstisieisbnssesesitis
59105 REM

910 REM

35115 CLS

5120 FRINT TRE(28) "HARDCOFY -- COLOR CHART"

SS125 PRINT :FRINT :FRINT

59130 PRINT TAB(Z0) "This procedure will send the color chart®
55125 FRINT TAB(ZO) "that 1s stored in memory to the printer,”
S5140 FRINT ;PRINT :FRINT

55145 PRINT TAR(ZO) "Enter i1} to continue,

SS150 FRINT TAR(Z0) 2) tu return to Hardcopy Menu"

55155 PRINT TAB(EO) -INFUT " "y B

55160 IF B=! THEN S

S5.65 IF B=2 THEN RETURN

S9177 GOTO SEiis
55175 PRINT :PRINT TAB(1D);
55180 INFUT "Be sure your Frinter 1s on, press ‘RETURN: when ready.". %
95189 PRXNu :PRINT
551?0 FRINT TER(Z2) "PRINTING"

35195 REM

:EZIH LERINT sLFRINT

55205 LPRINT TAB(28) “COLOR CHART INFORMATION®

35210 LFRINT :LFRINT

55215 LFRINT TAB(10) "TYPE #": TAB(2Z) "ERAND"; TAE(IB) "COLOR":
55220 LPRINT TAB(S7) "REFLECTIVITY®

55225 LFRINT

220 FOR A=1 TC W0

:5:?5 LPRINT TRECIZ) As TAB(ZZ) FTMANS (A); TAR(ZB) FTCOLOR$(A}:
95240 LPRINl TAB{&0) FTREFL (A}

5245 NEXT A

55250 PRINT :PRINT :FRINT TAB(12);
35299 INFUT 'Do you want ancther copy (V/N) "; B$

29260 IF _bs="ne OF B$="n" THEN RETURN

N}
“”70 FPINT tPRINT :PRINT :FRINT
59275 GOTO S517%
7100 REM #xessetererssisennsd HARDCOFY FIXTURE CHOICES #45%efiisteassdsessssntses
57105 REM
w7110 REM
57115 CLS
S7120 PRINT TAB(26) “HARDCDPY -- FIXTURE CHDICES"
57125 FRINT :PRINT :
J71JO FRINT TAB(16) "Thxs procedure will send a list of the fi:ture"
57133 PRINT TAB(16) "choices that are stored in memgry to the printer.®
57140 FRINT :PRINT :FRINT
7145 FRINT TAB{14! "Enter .l to continue,
57120 FRINT TAE(16) " ( ) to return to Hardcopy Menu"
57155 PRINT TAB(16) [NPUT " "+ B
7180 17 B={ THEN 57175
S71585 IF 3=z THN RETLARN
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Lol LS

717G 5079 1S
ST17S =RINT sPRINT TAE(1D):
3 27120 INPUT "Be sure vour Frinter :s on, press <RETURN: when readv.”. 5%
57135 PRINT :PRINT
Iy 57190 FRINT TRE(ZZ) "FRINTING"
» 37195 REM
M 57200 LPRINT TAR(2B) "FIXTURE CHOICES"
' 37205 LFRINT :LPRINT
. 57210 FOR 4=1 10 5
" 57215 LPRINT TAB(8) SOURCE$(A,1'; " Fixtures”
. 7220 LPRINT

S722C LPRINT TAp(3) "FILE #": TAR(1B) "MAKE":

57 .0 LPRINT TABiZ1) "MODEL #"; TAB{43i “MAINT.":

LFRINT TRB{S8) "DIST.": f AB16BY “"S/MH"

S7280 LEE%ST TAB{44) "CATEGORY": TABISE) "TYFE"

TO45 LERINT

7250 FOR B=1 TO 10

7 LPRINT TAE8) FCODE$(A.B, 1)y TAB(18) FCODE$(A,B.2iy
50 LPRINT TAB(Z1) FCODES$(A,E.3): TAE(47) FCODE$(A,B.4;

- 'ER%N; TAE(SS) FIXTDATACA,B.2's TAE(6R) FIATDATAIA, B, 1

7270 NEY

7275 LPRINT (LPRINT :LFRINT

7280 IF A - T THEN 57295

LFFINT :LFRINT :LPRINT :LFRINT

57290 LPR%NT :LPRINT :LFRINT sLFRINT

NEAT A

) PRINT (PRINT «FRINT TRB(12)

S INPUT "Do you want another cooy ‘Y/N) "; E$

o7 w10 éF B$="N" R B$="n" THEN RETLRN
<3

20 PRINT :FRINT :PRINT :FRINT

6073 57178

0 REM #x#esnessrepienrer HARDCOPY LAMP CHOICES #4535 r¥sdiisss st A5 552444

05 REM

811 rEH

P‘NT TRE(28) "HARDCOFY -- LAMF CHOICES"
FRINT :FRINT :PRINT
() PRINT TAB(lb: "This procedure wiil zend a list of the lamp”
75 PRINT TABi14) "choices that are stored in memory to the printer."
) FRINT :PRINT :PRINT
FRINT TAB(16) “En*er {1} to continue,
0 PRINT TAB/ L&) 2} tc return to Hardcopy Menu”
S PRINT TRB(1A) sINPUT " "y @
28160 IF B=1 THEN cl"
8 IF B=7 THEN RETURN
70 GOT0 S8119
FRINT <PRINT TAB(1D):
52180 INFUT "Be cure vour Printer is on., press <RETURN: when readv.”, E$
58185 FRINT FRINT
4819u ;E;NT TAR(3Z) "PRINTING"
58200 LPRINT TAR(34) “LAMP CHOICES"
59205 LPRINT :LFRINT
°8210 FOR A=1 70 S
S8215 LPRINT TAB(3) SOURCE$(A,1); " Lamps"
58220 LPRINT
58225 LPRINT TAR(12) "FILE #"; TAB(Z22) "CODE";
58230 LPRINT TAB(37) "WATTS"; TAB(48) "INITIAL"; TAB(&41) "MAINT."
58225 LPRINT TAE(48) "LUMENS"; TAB(61) "LUMENS"
3740 LFRINT
58245 FOR B=1 TO 10
58250 LPRINT TABR(12) LCODES{A,B,1): TAB(2Z) LCODES$(A.B,2);
58255 LFRINT ThBiT7) LAMPDATA(A,B, 1y TAR(43) LAMFDATAL A,B
T3050 LFEINT TaRsg _.“FDA.HwH.s.;
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(INT sLERINT LFRINT

.7 THEN =379%
tLERINT (LFRINT :LPRIN
sLPRINT LPRINT LrCINT

° CFINT SPRINT FRINT TAB(12)¢
3 WHH’Tovmlmntmmmercmv(wN)H %]
205 IF Be="N" UR B$="n" THEN RETURN

10 CLS
S3715 PRINT :FRINT :FRINT :FRINT
@320 5LT0 S8179
SO100 REM #xsssxrsexrrsreses¥® HARDCOPY FIATURE CU TABLES #4¥i#esessiissdererindis
50195 REM
5Uil0 REM
a011S LS
:ﬂl"n FRINT TAR{Z2! "HARDCOFY -- FIXTURE CU TABLES"
§0125 PRINT :FPRINT
90170 FRINT TARI20) "This procedure will i2t sou zhoose”
6U175 PRINT TRBIZ01 "s speriic Fi-ture = JU table thai 1¢”
s014d FRINT TAB(20: "stored 1n memory to send o the printer.”
40145 PRINT :PRINT
20150 SRINT TaRIT "n*at 1} to continue,
128 ASINT TAR I Pt oceturn o Hardcopy Meny!
57160 FRINT TRR{20) lNP”T W " 8
53193 IF 3=1 THEN oulas
170 IF B=Z T”EN RETURN
5070 501i9

20 REM

ﬂlr\

&0155 C
50150 PFINT (PRINT
32195 FFINT TAB(ZO) "PRINT FISTURE CU TABLES"
20200 FRINT 1PRINT (PRINT
2208 5°INT TARE(20: CHOICE™y T3Bd ETETURE TvRE®
oD SRIMT (EERINT
"F L s
3 ERINT ThR 27 voAy TAR&G ZOURCES«A L'y TAB(8D) 30URCES WA, D
0225 NEXT 4
50270 FRINT PRINT
§0235 PRINT
50249 FRINT TAB(Z2) Ay TAB14G) "RETURN TO HARDCOFY MENUY
50245 PRINT :PRINT :FRINT
55250 INPUT gnter CHOICE # +or <i:ture selectian: ", FT
OUZSS IF FT 1 ORFT - 5 OTO 50875
0260 REM
L2865 IF FT = &5 THEN RETURN
60270 REM
s0275 REM
&0280 CLS
50285 FRINT TAR(21) "UPDATE FIXTURE FILES: ": SOURCE$(FT.1}: " Fizturec"
50290 PRINT :FRINT
50295 PRINT "CHOICE": TAB(12) "FILE #"; TAR{23) "MAKE"; TAR(3I7) "MODEL #";
50300 PRINT TAB(S1) "MAINT.": TAB(6dH “DIST "v TAR(74) "S/MH"
60705 FRINT TAB(S0O) "CAT:GORY" TAB(64) "TYPE"
60310 PRINT
60315 FOR A=1 TO 10
60320 FRINT TAB(3) A; TAR(12) FCODE$(FT, A, 1)§ TRB(ZY) FCODES(FT,A,21:
325 FRINT TAB(ID) FCODE& FT, A,J)A TAB{S3) rCUDES(FT A, 4);
60330 PRINT TAB(6S) FIXTDATA(FT,A,2 TAB«/4) FIXTDATA(FT A 1)
60335 NEXT A
<A FRINT GERINT
50245 INPUT " To print fixture data, enter CHOICE 4 or (0) to aquit: *, FC
60350 IF FC = 0 GOTQ 40185
60358 IF FC . 3 O FC 10 G070 o0B29
oL su FEM
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a0k, aJ REM

037G IF FT=1 THEN 80395

IF FT=2 THEM 50450

) OIF FT=7 THEN 50590

T3S [F ET=4 THEN 50645

803%0 IF FT=5 THEN 80700 \
40795 IF FC=! THEN OFEN "I", #{, "A: INCUL.DAT"

20400 TF FC=2 THEN OPEN "I", #1, "A:INCUZ,DAT" o
40405 IF FC=3 THEN OFEN “I*, #1, "A:INCU3,DAT" ‘
40410 IF FC=4 THEN OFEN "1", #1, "A:INCU4,DAT"

£0415 IF FC=5 THEN OPEN "1", #1, "A:INCUS.DAT"

&0420 [F FC=6 THEN OFEN “I", #1, “A:INCUA.DAT"

50425 IF FC=7 THEN OFEN °I", #1, "A:INCU7.DAT"

50430 IF FC=3 THEN OFEN "I", #1, "A:INCUB.DAT"

A28 [F FC=3 THEN OFEN “1", #1, "A: INCU9,DAT"

sUddy IF FC=10 THEM CFEN "I", #1, “A:INCU10,DAT"

50445 GOTO 6uINg

o040 IF FC=1 THEN OPEN "I", #1, "A:FLCUL.DAT"

30435 IF FL=2 THEN OFEN "I7, #1, "AsFLCUZ. DAT"

=Gdon IF FT=T THEN OFEN 1", #1, "&:FLCUZ.DAT”

o0445 IF FC=4 THEN GFEN "I", #1, "A:FLCUA,DAT"

SC470 IF FC=S THEN OFEN "I", #1, "A:sFLCUS.DAT"

20475 IF Fh=s THEN OFEN “I°. %1, "ArFLCUe, DAT"

20430 iF FC=7 THEN OFEM ‘10, 41, "AsFLCUT DHT

&85 [F FC=g THEM OFEN "IV, #1 'A FLCUB, DAT"
20490 (F FL=% THEN JFEN ° 41, "AsFLCUO, DHT"
40495 [F FC=10 THEN OPEN “I". #1. “A FLCU1O, DAT"
GuSOC REM

£3505 7R D=1 70 2
0510 FOF C=1 10 4
20515 FOR B=1 TO IC
20 INPUTHL, CULRL LD
NE(T E
EqT ':

< Ok 3=1 73 C
)545 FOR C=0 70 T
E50 FOF B=1 TO D
cUSSS INFUT#1, CU2(B.C.D)
auZH0 NEXT B
50565 NEXT C
&0570 NEXT D
20575 TLOSE #1
s0S80 30T 50865
50585 REM
4790 IF FC=1 THEN OFEN 1", #1, "A:MVCUL.DAT"
40595 IF FC=2 THEN OPEN "I", #1, "A:MVCUZ,DAT"
50600 IF FC=T THEN CFEN “1", ax. "4 MVCUZ. DAT"

oA s

A

50605 IF FC=4 THEN OFEN "1", "A1MVCU4, DAT"
5ubt0 IF FL=3 THEN OFEN "1V, 81. "A1MVCUS. DAT™
50615 IF FC=6 THEN OFEN "I", #1, “A:MVCUs.DAT" b
60620 IF FC=7 THEN OPEN "I", "A:HVCU?.DAT"
40625 IF FC=d THEN QFEN "1V, 81 @z MVCUB, DAT"

50620 IF FC=? THEN GFEN "I" "A:MVCUQ, DAT"
40635 IF FC=10 THEN OPEN "I" ti. "A:MVCU10, DAT"
50640 GOTC 60735

40645 IF FC=1 THEN OFEN “1", #1, “A:MHCUL.DAT"
o065 IF FC=2 THEN OFEN "I", #1, "A:MHCU2.DAT"
40655 IF FC=7 THEN OPEN “I", #1, "A:MHCU3.DAT"
hOugri IF FC=4 THEN OFEN "1", 41, "A:MHCU4.DAT"
suRal IF SC=S THEN JPEN M. BL, "3:MHCUS. DAT®
60670 1F FC=b THEN OFEN “I", #1, "A:MHCU6.DAT"
40675 IF FC=7 THEN OFEN “1", #1, "A:MHCU7.DAT"
20680 1F FU=5 THEN OFEN "1", #1, "A:MHCUB,[RT"
a0i35 GF SCo=7 TAEH OFEN T, %, CarHHCUS.IaT"

AU PP LA, 2 2 a2 &AL mELA
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C=10_ .FCN OFEN 1", #1, "qiMHCUlo. DATY

Iy

! Tth OPEN "I, #!, "3:HPCUL.DAT"
T THEN JFEN "I". 41, "A HPCUZ, DAT™
T THEN QPEN 'I1', #1, "ArHPCUZ.DAT”
4 THEN FEN 1", 4], "A:HPCU4.DAT"
5 THEN OPEN “I", #1, "A:HPCUS.DAT"
-}

/

fou

C=o THEN OFEN "I', #1, "A:HFCU6.DRT"
THEN OFEN “I", #1, “A:HPCU7.DAT"
FC=8 THEN OFEN "I", 41. "A:HPCUB.DAT"
FC=3 THEN OFEN "I", %1 "AsHFCUS, DAT"
FC=10 THEN FEN "1" . "AsHPCULO. DAT™

ou7SE FOR C=1 TD 4
A0 a ﬂR g=t 70 10
20795 INPUTRL, ZUTWRCL D
'QE‘A E

7T ONEXT C
auTB0 FOR D=1 T0
50785 FOR C=1 TO
a7 FOR B=] TQ 10
59775 INFUT#Y, CL4(B.C.DY
A0300 NEXT B
SUBIS NELT C
AUB10 NEXAT D
=315 REM
5Hd”“ CLOSE #!
s0g2S GOTO 61090

annINmnom
CITIrICICICIT)

S
-

DR

o0870 REM

1 50875 CLS

, 60840 FRINT " Invalid entrv, please trv again.”
00843 PRINT
40850 INPUT * Fress <RETURN: when ready. °. &%

50855 607D 231835

50560 REM es¥resss NC CLY FIVTURE CU TABLE FOINT

286d 1.3

20870 ZRINT :PRINT :FRINT :FRINT ;FRINT TAB(12):

50875 INPUT “Ba sure your Printer 1s on, press FETURN: wher readv.’. &$
6UB30 FRINT :PRINT

o0@83 PRINT TAR(IZ) "PRINTING"

50890 FEM

61895 LPRINT TAE(S) "FIXTURE MAKE: F~OuE$\F JF
50900 LPRINT TAB(SH) "FIATURE MDDEL ; FCODES(FT.F
ou205 LFRINT sLPRINT

ot91) LPRINT TAE(S) "CFR"; TAB(46) TFRiZi

6UFLT LPRINT TAE:SY “"CCR": TAE118) CCR(1)s TABIZ7: CCRIZ:
80920 LPRINT TAB(S4) CCR(Z); TRE(S9) CCR(D)

b09:5 REM

QU7 LFFINT TAB(S) “CWR";

ouC’S LFEINT TABUIZ: CWRID); Lwﬁt-,. ChRt 7 \ CWR () ;

50980 LPRINT TAB (1) CWRI1)s CWR(Zi: CWR(I)j CWR(4i:

o0745 LFRINT TAR(S0) CWRtZ); CNRfS): CHR(4\

6H°4U LPRINT TAR{6Z) CWR(Z'y CWR(4): CHR (S

50955 LFRINT

bO°6O FEM

50783 LPRINT TAB{S) "RCR"

00570 KEM

60975 FOR A=1 T0 10

60950 LFRINT TAE(S) A3

00785 LPFINT TAR(12) "3

2900 FOR =] TG 4

50995 LFRINT CULiA,B, 1)

61000 NEXT B

51005 LPRINT TRE(TL) 3

sialy FOR 3=1 104

C,
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§ 61015 LFRINT CUL(A,B,20:
‘ 21020 NEXT &
51525 LPRINT TARISH) "y
. 51030 FOR B=1 10
Fo o1iIS LPRINT CUZUALBL 10y
alud0 NEXT B
K 51045 LFRINT TARIGS) "";
S o120 FOR B=1 10 2
- 51035 LPRINT CUZ{AB, D0
. 61060 NEXT &
51045 LERINT CUZ(A,3,2)
; 51070 NEXT A
X - 41,75 REM
R~ 51060 GOTO 56135
> 61035 REM eesteertes MY/MH/HFS FIXTURE CU TABLE PRINT
) §1090 CLS
“ 21095 PRINT :FRINT TAR(12):
) 51100 INPUT "Be sure your Franter 1s on, press -RETURN: wnen readv.', &%
51105 FRINT (FRINT
. ofil0 FRINT TAR{IZ) °FRINTING"
A 61115 REM
g o1120 LPRINT TAR(G) “FIXTURE MAKE: “: FCODE$(FT,FC, 03
P 51125 LFRINT TAB/4S) "FIXTURE MODEL: *: FCODE4/FT FC,3
N 51170 LERINT sLPRINT
« o LPRINT TAB(10) “CFR": TAB(ZH) CFRID)
o ¢ LFRINT TAB«1G) "CER"; TAB:26» CCRuI+y TAB34) CCRIZ);
- 145 LFRINT TAB(ot) ZCR(D)
Y  FEM
L. LFRINT TaRCIOY "CWR™:
| < ot LFRINT TAB(ZO) CWR(1:s CWRiZry CWR(Zi: CHR(4):
o A LPRINT TAR(40) CWRIZ): CWR.Zis CWR (4
-~ 170 LFRINT TABISH: CWRZ)y CwRedi: CWREL
LFRINT
> 1187 REM
LFEIMT TAB/10 MRTRT
(90 REM
X 75 FOR A= 70 19
- ) LPRINT TAB (100 A
i~ 15 LPRINT TAB(ZO) "3
N 10 FOR B=1 7O 4
215 LPRINT CUS(AE DD
5 0 NEXT
5 LFRINT TAB(40) "";
%1230 FOR B=f 70 I
15 LPRINT CUd(A B, 1)
e 0 NEXT B
- LFRINT TAR(S&) "™
. 250 FOR B=1 70 2
N LFRINT CU4(A,B, 203
260 NEXT B
LPEINT CUd{R, 3, 0)
270 NEXT A
’ 51~/J REM
: 51280 GOTO 60185
. 0135 FEM
. 51290 REM
[ e i
[
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Appendix B: Subroutine Listings

This appendix conta.ns the listings of major
subroutines that -.1ake up the second and third sub-programs
of LIGHT1A. Twz first sub-program is broken into only two
major areas neither of which depend on the other. Because
of this, the first sub-program’s breakdown is not included
in this appendix. Listed in this appendix will be the
subroutine’s starting line number, and the subroutine’s

function (what the subroutine does).
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Line Number

AW, Oy - - R . Bt abe’ rad"

Program 1 -- Major Subroutines

5100
' 10100
11100
12100
13100
20100
21100
22100
23100
24100
; 25100
25250
25370
25415
26100
27640
27800
| 27845
29100
X 30100
40100
41100
42100
| 43100
! 44100
45100
47100
48100
50100
50115
50190
51100
54100
55100
57100

Subroutine Function

Meriu -- B Screen

New Room w/0o Tables Screen

New Room w/ Tables Screen

w/0 Tables Introduction Screen
w/ Tables Introduction Screen
Screen 1, Room Information
Screen 2, Luminaire Information
Screen 3, Final Design Calcs.
Screen 4, Final Design Calcs.
Effective Reflectances Calcs.
Luminaire Dirt Depreciation Calcs.

Room Surface Dirt Depreciation Calcs.

Lamp Lumen Depreciation Calcs.
Total Light Loss Factor Calcs.
Charted CU Values

Floor Coefficient Calcs.

Final CU Value Calcs.
Non-stored CU Tables

Number of Fixture Calcs.
Actual FC Level Calcs.

Room Reference Data

AFR 88-15 FC Levels

Room Dimensions and RCR Calcs.
Surface Reflectances

Room Dirt Conditions

Light Source Types

Fixture Choices

Lamp Choices

Non-tabled Room Information
Room Use w/0 Tables

Room Reflectances w/0 Tables
Non-stored Fixture Information
Maintenance Categories
Distribution Types

Hardcopy

. . .-
T

b |

y
3
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Line Number

Program 2 -- Major Subroutines

4100

5100

6100
29100
30100
32100
34100
36100
37100
50100
51100
54100
55100
57100
58100
60100

Subroutine Function

Menu -- C1 Screen
Menu -- C2 Screen
Menu -- C3 Screen

Update AFR 88-15 FC Levels

Update Color Chart

Update Fixture Files

Update Lamp Files

CU Chart Input (Inc. & Fluor. Fixtures)
CU Chart Input (MV, MH & HPS Fixtures)
Maintenance Categories

Distribution Types

Hardcopy AFR 88-15 Information
Hardcopy Color Chart

Hardcopy Fixture Choices

Hardcopy Lamp Choices

Hardcopy Fixture CU Chart
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Appendix C: Hardcorpies of Changeable Data Files

)

¥

,l

o

.

) This appendix contains a printout of the reference

; data contained {in the four "changeable" data files. Each

. data file title and starting page number is listed below.

These listings can be produced by using the third

N

N sub-program in LIGHT1A.

.

- Title Page
AFR 88-15 FC Requirements . . . . . . . . ©C.2
Color Chart Information . . . . . . . . . c.3

s

" Fixture Choices . . . . +« « +« « « « « . . C.&
Lamp Choices e s e 4 e 4 s e e 4« . . . C.6
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e AFR 88-15 FC REQUIREMENTS

S Car

ROCM TYPE ROOM USE FC LEVEL
N 1 Designer's Choice 0
N 2 No Designation 30
- 3 No Designation 50
- 4 No Designation 70
- 5 No Designation 100
6 No Designation 150
| 7 Accounting rooms 75
8 Auditoriums 20
9 Cafeterias 25
o 10 Computer rooms 50
i 11 Conference rooms 30
: 12 Corridors 10
- 13 Drafting rooms 75
14 Elevator mach. rms 15
X 15 EM. Generator rooms 1%
16 Garage Enterence 30
17 General Offices 50
,J 18 Janitor’'s Closet 5
19 Kitchens 70
20 Lobbies 15
3 21 Lounges 15
. 22 Mechanical rooms 18
B’ 23 Stairwvays 20
. 24 Storage rooms 5
25 Swichgear rooms 15
26 Toilets 20
X 27 Transformer Vaults 15
. 28 Warehousing: 0
, 29 Inactive 5
b 30 Active-bulk 10
' 3t Rack 20
) 32 Bin )
33 Material Handling: 0
34 Controi Centers 30
35 Load/Unload 20
36 Conveyor Lines 10
»
)
s
b Cc.2
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TYPE #
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COLQOR CHART

BRAND

DEFAULT
DEFAULT
DEFAULT

DURREL
DURREL
DURREL
DURREL
DURREL
DURREL
DURREL
DURREL
DURREL
DURREL
DURREL
DURREL
DURREL
DURREL
DURREL
DURREL
DURREL
DURREL
DURREL
DURREL

e

y 7,

e 'I;‘J‘lf‘.""

INFORMATION

COLOR

CEILING
WALL
FLOOR

Camec White
Winter White
Lemon

Manilla Beige
Pink Marble
Butte Orange
Lavender Rose
Pale Violet
Violet Gray
Blue Daisy
|ceburg
Crayon Blue
Colonial Green
Pastel Green
Mint Haze
Silver Lining
Dawn Gray
Sand Tan
Qcean Sand
Cinnamon

Sttt N
.

REFLECTIVITY

8o
70
20
0

0

86
83
84
77
74
31
39
74
52
62
77
20
69
69
75
70
77
68
€3
16
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FI1XTURE CHOICES

Incandescent Fixtures
. L
FILE # MAKE MODEL # MAINT. DIST. S/MH ‘
CATEGORY TYPE j
4
1-01 0 o} )
. 1-02 Lithonia ASA-AR v 5 1.1
1-03 0 0 ’
[-04 Lithonia A8A-AR v S b 4
1-08 ) 0 )
1-06 0 0 )
1-07 0 0 :
1-08 o} 0 b
1-09 0 o}
0 o}

I1-10

Fluorescent Fixtures

FILE # MAKE MODEL # MAINT. DIST. S/MH
CATEGORY TYPE

F-01 Lithonia 2GS-240 v
F-02 Lithonia 2GS-340 v
F-03 Lithonia 2GS-440 v
F-04
F-05
F-06
F-07
F-08
F-09
F-10

wws

[eNeNoNoNeNoNe N NN
OQO0OO0OO0OCOOr r  r

Mercury Vapor Fixtures

FILE » MAKE MODEL # MAINT. DIST. S/MH
CATEGORY TYPE
MV-01 Hi-Tek TXL-100H-ARW v 5 1.7
MV-02 Hi-Tek TXL-175-ARW v S 1.6
MV-03 Hi-Tek TXL-25GH-ARW v S 1.6
MV-04 o 0
MV-0S Q Q
MV-06 o] 0]
MV-07 0 o]
MV-08 0 0
MV-09 o 0
MV-10 o) 0
C.4
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Metal Halide Fixtures

FILE » MAKE MODEL # MAINT.
CATEGORY

MH-01 Hi-Tek
MH-02 Hi-Tek
MH-03
MH-04
MH-0S
MH-06
MH-07
MH-08
MH-09
MH-10

TXL-175M-ARW Iv
TXL-250M-ARW v

High Pressure Sodium Fixtures

FILE # MAKE MODEL # MAINT.
CATEGORY

TX-250S-ARW v
TX-400S-ARW v

H-01 Hi-Tek
H-02 Hi-Tek
H-03
H-04
H-0S
H-06
H-Q7
H-08
H-09
H-10

Dav et}

DIST.
TYPE

(el o NeoRoNe oo RN

DIST.
TYPE

OCO0OOOOOOOWULW

S/MH

~N @

OCO0O0OO000QO ™ r

S/MH

COO0OO0O0O0OO0O0»N




LAMP CHOICES

Incandescent Lamps

FILE # CODE WATTS INITIAL MAINT.
: LUMENS LUMENS
[-21 7SA 75 1190 1190
) [-22 7SA/CL 75 1180 1190
. 1-23 100A 100 1750 1750
1-24 100A/CL 100 1750 1750
: 1-25 1S0A 150 2880 2880
. 1-26 1SOA/CL 180 2880 2880
; 1-27 200A 200 4010 4010
D 1-28 200A/CL 200 4010 4010
1-29 300M 300 6360 6360
1-30 0 0 o}
: Fluorescent Lamps
FILE » CODE WATTS INITIAL MAINT.
y LUMENS LUMENS
% F-21 F4OCW/RS/WM 3s 2850 2510
' F-22 F40WW/RS/WM 35 2850 2510
4 F-23 F40CW 40 3150 2770
F-24 F4a0WW 40 3150 2770
: F-25 F40CW/U/86 40 2900 2528
: F-26 F96T12/CW/ WM 60 5600 5150
. F-27 F96T12/WW/WM 60 5600 5150
; F-28 F96T12/CW 75 6300 5800
\ F-29 FO6T12/WW 75 6300 5800
A F-30 0 0 o)

Mercury Vapor Lamps

FILE » CAaDE WATTS INITIAL MAINT.
LUMENS LUMENS
MV-21 H75DX43 75 2800 2250
: MV-22 0 o) 0
N MV-23 H100DX38-4 100 4200 3530
{ MV-24 0 0 0
MV-25S H175DX39-22 175 8600 7650
MV-26 0 o] 0
¢ MV-27 H2500X37-5 250 12100 10400
5 Mv-28 H400DX33-1 400 22500 19100
b MV-29 H700DX35-18 700 42000 33600
;- MV-30 H1000DX36-15 1000 63000 47500
'
C.6
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Metal Halide Lamps

2 FILE » CODE WATTS INITIAL MAINT.
“ LUMENS LUMENS
" MH-21 MV17S/U 175 14000 10800
I MH-22 MV175/C/U 175 14000 10200
oy MH-23 MV2SQ/U 250 20500 17000
\ MH-24 MV250/C/U 250 20500 16000
. MH-25 MV400/U 400 34000 25600
2 MH-26 MV400/C/U 400 34000 24600
M MH-27 MV1000/U 1000 110000 88000
s MH-28 MV1000/C/U 1000 105000 83000
Y MH-29 MV1500/HBU/E 1500 155000 140000

MH-30 MV1500/HBD/E 1500 155000 140000
3
.
? High Pressure Sodium Lamps
b FILE # CODE WATTS INITIAL MAINT.
.. LUMENS LUMENS
x H-21 LUSO 50 3300 2970
- H-22 0 0 0
. H-23 LU70 70 5800 5220
I H-24 0 0 o
- H-25 LU100 100 9500 8550
2 H-26 LU1S0/55 150 16000 14400
' H-27 LU200 200 22000 19800
o H-28 LU250 250 27500 24750
" H-29 LU400 400 0000 45000
3 H-30 LU1000 1000 140000 126000
“
-
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Appendix D: Entire Screen Displays for Chapter [V Prablem

This appendix contains all the "screens" that the
design engineer would see generated by LIGHT1A while
performing the same lighting design that was done in
Chapter IV.

If on a computer that is [IBM compatible, the design
engineer would place the PROGRAM DISK in the A disk drive
of the computer and enter "BASICA LIGHTi1A" at the DOS
prompt.

If the design engineer {s using the Wang pc computer,
he simply would install BASIC into the computer’s mecmorvy,
place the PROGRAM DISK in the A drive, and enter
"A:LIGHT1A" at the BASIC prompt.

Screen D.1 is the first screen that would appear.

Subsequent screens and the appropriate responses are shown.
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Automated Interior Lighting Design
Version 1.01

Copyright (c) 1987, Todd A. Grimes, P.E.

For information on this program contact:

AFIT/DEE
AFIT School of Civil Engineering & Services
WPAFB, OH 45433
Tel: (513) 255-4552

Press <RETURN> to continue.

Screen D.1

RESPONSE: Hit <RETURN>

MENU -- A
TYPE PROCEDURE
1 Calculation Progran
2 Update/Hardcopy Program
3 END

Please enter selected procedure:
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Screen D.2

RESPONSE: Enter
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Please place your DATA DISK in the 'A' drive.

Press <RETURN> when ready.

\_ J

Screen D.3

RESPONSE: Insert Data Disk in Drive A, Hit <RETURN>

e )

MENU -- B
TYPE PROCEDURE
1 New Room Calca - Fixture Number, w/0 Tables
2 New Room Calcs - Fixture Number, with Tables
3 RETURN TO MAIN MENU

Please enter selected procedure:

Screen D.4

RESPONSE: Enter 2
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Cal ’
"
>
) INSTRUCTIONS -~ WITH TABLES
.‘.‘
: This procedure will give you screens that must be
filled out. One screen will be for the room
fnformation, the other screen wiil be for the fixture
o information. To fi{l] out the screens, simply enter
. the number to the right of the major topic desired.
: Tables will be given toa you when possible allowing
- you to choose the best answer for your situation.
Enter (1) to continue,
(2) to return to MENU -- B
< ?
>
»
>
*
g ]
w &
N
-~ Screen D.S
N
%
- _ RESPONSE: Enter 1
. ROOM INFORMATION REQUIREMENTS
~ (1) REFERENCE DATA:
'
Building »# Room # lteration: 1
X (2) Room Use: FC Requirements: O
N (3) ROOM DIMENSIONS:
: Cef{ling Height: O
3 Length: O Perimeter: O Fixture Helght: O
Width: O Area: Q Working Height: O
g (4) ROOM REFLECTANCES:
3 Ceiling Color: Reflectance: O %
! Wail Color: Reflectance: 0 %
) Floor Color: Reflectance: O %
» (%) Room Condition: Cleaning Cycle: O months
> K\‘%ntcr se'ection ¢ (x) for data input, or (0O) to continue: 4/)

Screen D.6

RESPONSE: Enter 1

S N O IS OO OO NSOV SN O (A NS L N ey

WE;..F;




" R LW UN U LN O RO T R TR A R W I ROV ey Y W 4 WA WYX

-

Please enter the building number: None

Please enter room number: None
: This {s !teration & 1} tor this room -- Correct (Y/N) ?
-’
o
’
5 Screen D.7
' RESPONSE: Enter proper responses shown, then Enter Y
L)
o /’f ‘\\
b ROOM INFORMATION REQUIREMENTS

(1) REFERENCE DATA:
Building & None Room # None lteration: 1
(2) Room Use: FC Requirements: O

(3) ROOM DIMENSIONS:

Celiling Height: O
Length: O Perimeter: O Fixture Height: O
Width: O Area: o] Working Height: O

(4) ROOM REFLECTANCES:

Ceiling Color: Ref lectance: O %
[} Wail Color: Reflectance: O %
v Floor Color: Reflectance: O %
¥
3~ (5) Room Condition: Cleaning Cycle: 0O months

Enter selection % (x) for data input, or (0, to continue:
L . \\, AA/)

) Screen D.8

- RESPONSE: Enter 2
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FOOTCANDLE LEVEL REQUIREMENTS

You must select the room’'s actual use along with its

3 corresponding FC level from the following table. This
table comes from the AFR 88-15S, and is split into three
screens. To enter your own FC level, choose #1 on the
first screen.

! Press <RETURN> to continue.

PR R W SR )
- Pd

- \ j
" Screen D.9
.
B, RESPONSE: Hit <RETURN>
: 4 )
]
4 ROOM TYPE ROOM USE FC LEVEL
d
d 13 Drafting rooms 75
14 Elevator mach. rms 15
15 EM. Generator rooms 15
L 16 Garage Enterence 30
e, 17 General Offices S0
3 18 Janitor’s Closet S
i 19 Kitchens 70
3 20 Lobbies 1%
” 21 Lounges 15
22 Mechanical rooms 15
23 Stairways 20
24 Storage rooms S
28 OTHER

Enter selected Room Type:

‘;, _ .

Screen D. 10

RESPONSE: Enter {7 (note: one screen not shown)
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*l

E

)

k™, You have chosen: General Offices

]

‘c With a footcandlie leve!l of: S0

Is this correct (Y/N) ?

v

g

’

"

s

»

v

L

L4

o

ﬂl

-

o

N

'5

5 Screen D. 11

2,

*

> RESPONSE: Enter Y

)
By -’-’

Lol /’> “\
i ROOM [NFORMATION REQUIREMENTS
LY (1) REFERENCE DATA:
L
’ Buiiding ® None Room & None [teration: 1
/
(2) Room Use: General Offices FC Requirenments: SO

»

v (3) ROOM DIMENSIONS:
‘j Ceiling Hefght: O
‘o Length: O Perimeter: O Fixture Height: O
‘ol Wwidth: © Area: o) Working Hetght: 0O
LS (4) ROOM REFLECTANCES:

~
"l Ceiling Color: Reflectance: O %
‘" Wall Color: Ref lectance: 0O %
'h Floor Color: Reflectance: O %

LY (5) Room Condition: Cleaning Cycle: O months
v

: Enter selection # (x) for data input, or (0) to continue:

e 4)
$ Screen D.12

\]

7 RESPONSE: Enter 3

’.

.
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o,

4

3 D.7

~
>,

b &
L

Y™ .I / T
‘- \ Y
'C._'CA.{L \fﬂ_ﬁ—“_ b L'A_

o AT e T e A e A A s A

&>

PO TAS SRS R T,
(3 X} .,

- "... «
al




SO I

'

=

o A -8

3 ROOM DIMENSIiONS

\ To calculate the cavity ratios of the room,
) either the room length and width must be
e used, or the room perimeter and floor area

must be used.

&

¢

L

: Which will you be using to calculate the cavity ratios?
{ Enter (1) for length and width seasurements.

(2) for perimeter and area measurements.
?

»

‘l

g

1

K- Screen D. 13

) RESPONSE: Enter |

Enter the following rocom dimensions (in feet):

a Rooa Length: ? 40

3 Room Width: ? 40

: Floor To Ceiling Height: ? 10

Floor To Fixture Height: ? 8
Floor To Working Surface Height: ? 2.5

D)

n
)

‘ -
» Screen D.14

L]

RESPONSE: Enter proper room dimensions

-

~ D.8

-

At L .

LGN CV Ny

b I T - T et R . -
et S R R U

. -
.
-
.

“»

.




MEANAF ARAN RANN AN RN

N F B ORTE A

HlHIHlHlNHHIﬂKHO'V1V'v'?'7TW"77PT?IT‘!IF!HI?IF!“UUv“Hﬂ'v'3Vﬂ'ﬂ‘!"“""‘?"?ﬂ”ﬂ‘l

\—

Please verify the following information:

The Room Length: a0 tt.
The Room Width: 40 ft,
The Room Perimeter: 160 ft.
The Room Floor Area: 1600 tt~2
The Floor to Ceiling Height: 10 tt.
The Floor to Fixture Hefght: 8 ft.

The Floor to Working Surface Hefght: 2.5 ft.

I]s everything correct (Y/N) ?

Screen D. 15

RESPONSE: Enter Y
(’> ROOM INFORMATION REQUIREMENTS
(1) REFERENCE DATA:
Builiding # None Room & None lteration: 1
(2) Room Use: General Offices FC Requirements: S0
(3) ROOM DIMENSIONS:
Ceiling Height: 10
Length: 40 Perimeter: 160 Fixture Height: 8
width: 40 Area: 1600 Working Height: 2.5
(4) ROOM REFLECTANCES:
Ceiling Color: Reflectance: 0 %
Wall Color: Reflectance: 0 %
Floer Color: Reflectance: 0 %
(S) Room Condition: Cleaning Cycle: 0O months
Enter selection # (x) for data input, or (0) to continue: 4’)
Screen D. 16
RESPONSE: Enter 4
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SURFACE REFLECTANCES

You need to choose the color and reflectance ratings
of the cefiling, the walls, and the floor. Following
are 3 screens full of calors and their assoclated
reflectances to make your choices from. Please enter
the TYPE ¢ {n the sequence indicated.

Press <RETURN> to continue.

Screen D.17

RESPONSE: Hit <RETURN>

TYPE BRAND COLOR REFLECTIVITY
1 DEFAULT CEILING 80
2 DEFAULT WALL 70
3 DEFAULT FLOOR 20
4 0
S o}
6 DURREL Cameo White 86
7 DURREL Winter White 83
8 DURREL Lemon 84
9 DURREL Mani{lla Beige 77
10 DURREL Pink Marble 74
11 OTHER

To select, Enter TYPE @

TYPE #® for Ceiling Color:

Screen D.18

RESPONSE: Enter 7




0

‘ (’> TYPE BRAND COLOR REFLEC <‘\
TIVITY
21 DURREL Silver Lining 70
22 DURREL Dawn Gray 77
23 DURREL Sand Tan 68
24 DURREL Ocean Sand 63
25 DURREL Cinnamon 16
26 0
27 0
28 o]
29 o}
' 30 0
4! 31 OTHER

To select, Enter TYPE ¢

TYPE ¢ tor Ceiling Color: 7
TYPE # for Wall Color:

Screen D.19

RESPONSE: Enter 2%

: (’> TYPE BRAND COLOR REFLECTIVITY ﬁ‘\

[}

R 11 DURREL Butte Orange 31

: 12 DURREL Lavender Rose 39
13 DURREL Pale Violet 74

' 14 DURREL Violet Gray S2

. 15 DURREL Blue Daisy 62
16 DURREL lceburg 77
17 DURREL Crayon Blue 20
18 DURREL Colonial Green 69
19 DURREL Paste! Green 69
20 DURREL Mint Haze 75
21 OTHER

To select, Enter TYPE §#

TYPE # for Cefling Color: 7
TYPE & for Wall Color: 21
. TYPE ¢ for Floor Color:

Screen D.20

RESPONSE: Enter {7

- .ﬁf\f‘v" _-f‘\-i‘.‘{ .;J' _"-' ."-f_;l' ,-.f .




- e~
-

™ You have chosen:

[

"

f

h Winter White with a 83 % Reflectivity for the Ceiling.

D

. Silver Lining with a 70 % Reflectivity for the Walls.
Crayon Blue with a 20 % Reflectivity for the Floor.

o

v: Are these all correct (Y/N) ?

[

L]

9

ﬂ

Screen D.21

RESPONSE: Enter Y

i f ROOM INFORMATION REQUIREMENTS N\
': (1) REFERENCE DATA:
:; Buflding & None Room & None Iteration: 1

(2) Room Use: General Otftices FC Requirements: S50

(3) ROOM DIMENSIONS:
Ceiling Height: 10

; Length: 40 Perimeter: 160 Fixture Height: 8
3 Width: a0 Area: 1600 Working Height: 2.5
‘
(4) ROOM REFLECTANCES:
; Ceiling Color: Winter White Reflectance: 83 %
v’ Wail Color: Stlver Lining Reflectance: 70 %
s Floor Color: Crayon Blue Reflectance: 20 %
o
(5) Room Condition: Cleaning Cycle: O months

Enter selection & (x) for data input, or (0) to continue:

\ J

Screen D.22

RESPONSE: Enter §




: ROOM DIRT CONDITIONS

You must seiect a ‘Dirt Condition’,
and a cleaning cycle for the rooam.

L gn ga an o

Press <RETURN> to continue.

Screen D.23

RESPONSE: Hit <RETURN>

DEGRFES OF ROGM DIRT CONDITION

DEGREE EXAMPLE CONDITION
1 6 Very Clean
2 ? Clean
3 8 Medium
4 9 Dirty
S 10 Very Dirty

Enter DEGREE ¢ to select condition or,

Selection:

EXAMPLE # to see explaination of condition.

Screen D.24

RESPONSE: Enter 7
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CONDITION : Clean
GENERATED DIRT Very Little
AMBIENT DIRT Some / Almost None Enters Area
REMOVAL OR Better than Average °
FILTRATION
. ADHESION Slight
EXAMPLES Normal Office, Inspection Area

Press <RETURN> when ready to continue.

Screen D.25

RESPONSE: Hit <RETURN>

DEGREES OF ROOM DIRT CONDITION

DEGREE EXAMPLE CONDITION
1 6 Very Clean
2 7 Clean
3 8 Medium
4 9 Dirty
5 10 Very Dirty

Enter DEGREE # to select condition or,
EXAMPLE # to see explaination of condition.
Selection: 2

Please indicate the normal t{me between fixture cleaning.
Example: Cleaned once every three years = 36 months.

Your cleaning cycle time (in months)?

Screen D.26

RESPONSE: Enter 2, then Enter 18
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A

? You have chosen:

’

\ A Room Dirt Condition af: Cilean

. - and a Cleaning Cycle of: 18 months

N |
. Are these correct (Y/N)? (
»

,

; |
0

]

@ \‘ ,/
‘9 Screen D.27

A RESPONSE: Enter Y

o (’>

: ROOM [INFORMATION REQUIREMENTS <\\
\ (1) REFERENCE DATA:
L}

Building ¢ None Room & None lteration: 1
(2) Room Use: General Offices FC Requirements: SO

o

- (3) ROOM DIMENSIONS:

. Ceiling Helght: 10

” Length: 40 Perimeter: 160 Fixture He{ght: 8

” Width: a0 Area: 1600 Working Height: 2.5

(4) ROOM REFLECTANCES:
2 Ceiling Color: Winter White Reflectance: 83 %
W Wal! Color: Silver Lining Ref lectance: 70 %
) Floor Color: Crayon Blue Reflectance: 20 %
t
“ (5) Room Condition: Clean Cleaning Cycle: 18 months
K .
'j k\»Entcr gelection ® (x) tor data i{nput, or (0) to continue:
y J
'y Screen D.28
RESPONSE: Enter O

3,
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LIGHT SOURCE CHOICES

CHOICE LIGHT SOURCE TYPE

Fluorescent

(VLN S PV N

Enter CHOICE # for source selection: 2

Do you want to use a fixture stored ({n memory

Incandescent

Mercury Vapor
Metal Haltide
High Pressure Sodium

CINC)
(F)
(MV)
(MH)
(HPS)

Screen D.29

RESPONSE: Enter 2, then Enter

Pleage enter the followin
(Enter ‘0’ to get help, when shown)

TV W YN Y

LUMINAIRE INFORMATION

Fixture Make:
Fixture Model:

Maintenance Category (OR "0°'):

g information on the fixture you wish to use:

—~

Screen D.30

RESPONSE: Enter proper data shown,

b{:guuuc;ts LL.L.MJ;{LQL ' } _shhuui‘g‘icﬁ; *& _\ aln
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MAINTENANCE CATEGORIES

CHOICE EXAMPLE MA INTENANCE
CATEGORY
1 L7 !
2 8 11
3 9 it
4 10 v
s 11 v
6 12 Vi

Enter CHOQICE & for selection or,
EXAMPLE & for explaination.

AMOUNT OF
WORK

Most
Some
Some

Least

Screen D. 31

RESPONSE: Enter 1

\—

MAINTENANCE CATEGORY EXAMPLE

CATEGORY V

TOP ENCLOSURE:

{ . Transparent unaperatured.
2 . Translucent unaperatured.
3 . Opaque unaperatured.

BOTTOM ENCLOSURE:

1 . Transparent unaperatured.
2 . Translucent unaperatured.

Press <RETURN> when ready to continue.

Screen D.32

RESPONSE: Hit <RETURN>
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MAINTENANCE CATEGORIES
‘-w'
\': CHOICE EXAMPLE MAINTENANCE AMOUNT OF
. CATEGORY WORK
N 1 7 { Most
2 8 11 -
. 3 9 11 Some
w“ 4 10 v Some
b 5 11 v -
- 6 12 vl Least
>
>
Enter CHOICE % for selection or,
i) EXAMPLE 8 for explaination.
o
B
B> \¥
S Screen D.33
v
Fa €
N RESPONSE: Enter §
‘1
-
- /’77 LUMINATRE INFORMATION
:' Please enter the following information on the fixture you wish to use:
(Enter '0' to get help, when shown)
3 Fixture Make: Lithonia
e Fixture Model: 2PM4-240
P >
1o Maintenance Category (OR *0'): v
. Distribution Type (OR "0*'):
A

DAL IR AL

Screen D. 34

L e N N N

RESPONSE: Enter 0
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FIXTURE DISTRIBUTION TYPES

DISTRIBUTION

Indirect
Sem{-Ind{rect
Direct-Indirect
Semi{-Direct
Direct

Enter TYPE ¢ for selection:

Screen D.35

RESPONSE:

LUMINAIRE INFORMATION

Plesse enter the following information on the fixture you wish to use:
(Enter ‘0’ to get help, when shown)

Fixture Make: Lithonia
Fi{xture Model: 2PM4-240

Maintenance Category (OR “0'):
Distribution Type (OR "0'):
Spacing-to-Mounting Hefght:

Lamp Type:

Lamp Wattage:

Lamp Quantity:

Inftial Lumens:

Maintained Lumens (or '0O' for default):

Screen D. 36

RESPONSE: Enter proper data shown
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LUMINAIRE

INFORMATION

Please verity the following:

Fixture Make:
Fixture Model:

Maintenance Category:

Distribution Type:

Spacing-to-Mounting Height:

Lamp Type:

Laap Wattage:

Lamp Quantity:
inftial Lumens:
Maintained Lumens:

ls everything correct

Lithonia
2PM4-240

v
S
1.2

F40
40

2
3150
2770

(Y/N) ?

RESPONSE:

Enter Y

Screen D.37

LUMINAIRE INFORMATION REQUIREMENTS

Building ¢ None

Room & None

Iteration:

1

(1) LUMINAIRE INFORMATION:
Fixture File ¢ S/MH Ratio: 1.2
Fixture Make: Lithonia Maintenance Catagory: V
Fixture Model: 2PM4-240 Distribution Type: S

(2) LAMP INFORMATION:
Lamp File # Lamp Watts: 40
Lamp Type: F4O Initfal Lumens: 3150
Quantity: 2 Maintained Lumens: 2770

(3) DIFFERENT SOURCE TYPE

Enter selection # (x) for data input, or (0) to continue:
Screen D.38
RESPONSE: Enter 0
D.20
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Criticat PFR : 20

cu PCR : 80 70

Values PWR . 70 70
RCR '
1 i « L) « 2
2 H « 3 ( 4 )

Please enter the following values from the Fixture's CU chart
to tiil in the chart above. It value i{s not given on Fixture's
CU chart, enter '0', or do manual extrapolation and enter value.

~ o~~~

-~ e

FERCRRRY
~
wn

& WN -

Screen D. 39

RESPONSE: Enter proper values shown

Please check:

Critical CU Values from the Fixture Chart

PFR : 20

PCR : 80 70
PWR : 70 70
RCR :

1 : 77 75
2 : 71 70

is everything correct (Y/N) ?

Screen D. 40O

RESPONSE: Enter Y

Py
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/’7 FINAL DESIGN CALCULATIONS ‘\\
¥ Building # None Room # None lteration: 1
]
L] Room Use: General Offices FC Required: 50
s W
’ CCR = 0.S50 Celling Reflectance: 83 Effective: 76
RCR = 1.38 Wall Reflectance: 70
FCR = 0.63 Floor Reflectance: 20 Effective: 21
4 F{xture Make: Lithonia Model # 2PM4-240 2 tube
" Critical PFR i 20 S/MH Ratio = 1.2
) cu PCR : 80 70
‘o Values PWR | 70 70 Total LLF = 0.727
. RCR !
memmlmmmemoeoseesmmoe Final CU = 0.745
1 V77 75
2 Y 1 70
a
s
: Number of Fixtures Required: 23.44
W
. k‘> How many fixtures do you want to use ?
. W,
;: Screen D. 41
‘
-
. RESPONSE: Enter 24

. (’» FINAL DESIGN CALCULATIONS ’

N Building & None Rooa # None Iteration: 1
4 Room Use: General Offices FC Required: 50
Fixture Make: Lithonia Model % 2PM4-240 2 tube

LLD = 0.879 Floor Cavity Factor = 1.007
LDD = 0.853 Final CU Value = 0.745
RSDD = 0.969

Total LLF = 0.727 S/MH Ratio = 1.2

Spacing Criterfa (ft): 6.6

Inftial FC Level: 70 Fixture # Required: 23.44

Maintained FC Level: St Fixture # Used: 24

ENTER:
(1) To do another i{teration of this roocam
(2) To go to Main Menu, clearing all varlables -
3 To get a hardcopy, and return to this screen

?

Screen D.42

RESPONSE: Enter 3, then Enter 2 after Hardcopy
prints (see next page)

D.22
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INTERIOR LIGHTING DESIGN PROGRAM OQUTPUT

BUILDING # None ROOM # None ITERATION: 1

ROOM INFORMATION:

Use: General Offices FC Required: 50

Length: 40 Peri{meter: 160

Width: 40 Area: 1600

Ceiling Helght: 10O CCR: 0.50

Fixture Height: 8 RCR: 1.38

Working Helight: 2.5 FCR: 0.63

C. Color: Winter White Reflectance: 83 Effective: 76
W. Color: Silver Lining Reflectance: 70

F. Color: Crayon Blue Reflectance: 20 Effective: 21
Room Condition: Clean Cleaning Cycle: 18 months

LUMINAIRE INFORMATION:

Fixture Fille #

Fixture Make: Lithonia Lamp File #

Fixture Model: 2PM4-240 Lamp Type: F40

S/MH Ratio: 1.2 Lamp Quantity: 2

Maintenance Category: V Inftial Lumens: 3150

Distribution Type: S Maintained Lumens: 2770

Necessary Values from

Fixture’s CU Chart: LLD: 0.879
LDD: 0.853

PFR | 20 RSDD: 0.969

PCR | 80 70 Total LLF: 0.727

PWR | 70 70

RCR ! Floor Cavity Factor: 1.007

R e i kR Final CU: 0.745

1 V77 75

2 V71 70

RESULTS: Spacing Criteria (ft): 6.6
Fixture % Required: 23.44 Inftial FC Level: 70
Fixture ¥ Used: 24 Maintained FC Level: 51

Hardcopy printout for permanent records

,- I -.'. ". R'; "':'- \- \r\- ,\- \'r ,_'»M- -'-.- \f \‘r\r\ $f\.~\ "\'f\ \
gy N o X ! . . . N M



Pt
.

|

L% 5%

Bibliography

1. "Available Lighting Computer Programs, a Compendium and
a Survey," Lighting Design + Application, 16: 40-41
(September 1886).

TP %ata

2. Bracket, William. Telephone interview. ITL/Computer
Service, Boulder CO, 13 February 1987.

Chen, Kao. "New Concepts in Interior Lighting Design,"
IEEEF Transactions on Industrial Applications, [A-20:
1179-1184 (Sept/0Oct 1984).

o S
w

4, Color Chip Set. Durrel Paints, Dayton 0OH, undated.

5. Department of the Air Force. Air Force Regulaticn
f. Criteria and Standards for Air Force Construction.
Interim Draft Edition. AFR 88-15. Washington:

HQ USAF, January 1986.

Applications for the Base Civil Engineering Technical
| Design Section. MS thesis. LSSR 15-83. School of
h Systems and Logistics. Air Force Institute of
Technology (AU), Wright-Patterson AFB 0OH, 3Senta2mber
1983 (AD-A134392).

i 6. Duncan, Capt William M. Computer-Aided Design
%
2

2 7. Fairbanks, Ken. "Designing Energy-Efficient Lighting
: Systems,"” Specifying Engineer, 68-74 (February 1984).
-
8. Gelbach, Mrs. Richard D. Telephone information
Mo request. Richard D Gelbach, PE, Lexington KY, 30
) January 1887.
¥ 9. Heinish, Richard. Telephone interview. Lighting
" Science, Inc., Scottsdale AZ, 30 January 1987.
o 10. Hel ler, Fred. "Lighting is still an underachiever,"
4 EC&M, 86: 140 (January 1987).
" 11. Heuser, Gregg. Telephone interview. Hauser's Lighting

& Daylighting, San Francisco CA, 9 February 1987.

|
l
12. Hibbs, John D. Telephone interview. Computer Aided

Y

) Lighting Analye's, Inc., Boulder CO, 9 February 1987.

)

\

. 13. HQ AFESC/S1. "WIMS Impiementation Update Letter

. # 86-1," Letter to AFIT/DE. 10 February 1986.

] \
’ |
: |
4

BIB.1

"M"\" -

~,‘la\\~, "-'\..*‘.\ A','. . L '.A_ . = . ..v -- .‘:‘.'..-f--.'f N- ', '\ ..f.



15.

16

18.

19.

20.

21.

23.

24,

[N
wn

26.

27.

28.

ITES Lighting Handbook. 1981 Refercence Volume, edited
by John E. Kaufman, PE., FIES. New York: llluminating
Engineering Society of North America, 1881.

Information packet. Elite Software Development, Inc.,
Bryan TX, undated.

Information packet. Hauser's Lighting & Daylighting,
San Francisco CA, undated.

Information packet. ITL/Computer Services, Boulder CO,
undated.
Information packet. Lighting Technologies, Boulder CO,.
undated.

Information packet. Richard D. Gelbach, PE,.
Lexington KY., undated.

"Interior Lighting Design Workbook," Seminar handout
and notes. General Electric Lighting Institute, Nela
Park, Cleveland OH, undated.

Johnson, Richard. Telephone interview. Lawrence

Berkeley Laboratories, Berkeley CA, 4 February 1387.
Jones, J. Rov. T2iepnone intarvisw. Dtiuminatizn
Computing Service, Arcadia CA, 4 February.

King, Terri J. Telephone information request. Elite
Software Development, Inc., Bryan TX, 30 January 1987,

Lighting Business Group. Light and Color. Brochure
TP-119. General Electric Company, Cleveland OH,
February 1987.

Lighting Design Classroom Handouts. School of Civil
Engineering and Services, Air Force Institute of
Technology, Wright-Patterson AFB 0OH, 1987.

Lithonia Fluorescent Lighting Catalog. Lithonia
Lighting, Conyers GA, undated.

McCloskey, Martin M. Telephone interview. Lighting
Technologies, Boulder CO, 4 February 1987.

o)
ts

"Office Lighting System Saves Energy Use," EC&M,
60-62 (June 1983).

BIB.2




30.

31.

32.

33.

34.

Rea,

M. S.
Affecting Posture,
Journal

of the

and others.
Performance and Subjective Ratings,
[lluminating Engineering Society., 15:

"Lighting and Ta

sk Parameters

231-238 (

Shankman,

Fall

1985).

Sarah. "Ligh
Lighting Design + Application, 16: 11-15

ting in the Laboratory."

Shepard,
IEEE Power Engineering Review, PER-7: 4-6 (April 1987).

Michael.

Staples,
of Age,"

Steffy,

John G., Jr.
Specifvying Engineer, 94-97 (Ma

"Computer-Aided D

Gary.

Case Study,"”
(July 1986).

Walker,

lEEE,

the

72:

(May 1986).

"Lighting and the Human Condition,”

rafting Comes
rch 1884).

"Lighting for Architecture and Pecple:

Lighting D

esign + Applicati

on, 16: 38-40

Robert A. and o
Engineering (CAE)

1732-1745

for System Analysis,

thers. "Computer

"

(December 1984).

-Aided
Proceedings of

A




5
;
,
’
.
!
\
v
5
i
P!
.
'
/
4
!
;
d
P
!

~

kr-{;'»‘&"&'-k%&}"}?)-'.){ BN IV AP B A R Y S Ly R N AT I PP Tt (T S STy oo VA

VITA

Todd A. Grimes was born on 14 May 1955 in Columbus,
Ohio. He graduated from high schoo! in Troy, Ohio, in 1973
and attended Wright State University, from which he
received the degree of Bachelor of Science in Engineering
in June 1977. Upon graduation Mr. Grimes gained employment
at ASD/DE, Wright Patterson AFB. There he worked as an
electrical engineer, and in May 1982 became registered as a
Professional Engineer in the State of Ohio. Mr. Grimes
worked at ASD/DE until] entering the Schoo! of Systems and
Logistics, Air Force Institute of Technology, in June
1986. Mr. Grimes lives in Troy, Ohio with his wife and

three children.

Permanent address: 1054 Meadow Ln.

Troy., 0Ohio 45373

L4
‘»

"f—‘J‘ 1‘;;};)
MY :' M AT

© E TN T S A 2 TN e

e
e

-

yoYe &L

AP W

DM

- ~
. '."‘.’

~

N

AR

3y

|



AR A Yo W, af, o0 ai. Sal Sall SR Sal ol Wl Buh Ll GBS A0 G000

UNCLASSIFIED
URITY CLASSIFICATION OF THIS PAGE
Form Approved
REPORT DOCUMENTATION PAGE OMB No. 0704-0188
1a. REPORT SECURITY CLASSIFICATION i 1b. RESTRICTIVE MARKINGS
UNCLASSIFIED
2a. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION/AVAILABILITY OF REPORT
Arproved for public release;
2b. DECLASSIFICATION / DOWNGRADING SCHEDULE i . ] o
distribution unlimited.
4. PERFORMING ORGANIZATION REPORT NUMBERI(S) 5. MONITORING ORGANIZATION REPORT NUMBER(S)
AFIT/GEM/LSQ/87S-8
6a. NAME OF PERFORMING ORGANIZATION 6b. OFFICE SYMBOL | 7a. NAME OF MONITORING ORGANIZATION
« School of Systems (If applicable)
and Logistics AFIT/LSM
6c. ADDRESS (City, State, and ZIP Code) 7b. ADDRESS (City, State, and ZIP Code)
Air Force Institute of Technology {(AU)
Wright-Patterson AFB OH 45433-6583
8a. NAME OF FUNDING / SPONSORING 8b. OFFICE SYMBOL | 9. PROCUREMENT INSTRUMENT IDENTIFICATION NUMBER
ORGANIZATION (If applicable) o
.
“
8c. ADDRESS (City, State, and ZIP Code) 10. SOURCE OF FUNDING NUMBERS .
PROGRAM PROJECT TASK WORK UNIT N
ELEMENT NO. | NO. NO ACCESSION NO. .
11. TITLE (Include Security Classification) v.
See Box 19. N
12. PERSONAL AUTHOR(S) N
Todd A. Grimes, B.S. K%
13a. TYPE OF REPORT 13b. TIME COVERED 14. DATE OF REPORT (Year, Month, Day) |15. PAGE COUNT _
MS THESIS FROM T0 1987 September 188 &
16. SUPPLEMENTARY NOTATION 0
17. COSATI CODES 18. SUBJECT TERMS (Continue on reverse if necessary and identify by block number) A
FIELD GROUP SUB-GROUP Lighting Equipment, Computer Applications, o
13 01 Computer-Aided Design, Computer Programs, ~
Engineering, Facilities Engineering .
19. ABSTRACT (Continue on reverse if necessary and identify by block number) iy
11. Title: AUTOMATED INTERIOR LIGHTING DESIGN SOFTWARE
FOR BASE CIVIL ENGINEERS L
Thesis Advisor: Richard E Peschke, Lt Col, USAF -
Department Head of Quantitative Management .
’ cor 17 TR 100, )
|°§ blle relecs
; L‘* WB-H M
R E. \,C - Y T "."‘.L:l..
2:: v ~l(='.r- { ‘ R =]
Wootthdies v vew s e
20. DISTRIBUTION / AVAILABILITY OF ABSTRACT 21 ABSTRACT SECURITY CLASSIFICATION
& UNCLASSIFIED/UNLIMITED  [J saME AS RPT [ DTIC USERS UNCLASSIFIED -
22a. NAME OF RESPONSIBLE INDIVIDUAL 22b TELEPHONE (include Area Code) | 22¢ OFFICE SYMBOL N
Richard E Peschke, Lt Col, USAF (513) 255-6280 AFIT/LSQ N
DO Form 1473, JUN 86 Previous editions are obsolete. SECURITY CLASSIFICATION OF THIS PAGE N
UNCLASSIFIED




------- =T T ORT VAR NN A I Y UN R LY Y L

UNCLASSIFIED

19. Abstract

Lighting design is a critical part of all building
design processes for both new construction and renovation
work. Performing lighting design properly takes a large
amount of time and effort. The primary objective of this
thesis effort was to develop a computer software package
that would help base engineers perform the calculation .
stage of interior lighting design quickly and accurately.
Because the base engineer will have available to him
many different types of computer systems, a second
objective of this thesis was to make the program as ‘
transportable between computer systems as possible. The
primary system that the program was designed for was the
Wang pc system because of its wide spread use within the
Civil Engineering community. »oo i
The program developed fér this thesis effort is :
entitled LIGHT1A, and uses the Zonal Cavity Method of
lighting design. LIGHT1A was developed to b;/ﬁinu driven
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